-ules- :
¢ hydrogen atoms

the formula repre-
s rwo m dels help You see
o flling
with the spaw-hlhln‘s, v
ape. The

SO g its overall sh
r raying ! - o
t'carbnni‘ four bonds (the gra}

. d angles
. Different D ¢

, bonds. Large o1&
d as we will see m

anic mol-
any

Jy carbon and hydrogen are -
propane are examples O
Ae cofponents of fats, longer hydrocarbons

D >y on fuels.
Jocarbon fue b cll. Figure 2 1B illustrates some of
: ¢ chain of carbon

SR vide fuel to your
. ariety of hydrocarbon structures. }—h’ﬂ
s 012 hic molecule is called 4 carbon eton
fed in gray in the figure). Carbon skeletons can vary in
branched or branched. Carbon skeletons

Some carbon skeletons are mnggir;n rings.
the second row O B,

| e two compounds in
butane angd isg_by’tgt}e{have
~ iffer in the bonding pattern of their carbon skeleton.

,;, i Ballandstickmodel  Space-filling model
Z

e

H

I
H—C—H
I

H

| .
Figure 2,1A Three representations of methane (CH,)

Benzene =

Cyclohexan€
ch compound (at the

In the abb}eviated structural formula for eac
right), each corner represents a carbon and its attached hydrogens.

A Figure 2.1B Four ways tha

t carbon skeletons can vary

two molecules in the third row also have the
of atoms, but they have different three-dimensional shapes

because of the location of the double bond. Compounds with
a but different structural arrangements are

the same molecular formula, #b e same formul
,%e;n’ called isomers. Isomers can also result from different spatial:

arggngements of the four partners bonded to a '
Tl:iis type of isomer is important in the Cafb?;latom
industry, because the two isom %
effective or may have diff o dmg e
i

. The different shapes of isomers result in unique

ties and add greatly to the diversity of organic molecules.
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TAB Npg by de* Of Sma
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vet,
ato®
’: bp S
ce oxygen Or nItrog ‘ ke Compounc ¢ | group H n ¢ Cul.c’; C
cause OXYS5 his yolarity tends to Mmar { therefore soluble Carbony! &' [ | //0 N and nu
,", clcth()”S. I 11> " - (wa(ﬁl"lo\"ng) anc . ' l a5ec >C/= H‘_C—C—C v I n " adomolecul
. e groups hW’ e } 18 rOlL’S 1n water- Jas A / . ‘ ‘ N —C m : ﬂo\\ dﬂ
these group® ¥ =t ondition for thel t reac- A Ry H H H TS,
- ater—a NecesSAry o, js nonpolar and not &< N ;. make ™
ot ixth group> methyl grovP s function e Aldehyde i o into €
life. The Sixk o olecular shape and thus func . 1 PPVALY) Keyo ole ales !
tive, but 1 affecs sts of a hy drogen atom bonded to H 0 & 5 1 mero
A hydroxyl IL Ons‘:br‘n is bonded to the carbon skele- carboxyl grouP é C/ many v ide
: hich in turn s ® : : s H—C§ .~ ing© :
an oxygen atom, W hic e =, other OI'g'JmC Cmnp()llﬂdb —-COOH l \QH \(f 1ngther n‘\uCh aS
< 3 H \ e
B Elocks of PO”

hown In the t

ton. Ethanol. lled alcohols. ;
~ Carboxylic acid

2 ] groups are ¢d
contammé.rbh,\’dr;’.\:'o ﬁp apc-a;bon e iiked by double

[n a carbonyl § 2 ; . -t the end of ;

. y > (2 ) ]\'l TOu 1S dl the (n._- : - H . P( 'y
bond to an OXygen atom. If the lr.b( nyl g ?H . \“-—-e“_ N Amino group | /H Mak'“g =
4 carbon skeleton, the compound i called an aldenyCss i H—c 28 F‘,".mefs :

» : e P ak ars con- —NHy - W
within the.C ain, the compnund is called a ketone‘ ug 2 ,‘.l \H _ olecu‘ 2 f,ha
tain carbonyl group and several hydroxyl groups: : - 60 met

‘A carboxyl gl‘Ol up consists of a carbon double-bonded to an AMINE hvdfoxy‘ BrY:

; g g o . vl eroup. The car- = to a<h
oxygen atom and also honded to &h) dr(-w,\}l g UF o Phosphate Eroup o . 2dded T
boxyl group acts as an acid by contributing an H” to a 0 ution l Y 0 Figure 2>
-md'tl{us hecoming ionized. Compounds with carboxyl groups L Adenosine _0_'\)\—0“?\-04“ short polym:
. \ > : e s = s table —0 : : NOT
are called carboxylic ac _ﬁ Acetic acid, shown 1n the table, 3 0 0 ?) other m.( 1
gives vinegar its sour taste. o occurs, a1

An amino group has a nitrogen bonded to two hydrogens ganic phosphas Uehydraum
and the carbon skeleton. It acts asa base by picking up an H" Methyl group “l‘“z ONOMETS
from a solution. Organic compounds with an amino group are o H C. il
called amines. The building blocks of proteins are called amino . i B greaki
acids because they contain-an amino and a c_arquyl _group. ~ O¢C W S but also ha

A phosphate group consists of a phophorus atom bondédto ‘\1 organic 1m

ionized and attached to the car- i that are m
ethylated compound  these poly

four oxygen atoms. It is usually

bon skeleton by one of its oxygen atoms.
viatedas P in this text. Compounds with phosphate groups are

Thl\ structure 1S abbrc' __/
== cells. This

the rever:

called organic phosphates and are often involved in energy trans-
' fers, as is the energy-rich compound ATP, shown in the table. b .
A methyl group consists of a carbon bonded to three hydro- woal:d B
er m
attachin

gens. Compounds with methyl groups are called methylated
compounds. The addition of a methyl group to the coﬁponem

of DNA shown in the table affects the expression of genes
Figure 2.2 shows how a small difference in chemical gr.ou S
can l?ad to a big difference in body form and behavior. The rf) al
ax'ld female sex hormones shown here differ or;lyln ih‘e r <5
'hnghlighted with colored boxes. These subtle difference ey
in the different actions of these molecules, which hel o
the contrasting features of males and femz;les in lionspapl;loduce
t\-(')e;tebr:i}:eshl(eeping in mind this basic scheme—carbor:l sz:e}l\: r
s with chemical groups—we ; - - -
cells make large mo?ecult’s ou: Z?Zfllrzacl)l\;rrgiiz o

2 Identify the chemical groups that do not contain carbon 0 .

r‘ 2 "
A Figure 2.2 “pifferences in the chemical groups &' **

.s( 3 .
Ino13 ayeydsoyd pue ‘ounwe ‘1Axo01pdy ay
» ¢ -« l
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22 wosucton 10 BOCEY 2.5 Two m¢
tes .
F carbOhYdra the simplest carb ohy drates [ls construct add
. . _ :
4 Monosaccharides are iher molecules. These differences also make fructose g m°“°"’e;fsgy;ua
| 2: — of molecules ranging gonsidel'abl)’ sweeter than glucose. maltoses
refers

§ e
ame carbohydrat 2
A fg’;ﬂ the small sugar molecules di

polysaccharides,such as the Starch
i
. pasta and pUANEE 1e monomers (single-unit sugars) are i
The arbobydm( ¢ om the Greek monos, single, and sacchar,
o mom“hmdef shown in Figure 2.4A consists mainly of
sugar). The hone) ese and other

lysaccharides.
tions to fom:h f:z";;:‘::ﬂ f:us)?ﬁgmwa;glep:u]ar formulas that
are shi?;]:s;fdtiple of CH,0. For example, the formula fo.r g
cose, a common monosaccharide of central importance in the
chemistry of life, is C4H;>Oy. Figure 2.4B illustrates the molec-
ular structure of glucose, with its carbons numbered 1 to 6.
This structure also shows the two trademarks of a sugar: a
number of hydroxyl groups (—OH).and.a.carbonyl group
(_=>C=0, highlighted in blue). The hydroxyl groups make
a sugar an alcohol, and the carbonyl group, depending on its
location, makes it either an aldose (an aldehyde sugar) or a
ketose (a ketone sugar). As you see in Figure 2.4B, glucose is
an aldose and fructose is a ketose. (Note that most names for/(’
sugars end in -ose. Also, as you saw with the enzyme lactase
that digests lactose, the names for most enzymes end in -ase.)
If you count the numbers of different atoms in the fructose
molec.ule in Figure 2.4B, you will find that its molecular for-
mula is CgH,,0y, identical to that of glu-
cose. Thus, glucose and fructose are
xsomefs; they differ only in the arrangement H 0
of their atoms (in this case, the positions of !
‘}?e carbonyl groups) Seemingly minor
dlfferen'ces like this give isomers different
Properties, such as how they react with

colved msoﬂdnnks to [al'ge

molecules we consume in

%ﬁf;fom glucose when they preak it down, ana

)=’ bloodstream of sick or injurepatients; the glucose provide

J*an immediate energy source to tissues in need of repair. Cel
also use the carbon skeletons of monosaccharides as raw

The carbon skeleton

carb o 2 e ¢
seven carbons. Five-carbon sugars, called pentoses, anq six. is T

t OSt w
carbon sugars, called hexose$, are among the most commg, Maltose:

’ s : : aking beer,
It is convenient to draw sugars as if their carbon skeletg, ™ . most com

a glucosc monoim
ant sap, SucCr«
rials to all the par
sugarcane or the

were linear, but in aqueous solutigns, many monosacchari
form rings, as shown for glucose in Figure 2.4C. To form el
glucose ring, carbon 1 bonds to the oxygen attac‘hed to carh,

5. As shown in the middle representation, the ring diagran,

glucose and other sugars may be abbreviated by not shoyi;

the carbon atoms at the corners of the ring. Also, the bong ij
in the ring are often drawn with varied thickness, indicatiy
that the ring is a relatively flat structure with attached atom

‘extending above and below it. The simplified ring symbol o

the right is often used in this book to represent glucose.
Monosaccharides, particularly glucose, are the main fuel
molecules for cellular work. Because cells release energy

glucose (often called §

i o en
s of both gluuose and fructose are gj, monomers. On

d 2 . up a h“
monosaccharides may haye ther gives
on atoms long. Other y three 0 e o

hich is
mal

Lactose, as
charide sug
The formul
What is the

material for making other kinds of organic molecules, such:

nd potynsSrPorated into disaccharides

2.6 Poly:

Po]ysaccharid
thousands of n

) 1 Polysaccharides, 35 we see next, | "C2ctions. Poly

Or as structura
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3 Cells make
2.2 ¢ small molecules

Earth, we might expect there
. of molecules. Remarkably,

Fall living things—from

r main classes: carbohy-

: and nucleic acids. On a molecular scale,
of three of these classes—carbohydrates, proteins,

, the rich complexity of life on
Give” enOMMOUS diversity of

N
v «

; ucleic acids—may be gigantiG in fact, biqlpgi_sts call them
| 8 Z : For example, a P : consist of thousandy
N « #ow does a cell make such a_ht_{gﬁ_mOIt?Cfllﬁ? .
L} make most of their macromolecules by joining smaller
(from the Greek polys,

into chains
large molecule consist-

. and meros, art). A polymer isa
Ieadihe ilar building blocks strung to-

O y : g
 many identical or sim ‘ -
A e much as a train consists of a chain of cars. The building

of polymers are called monomers.

As can see in
a hydrogen atom LDy
up (—OH) at the other. For each monomer

molecule (H,0) is released. Notice in
(the one at the right end of the
ses a hydroxyl group and the
m to form H,O. As this

| 2.3A that one monomer
er in this example) lo

Shortpolym
her monomer loses a hydrogen ato
E 2 new covalent bond forms, linking the two monomers.

e . B e
Dehydration reactions are the same regardiess o the specific
monomers and the type of polymer the cell is producing.
Breaking Polymers s not only m cromolecules
Jut also have to break them down. For example, most of the
rganic molecules in your food are in the form of polymers
hat are much-to | -cells. You must digest
meapbly'rmrs to make their monomers available to your
yestion process is called- wydrolysis Essentially
' ation reaction, hydrolysis means to

(lyse) with-water (hy dro-). As Figure 2.3B shows, the
1d between monomers is broken by the addition of a

ter molecule, with the hydroxyl group from the water
-hing to one monomer and a hydrogen attaching to
adjacent monomer. .

The lactose-intolerant individuals you learned about in the
ster introduction are unable to hydrolyze such a bond in
ugar lactose because they lack the enzyme lactase

(s .‘:___O.n reactions and h)’dl'Ol)’Sls'reqwethe :
mes to make and break bondsCEnzymes ate spec

Al

; ;,'.’rsltyof quyme_rs» The*af
Mmﬂd is vast. Remarkably, a cell ms

e R

/’- - 7 — o 7
a huge number of large molecules from a limited set

. Both-

PP @ @ o

Short polymer Unlinked
L5
monomer

Dehydration reaction
forms a new bond

il I 1 2

Longer polymer
A Fi h
gure 2.3A Dehydration reaction building a polymer chiin

Hydrolysis
breaks a bond

1 _

A Figure 2.3B Hydrolysis breaking down a polymer

20 kinds of amino acids. Your DNA is built from just four
kinds of monomers called nucleotides. The key to ! the great di-
versity of polymers is arrangement—variation in the sequence
in which monomersare strung together. _ L 3
The variety in polymers accounts for the uniqueness of each
organism. The monomers themselves, however, are essentially
universal. Your proteinsand. those of a tree or an ant are~,
2ssembled from the same 20 amino acids. Life hasa simple
yet elegant molecular logic: Small molecules common to all
organisms are-grdered into large molecules, which vary from
species to speci ve individual to individual in the
~same-species.
" [n the remainder of the chapter, we explore each of the four
classes of large biological molecules. Like water and simple or-

ganic molecules, large biological molecules have unique emer-

gent properties arising from the orderly arrangement of their
for these molecules of life, structure and

atoms. As you will see,
function are inseparable.
se you eat some cheese. What reactions must occur for

gest to be broken down into its amino
then for these monomers to be converte

: SUOI}IE] HONEIPA
: 0N ),.‘MQNA ul pﬂlﬂO} e SU.P\OJ
S mm suoxd 2y ‘uonisIP v
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\'
2.5 Two monosaccharides are linked to form a disaccharide

“q%e \ Cells construct a disaccharide from two monosaccharide :

lctoae monomers by a dehydration reaction. Figure 2.5 shows how

“‘Q\, A, malto _also called malt sugar, is formed from two glucose

;’% QG‘,: monomers. One monomer gives up a hydroxyl group and the

St g % other gives upa hydrogen atom from a hydroxyl group. As H,0O

ic released, an oxygen atom is left, linking the two monomers.

n ‘Maltose, which is common in germinating seeds, is used in
&keh. ng beer, malted milk shakes, and malted milk candy.

~ The most common disaccharide is sucrose, which is made of

= monomer linked to a fructose monomer. Transported

.+ lant sap, sucrose provides a source of energy and raw mate-

to all the parts of the plant. We extract it from the stems of

Not g >
‘ho“ sugarcane or the roots of sugar beets to use as table sugar.

,the

5 i .bN . m“mmdmmedupmmmdudion, is the disac-
by charidcwgarinmﬂk.ltisformedﬁomglucoseandgahctose.

Y

luceg, 8

OH
/_3-"/ LA Maltose
A Figure 2.5 Disaccharide formation by a dehydration reaction

N

mﬁ’mmmm these monoucdllﬂdes iSCgH|206.
What is the formula for lactose?
ll()\':‘lil:) -

“raw 96 Polysaccharides are Ioﬁg chains of sugar units

i Animals do not have enzymes that can hydrolyze the glu-
' cose linkages in cellulose. Therefore, cellulose is not a nutrient
\ for humans, although it does contribute to digestive system
'health. The cellulose that passes unchanged through your
' digestive tract is referred to as “insoluble fiber” Fresh fruits,
" vegetables, and grains are rich in fiber.
[ Some microorganisms do have enzymes that can hydroly?
cellulose. Cows and termites house such microorganisms in
their digestive tracts and are thus able to derive energy from

€ ways :des are macromolecules, polymers of hundreds to
Charides ghousands of monosaccharides linked together by dehydration
next.  yeactions. Polysaccharides may function as storage molecules
or as structural compounds. Figure 2.6 illustrates three com-
" mon types of polysaccharides: starch, glycogen, and cellulose.
osacchs  Starch, a storage polysaccharide in plants, consists entirely of
glucose monomers. Starch molecules coil into a helical shape

fo’%s% and may be unbranched (as shown in the figure) or branched.
" Starch granules serve as carbohydrate “banks” from which plant

can withdraw glucose for energy or building materials. Hu-
and most other animals have enzymes that can hydrolyze

t starch to glucose. Potatoes and grains, such as wheat, corn,
d rice, are the major sources of starch in the human diet.

- Animals store glucose in different form of polysaccharide,
 called glycogen. Glycogen is more highly branched than

 starch, as shown in the figure. Most of your glyco S
! as g;l'gulesinyourlivgrand_;nuscle cells,wbgch lyze t

I '

P Doy

cellulose. Decomposing fungi also digest cellulose, helping t
recycle its chemical elements within ecosisféms.’

Another structural polysaccharide @ is used by ins
and crustaceans to build their exoskeletort; the hard case er
closing the animal. Chitin is also found in the cell walls of

fungi. Humans use chitin to make a strong and flexible sur

thread that decomposes after a wound or incision heals.

- Almost all carbohydrates are hydrophilic owing to the

_many hydroxyl groups attached to their sugar monomers

> 2.4B). Thus, cotton bath towels, which-are mo

quite water absorbent due to the water-lovir
ose. Next we look at a class of macromole

h and cellulose, two plant
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2.8 PhosE
Lipids

Cells could not €
T ——— /

yidass y - ent of cell men

N hey

- mOIeCUIes to fats, \)U.l L /

lipids that are mostly energy-storage | o QP e

g ids to glycerol produces a at, as illustrated in Figure 2.7¢. ‘““ sphate grov

- ned 1 4 :-u-.'tt:n ts\:mn&\,'m e -i.@ceridé;a term you may see on food ‘;‘ :‘i e% to anoth

: T '1'\nik:d by labels or on medical tests for fat in the blood.
| ntrast '. | i-“‘-l-.’"‘ \{.'A?C\ dnd |

(Note |
: -arbon. U
Some fatty acids contgin one or more double bonds, which *

% TR = ; { phos sholip!
cause kinks (or bends) in the carbon chain. See the third fatty 3 gy

s hvdrophobic
micsl be ~ acid in Figure 2.7C. Such an unsaturat

DENaviIor In an

acid has one
the ol a type oF okl feye hydrogen atom on each carbon of the double bondFatty
sty el T o dcid‘-ﬁx‘\s with'no double bonds in their hydrocarbon chain have th
D cir feathers make the feathers repel maximum number of hydrogen atomg (are “saturated” with hy-
- FIKU'? 2 TA} wi iKh he DS SUCh w ._‘,';L'x'h"l\2 \l.:l} dﬂ()d‘ df()gcnS) and are Called sat“rated fat._ t’ gdds. The kinks in un'
: f1 irates, proteins, and nucleic saturated fa(ty acids prevent fats Containing them fronl paCking
het huge macromy »".w‘u-l‘.cs " ;: "-ﬁfhtly .tlogel.;\crland solidi l.n at room temperature. Corn oil
1§ 'rom simiiar monomers You will see that OLIVE o1l, and other vegetable oj S ar ¢ o ,
} greal Gealin structure and function. In this and o e ," Most animal fatseacr:!!@wfatsa
bwa modules, we will consider three tv pes of llbld\ Y kinke fatty acid h aturated, Their un-
res- T 408 pack closely tog
| | | makin Closely together.
\ om two kinds ol \m.allcr mn‘- ’ g butter and be f id
™ two kin e ¢t fat solid at room
i ST0WN at the top in Figure 2.78, Peratu
: h thiee Grbes N you see
— —aToons; each ‘.‘.c.arm-,: a “h dro
LrOUL atty acd CONSISts of a mrhu\}‘ ll » genated Vegetable
< - : g .j‘.l’. k’.r".‘\ 'h“\( mninulc\ the . - argarlne
COOH id 2 hydrocarbon chain, usually
eneth l}'u_’ ™ ln‘\n\‘" h}dnk‘"h”n'
. on-slsace hydrophobic )
wu f S HOWS N one

8N
CCCUEE DY

tatty acid molecule can link 1o g
s debvd e :
« dchiydration reaction. | mkmg threefany




'.z.n A dehydration
linking @ fatty acid
e to a glycerol molecule

1

A Figure 2.7C A fat molecule

(triglyceride) consisting of three
fatty acids linked to glycerol

The Molocules ot Cetin 25

label, 1t means that upsaturated tats have been conyeried 1o sat

urated fats by adding hydrogen Unfortunately, h c\(t)gcna\\(‘_l)
also creates trans fats, a form of fat that rec enfToscarch assocy

ates with lmm: Diets rich in satur ated fats and trans fats
may contribute to cardiovasculag discase by promoting athero
sclerosis. In this condition, lipid containing deposits called
plagues build up within the walls of blood vessels, reducing
blood flow. l‘l\\‘“unﬂ‘q‘ fg"y an ltlb Lﬂ“td Omega- 3 (c\“y 'dL'.Id.\
are found in certain nuts, plant oils, and fatty fish and appear 10
protect against cardiovascular discase.

The main function of fats is long-term energy stor
gram of fat stores more than twice as much energy as a
polysac charide. For immobile plants, the bulky energy stOrage
forin O starch is not a problem. (Vegetable oils are generally
obtained from seeds, where more compact energy StOTage isa
benefit.) A mobile animal, such as a duck or a human, can get
around much more easily carrying its energy stores in the form
of fat. Of course, the downside of this energy-packed storage
form is that it takes more effort for a person 1o “burn oft”
excess fat. In addition to storing ene

vital organs and insplates the body.
B (‘r-,/._ e y

.\b‘t‘ f\
gram of

Ty, fally lissue cusnions -

2 Howdoyou think the structure of a monounsaturated fat
differs from a polyunsaturated fat?

ey e sey el pa\\umm'un.'\\ud v
1M prow Ajie) € sey e) PAINESUNOUOW Y
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;,s, Phospholipids and steroids are impo

( ells could not exist without pbosphdlplds, the major compo-
nentof cell membranes. Phospholipids are structurally similar

to fats, but they comain.o;mic‘ids' attached to glycerol
instead of three. As shown in Figure 2.8A, a negatively charged

q phﬂh“ group (shown as a yellow circle in the figure and

. lmbﬂloanothﬂ' small molecule) is attached to glycerol’s third
. wjm.(blotz that glyceIOI is shown in orange.) The structure
8 o ids provides a classic exain le of how form fits
8 ofpbwhdfp' P P
Y
he
f-f.‘.-‘

0 | _— Hydrophobic tails
"' : /

Symbol for phospholipid

Tl
NN

1

- cmme——

rtant lipids with a variety of functions

function. The hydrophilic and hydrophobic ends of multiple
molecules assemble in a bilayer of phospholipids to form a
membrane (Figure 2.8B). The hydrophobic tails of the fatty

acids clusterin the center, and the hydrophilic phosphate heads
face the §a i n either side of the membrane.

Each gray-headed, yellow-tailed structure in the membrane
shown here represents a phospholipid; this symbol is used
throughout this book. We will explore the structure and func-
tion of biological membranes further in Chapter 3.
Steroids are lipids in which the carbon skeleton contains
rines, as shown in the structural formula of choles-
terol in Figure 2.8C. (The diagram omits the carbons making
up the rings and most of the chain and also their attached hy-
drogens.) Cholesterol is a common component in animal cell
‘membranes, and animal cells also use it as a starting material

for making other stergids; including sex hormones. Differen
steroids vary in.the chemicalgroups?xﬁichcdjg the rings, a:
you saw in Figure 2.2. Too much cholesterol in the blood m

contribute to atherosclerosis.
-

'@ Compare the structure of a phospholipid with that of a fat
~ (triglyceride).
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2.10 A proteins

ds " : represent two maj ¢ do the tens of thou
ad cids in Figure 2.9B Iep 2 typf&, Wi do? probably their

The amin0 drophilic Leucine (abbrevia.ted Leu) is,, bedy < th
ino acid in which t(}ile R glrouP is nonpol,, e ﬁ"c‘f reﬂactionss g
hobic. Serin¢ (Ser)> wi,th a'lt?: arogargflog & lFS- . :l:: chapter s
by ple of an amin? acid Wi potar, ycrophilic g s that may be pr
is an exam id (Asp) is acidic .and negatively chargeq . eg]s N ctural proteins a
the H of a cell. (Indeed: all fhe wroino and Syl 8roups g ﬁi)d"‘h‘t ke upicor
P jonized at cellular pH, as shown jp 4 ligaments. Muscle

or amino acids have basic R groups and are p, f;:aw
e in th “aqueous solutions inside cells,  gych as the antibodies
have exammed amino acids, let’s see how thq PM’ such as many
Can you guess? Cells join amjp, messengers that help
ion reaction that links the carbygy, facilitating communic

ids together in a .
;xc;lyiofone amino acid to the amino group of the next amj, ‘may be built into cell
acid as a water molecule is removed (Figure 2.9C). The regyl; cells- Hemoglobin in
that delivers O3 to we

reation shown in the figure s callcd otide)because ,t; the body. Other tran:
'made from two amino acids. Additional amino acids canbe 1"t €IS for energy.

added by the same process to form a chain of amino acids, a Such as ovalbumin, t

(glycine), the R group just a hydrogen atom. In all others, | o forn | |
such as those shown in Figure 2.98, the R group consists of one e,/ To release amino acids from the polyp eptide by as ;:‘ourcg -of-:lmmo
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The Molecules of Cells 31

double helix, in which two polynucleotides wrap around °
each other (Figure 2.13C). The nitrogenous bases protrude
from the two sugar-phosphate backbones and pair in the cen-
ter of the helix. As shown by their diagrammatic shapes in
the figure, A always pairs with T, and C always pairs with G.
The two DNA chains are held together by hydrogen bonds
(indjcated by the dotted lines) between their paired bases.
These bonds are individually weak, but collectively they zip

%, the two strands together into a very stable double helix. Most

' DNA molecules have thousands or even millions of base

. ,ause of the base-pairing rules, the two strands of the

Bec B
double helix are said to be complementary, éach a predictable
the other. Thus, if a stretch of nucleotides on

counterpart of \
one strand has the base sequence ~AGCACT-, then the same

buud‘"g of 5 Btretch on the other strand mustbe -“TCGTGA-.
ase pairing is the key to how a cell makes
two identical copies of each of its DNA molecules every time it
€pl divides. Thus, the structure of DNA accounts for its function of
Own ¢ transmitting genetic information whenever a.ccll reproduces.
he cell of The same base-pairing rules (with the exception that U
- W, e nucleotides of RNA pair with A nucleotides of DNA) also
account for the precise transcription of information from DNA

to RNA.
An organisms genes determine the proteins and thus the
structures and functions of its body. Let’s return to the subject
of the chapter introduction—lactose intolerance—to conclude
our study of biological mx« Jlecules. In the next chapter, we move

up in the biological hierarchy to the level of the cell.
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- Reviewing the Concepts

Introduction to Organic Compounds (2.1-2.3)

2.1 Life's molecular diversity is based on the propertlgs of
carbon. Carbon’s ability to bond with four other atoms is the

basis for building large and diverse organic compounds.
Hydrocarbons are composed of only carbon and hydrogen.

Isomers have the same molecular formula but different
structures.

2.2 A few chemical groups are key to the functioning of biological
molecules. Hydrophilic functional groups give organic molecules
specific chemical properties.

al e s e AR e U

A Figure 2.13C DNA double helix

Dehydr/ation ~
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Longer polymer

090® 09

;Hydtolysis
Short polymer Monomer b

©0
Carbohydrates (2.4-2.6)

2.4 Monosaccharides are the simplest carbohydrates.
A monosaccharide has a formula that is a multiple of CH,O

and contains hydroxyl groups and a carbonyl group.
2.5 Two monosaccharides are linked to form a disaccharide.

2.6 Polysaccharides are long chains of sugar units. Starch
glycogen are storage polysaccharides; cellulose is structural,

oAt Aba s o omnonant of insect exoskelet
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2.13 Nucleic acids are polymers of nucleotides -

(G
The manomers that make up nucleic acids aré nucleotidés )
A5 indicated in Figave 2.43A, each nucleotide contains three ]
parts. At the center of a nucleotide is a five-carbon sugar (blue);
the sugar in DNA is deoxyribose (shown in Figure 2.13A), 3
whereas RNA has a slightly different sugar called ribose. Linked
"0 one side of the sugar in both types of nucleotides is a nega®
«tively.charged phosphate group (yellow). Linked to the sugar’s
other side is a nitrogenous base (green), a molecular structure
containing nitrogen and carbon, (The nitrogen atoms tend to

take up H' in aqueous solutions, which explains why it is called

{122 ® 2win) A12a2 pannt
a nitrogenous base.) Each DNA nucleotide has one of four dif. 'YN@3° PoumRICor
ferent nitrogenous bases: adenine (A), thymine (T), Cytosire
(C), and guaning(G ) Thus, all genetic information is written;
a four-letter alphabet. RNA nucleotides also contain the Bases

A, G, and G; but the base uracil (U) is found instead of thymi?
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Themes in the Study of Biology

—

1.1 All forms of life share common properties

pefining biology as the scientific study of life raises thé'obvi-

ous question: What is life? How would you describe what dis- (|

tinguishes living things from nonliving things? Even a small
child realizes that a bug or a flower is alive, while a rock or
water is not. They, like all of us, recognize life mainly by what
living things do. Figure 1.1 highlights seven of the properties
and processes that we associate with life.

(1NOrder. This close-up of a sunflower illustrates the highly
_ardered structure that typifies life. Living cells are the basis
of this complex organization.s =
¢2) Reproduction. Organisms reproduce their own kind.
Here an emperor penguin protects its baby.

(3) Growth and development. Inherited information in the
form of DNA controls the pattern of growth and develop=
meént of all organisms,including this hatching crocodile.
(4) Energy processing§When this bear eats its catch, it will
use the chemical energy stored in the fish to power its own
activities and chemical reactions. S

(5) Response to the environment. All organisms respond to
environmental stimuli. This Venus flytrap closed its trap rap-
idly in response to the stimulus of a@sqlﬂﬂamding on it.
(6) Regulation. Many types of mechanisms regulate an
organism’s internal environmerit, keeping it within limits
that sustain life Pictured here is a typical lemur behavior
with a regulatory function—“sunbathing”—which helps
raise the animal’s body temperature on cold mornings.

/ 2 4y ,
r"lf Vo S (?; £ Lo

-

Response to the _
environment

(3) Growth and
development

T *a

(7) Biological adaptatiolt _The leaflike appearance of this

- katydid camouflages it in its environment. Such adaptations«
appear overmany generations as individuals with traits best
suited to their emﬁrbﬁmént have greater reproductive
success and pass their traits to offspring.

Figure 1.1 reminds us that the living world is wondrously
varied. How do biologists make sense of this diversity and _
complexity, and how can you? Indeed, biology is a §ubject of
enormous scope that gets bigger every yedr. One of the ways to
help you organize all this information is to connect what you
learn to a set of themes that you will encounter throughout
your study of life. The next few modules introduce scveral_

of these themes: novel properties emerging at each level of
biological organization, the cell as the fundamental unit of litci,
the correlation of structure an on, and the exchange of
matter and energy as organisms interact with the environment.
We then focus on the core theme of biology—adaption, the
theme that makes sense of both the unity and diversity of life.
And in the final two sections of the chapter, we look at the
process of science and the relationship of biology to our
everyday lives.

Let’s begin our journey with a tour through the levels of the

biological hierarchy.

9 How would you define life?
2npout SIyj ul
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The Molecules of Cells

—_—

what do the tens of thousands of different proteins in your?

bedy do? Probably their most important role is as enzymes,(,)

the chemical catalysts that speed and regulate virtually all * |

chemical reactions in cells. Lactase, which you read about in

the chapter introduction, is just one of thousands of different

enzymes that may be produced by cells.

(§>3tructura1 proteins are found in hair and the

fibers that make up connective tissues such as tendons _
«and ligaments. Muscle cells are packed with contractile 3
Sproteins.

Other types of proteins include defensive proteins, -

such as the antibodies of the immune system, and'signal _6/
proteins, such as many of the hormones and other chemical
messengers that help coordinate body activities by

facilitating communication between cells. Receptor proteins )/

“inay be built into cell membranes and transmit signals into
cells. Hemoglobin in red blood cells is a transport protein 23
shat delivers O, to working muscles and tissues throughout
thebody. Other transport proteins move sugar molecules
% nto cells for energy. Some proteins are storage profeins, & "
Such as ovalbumin, the protein of egg white, which'serves
as a source of amino acids for developing embryos. Milk
protein§ provide amino acids for baby mammals, and'plant
seeds contain storage proteins that nourish developing
plant embryos. '
The functions of all these different types of proteins
depend on their specific shape. Figure 2.10A shows a
ribbon model of lysozyme, an enzyme found in your sweat,
tears, and saliva. Lysozyme consists of one long polypeptide,
represented by the purple ribbon. Lysozyme’s general shape

is called globular; This overall shape is more apparent in
Figure 2.10B, a space-filling model of lysozyme. In that
model, the colors represent the different atoms of carbon,
oxygen, nitrogen, and hydrogen. The barely visible yellow
balls are sulfur atoms that form the stabilizing bonds shown

as yellow lines in the ribbon model. Most enzymes and other
proteins are lobulaﬁt(u_c_tural proteins, such as those

N

2.10 A protein’s specific shape determines its function

74

making up hair, tendons,/.a“nd ligaments, are typically long

and thin and are called fibrous ij?l?i‘ls | )
Descriptions such as globular and fibrous refer to a
protein’s general shape. Each protein also has a mUCh’
more specific shape. The coils and twists of lysozymes
polypeptide ribbon appear haphazard, but they represen
the molecule’s specific, three-dimensional shape, and thi
shape is what determines its specific function. Nearly all
proteins must recognize and bind to some other molecu
to function. Lysozyme, for example, can destroy bacteri
cells, but first it must bind to specific molecules on the
bacterial cell surface. Lysozyme’s specific shape enables
it to recognize and attach to its molecular target, which
fits into the groove you see on the right in the
figures.

The dependence of protein function on a protein’s
specific shape becomes clear when proteins are altered
In1 a process called denaturation, polypeptide chains
unravel, losing their specific shape and, as a result, the
functiort. Changes in salt concentration and pH can
denature many proteins, as can excessive heat. For ex:
visualize what happens when you fryan egg. Heat qu
denatures the clear proteins surrounding the yolk, m:
them solid, white, and opaque. One of the reasons wi
extremely high fevers are so dangerous is that some
proteins in the body become denatured and cannot
function.

Given the proper cellular environment, a newly
synthesized polypeptide chain spontaneously folds i
functional shape. We examine the four levels of a p

structure next.
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The cell h.as a sp-ecial place in thé hierarchy of biologica
ganizatlon- It is the level at wh%’ih’e’ properties ogf ‘
Temerg the lpwest level of structure that can perform st
acs,?;mes d for life. A cell can regulate its internaj
envirenmentytake in and use energy, respond to its
environment, and develop and maintain its compléx
organization. The ability of cells to give rise to ncw‘
cells is the basis for all reproduction and for the
growth and repair of multicellular organisms.
Organisms aré compose ells) THey

occur singly as a great variety of unicellular
(single-celled) organisms, such as amoebas

and most bacteria. And cells are the sub-

units that make up multicellular organisms,

such as lemurs and trees. Your body.consists

of trillions of cells ofimany different kinds,

All cells share many characteristics. For
example, every cell is enclosed by a membrane
that regulates the passage of materials between
the cell and its surroundings. And every celly
uses DNA as its genetic information. There are
two basic types of cells. Prokaryotic cells were the
first to develop and were Earth’s sole inhabitants
for about the first 1.5 billion years of life on Earth.
Fossil evidence indicates that eukaryotic cells,
developed about 2.1 billion years ago.

Figure 1.3 shows these two types of cells as artificially
raphs taken with an electron microscope. A
otic cell is much simpler and usually much smaller
aryotic cell. The cells of the microorganisms we call

prokaryotic. Plants, animals, fungi, and protists are
' : tic cell3. As you can see in Figure 1.3,

subdivided by membranes into many .
nts‘,dfécf*orgmellw. es. These include a

o ‘_"L'p: .'3 - AR
r

““The properties of life emerge from the ordered
rrangement and interactions of the structures of a cell.

h a combination of components forms a more complex
ation that we can call a system. Cells are examples of

nergent properties are not unique to life. Consider
-ycle parts. When all of the individual parts are
ssembled, the result is a mechanical system you can
exercise or transportation. _
emergent properties of life, however, are partmn.xlarly
g to study because of the unrivaled complexity of

vstems. At the cutting edge of large-scale research

called systems biology. The goal of

g j'égm»eonstmct models for the dynamic
eviterns based on studying the interactions
it e ¥ can range from the func-

ieme of biﬁbgy: the correlation
perience shows you that form
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. DNA

e

s, as are organisms and ecosystems. Systems \

1.3 Cells are the structural and functional units of life

Eukaryotic cell (no nucleus) -

_(ai\
‘ » . Mem.brane
ool W
o 2" 0 g

Nucleus
(membrane-
enclosed)

DNA (throughout
nucleus)

Colorized TEM 11,250 %

A Figure 1.3 Contrasting the size and complexity of prokaryotic and
eukaryotic cells (shown here approximately 14,250 times their real
size)

generally-fits function. A screwdriver tightens or loosens
screws, a hammer pounds nails. Because of their form, these
tools can’'t do each other’s jobs. Applied to biology, this
theme of form fitting function is a guide to the structure

of life at all its organizational levels. For example, the long
extension of the nerve cell shown in Figure 1.2 enables it to
transmit impulses across long distances in the body. Often,
analyzing a biological structure gives us clues about what it
does and how it works.

v [The activities of organisms are all bascc_l‘qn/ﬁ&for N
example, your every thought is based on the actions of nerve
cells, and your movements depend on muscle cells. Even a
global process such as the cycling of carbon is the result of
cellular activities, including the photosynthesis of plant cells
and the cellular respiration of nearly all cells, a process that
uses oxygen to break down sugar for energy and releases car-
bon dioxide. In the next module, we explore these processes
and how they relate to the theme of organisms interacting

with their environments.
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m Why are cells considered the basic units of life?
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<.« [I11IES Merarchy or organization, new propertes eiieige di cach leve|

As Figure 1.2 illustrates, the study of life extends from the global A closer look at one of these environments brings yg {0 the & 1.

e i ists of all the organisme 1s. - \4
' scale of the biosphere to the microscopigscale olecules. of an ecosystem, which consist 5 A€ Organisms fiy; 0
‘ : . > f icular area, as well as the physical components With w1. § Th
At the upper TeTt we take a distant view of the bi ,allo PafiCURESIca, as v T S R Whigy k.
the environments on Earth that support lifé. These include most 0 ms inierac —— =7 Sunlighy J
: . gy (The entire array of organisms in an €cosystem is k), q o
regions of land, bodies of water, and the lower atmosphere. > ¥ —_ S '
a cogmp:n!’ty! The community in this forest eCoSysteny i, 24
adagascar includes the lemurs and the agave plan, they - en
: dtels) , eating, as well as birds, snakes, and Ldtm\‘f CAInIvores cajleq 2
| | civets; a huge diversity of insects; many Kinds of treeg and g, (_’ei
e O T e 7C
Biosphere . Egg::;‘m | plants; fungi; and enormous numl_)u.s gt MiCroscopic Protig &
1 | Madagascar and bacteria. Each unique form of life is called a Species. |

A population includes all the individ}la]s of a particulyrs .
species living jn an aré, such as all the ring-tailed lepy,, n G
tﬁ?ﬁr:%;nmunity Next in the hierarchy is the Ofganism ar
an individual living thing.®

us
Within a complex organism such as a lemur, lifes hierarch,

SU

Community continues to unfold. An organ system,such as the Circulatory  of
Cony ke 12 ¢ s All organisms in 38 system or nervous system, consists of several organs thjt
= ‘the forest cooperate in a specific function®For instance, the organs of &
/ 1 " 4 thé fiervous system are the brain, the spinal cord, and the th
( S 2 4‘ nerves. A lemur’s nervous system controls its actions, th
- O .4 o/\“_y | '\ /

such.as climbing trees. u

An organ is made up of several different tissues, cacy
made up of a group of si ilgr.c'ei,:s that perform a specif, B

‘ amental unit of life) In the nerve ff

cell shown here, you can see several organelles, such a the &
nucleus. An organelle is a membrane-enclosed structyre 9
that performs a specific function in a cell.

Finally, we reach the level of molecules in the hierarchy, &
A molecule is a cluster of small chemical units called atoms
held together by chemical bonds.fOur example in igure 1.2 is
a computer graphic of a section of DNA (deoxyribonucleic

acid)—the molecule of inheritance.

™ Now let’s-work our way in the opposite direction 1 in Figure
1.2, moving up life’s hierarchy from-molecules to the biosphere.
It takes many molecules to build organelles, numerous organles
to make a cell, many cells to make a tissue, and so on. Ateach
new level, there are novel propertiés that arise, properties that
were not present at the preceding level. For example, life

(
emerges at the level of the cell—a test tube full of organellesis |

not alive. Such emergent Properties representan important

theme of'biology: The familiar saying that “the whole is greale”
than the sum of jts parts” captures this idea. The emergent |

properties of each level result from the specific arrangemer!
and interactions of jts parts.

Spinal cord

T .

@ Which of these levels of biological organization includes/
organ, tissue?

others in the list: cell, molecule,




| Unity of Life, the Core Theme of Biology

\ 1.5 The unity of life is based on DNA and a common genetic code

have DNA, and the continuity of life depends on this
geneti ial. DNA is the chemical substance of

the units of inheritance that transmit information from-
parents to of g. Genes, which are grouped into very long

_molecules called chromosomes, also control all the activ-
jties of a cell* The molecular structure of DNA accounts for

these Functions. Let us explain: Each DNA molecule is made —

m,_ofgwo long chains coiled together into what is called a dou-
- helix: The chains are made up of four kinds of chemical
uilding blocks. Figure 1.5 illustrates thése four building™
blocks, called nucleatides, with

different colors and letter ab-

breviations of their names.

The right side of the fig- :
ure shows a short section
ofa DNA double helix.

| -

e

E--@=

ur building blocks of DNA (left); part of a DNA
b
Blowio'e  Weux

. .‘

WP =

'humans are different because they have different genes. But

The way DNA encodes a cell’s information is anfnlogous to
the way we arrange letters of the alphabet into precise se-
quences with specific meanings. The word rat, fo.r exfmel? ~
conjures up an image of a rodent; far and art, which contain
the same letters, mean very different things. We can think of
the four building blocks as the alphabet of it?hentance. Specific
sequential arrangements of these four chemical letters encode
precise information in genes, which are typically hundreds or
thousands of “letters” long. _

The DNA of genes provides the blueprints for m@g pro-
teins, and proteins serve as the tools that actually bml.d and *
maintain the cell and carry out its activities. Atbacterial gene
may direct the cell to “Make a yellow pigment.” A particular
human gene may mean “Make the hormone insulin.” All forms
of life use essentially the same genetic code to translate the in-
formation stored in DNA into proteins. This makes it possible
to engineer cells to produce proteins normally found only in
some other organism. Thus, bacteria can be used to produce
insulin for the treatment of diabetes by inserting a gene for
human insulin into bacterial cells.

rsity of life arises fromdifferences in DNA
—_in other words, from variations on the common
theme of storing genetic information i

A. Bacteria and

both sets of instructions are written in the same language.
In the next module, we see how biologists attempt to
organize the diversity of life.

@ What is the chemical basis for all of life’s kinship?

[euaRw D1aUAS Y1 se YNA

or; biologists face a
to make sense of this enormous

speak of bears or butterflies,

nto three domains .

species. We may even sort groups into broader categories, such
as mammals and insects. Taxonomy; the branch of biology that
names and classifies species, arranges species into a hierarchy’
of broader and broader groups, from genus, family, order, class,
and phylum, to kingdom.

The Three Domains of Life  Until the 1990s, most biologists
used a taxonomic scheme that divided all of life into five king-
doms. But new methods for assessing phylogenetic relation-
ships, such as comparison of DNA sequences, have led to an
ongoing reevaluation of the number and boundaries of king-
doms. As that debate continues, however, there is consensus
that life can be organized into three higher levels called
donidins. Figure 1.6, on the facjng pageyshows reproseqta-
tives of the three domains: ngja, Archaea, and Edkarya.
Domains Bacteria and Archaea both consist of prokaryotes;
organiﬁns"\vith prokaryotic cells. Most prokaryotes are
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i ial cell.® :
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extreme environment$ such as salty lakes anc_l boiling b’bt i chaea nd ansy
springs. Bach round structure in the photo of archaea In . naki.ng
Figure 1.6 is an archaeal cell. n sredicti
All the eukaryotes, organisms with eukaryotic cells, are Reco
grduped in domain Eukary? As you learned in Module 1.3, cience.
eukaryotic ce av and other internal structures remen
called DI'e / S— \dn]pl
Protists are a diverse collection of mostly sin le-celled naking
isms and some relatively simple multicellulam'aﬁs. 1 Mad
Pictured in Figure 1.6 is an assortment of protists ina drop Figure
of pond water. Although protists were once placed in a single A Fada Coll
kingdom, it is now clear that they do not form a single natural ions b
group of species. Biologists are currently debating how to Domain Eukar Chis ki
split the protists into groups that accurately reflect their = - 1umbe
phylogenetic relationships. \ ells” i
The three remaining groups within Eukarya contain multi- f cell:
cellular eukaryotes. These kingdoms a@dﬂgum S _;-v.;cnun
-onclt

by their modes of nutrition. Kingdom Plantae consists of , 2 -

« plants, which produce their own food by photosynthesis. The " O - s atur
representative of kingdom Plantae in Figure 1.6 is a tropical : : - 4 Ob
bromeliad, a plant native to the Americas.

ngdom Fungifrepresented by the mushrooms in Figure
1.6, is a diverse group, whose members mostly decompose the

>xplar
estin
ora:
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F.mmns 28 i ._-Qf dead e: czrganismsand organic wastes and absorb the
utrients into their cells. o jiions
X THI ..._*Ob_tain M@Mon, which means they eat E D
’in i .dReQresentmg kingdom Animalia, the sloth o
gure 1.6 resides in the trees of Central and South Ameri- AL
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| mon A Figure 1.6
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Biology: Exploring Life 9

- The Process of Science
1.7 Scientific inquiry is used to ask and answer questions about nature

The word science is derived from a Latin verb meaning

«“to know.” Science is a way of knowing—an approach to §
understanding the natural wor.li. It stems from our curiosity
about ourselves and the world around us. And it involves the
process of inquiry—a search for information, explanations,
and answers to specific questions, Scientific inquiry involves ¥
making observations, forming hypotheses, and testing:
predictions. §

Recorded observations and measurements are the data of
science. Some data are quantitative, such as numerical meas-
urements. Other data may be descriptive, or qualitative. For
example, primatologist Alison Jolly has spent over 40 years
making observations of lemur behavior during field research
in Madagascar, amassing data that is mostly qualitative
(Figure 1.7).

Collecting and analyzing observations can lead to conclu-
sions based on a type of logic called inductive reasoning.
This kind of reasoning derives generalizations from a large
number of specific observations. “All organisms are made of
cells” is an inductive conclusion based on the discovery
of cells in every biological specimen observed over two
centuries of time. Careful observations and the inductive
conclusions they lead to are fundamental to understanding

nature.

'Observations often stimulate us to seek natural causes and .
ot . S d‘ . . usudl inVOlves the form.n and A FIgUfe 1.7 Alison JO“y
IORS. Ot Ingry , Y. : ing ¢ with her research subjects,
je of h y theses. 1S a pro osed explanation ring-tailed lemurs
f observations. A good hypothesis leads to predic-

Jentists can test by recording additional observa-
g experiments. ~
e type of logic used to come up with ways

eses. In deductive reasoning, the logic flows
premises to the specific results we should ex-
34 ises are true. If all organisms are made of
1), and humans are organisms (premise 2),

.re composed of cells (deduction). This deduc-

usually general enough to generate many new, specific
hypotheses that can then be tested. And a theory is
supported by a large and usually growing body of

evidence. Theories that become widely adopted explain

a great diversity of observations and are supported by a vast

-omp!
accumulation of evidence,

on that can be tested by examining human

- -

B

| ’éémahypothesw} A scientific
de I {!)>-ma? a hypothCSis. It is

¥ o

\g ~ Contrast inductive reasoning with deductive reasoning.
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ur understanding of nature often goes hand i
vention and refinement of instruments th

enses. Before microscopes were first used i
o one knew that liv

1 hand with the
at extend human

: : n the 17th century,
mg.orgamsms were composed of cells. The
Srst microscopes were light microscopes, like the ones you
ay use in a biology laboratory:In a light microscope kLMt)
risible light is passed through a specimen, such as a micro.
&pgénism or a thin slice of animal or plant tissue, and then
hrough glass lenses. The lenses bend the light in such a w
hat the image of the specimen is magnified as it is project
nto your eye or a camera.
MeMagnification is the increase in the apparent size of an
Mect,er-'igure 3.1A shows a single-celled protist called
Baramecium. The notation "LM230X” printed along the
-ight edge of this micrograph tells you that the photograph
was taken through a light microscope and that this image is
230 times the actual size of the organism.

ay
ed

The actual size of this Paramecium is about 0.33 milli-
meter (mm) in length. Figure 3.1B shows the size range of
~ells compared with objects both larger and smaller. The most
-ommon units of length that biologists use are listed at the bot-
-om of the figure. Notice that the scale along the left side of the
figure is logarithmic to accommodate the range of sizes shown.
Starting at the top of the scale with 10 meters (m) and going
down, each reference measurement marks a 10-fold decrease
in length. Most cells are between 1 and 100 micrometers ()
@e&er (yellow region of the figure) and are therefore visi#
ble only with a microscope. Certain bacteria are as small as
0.2 um in diameter and can barely be seen with a light micro-
scope, whereas bird eggs are large enough to be seen with the
unaided eye. A single nerve cell running from the base of your
spinal cord to your big toe may be 1 min l_g_ngth,.although it is
0 thin you would still need a microscope to see It.

LM 230X

st, Paramecium

‘  micrograph of a proti

Microscopes reveal the woW
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e of cell structure took a giant leap fo

more; chromosomes carrying genes made of DNA. And all cells

projections. Shortp 0 uﬂ 1

duction 10 Biology Our knowledg
38 |Introductl ided eye like a single star . logists beg using the G ction mlcroscope in thr:
le. what looks tO your unaide y Just as as biolOg light, an electron n
For exa{opee, d as twin stars with a telescope: 9505 Instead of using 118 — &
in the sky may be resolvec as . 4. the light microscoP = of electrons through a specimen or ont
the resolution of the human eye is imitec bg t the size O focuses a be icroscopes can distinguish biobglf:lm o
nnot resolve detail finer than about 0.2 pm, about: — curface. Blectronfm bout 2 nanometers iy 2
:lie smallest bacteriurg- No matter how many (% = ? structures as small as 2 ht microscope. This h;gh *
such a bacterium i magnified, the light microscope CARD lmprovement over the lig A ultrastructurer:;ohh ~
show the details of this small cell’s structure. il has enabled biologists t(} exr; » the ¢ //
From the time that Hooke discovered cells in 1 ; ;t lex intern 4] anatomy 0f 3 €
the middle of the 20th century, biologists had only lig o
. copes for viewing cells. with these microscope | e would you use to study (a
2;1;;(:; stzining techniques to increase contrast and hlghllght Ly Which W.P“’f ofa lmng human white blood zell )(tl:;e&
parts of the sample, these early biologists discovered a great all m of a human hair; () the
deal—micreorganisms, animal and plant cells, and even some 1 ot of rgllleﬂe'il aliver cell?
of the structures within cells. By the mid-1800s, these discover- detailed S p— :
ies led to the cell theor) which states that all iv g thlllg9 53 ssruusuen) (3) tadodsoidil uoI1}32]? Suruueds (q) ‘adodsornim g3, d
composed of cells and that all cells come from other cells. g
_Atyp
3.2 Prokaryotic cells are structu rally simpler than eukaryotic cells
Two kinds of cells, which differ in size and structure, have de- prokaryotic ribosomes. Thus, protein synthesis can be block
veloped over time. Bacteria and archaea consist of prokaryotic  for the bacterium that's invaded you, but not for you, the
cells, whereas all other forms of life (protists, fungi, plants, and  eukaryote who is taking the drug.
animals) are composed of eukaryotic cells. Eukaryotic cellsard Outside the plasma membrane (shown here in gray) of
distinguished by having a membrane-enclosed nucleus which ~ most ik
g : ~ most prokaryotes is a fairly rigid, chemically complex cell
houses most of their DNA. The word eukaryote means “true wall (orange). The wall protects the cell and helps maintain
ntcleus” (from the Greek e, true, and karyon, kernel, referring | - “its shape. Some annbmtw&«as pemallm Eev t th
to the nucleus). The word prokaryote means “before nucleus” ,’ ‘formation of these p: s “mns i
(from the Greek pro, before), reflecting the fact that prokary- . dont have anh Waﬂs, thege i tibie ‘smcg 3t eils
otic cells developed before eukaryotic cells. Theyarealso,as = e VB ety
you shall seegstructurally much simpler than eukaryetic cells 7/ s s Cettain
while sharing some common characteristicss ' ~ wall, helping to gl e ;ﬁ*‘&r 1 anskeer g
Allcells have several basic features in common. In addition rocks in fast-flowi a8 5tic
to being bounded by a plasma membrane, all cells have one or In addition to capsu ? n the human box /

contain ribosomes, tiny structures that make according
tomstrucnonsfromthcgenes Themteriortypeseifﬁen‘
is - m. However, in eukaryotic cells, this term

refers only to' the regldn between the nucleus and the plasma
mem| ic cell contais

brane. Themqﬁ ukaryot
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Bacterial
ch romosome

A typical rod-shaped bacterium

L, SLRUSDNA s located
embrane)

l:ﬂl:sma Membrane: —
Mbrane enclosing the cyto

Cellwan: —

Flagella: locomotion
organelles of some bacteria

A Figure 3.2 A4
. diagram (le :
prokaryotic cell (left) and electron micrograph (right) of a typical

plasm

. " .
TEM 35,500

A TEM of the bacterium
Bacillus coagulans

e ——

3.3 Eukaryotic cells are partitioned into functional compartments

All eukaryotic cells—whether from animals, plants, protists,
or fungi—are fundamentally similar to one another and
profoundly different from prokaryotic cells. Let’s look at

an animal cell and a plant cell as representatives of the

eukaryotes.
Figure 3.3A is a diagram of an idealized animal cell.

No cell would look exactly like this. We color-code the

various organelles and other structures in the diagrams for
easier identification. And recall from the chapter introduction
that in living cells many of these structures are moving and

interacting.
The nucleus is the most obvious difference between as

prokaryotic and eukaryotic cell. A eukaryotic cell also contains
various other organelles (“little organs”), which perform spé-
cific functions in the cell. Just as the cell itselfis wrapped'in a
membrane made of phospholipids and proteins that perform
various functions, each organelle is bounded by mem!)ran’e
witha lipid and protein composition that suits its function.

The organelles and other structures of eukaryotic cells
al groups as follows:

can be organized into four basic function
il the genetic control of |

(1) The nucleus and ribosomes carry out

the ¢ell. (2) Organelles involved in the manufacture, distribu-"

tion, and breakdown of molecules include the endbplasmic

- 0 ’
reticulum, Golgrlipi%ritus, lysosomes, vacuoles, and peroxi-
somes. (3) Mitochondria in all cells and chloroplasts in plaht

cells function in energy processing. (4) Structural support,
movement, and communication between cells are the func-
tions of the cytoskeleton, plasma membrane, and plant cell
wall. These cellular components are identified in the figures on
these two pages and will be examined in greater detail in the

remaining modules of this chapter.
In essence, the internal membranes of a eukaryotic cell par-

tition it into compartments. Many of (Eg_g_he\nu‘scaﬁc_tivities of
cells—activities known collectively as cellular metabolism—

occur within organelles. In fact, many enzymatic proteins cs-

‘sential for metabolic processes are built into the membranes of
organelles’ The fluid-filled spaces within organelles are impor-

tant as sites where specific chemical conditions are maintained.
These conditions vary from one organelle to another and favor
the metabolic processes occurring in each k.ind qf organglle.

For example, while a part of the endop?asmlc .retnculun? s en-
gaged in making steroid hormones, neighboring peroxisomes

i ds and making hydrogen
be detoxifyin harmful compoun g - S
glea[)(;)(l d e (H202) a% a POiS(‘“‘ »yus by-pl‘OdUCt of their activities.
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A Figure 3.3A An animal cell

But because the H,0, is confined within peroxisomes, where
it 1s quickly converted to H,0 by resident enzymes, the rest of
the cell is protected from destruction.

Almost all of the organelles and other structures of
cells are also present in

(Chloroplasts are also found in algae ¢
Unique to plant cells is £iroe central v:
that stores water and a varie

throughout the cell. These nety

amon movement. As you can see
| m ong' th; sperm cells of 2 fey Species have flagella, * ures, ribosomes occur thro _ Ny
| & Ceﬁ ong;r : n(: eﬁﬁ;kaq?ufcl cells differ in both structu.re and prokaryotic cells. In addition, ey b o
| ryotic flagella.) Somes attached to parts of the ana. s €
_A plant cél (Figure 3.3B) 450 has some structures that an ~OPlasm
animal cell Jacks. For example, a plant cel|

ip m— it appear “rough”) and to the'e R =y
;s hasan : ‘ a 3 ~ X e
thick cell wall(as do the cells of fungi and many P§:) ﬁs‘t:ﬂ) 1er Let’s begin our in-depth tour of
walls protect cells an hel . Cell v

Of fung with the nucleus.
maintain ~ a
different from PYOhryoﬁfaﬂ walls, mm' |
the polysaccharide cellulosé Plasmodesmat, (sin ic
Plasmodesma) are cytoplasmic channels through celj \,Valls
that connect adjacent cells, Ag i e found ;
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3.4 The nucleus is the cell’s genetic control center
< 1+S1a ’/r)f

The nucleus contains most of the cells DNA—it master
plans—and controls the cell’s activities by directing protein
synthesis. The DNA is associated with many proteins in the

structures called chromosomes. The proteins help organize
and coil the long DNA molecule. Indeed. the DNA of the 46

chromosomes in one of your cells laid end to end would
stretch to a length of over 2 m, but it must coil up'to fit into a

nucleus only 5 pm in diameter. When a cell isfnot dividina, this
complex of proteins and DNA, called chromatin, appears as a

diffuse mass, as shown in the TEM (left) and diagram (right)

of a nucleus in Figure 3.4.
As a cel prepares to divide, the DNA is copied so that each

daughter cell can later receive an identical set of genetic in-
structions. Just prior to cell division, the thin chromatin fibers
coil up further, becoming thick enough to be visible with a
light microscope as the familiar separate structures you would

probably recognize as chromosomes. ;
Enclosing the nucleus is a double membrane called the

nuclear envelope. Each of the membranes is a s.ep?rat?
phospholipid bilayer with associated proteins. Similar in func-
tion to the plasma membrane, the nuclear envelope contrels
he flow of materials into and out of the nucleus. As you can
e in the diagram in Figure 3.4, the nuclear envelope is perfo-

rated with protein-lined pores that regulate the movement bf
large molecules and also connects with the cell’s network of
membranes called the endoplasmic reticulum.

The nucleolus, a prominent structure in the nucleus, is
the site where a special type of RNA called ribosomal RNA
(rRNA) is synthesized according to instructions in the DNA_
Proteins brought in through the nuclear pores from the
cytoplasm are assembled with this rRNA to form the subunits
of ribosomes. These subunits then exit through the pores

to the cytoplasm, where they will join to form functional
e |
The nucleus directs protein synthesis by making another

type of RNA, messeriger RNA (mRNA). Essentially, mRNA is 1
transcriptionof protein-synthesizing instructions written in a
genes DNA (see Figure 2.12). The mRNA moves through the
pores in'the nuclear envelope to the cytoplasm. There it is
naﬁsmmmes into the amino acid sequences of
proteins. Let’s look at ribosomes next.

. o
What are the main functions of the nucleus?
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3.5 Ribosomes make P 1creasiny

If the nucleus is the command center, then rilzqsomes are the ¢ Ribosomes . BT - MG a0\ cytomé?leral1c e
achines on which those commands are carried out. Ribo- : igher d¢
somes are the cellular components that use instructions sent - Endogss Sedatic
from the nucleus to carry out protein SYnﬂ}ef_li Cells that meke reticiannot d
Q'p’a lot of proteins have a large number of ribosomes. For exam- (..o s STOO!
.-pk,ahuman'pancreasocﬂprodudng digestive enzymes may . %) othes

“ontain  few million ribosomes. What other structure would
you expect to be promiinent in cells that are active in protein
synthesis? As you just learned, nucleoli assemble the subunits
of ribosomes out of ribosomal RNA and protein. ;
: u:‘d m‘" the C°‘°":;d cT;ElLMFrin Figure 3.5, ribosomes are
in two locations in the ' ;
tached o the outside ofthe endoplasmic ret SOOI
W_fmﬁ‘and bound ribosom e ICa:
and fibosomes can alternate bem: are structurally identical,
A@a S ,t_h"'“';. 0 locations.
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3.6 The endoplasmic reticulum js , P
OSyithetle e ——————

e of the maOr MAnufACturing sites in a cel ;
mic reticul s L d"‘?”."‘"’ in Figure 3.6A sh:wt:m endoplay-
view of the, interconnecting membranes of the sm 4 Cutaway
rough ER- .[‘hese two types of ER can be disti 0}‘:: and
elecO . ase i th endoplasmic reticuluyy. e
éalled ,moolh it lacks attached ri umiis
cndoph“k reticulum has riboso Somes. Rough
membrane; thus, i mes that stud the outer
face ofthe us, it appears mugh in the sur-
: 2 electron

m

smooth EI}-";_ The smopth ER of various cell :
= ﬂnety of met.abohc processes. Enzymes 0’ fp the“ﬁ:nmctnonl
ER are lmporta::‘ ;n the Z:tlll;sns of lipids, including ofls

pids, and steroids. In vertebrates, for '

ph - -
of the ovaries and testes synthesize the steroid sex imr-
RoughER |

cells

Nuclear
envelope

mones '1‘hesc cells.are rich in smooth ER, a structural feature -
that fits thctl; flmCtl‘ on by providing ample machinery for - LT LT R PR 7 v A
Ste . syn eg. S. \ .v. . ".- 3 " o - '_;.‘ 'é. - o . A/ ﬁ."' / ’ .
m’d ) - . 4 : _ ‘. pe L - -~ - el v,
Om»hvercclls also have large amounts of smooth ER, with ' Y sd + € ji‘;"{ﬁ'.é‘ e .;F‘&A' i
- Lk -~ g t LR . 2 et O e —
* AL ) : . ‘1.‘ g ;‘ . > ' ;’ . h.{ \:‘;

ized TEM 45,000

other important functions. Certain enzymes in the smooth
ER of iver cells help process drugs and other potentially
harmful substances. The sedative phenobarbital and other bar-
biturates are examples of drugs detoxified by these enzymes.
As liver cells are exposed to such chemicals, the amount of
smooth ER and its de toxifying enzymes increases, thereby A Figure 3.6A  Smooth and rough endoplasmic reticulum
increasing the rate of detoxification and thus the body’s
tolerance to the drugs. The result is a need for higher and

higher doses of a drug to achieve a particular effect, such
Transport vesicle
):’/

Color

15 sedation. Also, because detoxifying enzymes often

cannot distinguish among related chemicals, the growth ' buds off

of smooth ER in response 1o one drug can increase tolerance

to other drugs. Barbiturate abuse, for example, can decrease the

offectiveness of certain antibiotics and other useful drugs.
Smooth ER has yet another function, the storage of calcium

ions. In muscle cellsfor example, a specialized smooth ER
to the interior of the ER.

membrane pumps calcium ions in
muscle cell, calcium ions rush

When a nerve signal stimulates a
from the smooth ER into the cytoplasmic fluid and trigger

contraction of the cell.

Secretory

protein
inside trans-
port vesicle

2ough ER One of the functions of rough ER is to make mofe
membrane. Phospholipids made by enzymes of the rough ER
are inserted into the ER membrane. Thus, the ER membrane
grows, and portions of it are transt'erlrjd to other components
ofﬂleendomembranesystemas"ﬁ' €s. p—
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esicles travel to the ¢ Golgi? Various Golgi enzymes H}Odlfy the carbohydrate py Ly
.mm*ﬂ”",'m 4a staining tech-  tions of the glycoproteins made in the ER, removing somes profis
(GalghapparatusUSIng ¢ light microscoP e d d substituting others. Molecular identification tags, su vacuc
be developed, Italian scients! Camillo Golgi discovere arsand $ g S
ot 1498, The electron microscope @5 phosphate groups, may be added that help the Golgisdit vacu
for different destinations. into !

onfirmed his discovery more than 50 years later, revealing a
ack of flattened sack, looking much like a pile of pita bread. Until recently, the Golgi was viewed as a static structure, haca
with products in various stages of processing moved froms:

aumber of Golgi stacks correlates with how active thecellisin  to sac by transport vesicles. Recent research has given rise o
lyso
tl

f secreting proteins—a multistep process that, as we have just new maturation model in which entire sacs “«nature” as they — |
o 20\:;;ffyr§1m J&lthe receiving to the shjpping;ﬁe carrying an dy tles
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stack ser\is aeslr Cdargo as they go. The shipping side of theG -
a depot from which finished secretory produ 1,
o 4

packaged in transport ves |
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—% Which we discuss next.
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The cells of people with inherited lysosomal storage diseases
lack one or MOre lysosomal enzymes. The lysosomes become
engorged with undigested material, eventually interfering with
cellular function. In Tay-Sachs disease, for example, a lipid-
digesting enzyme is missing, and brain cells become impaired

by an .ccumulation of lipids. Lysosomal storage diseases are
often fatal in early childhood.
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Mitochondria (singular, mitochondrion) are organelles that
carry out cellular respiration in nearly all eukaryotic cells, Mitochondrion
converting the chemical energy of foods such as sugars to %

the chemical energy of the molecule called ATP (adenosine '
triphosphate). ATP i the main energy source for cellular
work.

As you have come to expect, a mitochondrion’s structure

suits its function. It is enclosed by two membranes, ea
phasphalipid.bil o llostion of cxpbikled

proteins (Figure 3.11). The mitochondrion has two internal
compartments. The first is the intermembrane spac the o Inte
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. The Cytoskeleton and Cell Surfaces
3.13 Cilia and flagella 7"

The role of the cytoskeleton in movement is clearly seen in A flagellum, shown in Figure 3.13B, propels the cell by an
the motile appendages that protrude from certain cells. The undulating whiplike motion. In contrast, cilia work more

¢hort, numerous appendages that propel protists such as "like the coordinated oars of a rowing team.
Paramecium (see Figure 3. 1A) are called cilia (singular, cilium). Though different in length and beating pattern, cilia and

Other protists may move using flagella, which are longer than flagella have a common structure and mechanism of move-
ment (Figure 3.13C). Both are composed of microtubules

cilia and usually limited to one ora few per cell’
Some cells of multi- %in an extension of tllfgp\asma_m_ellllgr_@ne. In nearly
| cellular organisms also eukarvotic cilia and flagella, a ring of nine microtubule

have cilia or flagella. For doublets surrounds a central pair of microtubules. This
example, Figure 3.13A arrangement is called the 9 + 2 pattern. The microtubule
shows cilia an cells assembly extends into an anchoring structure called 2 basal
Jining the human body (not shown in the figure), which consists of.a r.mg.of
windpipe. In this case, nine microtubule triplets. Basal bodies are very s%mxlar in
the cilia sweep mucus structure to centrioles, which aﬁe found in the microtubule-
e s nad or anizing center of animal cells. _
EOI;tMIunfét;@ o‘;id gHO&;r d?)es this microtubule assemt?ly Produce the bending
At Y - ilia and fl ella? Bending involves large motor
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The cell wall is one feature that distinguishes plant cells from
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bcause they are specific for the solutes they transport, the numbers and kinds
nepont proteins affect a membrane's permeability to various solutes.
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Diffusion across a membrane results in equal concentrations of solute,
which is a more disordered arrangement (higher entropy) than a high
concentralion on one dde and 3 low concentration on the other,
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Diffusion across a membrane results in equal concentrations of solute,
which is a more disordered arrangement (higher entropy) than a high
concentralion on one dde and 3 low concentration on the other,
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A Cellular level
Muscle cell

7.1 Structure fits function at all levels of or

When discussing structure and function, biologists
distinguish anatomy from physiology. Anatomy is

?he study of the form of an organism’s structures; phys-
iology is the study of the functions of those structures:
A biologist interested in anatomy, for instance, might
focus on the arrangement of muscles and bones In a
gecko’s legs. A physiologist might study how 2 gecko's

B Tissue leve
Uscle tssye

Tl T SRS . R, W,

muscles function. Despite their different approaches,
both scientists are working toward a better understand-
| ing of the connection between structure and function,
| such as how the structural adaptations of the hairs on

its toes give the gecko its remarkable ability to wallf on wa.!ls.l
Structure in the living world is organized in hierarchica
levels. We followed the progression from molecules to cells
in Unit L. Now, let’s trace the hierarchy in animals from cells
to organisms. As we discussed in Module 1.2, emergent
properties—novel properties that were not present at the
preceding level of the hierarchy of life—arise as a result ’
of the structural and functional organization of each level's
component parts.
Figure 7.1 illustrates structural hierarchy in a
ring-tailed lemur. Part A shows a single muscle cell in the le-
mur’s heart. This cell’s main function is to contract, and

the stripes in the cell indicate the precise alignment of

strands of proteins that perform that function. Each muscle

cell is also branched, providing for multiple connections to
other cells that ensure coordinated contractions of all the
muscle cells in the heart.

- Together, these heart cells make up a tissue (Part B), the
 second structural level. A tissue is an integrated group of simi-
lar cells that perform a common function. The cells of a tissue
"”aﬁ» thelr structure enables them to perform a
specific task—in this instance, coordinated contraction.

Part C, the heart itself, illustrates the organ level of the
. An orga made up of two or more types of

- together perform a specific task. In addition to

ncludes nervous, epithelial, and

s : . .
L Eaaliny gl —r b st te A e

e e - — E———

C Organ
Heart

D Organ system level
Circulatory system
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PRE—— E Organism level
reulatory system, the organ
e . gan system of Many organ systems

—

tem consists of multiple functioning together |
dy function. Other )

=

=

 the final level of this hier-
of organ systems, each ot '

s Ch aur study of the anatomy and physiology of anim:

an. - iunction at each level of the structural hierarchy. !

emur’s circula- m . =
e o modules to come, we focus on the tissue level of t

‘
Y @l
¢

. Explain how the ability to pump blood is an emet
b of a heart, which is at the organ level of the biolof
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_es are groups of cells with a common structure and function

1 1, the cells of the body are organized into

all ye is from a Latin word meaning “weave,”

e term 155 |
W ues resemble woven cloth in that they consist of type
Your body is built from four main types of tissues: epi-

Flai® " ¢ nonliving fibers and other extracellular sub-

.o living cells. Other tissues : . .

s undmtg cl(l):ltr;gthe cellsor b :bgsiba‘llr-e hd.d together  thelial, connective, muscle, and nervous. We examine the

glue tha b 7.op junctions be- structure and function of these tissue types in the next f
asma membranes. The structure of tissues modules =28 VRS0 ¢ DR ot

; ot y,-1?

but they are lined by tissues that are of the same basic

:

A
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mw e

3 .'_', 4
:f: . " ent pl . 1
':"p' . speclﬁC functions.
! -M sation of complex body parts such as organs ? Howisat
e ' | is a ti iff
"~ tems is largely based on varied combinations ey B
o ueiio uv jo aamponags ayy onpoad Afensn sad 4y anssn juasaIp
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e set of cells and tissue types. For example,

iGN

lines its organs and cavities

may be squamous (flat like floor tiles), cuboidal (like dice), oF

columnar (like bricks on end). Figure 7.3 shows examples of
different types of epithelia. In each case, the pink color identi-

-
 —

l'.
i . : ‘
" n

3 Ef ithelial tissue covers the body and
Ulial tissues, or epithelia (singular, epithelium), are
-~ G238 _ .

of close packed cells that cover your body surface
eyour internal organs and cavitics. The tightly knit
orm ¢ rotective barrier and, in some cases, a surface
hange with the fluid or air on the other side. One side
m is attached to a basal lamina, a dense mat of
ellular matrix consisting of fibrous proteins and sticky
accharides that separates the epithelium from the under-
e , ; W
tissue: The other side, called the apical surface, faces the
ide of an organ or the inside of a tube or passageway.

fies the cells of the epithelium itself.
The structure of each type of epithelium fits its function.

Simple squamous epithelium (Part A) is thin and leaky and
thus suitable for exchanging materials by diffusion. You would
find it lining your capillaries and the air sacs of your lungs.
Both cuboidal and columnar epithelia have cells witha
relatively large amount of cytoplasm, facilitating their role of
Epithelial tissues are named according to the number of secretion or absorption of materials. Part B showsa cuboidal
layers they have and according to the shape of the cells epithelium forming a tube in the kidney. Such epithelia are
their apical surface. A simple epithelium has a single layer also found in glands, such as the thyroid and salivary glands.
cells, vhereas a stratified epithelium has multiple layers. A simple columnar epithelium (Part C) lines your intestines,
seudostratified epithelium has a single layer but appears where it secretes digestive juices and absorbs nutrients.
atified because the cells vary in length. The shape of the cells The many layers of the stratified squamous epithelium
i1 Part D make it well suited for lining surfaces subject to
abrasion, such as your outer skin and
the linings of your mouth and esopha-
gus. Stratified squamous epithelium
regenerates rapidly by division of the
cells near the basal lamina. New cells
move toward the apical surface as older

columnar epithelium
(lining the respiratory tract) cells slough Oﬁ.
The pseudostratified ciliated columnar

epithelium in Part E forms a mucous mem-
brane that lines portions of your respiratory

tract and helps keep your lungs clean. Dust,
pollen, and other particles are trapped in
the mucus it secretes and then swept up

and out of your respiratory tract by the
beating of the cilia on its cells.

B N o

4 -,(-
yihne

Apical surface of

epithelium

~ Epithelial tissues are named

accordingtothe of cells
on their apical surface and the number

of cell
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e most abundant tissue in most animals

".?..: th .
lls called muscle fibers, each containing

s of 1ong €€ . .
pet eC Jles of contractile proteins. Figure 7.5 shows

M < of the three types of vertebrate muscle tissue.
. InE

__'-’j‘

m uscle (Part A) is attached to your.bones by tendons
" esponsible fo.r voluntary movements of your body, SUCh.
WE - orbouncing 2 ball. The arrangement of the contractile
| ~f length of muscle fibers gives the cells a striped,

s pearance, as you can see in the micrograph below.
(& scle (Part B) forms the contractile tissue of your
3 r.? like skeletal muscle, but it is under involun-
~ meaning that you cannot consciously control its
| ftéqardiac muscle fibers are branched, interconnect-
~ Unitof

» muscle
contraction

Muscle fiber

B Y
v -

. 1
&‘..

» - N : J l "_:"/ 3 y - >
ire 7.5 The three types of muscle tissue

= scle tissue functions in movement

scle is found in the
| 1 the
tive trac 1es '
i ;, arteries, and other internal Organs. It is responsib|
Inv / . e
. 0 untar} body activities, such as the movement of food
rough your intestines, Smoot] .

0 muscle cells are spi dl
S ’ e . L } n e"
haped and contract more .\lm\'ly than skeletal muscles but

can sustai actions for * |
¢ tain contractions for a longer period of time,

walls of your diges-

?  The muscles responsible for a gecko climbing a wall are
muscles.

'[BIYs

Junction between
two cells

Muscle fiber
Nucleus

C Smooth muscle

%

g

us tissue forms a communication network

Dendrites

Cell body

Axon

A Figure 7.6 A neuron
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Introduction to Biology

———————

7.4 Connective tissue binds and supports other tiSSUES

In contrast to epithelium, connective tissue consists of a
sparse population of cells scattered throughout an extracellu-
lar material called a matrix. The cells produce and secrete the
matrix, which usually consists of a web of fibers embedded
in a liquid, jelly, or solid. Connective tissues may be grouped
into six major types. Figure 7.4 shows micrographs of each
type and illustrates where each would be found in your armi,
for example.

The most widespread connective tissue in your body is called
loose connective tissue (Part A) because its matrix is a loose
weave of fibers. Many of the fibers consist of the strong, rope-
like protein collagen. Other fibers are more elastic, making the
tissue resilient as well as strong. Loose connective tissue S€rves
mainly to bind epithelia to underlying tissues and hold organs
in place. In the figure, we show the loose connective tissue that
lies directly under the skin.

Fibrous connective tissue (Part B) has densely packed par-
allel bundles of collagen fibers, an arrangement that maximizes
its strength. This tissue forms tendons, which attach your mus-
cles to bone, and ligaments, which connect your bones at joints.

Adipose tissue (Part C) stores fat in large, closely packed
adipose cells held in a matrix of fibers. This tissue pads and

ey 3M§Qdyand“0f§5 energy. Each adiPose cell
contains a large fat droplet that swells when fat is stored
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The matrix of cartilage (Part D), a connective tisgy, thay
forms a strong but flexible skeletal n-mtcrial, CONSISts of g,
fibers embedded in a fubbery matc.*n.al. Cartilage “‘mnmnﬁf‘df"
surrounds the ends of bones, providing a shock-absorhir.. -
face. It also supports your €ars and nose and forms the
ing disks between your vertt.*braf?. \

Bone (Part E) has a matrix of c.ollagcn fibers embeddeg .
2 hard mineral substance made‘o‘t calcium, magnesium, ;md',
phosphate. The combination.ot fibers and minerals makes by
strong without being brittle. The microscopic structyre of com,
pact regions of bones contains repeating circular layers of
matrix, each with a central canal containing blood vesselc
and nerves. Like other tissues, bone contains living cells ang
can therefore grow as you grow and mend when broken,

Blood (Part F) transports substances throughout voyr body
and thus functions differently from other connective tissyes 1
extensive extracellular matrix is a liquid called plasma, which
consists of water, salts, and dissolved proteins. Suspended in
the plasma are red blood cells, which carry oxygen; white bloog
cells, which function in defense against disease; and platelets,
which aid in blood clotting.

mg SUr.
Cushl()n.

"
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'» 3 .h ., - - .
A% Why does blood qualify as a type of connective tissue?
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—.» Organs and Organ Systems

7.7 Organs are made up of tissues

: i rgans
In all but the simplest animals, tissues arc arranged u;to \:hgll 3
that perform specific functions. The heart, for example, =

al, connective, and nervous ts

maostly muscle, also has epitheli sk
sues. Epithelial tissue lining the heart chambers prevents ; ’
age and provides a smooth surface over which blood can .O.“-
Connective tissue makes the heart elastic and strengthens its

walls. Neurons regulate the contractions of cardiac muscle.

In some organs, tissues are organized in layers, as you can
see in the diagram of the small intestine in Figure 7.7. The
lumen, or interior space, of the small intestine is lined by a
columnar epithelium that secretes digestive juices and absorbs
nutrients. Notice the finger-like projections that increase the

surface area of this lining. Underneath the epithelium (and
extending into the projections) is connective tissue, which con-
tains blood vessels. The two layers of smooth muscle, oriented
- different directions, propel food through the intestine. The
- smooth muscle, in turn, is surrounded by another layer of con-
- nective tissue and epithelial tissue.

B e

|

Small intestine

Smooth muscle

~ Anorgan represents a higher level of structure than the :

: ussues composing it, and it performs functions that none of fisste (two layers) —

3 ltf_s‘.iG@mx??nent tissues can carry out alone. These functions C o | —_—

ﬁ' emerge from the coordinated interactions of tissues. Eg;::ﬁ:;’g:ffeue a1

E‘F @) Explain why a disease that damages connective tissue can

P impair most of the body’s organs. A Figure 7.7 Tissue layers of the wall of the small intestine
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ether to perform life’s functions

D The skel
such as your bet?l System supports your body, protects organs
htsclest rain and lungs, and provides the frameworkfor
. g o produce movement.
s s 1] e muscular
— q system moves your body, maintains
,-"an produces heat. |
- The urinary
yo %90& énd 5 system removes waste products from
R Xcretes urine. It also regulates the chemica!

e

=
- s

ARCU] PH:md water balance of your blood.

~j$ v_;" | . e t -
| % System ingests and digests your

od, absorbs nutrients
Qb and eliminates undigested
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ocrine system secretes hormones that e
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ate called ha : , thus maintaining an internal &
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Introduction to Biology

7.4 Connective tissue binds and supports other tiSSUes

In contrast to epithelium, connective tissue consists of a
sparse population of cells scattered throughout an extracellu-
lar material called a matrix. The cells produce and secrete the
matrix, which usually consists of a web of fibers embedded
in a liquid, jelly, or solid. Connective tissues may be grouped
into six major types. Figure 7.4 shows micrographs of each
type and illustrates where each would be found in your arm,
for example.

The most widespread connective tissue in your body is called
loose connective tissue (Part A) because its matrix is a loose
weave of fibers. Many of the fibers consist of the strong, rope-
like protein collagen. Other fibers are more elastic, making the
tissue resilient as well as strong. Loose connective tissue Serves
mainly to bind epithelia to underlying tissues and hold organs
in place. In the figure, we show the loose connective tissue that
lies directly under the skin.

Fibrous connective tissue (Part B) has densely packed par-
allel bundles of collagen fibers, an arrangement that maximizes
its strength. This tissue forms tenidons, which attach your mus-
cles to bone, and ligaments, which connect your bones at joints.

dipose tissue (Part C) stores fat in large, closely packed
ose cells held in a matrix of fibers. This tissue pads and

o, et

insulates your body and stores energy. Each adipose cell
contains a large fat droplet that swells when fat is stored

Ll AN
v
0

- ".\» Gt = X
n fat is used as fuel.
e . 29 s
! . .
j.. T O

———— -

———————

The matrix of cartilage (Part D), a connective tissue y}
forms a strong but flexible skeletal material, consistc of \’”:
fibers embedded in a rubbery material. Cartilage copme o
surrounds the ends of bones, providing a shock (lh\lll'h‘;f‘..-;:"
face. It also supports your ears and nose and forms the CL:r,:‘ ’
ing disks between your \'crtg“bm?. ‘ |
Bone (Part E) has a matrix of collagen fibers embedded ;
a hard mineral substance made of calcium, magnesiyn 3
phosphate. The combination of fibers and minerals makes by,

strong without being brittle. The microscopic structure of c
pact regions of bones contains repeating circular layers of

On

dld

matrix, each with a central canal containing blood vesgels
and nerves. Like other tissues, bone contains livi;

\8 cells and
can therefore grow as you grow and mend when br,

alll
Blood (Part F) transports substances throughout vour b, d
and thus functions differently from other connective tissyes
extensive extracellular matrix is a liquid called plasma, which
consists of water, salts, and dissolved proteins. Suspended iy

the plasma are red blood cells, whic]
C€"S. \\'hiCh functinn in defense against
which aid in blood clotting

rry oxygen; white blood

lisease; and platelets,

f‘gj;- Why does blood qualify as a type of connective tissue?
rwseyd pajred ping ; 14
® AQ papunowns sjao jo uonemdod o

White blood
cells

{entral

canal
Matrix

Bone
forming
cells

i Cartilage-

. ' forming

cells
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17 1< the cells of the body are organized into
call sissue is from a Latin word meaning “weave,”
" resemble woven cloth in that they consist of
nonliving fibers and other extracellular sub-
1ding living cells. Other tissues are held together
ats the cells or by special juncti()nshbc-

.'~-~ -‘,_ b‘ thal CO
o o membranes. The structure of tissues

. specific functions.

n of complex body parts such as organs
e is largely based on varied combinations
P ed set of cells and tissue types. For example,

) .
’ rall

g aelf
34

]
‘

1

-

Zs

elial tissues, OT epithelia (singular, epithelium), are
\’:- packed cells that cover your body surface
~"_<..,_, dinternal organs and cavitics. The tiohtly knit

| »"“PI'OtCCtiVC barrier and, in some cases, a surface

‘ with the fluid or air on the other side. One side
pitl elium is attached to a basal lamina, a dense mat of

Sihtlar matrix consisting of fibrous proteins and sticky

ot

tharides that separates the epithclium from the under-

R

ptissues. The other side, called the apical surface, faces the
de of an organ or the inside of a tube or passageway.
pithelial tissues are named according to the number of
Jayers they have and according to the shape of the cells

eir surface. A simple epithelium has a single layer
ells, whereas a stratified epithelium has multiple layers.
sseudostratified epithelium has a single layer but appears
atified because the cells vary in length. The shape of the cells

R

Apical surface of
R = .pnhd-um
- &
-
-

— -G —
- \

.3 ;;_; helial tissue covers the body and lines its organs and cavities

os are groups of cells with a common structure and function

i‘)m"}:“"gs and blood vessels have very distinct functions,
ut they are lined by tissues that are of the same basic
type.

2 ;uur body is built from four main types of tissues: epi-
elial, connective, muscle, and nervous. We examine the
structure and function of these tissue types in the next four

modules.

R How is a tissue different from a cell and an organ?

e urtio up Jo asmpnas wp onpoad Afensn saddy anss AP
VA "TOMOUN) BOTHOS © wuiopaad eyl Sp10 Sy o SUOHDAed A SnsL] &

may be squamous (tlat like floor tiles), cuboidal (like dice), oF
columnar (like bricks on end). Figure 7.3 shows examples of
u-iiﬂ‘crcm types of epithelia. In each case, the pink color identi-
fies the cells of the epithelium itself.

The structure of each type of epithelium fits its function.
Simple squamous epithelium (Part A) is thin and leaky and
thus suitable for exchanging materials by diffusion. You would
find it lining your capillaries and the air sacs of your lungs.

Both cuboidal and columnar epithelia have cells with:a
relatively large amount of cytoplasm, facilitating their role of
secretion or absorption of materials. Part B showsa cuboidal
epithelium forming a tube in the Kidney. Such epithelia are
also found in glands, such as the thyroid and salivary glands.
A simple columnar epithelium (Part C) lines your intestines,
where it secretes digestive juices and absorbs nutrients.

The many layers of the stratified squamous epithelium

in Part D make it well suited for lining surfaces subject to
abrasion, such as your outer skin and
the linings of your mouth and esopha-
gus. Stratified squamous epithelium
regenerates rapidly by division of the
cells near the basal lamina. New cells
move toward the apical surface as older

flining the respiratory tract cells slough off.

The pseudostratified ciliated columnar
epithelium in Part E forms a mucous mem-
brane that lines portions of your respiratory
tract and helps keep your lungs clean. Dust,
pollen, and other particles are trapped in
the mucus it secretes and then swept up
and out of your respiratory tract by the
beating of the cilia on its cells.

e- Epithelial tissues are named

according to the _ of cells
on their apical surface and the number
ofcell .

siade - adeys
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7.7 Organs are made up of tissues

organs

Small intestine

Lissue

In all but the simplest animals,
The heart,

that perform specific functions.

s are arranged into

ective, an

for example, while

vents leak-

d nervous tis-/ §

mostly muscle, also has epithelial, conn
ning the heart chambers pre

h surface over w

sues. Epithelial tissue li
age and provides a smoot

Connective tissue makes the he
walls. Neurons regulate the contr

‘hich blood can flow.

art elastic and strcngthcns its

actions of cardiac muscle.
anized in layers, as you can

Epithelial tissue
(columnar epithelium)

In some organs, tissues are org
see in the diagram of the small intestine in Figure 7.7. The

lumen, or interior space, of the small intestine is
columnar epithelium that secretes digestive juices and absorbs
nutrients. Notice‘the ﬁnger-like projections that increase the
sur&cc‘ area of this limpg. Underneath the epithelium (and
Mnse?mdublood,gimo the projections) is copnective tissue, which con-
B vessels. The two layers of smooth muscle, oriented
e differen usddu actions, P{‘OPCI food through the intestine. The
smooth muscle, in turn, is surrounded by another layer of con-

Connective tissue el

~ nective tissue and epithelial tissue.
¥ ﬁsmA; Oc?n m?rﬁents a higher level of structure than the Smooth muscle
) f&..@pom ;:; and it performs functions that none of tissue (two layers) —
’. i £ Npiiar 7 mm"OUt alone. These functions
!:. 'merge from the coordinated interactions of tissues. Connective tissue —_ S——
§ . oplain why a disease that Epithelial tissue '
e
S L= mm:lm A Figure 7.7 Tissue layers of the wall of the small intest
W JO Juaodinod v 5| aNSSH ANVUU0T) @ WILEStine
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D The skeletal syst
such as your brain andelm SUPPOrts your body, protects orpt
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- produce movement. i
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7.1 Structure fits function at all levels of organization in the anima| body

A Cellular level
\'\" hffn discussing structure and function, biologists Myscle el
| dlstl~nguish anatomy from physiology. Anatomy is Tiss
Ehe study of the form of an organism'’s structures; phys- 'V‘us“le -
iology is the study of the functions of those structures. G i

it

A biologist interested in anatomy, for instance, might
focus on the arrangement of muscles and bonesina
gecko’s legs. A physiologist might study how a gecko's
muscles function. Despite their different approaches,

| both scientists are working toward a better understand-
' ing of the connection between structure and function,

such as how the structural adaptations of the hairs on

its toes give the gecko its remarkable ability to walk on wal
is organized in hierarchical

Structure in the living world .
levels. We followed the progression from molecules to cells

in Unit L. Now, let’s trace the hierarchy in animals from cells r :

alls.

R—— —_——

to organisms. As we discussed in Module 1.2, emergent
properties—novel properties that were
preceding level of the hierarchy of life—arise as a result
of the structural and functional organization of each level’s
component parts,
Figure 7.1 illustrates structural hierarchy in a
ring-tailed lemur. Part A shows a single muscle cell in the le-
mur’s heart. This cell’s main function is to contract, and
the stripes in the cell indicate the precise alignment of
strands of proteins that perform that function. Each muscle
cell is also branched, providing for multiple connections to
other cells that ensure coordinated contractions of all the
muscle cells in the heart.
Together, these heart cells make up a tissue (Part B), the
~ second structural level. A tissue is an integrated group of simi-
lar cells that perform a common function. The cells of a tissue
are spe calized, and their structure enables them to perform a
ecific tas —‘ﬂ/ﬁﬁs instance, coordinated contraction.
art C, th rt itself, illustrates the organ level of the

not present at the

C Organ
Heart

D Organ system level
Circulatory system

gan is made up of two or more types of
her 1 a specific task. In addition to

e
: -"T. » T.,\'
-1 PCIIOUL ]
e : :-.-'l_-‘;‘.‘\(.c' B .

AW LW,
il S

R ——— E Organism level
atory system, the organ system
e ‘ ego | fem °f: Many organ systems
gan system consists of multiple functioning together
' ‘*' blood A Figure 7.1 A structura! hierarchy in a ring-tailed le

o~
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the L BT Stud. y of the anatomy and physiology of anim
ACT dS an 4 >4
e T ft;nﬁ ction at each level of the structural hierarchy. |
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- dl how the ability to pump blood is an emer
— ofaheart, which is at the organ level of the biolos

C e AR
a8

SRR 3 Ajqeua Lieay  Jo sansst) snoadau putEy

v e
T
- ‘¢

= EEPATPUL A Jo voneaEnu pue goneziueiio [rn



te source of the food for almost a
lar respiration,

pthenss 18 the ult
gen they need 1 y
YU U0 1] JO AIRjM A 0) sisaquussojoyd
. _&E_. arou st ssaxoad ON Quawdeys sty Ea_nuu @

Il organisms

ndsar en[[20) 1saarey £810ua pue (stsaaussoroyd) age
a3 UI—SISOLISOIUAYD PUe ‘Suoneas XOpaz1 ‘podsuen
QR—SWISTUBLDIW Jures o1 jo [BI9AS osn N | Ba) 1ey) udas
4 M UMOPHRIQ SIT PUR SISayuAs 250013 Suren uj
2500n[3 ayew o)
pUOGIEI 0Pl 01 11 3sn pue A315u3 wySiuns dex syueyd
1338 I [[NJ U0 MOU xRy am )t wioxy AS1aua aseajas
0N ZIPIXO PIYM IPAd proe LD Yy pue sisfj0a43
syred e a3 Futmorjog -asoonS se yons wo._suu_oE
o4 paaul Aoy A310u9 ) uTeIqo 03 uonendsar Te[n[Iad asn
Tput segd ‘swistuedio e Aemuaiy -suo snotaid ay) pue
PSI) UL P313A0d 2aey am punosd srjoqeraw ay uo apar
naed seudordde ue sy sisaqussojoyd jo maraaa siy .
stsaqpuisoloyd jo indino ay yoyew ued
U0 ssas01d eanway 110 oN Hooqixa siy jo sardod
O 001 Inoqe Jo yoeis € o) ssew up juapeamba siey
HOLUONIIq 9.1 noqe) eak 1ad JreipAyoqaes Jo suo) L
"G 091 parewunss we sayew sisayiuisojoyy Surzewe
Htsiseidooyd Aun sy jo Ayanonpoad aanda)[os ay .
..vas AqQ uaea sasserd Y} UT WLIOJ [EDTWAD B 0] PIJIIAUOD
%.co SeM Je Ew:::m W04y duued ‘dduejsul J0j Jadmqurey
Ay N .w_wofc.»mcucsa >.b vu.::%u >=¢:_w_..o SEM jeaW
..5 BYm aamboe am A31aua ayy uaag “sazsaqpuisojoyd £q,
PR 1uesio ay uo uapuadap [[RI0) 18 UL POO) UMO,
U0 e spewue JDUIO PUE SURWINE] "SWSIUERIO JAYO |

S —

— isjem pue ‘apixolp uogied

‘(S19u9 JYB1| Sasn SISaYIUAS0I0Ud MY ET°P

(e Ajpenyna 10} PO0j Jo 324no0s 3, |

-
Spidi] pue sugosd syuvid ¢ s tpns
Bunyeus 1oj feuarews Sunrers se anias ospe sreSnG sy
PHPUOYOM 2 ut uonendsar ey o) fany se poumsuos
+ STSISIUASOI0d £q Ipett MRIPAYOAIES 301 16 6 i s
AP JO %0S Inoqy
Ajddns pooj umo siueyd e se aazas
vw_M:Ou”“o._.. IPrW samddow 1e8ng yeo) 0) yoy4-¢ 200pa1 0}
HAAVN PUE 4 L gy yus 700 sauiquios 0dsiq
-1 dwAzud 2y ‘ewons 24 up sisaquudsoloyd jo 28eys puo
P28 3 9PA> wiaen) ay st £10308 sedins sasefdosopyo ay 1
"HdAVN punodwod Afiaua-ySiy g 01 3 Sumnpar gy
. 0L Aj[euy pue i 1y ayew 0) passansey st Af5us 21ym
Tey> wodsuen uoidap ur yFnomp paisasuen are suon
-2312 pasxaotoyd dy |, paseaas st f0) pure yyyds 1 1a1em “Ajsno
-Jumnuig ‘sapoagour [fydosopy ut suondsap Suzraous
“AB1aua sejos armyded sauriquaw Ay ur swasdsojoyd om
"SIURIQUUALE PIONRIAY 213 UT IND30 YIYM Suondear 1y >
, Jok¥ewums v 338 nok ‘weiSeip syi ur o) Ay uo Funseg
‘stsayuisojoyd jo safers om ayy sopeaBaut jeys suswafuris
[eamonns e—1Se[doIOJYD B JO 2UNIINIS IY) WOy SISLIE ey
f1radoxd yuadrowra ue st ‘0D woyy selins jo uononposd sy

“s52201d [E11A SIY) SIZURWIWINS £ 'p SNy nﬂﬁ%ﬁ.& . ‘.
o L

10 Kzauyyowm Supyp-poo) Ay uo spuadap pom Suta

_JO 150U ‘PASSNOSIP IARY N SY ‘paramod Je(os st ey U0 HI] “ _

sa|noajow dluesio ayew 0} |

NADPH
" pue—— : nom Aagp “aEp
& qum pargddns aq 03 paau Pl
PO woques :.c:..«&:muusva._c. sisejdosopy 104 <

amod 1eyl 221N08
©oS JAPIsuod $19|
[ 9M ‘sa[npow

\3 ;.22::.?39_; i
;g..“u”_wﬂ.:: 1431 o0 f.:,:u&.:& opu”_.“.“.w”.i.
X P 30w ur safels oM 89 . ;
.Prx uxuu. 1 ug apAd ..”.2'0 o Aq :cﬁu:..:«:o» SMMH
—_vrf_u..uu Sapadoy wsﬁgt gﬂg ﬁlﬁi\h—g %«Q‘E
fnﬁ: Orsmpas qydy, 101 %.&@Wﬂﬂu% ST
T oMy oy sarepnsdesus sIsAQIUASO

Sy U Suik (k>
u:?—&&:f Aq auy Ajquuasse edns s2 ,

f— u&w: np uaym .u‘&:s ﬂ:f:ﬂ SIN220 O—Vﬁu ATy

az Bow uy UIAIMOH ..A—-.J?:—v 1 !

Wy, I INERG suonoeas yapuadaput

=

.:J
& i

papuajxj pue pamanay sisayjuisojoyd

GARQ) 211 JO $AS A JO BI2AS siamod Jegs Adioud ey |
.6_,_.6& suoyeal {YFIE I WL d LV PUY IPAS UlAED A &
uy uoges Bupnpars JOFSUONINSP o sapiaoid ey suopoea) *
wydip oy Aq ponpoxd HAAVN SH! ‘sisadiins amily ap sy
‘spunoduwod uogres ay S
onpal YU Aq sxefins ew 240 3 JO sHAZUD "uonexy
GOQIED Y "UORIEXY UOGIED PIJ[ED ST AAY LA Jty
Auuud SO0 s¢ ANy 243 Ul umoys ‘spunodiiod dusiio oqul
{0 WOK) UOGIED JO UONIIOAIOOUT Y |, SuotEM Eu.._ a1 o
sonpaad Yor-4810u3 2y pue fQ)) Fupsn sanaajow Jeling saj
_(UIISSE R SUONIIEAT JO SIS A B S| (T1'p 0L 23s)
mmlqﬂ_o..o_su 3([1 JO VILOITS ) Ui 000 IPAD wpApeD) 2y |,
spsaqudsojoyd jo a8wys
PUOIs YL 5T YAYM P> UATETY Y UM IpEn o0 sedng
«guns ou 2onpoud SUONIEAI A 1L NON HAUAVN

PU® 4 LV ioq Ut paiois AR (eI OF I ALY
s puE A81203 JRJOS QIOS(E SUOTDE 1Sy o Ky uj

ASojoeg 03 vogonNpUy 99



te source of the food for almost a
lar respiration,

pthenss 18 the ult
gen they need 1 y
YU U0 1] JO AIRjM A 0) sisaquussojoyd
. _&E_. arou st ssaxoad ON Quawdeys sty Ea_nuu @

Il organisms

ndsar en[[20) 1saarey £810ua pue (stsaaussoroyd) age
a3 UI—SISOLISOIUAYD PUe ‘Suoneas XOpaz1 ‘podsuen
QR—SWISTUBLDIW Jures o1 jo [BI9AS osn N | Ba) 1ey) udas
4 M UMOPHRIQ SIT PUR SISayuAs 250013 Suren uj
2500n[3 ayew o)
pUOGIEI 0Pl 01 11 3sn pue A315u3 wySiuns dex syueyd
1338 I [[NJ U0 MOU xRy am )t wioxy AS1aua aseajas
0N ZIPIXO PIYM IPAd proe LD Yy pue sisfj0a43
syred e a3 Futmorjog -asoonS se yons wo._suu_oE
o4 paaul Aoy A310u9 ) uTeIqo 03 uonendsar Te[n[Iad asn
Tput segd ‘swistuedio e Aemuaiy -suo snotaid ay) pue
PSI) UL P313A0d 2aey am punosd srjoqeraw ay uo apar
naed seudordde ue sy sisaqussojoyd jo maraaa siy .
stsaqpuisoloyd jo indino ay yoyew ued
U0 ssas01d eanway 110 oN Hooqixa siy jo sardod
O 001 Inoqe Jo yoeis € o) ssew up juapeamba siey
HOLUONIIq 9.1 noqe) eak 1ad JreipAyoqaes Jo suo) L
"G 091 parewunss we sayew sisayiuisojoyy Surzewe
Htsiseidooyd Aun sy jo Ayanonpoad aanda)[os ay .
..vas AqQ uaea sasserd Y} UT WLIOJ [EDTWAD B 0] PIJIIAUOD
%.co SeM Je Ew:::m W04y duued ‘dduejsul J0j Jadmqurey
Ay N .w_wofc.»mcucsa >.b vu.::%u >=¢:_w_..o SEM jeaW
..5 BYm aamboe am A31aua ayy uaag “sazsaqpuisojoyd £q,
PR 1uesio ay uo uapuadap [[RI0) 18 UL POO) UMO,
U0 e spewue JDUIO PUE SURWINE] "SWSIUERIO JAYO |

S —

— isjem pue ‘apixolp uogied

‘(S19u9 JYB1| Sasn SISaYIUAS0I0Ud MY ET°P

(e Ajpenyna 10} PO0j Jo 324no0s 3, |

-
Spidi] pue sugosd syuvid ¢ s tpns
Bunyeus 1oj feuarews Sunrers se anias ospe sreSnG sy
PHPUOYOM 2 ut uonendsar ey o) fany se poumsuos
+ STSISIUASOI0d £q Ipett MRIPAYOAIES 301 16 6 i s
AP JO %0S Inoqy
Ajddns pooj umo siueyd e se aazas
vw_M:Ou”“o._.. IPrW samddow 1e8ng yeo) 0) yoy4-¢ 200pa1 0}
HAAVN PUE 4 L gy yus 700 sauiquios 0dsiq
-1 dwAzud 2y ‘ewons 24 up sisaquudsoloyd jo 28eys puo
P28 3 9PA> wiaen) ay st £10308 sedins sasefdosopyo ay 1
"HdAVN punodwod Afiaua-ySiy g 01 3 Sumnpar gy
. 0L Aj[euy pue i 1y ayew 0) passansey st Af5us 21ym
Tey> wodsuen uoidap ur yFnomp paisasuen are suon
-2312 pasxaotoyd dy |, paseaas st f0) pure yyyds 1 1a1em “Ajsno
-Jumnuig ‘sapoagour [fydosopy ut suondsap Suzraous
“AB1aua sejos armyded sauriquaw Ay ur swasdsojoyd om
"SIURIQUUALE PIONRIAY 213 UT IND30 YIYM Suondear 1y >
, Jok¥ewums v 338 nok ‘weiSeip syi ur o) Ay uo Funseg
‘stsayuisojoyd jo safers om ayy sopeaBaut jeys suswafuris
[eamonns e—1Se[doIOJYD B JO 2UNIINIS IY) WOy SISLIE ey
f1radoxd yuadrowra ue st ‘0D woyy selins jo uononposd sy

“s52201d [E11A SIY) SIZURWIWINS £ 'p SNy nﬂﬁ%ﬁ.& . ‘.
o L

10 Kzauyyowm Supyp-poo) Ay uo spuadap pom Suta

_JO 150U ‘PASSNOSIP IARY N SY ‘paramod Je(os st ey U0 HI] “ _

sa|noajow dluesio ayew 0} |

NADPH
" pue—— : nom Aagp “aEp
& qum pargddns aq 03 paau Pl
PO woques :.c:..«&:muusva._c. sisejdosopy 104 <

amod 1eyl 221N08
©oS JAPIsuod $19|
[ 9M ‘sa[npow

\3 ;.22::.?39_; i
;g..“u”_wﬂ.:: 1431 o0 f.:,:u&.:& opu”_.“.“.w”.i.
X P 30w ur safels oM 89 . ;
.Prx uxuu. 1 ug apAd ..”.2'0 o Aq :cﬁu:..:«:o» SMMH
—_vrf_u..uu Sapadoy wsﬁgt gﬂg ﬁlﬁi\h—g %«Q‘E
fnﬁ: Orsmpas qydy, 101 %.&@Wﬂﬂu% ST
T oMy oy sarepnsdesus sIsAQIUASO

Sy U Suik (k>
u:?—&&:f Aq auy Ajquuasse edns s2 ,

f— u&w: np uaym .u‘&:s ﬂ:f:ﬂ SIN220 O—Vﬁu ATy

az Bow uy UIAIMOH ..A—-.J?:—v 1 !

Wy, I INERG suonoeas yapuadaput

=

.:J
& i

papuajxj pue pamanay sisayjuisojoyd

GARQ) 211 JO $AS A JO BI2AS siamod Jegs Adioud ey |
.6_,_.6& suoyeal {YFIE I WL d LV PUY IPAS UlAED A &
uy uoges Bupnpars JOFSUONINSP o sapiaoid ey suopoea) *
wydip oy Aq ponpoxd HAAVN SH! ‘sisadiins amily ap sy
‘spunoduwod uogres ay S
onpal YU Aq sxefins ew 240 3 JO sHAZUD "uonexy
GOQIED Y "UORIEXY UOGIED PIJ[ED ST AAY LA Jty
Auuud SO0 s¢ ANy 243 Ul umoys ‘spunodiiod dusiio oqul
{0 WOK) UOGIED JO UONIIOAIOOUT Y |, SuotEM Eu.._ a1 o
sonpaad Yor-4810u3 2y pue fQ)) Fupsn sanaajow Jeling saj
_(UIISSE R SUONIIEAT JO SIS A B S| (T1'p 0L 23s)
mmlqﬂ_o..o_su 3([1 JO VILOITS ) Ui 000 IPAD wpApeD) 2y |,
spsaqudsojoyd jo a8wys
PUOIs YL 5T YAYM P> UATETY Y UM IpEn o0 sedng
«guns ou 2onpoud SUONIEAI A 1L NON HAUAVN

PU® 4 LV ioq Ut paiois AR (eI OF I ALY
s puE A81203 JRJOS QIOS(E SUOTDE 1Sy o Ky uj

ASojoeg 03 vogonNpUy 99



‘ 1.

Yalla
et )

asnouuaass ol

J1 pue aseydsoune au wf0D arvey andi4 vy pue w-e.«_ac._c_.._u u_aouwogc u 031 wggs
asay 1 “uonelidsal (R3O wnpoid A1SeM © PUE Ssapuisor
w med B st {QD) eyl pALIEd] 150l asey noy, sasel

Y

-oyd 10§ [eLIE

Jm 'ncl s N
i i N —
asnoyuaid Jueyiodul 1SOL AU JO IUO S| IPIXOIP Uogue)

- @ v - -sase asnoyudId asay jo spaa)
& 21 O ppE SORIARDE UBWIDH SUCGOINININD 38 FPUES
natpuks 58 $1Y0 UM ‘JURLRAUI PUT IPIXOIP UOGE dodes
S1eM B yons A[[eimiey 220 aui0 'sased asnoyuand pafrea 4
a1v oNEIPES 182Y GIOSQE et 21aydsoune q vl sond 1
"ISTX3 J0U pjnod
aj1] 1sowW pue JIP[0I YINUL G PO ey
auaq AjyBry st 123)32 duneay peampy sy,

ajaydsouny

wbyuns 1 MOUY M P

4 a>eds bl
saderse AB1aud quinoit TERY
eIy AW e 01y aeq 183y ayl jo W08 1222 Uy YoIgm .&o:%oE
e 211 Ut sased Aq paqosqe st puerd
pauiIem ) Wolj Sunerpes 109
asnoyuaad e w Buposd siueld YPT'P Y P B 4 M ws—_—:g.bbeha Mgﬁ o E
paqiosqe st pue yBnoxy sassed g3«

aqistA “uonerpes A Suidewep 2
jo 150w N0 SIAY 1a{e] 20020 Y LA
iy [qIStA pue uoneIpes RIOUEN[T
sapnput asaydsoune SYHTd Surgoear
gonwipes Jejos (avT'y andyy) 3[F8Y
[eqojd e uo sajesado ..vo&ugoﬁu
snoJojeue UY
Ipisul
armyezaduuay uyp Sursies I ULES a des
STEM Y[, “ITE A} SULIEN g Ut PTG
‘Tos 2 18y ySruns 241 ysoo1p
ssed 01 uonerpes Jejos mofe &?ﬁcuﬂw
ni

10 r.ﬂ._w L P 3
:.T* MOUS

i pafIe gsadoid

v .“3 f.=_..$ J:z.ﬁ_&
oM 241 UIYM it :
ul ,a.l,—gcscv.!u YL

S1 2pISINO SOl
0} pasn St YTV aundid

a3ueyd ajewl|d |eqo|s ajesspoul few sisayjuisoloyd ¥T°¥ A

- m———

qunsk -
/ . SO0 4 v

g sproejiyy
(SLuQns U C.:.;ﬁv :8VCQ.WIJ
YOa% "L f UON393
wae) ﬂ—EB;SuN.yA
- Suofeey l&

whny o3



‘ 1.

Yalla
et )

asnouuaass ol

J1 pue aseydsoune au wf0D arvey andi4 vy pue w-e.«_ac._c_.._u u_aouwogc u 031 wggs
asay 1 “uonelidsal (R3O wnpoid A1SeM © PUE Ssapuisor
w med B st {QD) eyl pALIEd] 150l asey noy, sasel

Y

-oyd 10§ [eLIE

Jm 'ncl s N
i i N —
asnoyuaid Jueyiodul 1SOL AU JO IUO S| IPIXOIP Uogue)

- @ v - -sase asnoyudId asay jo spaa)
& 21 O ppE SORIARDE UBWIDH SUCGOINININD 38 FPUES
natpuks 58 $1Y0 UM ‘JURLRAUI PUT IPIXOIP UOGE dodes
S1eM B yons A[[eimiey 220 aui0 'sased asnoyuand pafrea 4
a1v oNEIPES 182Y GIOSQE et 21aydsoune q vl sond 1
"ISTX3 J0U pjnod
aj1] 1sowW pue JIP[0I YINUL G PO ey
auaq AjyBry st 123)32 duneay peampy sy,

ajaydsouny

wbyuns 1 MOUY M P

4 a>eds bl
saderse AB1aud quinoit TERY
eIy AW e 01y aeq 183y ayl jo W08 1222 Uy YoIgm .&o:%oE
e 211 Ut sased Aq paqosqe st puerd
pauiIem ) Wolj Sunerpes 109
asnoyuaad e w Buposd siueld YPT'P Y P B 4 M ws—_—:g.bbeha Mgﬁ o E
paqiosqe st pue yBnoxy sassed g3«

aqistA “uonerpes A Suidewep 2
jo 150w N0 SIAY 1a{e] 20020 Y LA
iy [qIStA pue uoneIpes RIOUEN[T
sapnput asaydsoune SYHTd Surgoear
gonwipes Jejos (avT'y andyy) 3[F8Y
[eqojd e uo sajesado ..vo&ugoﬁu
snoJojeue UY
Ipisul
armyezaduuay uyp Sursies I ULES a des
STEM Y[, “ITE A} SULIEN g Ut PTG
‘Tos 2 18y ySruns 241 ysoo1p
ssed 01 uonerpes Jejos mofe &?ﬁcuﬂw
ni

10 r.ﬂ._w L P 3
:.T* MOUS

i pafIe gsadoid

v .“3 f.=_..$ J:z.ﬁ_&
oM 241 UIYM it :
ul ,a.l,—gcscv.!u YL

S1 2pISINO SOl
0} pasn St YTV aundid

a3ueyd ajewl|d |eqo|s ajesspoul few sisayjuisoloyd ¥T°¥ A

- m———

qunsk -
/ . SO0 4 v

g sproejiyy
(SLuQns U C.:.;ﬁv :8VCQ.WIJ
YOa% "L f UON393
wae) ﬂ—EB;SuN.yA
- Suofeey l&

whny o3



1S, Its
lich
L in

ets,

R ——

Lot

]

i< the most abundant tissue in most animals.
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A l‘:‘:%;conuactile proteins. Figure 7.5 shows

~ molec! of the three types of vertebrate muscle tissue.
ographs’ e (Part A) is attached to your.boncs by tendons
| U for voluntary movements of your body, such

i resp onsible ing a ball. The arrangement of the contractile
| » of bounangfmuscle fibers gives the cells a striped,

0 ;,mmgthceo as yc;u can see in the micrograph below,
(p;n B) forms the contractile tissue of your
like skeletal muscle, but it is under in mlgn-

. gthat you cannot Conscmu.\‘l} control its
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contract from cell 1o cell during your Hcanb{-at. i
'Smooth muscle (Part ¢) BELS its name from its Jack of

anations. Smooth muscle is found in the walls of vour diges-
live tract, arteries, and other internal organs, It is r.esponsible
tor involuntary body activities, such as the movement of food
through your intestines, Smooth m
shaped and contract more slowl \
can sustain contractions for

uscle cells are spindle-
1an skeletal muscles, but
a longer period of time.

T The muscles responsible for a gecko climbing a wall are
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w: Food processing occurs in four stages

overvie
5 eat and how they feed.

- we have discu®® : act of eating, is
§o far we hd\:'gure g.2A, @ ingestion: the act of ea Tlg
<hown in F it g =y rocessing. 1he
AS show : f four main stages of fOOd P g : -
only the first O ng down of food into

. <tion, is the breaki

: digestion, s t , .

second Stage i e body to absorb. Digestion
es sma

. or tl
] enough for : oy, o
in two phases. First, food may be mechani
S X - '-
to smaller p1eces. In animals with teeth, the

llv broken 1n ; : “food
) b of chewing or tearing breaks lgrge ch_unktq o: fc -
oce ller ones The second phase of digestion 15 the chem-
basae own process called hydrolysis. Catalyzed by spe-

hydrolysis breaks the chemical bonds in food
dding water to them (see Module _2'3)' :
rganic matter in food consists of proteins,

—all large molecules. Animals cannot

ats carbohydrates—all .
fats, and & First, these

use these materials directly for two reasons. .
les are too large to pass through plasma membranes

1 to the cells. Second, an animal needs small components

to make the molecules of its own body. Most fooq molecules,
for instance, the proteins in the cat’s food shown 1n the

figure below, are different from those that make up an

animal’s body. |
All organisms use the same building blocks to make their
nstance, cats, caterpillars, and humans

macromolecules. For i ' . .
all make their proteins from the same 20 amino acids. Diges-
ers. As shown

tion breaks the polymers in food into monom
in Figure 8.2B, proteins are split into amino acids, polysac-

charides and disaccharides are broken down into mono-
saccharides, and nucleic acids are split into nucleotides (and
their components). Fats are not polymers, but they are split
into their components, glycerol and fatty acids. The animal
can then use these small molecules to make the specific large
molecules it needs (see Module 5.9).

In the third stage of food processing, € absorption, the
cells lining the digestive tract take up, or absorb, the prod-
ucts of digestion—small molecules such as amino acids and
imple sugars. From the digestive tract, these nutrients
ravel in the blood to body cells, where they are used to

imals

molccul
n'piC‘d”)’ occur

in
ical breakd
cific enzymes,
molecules by @
Most of the 0

i
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A Figure 8.2B Chemical digestion: the breakdown of large organic
molecules to their components

build a cell’s large molecules or broken down further to
provide energy. In an animal that eats much more thanits
body immediately uses, many of the nutrient molecules are
converted to fat for storage. In the fourth and last stage of
food processing, € elimination, undigested material pases
out of the digestive tract.
How can an animal digest food withou! digest
ing its own cells and tissues? After all, di.gestwe‘
enzymes hydrolyze the same biological mo*

{ts
ecules that animals are made of—'and“
d digesting

obviously important t0 avol
e ental adap®

chemical digestion © s
cialized compartments: e
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that enables you to process and digest food even while lying

down.dAtf:ter.chewmg a bite of food, it only takes 5-10 2 By what process does fq 4
seconds for it to pass from the pharynx ¢ : ‘ stomach of od move fro
arynx dow > : of an ast . m the phy
phary n the esophagus DA Matio ronaut in the we'\ghl\ess‘:zni::: t0 the
- ment of 3

and into your stomach.
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The esoph
_alar tube that conveys

iood from the pharynx to
, stomach. The muscles

. Fsoohageal sphincter
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hso‘phagus fits its function, 1t |
s tough yet elastic connective |
tssues that allow it to stretch
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| The Structure of the
sophagus fits jte fu
as 6
e tough yet elastic connective
Ssues that allow It to stretch
to accommodate

Sph".\cter ]C‘l()n lt

a\;:é-{ e ;s BOlus f i - bOlU5, ‘ayers
* the top of the esophagus food of circular ang longitudinal
QLIS B8 | SMooth muscles f -
oluntary con- and a stratif ;> lor peristalsis,
begin the = Muscles T i ati ed epithelial lining
Nk B intar- Bolus of | SQueezing the by feplennshes cells abraded
food . th us off during swallowing. The

Muscles relay,
allowing the
passageway
to open,

eeze a bolus
ach; in this

A Figure 8.5B A food b
through the esophagus

1] ‘ - the bolus enters the stomach. Peristal-

\ rough the €sophagus,

length of the esophagus varies
by species. For example, fishes
have no lungs to bypass and
have a very short esophagus.
And it will come as no surprise

that giraffes have a very long
esophagus.
Stomach

?  Whatis happening in the
trachea when food “goes
down the wrong pipe”?
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» stomach stores food and breaks it down with acid and enzymes

iaoram on the far right of the figure indicates how

actlil;'l::ep(ti:‘ps.girni1 is formed. @ Pgepsinogen and HCl are secretéd
into the lumen of the stomach. @ Next, the HCl con.verts some
pepsinogen to pepsin. @ Pepsin itself thgn hel.ps activate r‘x?ore
pepsinogen, starting a chain reaction. T}us series of events is 5

Je of positive feedback, in which the end product of
m:::eassm gromotes the formation of more end. product.
: What does all this active pepsin do? Pepsin begins the
chemic?al digestion of prote'ms——those in your cheese snack,

i ' lypeptide chains of profe'ms 'mFo
for;ﬁsm;;le);;;filcllt:s,ﬁ:h‘:hww:ﬁ) be broken down further in the
smaller

i itions. g P :
aadlccpndl:vems gastric juice from digesting away the s.t‘(:?-
s b ting pepsin in the inactive form of pepsi
ach lining? Secreting glands, and mucus

the gastric .
gen helps protect the cells of he %r i e i

| mach lining .

e R@tec:hthe sitt(;xelium of the stomach is constantly 4
Regardless, the P orry, enough new cells are generas t

.d But don't woOrTy, = chlining completely abou
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8.4 Digestion begins in the oral cavity

The oral cavity is where we ingest food and begin to digest
it. Mechanical digestion begins here as teeth cut, smash. and
grind food. Breaking food into smaller bits makes it eas;er to
swallow and exposes more food surface to digestive enzymes
Af Figure ?.4 shows, you have several kinds of teeth thatyaid i;l
this br.eakmg. Starting at the front on one side of the upper or
l(?\yer jaw, there are two bladelike incisors. You use thei}e) for
bltlflg into your apple. Behind the incisors is a single pointed
tc:ir:lr:z ;Od(;thf (Canine teeth are much bigger in carnivores—
s s ;?e aglis; of a dog or wolf—which use them to kill and
o I.ipd ¥.) INext come two premolars and three molars,
grind and crush your food. You use these to pulverize
ty(;)ut;‘ asple, cheese, and crackers. The third molar, a “wisdom”
oth, oe§ not appear in all people, and in some people it
pufll_lhes against the other teeth and must be removed.
e dz angcxPatlon f)f food stimulates three pairs of salivary
3 to deliver .sahva through ducts to the oral cavity. The
Ea] i‘s’ex;‘ce of food in the oral cavity continues to stimulate
thanaalfi)tn. In a typical day, your salivary glands secrete more
: er (1 L) of saliva. You can see the duct opening in

S.ahva coptains several substances important in food pro-
cclessmg. A slippery glycoprotein (carbohydrate-protein com-
lf) ex) protects the soft lining of your mouth and lubricates food
or easier swallowing. Buffers neutralize food acids, helping pre-
vent tooth decay. Antibacterial agents kill many of the bacteria

that enter your mouth with
food. Saliva also contains
the digestive enzyme
amylase, which begins
chemical digestion of
the starch in your
cracker into the di-
saccharide maltose.
Also prominent
in the oral cavity is
the tongue, a mus-
cular organ covered
with taste buds.
Besides enabling

you to taste your ; Pehing ¢
Sl
meal, the tongue Olang 4

and helps shape it
intoa ball called a bolus. As you’'ll see in

tongue pushes the bolus into the ph
swallowing. G

the n.ext modyle, the
X during the act of
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8.5 After swallowing, peristalsis moves food through the esopha

gus to the stomac;

tI'aChﬁawtiing = (C?nter of Figure 8.5A). Movement of the
ek 0Ps a floor-hke flap of cartilage called the epiglottis
dangerousp'ﬂ:mg to.the trachea. Like a crossing guard at a
trachea, en;n ersection, the epiglottis directs the closing of the
mm,s&#ﬁg that the food will go down the esophagus.
You 1S motion in the bobbing of your larynx (also

~ sphin y;u:elax ® 2pple) during swallowing, The esophaged
] ArTow). A< k. ¢s, and the bolus enters the esophagus (green

- As shown on the right side of Figure 8.5A, the esophé-
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Esophagus
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Interior surface Epithelium
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Mucous
cells

Small
intestine

Chief cells

parietal cells

, 8.6 The stomach and its production
juice

her protection for the stomach is that gastric glands do food is present, these contractions mix food with enzymes;
what began in the stomach as a recently swallowed apple,

ete acidic gastric juice constantly. Their activity 1s reg-
cracker, and cheese snack soon becomes an acidic, nutrient-

y a combination of nerve signals and hormones. When
ur brain stimulates rich broth known as chyme. The sphincter between the stom-

‘smell, or taste food, a signal from yo

stric glands. And as food arrives in your stomach, it ach and the small intestine regulates the downstream passage
s the stomach walls and triggers the release of the hor- of chyme, which leaves the stomach and enters the small intes-
astrin. Gastrin circulates in the bloodstream, returning  tinea squirt at a time. It usually takes 2-6 hours for the stom-
tomach (green dashed line in the top section of Figure ~ achto completely empty after a meal. Stomach “growlis 0% i
Lere it stimulates additional secretion of gastric juice. As results when your sto nach muscles contract af er the stomach
as3Lofgasu'icjuicemaybesecretedm.a; 1V, el o tted, | ol e ¥ -
at prevents too much gastric juice from | eing secreted?

the stomach contents become too a dxc, " 1ibits

ease of gastrin. Lower levels of gastrin in the blooc _———

" A l",)}} -
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N N - i - - ;
2 XL (S 3 I A -
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the digestion O1 you
~ ks A i) [ e

:glands to secrete less gastric juice. This i nole o
itive feedback mechanism. el
' churns and mixes your sto "“‘ s, If ye

S e T ) Py

for AL, |
several hours, the contractions may be str
experience these contractions as hunger pa



putrient absorption

. to your snack of an apple ang
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u : SOme
what happens after it passes oyt of the tC ackers ap g
[ . - n .

‘ the cheese began in the stom
"t of the digestion of the large mole

ach (vig p
| Cules j
od by an arsenal of enzymes in th,
ength of more than 6 m, the sma]
brean of the alimentary canal, by
2 ameter (the width of a quart
o for chemical digestion and for
o the bloodstream.

€psin),
1 Your g

’ ack
¢ Small intestip, =

l.intestine 1S the
titis only about
er). It is also the mas-
absorption of nutri-

jof Digestive Enzymes and Bile T},
nall intestine, about 25 cm (10 inches)
he duodenum. This is where chyme squirted from
pach mixes with digestive juices from the pancreas
sallbladder, and gland cells in the intestina] wal] |
1A). The pancreas produces pancreatic juice, a mix-
digestive enzymes and an alkaline solution that ney-
s the acidity of chyme as it enters the small intestine.
tion to its many other functions, the liver produces a

N

first section
in length, is

-

] mixture called bile. Bile contains bile salts, which act

Cifier: :(detergents) that break up fats into small drop-
ing the fats more susceptible to attack by digestive
Ihe gallbladder stores bile until it is needed in the

-

estine. In response to chyme, hormones produced by
num stimulate the release of bile from the liver, as

sestive juice; from the _pa_nc_reas..Within the gallblad-

N . -
s crystallizes to form gallstones, which can
X T SRR S ey o -‘-;-5:‘1.‘;?; N
y 15 e A ANy SN, .j.;-.ﬂ.‘-..,._l Ut Py 7] ' i g : e .
sbstructing the gallbladder or its ducts. Often
e cetshome < L0 i - :
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S IGESTION IN THE SMALL INTESTINE

ho R

Digestion i .
eniestlop m' the .sz.i" Intestine Tables.1 summarizes

ymatic digestion in the small intestine of all f
of large molecules—carbohydrates ' e
T y. ra €s, prqtems, nucleic acids,

: iscuss the digestion of each, the table will
help you keep track of the enzymes involved (in blue
type).

The digestion of carbohydrates, such as those in your
cracker; began in the oral cavity and is completed in the small
intestine. The enzyme pancreatic amylase hydrolyzes polysac-
charides into the disaccharide maltose. The enzyme maltase
then splits maltose into the monosaccharide glucose. Maltase
is one of a family of enzymes, each specific for the hydrolysis
of a different disaccharide. For example, sucrase hydrolyzes

ble sugar (sucrose), and lactase digests lactose, common in
& h milk and cheese. Undigested

Jactose cannot be absorbed,

s0 it passes to the large in-
testine. There, prokaryotes
consume the lactose, releasing
gases such as methane. This
produces the uncomfortable

toms associated with
:Zcr:tngse intolerance, sm.lch as
painful gaseous bloating.
The small intestin.e also
completes the digestion 9f

- AIOrSey
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break polypeptides into smaller polypeptides. Several types of
enzymes called peptidases then split off one amino acid at a
time from these smaller polypeptides. Working together, this
enzyme team digests proteins much faster than any single en-
zyme could.

Yet another team of enzymes, the nucleases, hydrolyzes
nucleic acids. Nucleases from the pancreas split DNA and
RNA (which are present in the cells of food sources) into their
component nucleotides. The nucleotides are then broken
down into nitrogenous bases, sugars, and phosphates by other

enzymes.

Digestion of fats is a special problem because fats are in-
soluble in water and tend to clump together in large globules.
How is this problem solved? First, bile salts separate and coat
smaller fat droplets, a process called emulsification. When
there are many small droplets, a larger surface area of fat is ex-
posed to lipase, a pancreatic enzyme that breaks fat molecules

down into fatty acids and glycerol.
By the time the mixture of chyme and digestive juices has

moved through your duodenum, chemical digestion of your
snack is just about complete. The main function of the rest of

the small intestine is to absorb nutrients.

Absorption in the Small Intestine While enzymatic hy-
drolysis proceeds, peristalsis moves the mixture of chyme
and digestive juices along the small intestine. Most digestion
is completed in the duodenum. The remaining regions of the
small intestine, the jejunum and ileum, are the major site
for absorption of nutrients. Structurally, the small intestine

is well suited for its task of absorbing NUtrien /
see in Figure 8.7B, the inner wal] of the smal) S. As You . 9
has large circular folds with numerqnys smal] ';\“ﬁ‘sunc >, B

projections called v.illi (singular, villys). Eac}; (;?Ekr.hk(. *‘h""
lial cells on the surface of a villus has many t;, the Dith A
called microvilli. This cqmbination of folds anydpmjeq-l(lm e
greatly increases the surface area acrogs which nmrr(i\jecmm"S "“‘P:

absorbed. Indeed, the lining of your smay integtir. S ar
huge surface area—roughly 300 m2, abgyy the sizne as
court! This enormous surface area greatly incre; of 3 teny;,
of nutrient absorption. S¢S the Fate

Some nutrients are absorbed by simple diffyg;,
are pumped against concentration gradients into
lial cells. Notice that a small lymph vesse] (shown
the figure) penetrates the core of each villys. Afte
and glycerol are absorbed by an epithelia] cell, these by
blocks are recombined into fats, which are thep ot \@m
proteins and transported into a lymph vesse]. These ves:;;h
part of the lymphatic system. e

Notice that each villus is surrounded Dy a network of ca
illaries. Many absorbed nutrients, such as aming acids andp-
sugars, pass directly out of the intestinal epitheliym and thep
across the thin walls of the capillaries into the blood. Where
does this nutrient-laden blood go? To the liver, where we also
head in the next module.

_ € €pithe.
n ye“()\\' '}n

r fatty acids

‘ ? At what point do food molecules actually enter the body’s
~ cells?
suRsaul |jews ay3 jo 1A ay3 Buiuy sy@d IBl12Yaida ay3 oyui uondiosge Buung .‘

Lumen of intestine
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- . sance—and enormous numbers of prokaryotes that . It tbe lx?nng of the colon is irritateq_
for ins ‘he colon. Some colon bacteria, such as Esche- infection, for (;ndstance—thc colon is less ﬁa\ ral
- . - ., ) e ‘ r
ing water, an iarrhea may result. The o b&(‘%
oy

luding several B vi-
bsorbed into the
ake of vitamins.

stipation, oCCurs ' ' |
constif urs when peristalsis moy Pe Pro i,
€S the fo \em

hormally live I

too slowly; the colon reabsorbs
S

100 much yyq

richia coli, produce important Vi
4 vitamin K. These sub

tamins, inc

stances are a
Ceg . '
er Yalg
»ang g, 8

tamins an : Hetary St
bloodstream and supplement your dl .
Feces are stored in the final portion of the colon, called bgc:)gwe EO: i(}mfacclted. Constipation oftep,

et - oes not inclt T
the rectum, until they can be eliminated. Contractions of the tha clude enough plant fiber. esults fy, :‘ o,
colon create the urge to defecate. Two rectal sphincters, One = | ™
voluntary and the other involuntary, regulate the opening O by Explain why treatment with antibiotics ¢
the anus. When the voluntary sphincter is relaxed, contrac- * period may cause a vitamin K deficien or an ®Xteng

-u0]02 Y3 Ul ) UIUEYIA azisayiuks yeyy etisiseg aqcy. &y
: 1 ““‘ AQm o

tions of the rectum expel feces.
¥
e

-Nutrition

8.10 Overview: An animal’s diet must satisfy three needs B Y
] . ()\f'\d
All animals——whether herbivores like koalas, carnivores like the proteins, carbohydrates, lipids, and nucleic 3¢ Bcsid""' ! 2150 ¢
coyotes, OF omnivores like humans—have the same basic nu- build and maintain cell structure and function ACids needeg 0 jiet qust b;’ s
tritional needs. All animals must obtain (1) fuel to power all Eating too little food, too much food, or the: o fat ust- e
body activities; (2) organic molecules to build the animal’'s own of foods can endanger an animal’s health. Startin Ong Mty m.‘,l‘s cc“§ L,QS‘
_ molecules; and (3) essential nutrients, substances the animal need for fuel and paying particular attention to hg With the ients are :t .ai |
B or ol discuss basic nutritional needs in the rest of this :\i“ans, we Ly DY ce :
" We have seen that digestion dismantles the large molecules 25 g o qutrient i 2
+food. Cells can then use the resulting small molecules for @%’p What are the three needs that an adequate diet fills? pirds and ST
energy or assemble them into their own complex molecules— SJUALIINU [BIUASSI PUE ‘sferaew Suppng siueio: needed' Thex

: Py 5 faﬁ)’ aCidS’ C

‘ Essent‘a‘

= by Comb'm\
N

'g.11 Chemical energy powers the body

this book. It also takes energy to digest rate—the amount of energy you “burn” lying motionless

It takes energy to read

your snack, walk to class, and perform all the other activities of  Any activity, even working at your desk, consumes kilocalo-

your body. Cellular respiration produces the body’s energy ries in addition to the BMR. The more active youare,me |

currency, ATP, by oxidizing organic molecules obtained from greater your actual metabolic rate and the greate; the num-

food (see Chapter 5). Usually, cells use carbohydrates and fats ber of kilocalories your body uses per e ater the num-
Table 8.2 gives you an idea of the amount of activityitt es.

as fuel sources. Fats are especially rich in energy: The oxidation
of a gram of fat liberates more than twice the energy liberated for a 68-kg (1 50-pound) person touseupthe@ C
fr;)g(:l gram of cargohy;llr::l or protein. The energy content contained in several common fooc Wha& pper
o ' reasured in kilocalories (1 keal = 1,000 Gilotia | take : MR A2
e 000 c: . ake in more Calories than you use? Rather the
'Ih:n ?:\ilones listed on food labels or referred to in regard to t AP o i '3'!;;,.3“ e
nutrition are actually kilocalories and are often writte has -
Calories (capital C). i ttenas -
The rate of energy consumpti : e
: 3 ptlonb an animal is called
its metabolic rate. It is the sum of 'a.'llythe oo oo
biochemical reactions over a given tunemt >. Ryt
metabolism must continuously drive sey e

Nabc '
. ""

the waaLllc g .}"_JA : : .-. AT S SR SR j,-._' P,
the extra energy, your cells store Jt 1 VEXZ 22
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of © ¢ hou' i B
3 Soul = 7
%pﬂ}ﬁg’%@ound). 417 kcal \K;S\\
gﬁ’.'/_:,mrg ’; 7 \arge slice), 280 kcal 21 min J=
02 7 .
..Nj'pe(oﬂl puldnnk (12 0Z), 152 kcal = min
A 1 slice). 65 kcal min
S min

\.-,4.1"’ Dredd (

W vheat hing 68 kg (1 R

‘3!-3‘ a pe(son welig g e ( 50 pOUnds). ——

- .. —_

.. fyel and OF yanic raw materials, an an;
Jrovid! fu :l . rials, an animal’
1 oply essential nutrients. These are mater; |

: dalerials
din preassembled form because the an;-
of make them from arny raw material. Some ny
1l for all animals, whereas others are needed
For example, v1tamn.\ C is an essential
(umans and other primates, guinea pigs, and some
ks, but most animals can make vitamin C as

of essential nutrients: essential

Jre four classes
.20 acids, vitamins, and minerals.

acids Our cells make fats and other lipids

ty acids with other molecules, such as glyc-

Essential amino acids

Methionine

Valine

(Histidine)

Threonine

30
N Min /mi
e 408
— 2
N e 0 min /1
42 : — 5 —_—
Mmin { B
22 min e, 42 min e e
1 hy 8 rr n
10 min Min 5
erol (cee
n:l §5}1( Module 2 7). W
ed. Those we care . 3N Make -
be obtained \f;e Cannot make, called ::(SN :)le;hfc fatty acids we
T om our die ssential fatty acid
» 1S especially im sential fatty acid. linoles
of the phos Y Important becay ) » linoleic
ospholipids of s€ it is needed
S of cell to make som
a ; me ‘ €
f:t(: vegetables generally provi:;;k:dm\:s Because seeds, grains
Y ac) N mple :
Y acids, deficiencies are rare Ple amounts of essential
Essential Amino Acids Prote
i T CIns 1 -
ent kinds of amino acids, Adul hg A om0 diires
amino acids from other ¢ ult humans can make 12 of these
Fnow er compounds. The remaining eight
own as the essential ami id e
the A ente it 0O ACics, st be obtained from
e \e.e 'Sla so require a ninth, histidine. A deficiency of
sse N (| acoe e - SR e
5 dg , I’fha am§no acid impairs protein synthesis and can
ead to protein deficiency.
The simplest way to get all the essential amino acids is to
eat meat and animal by-products such as eggs, milk, and
cheese. The proteins in these products are said to be
“complete,” meaning they provide all the essential
amino acids in the proportions needed by the
human body. In contrast, most plant proteins
are “incomplete,” Of deficient in one or More
essential amino acids. If you are vegetanan
(by choice, OF, 3 for much of the world's
L . * > \9
population, by ecONOmic neces§1ty), 'then\\_e,
‘ to good nutrition i< 1o eat a varied diet 0!
L ther s rsufficient
plant proteins that together mp'p\} uf -
. ecential amino acias.
® quanm\es ofa\hhe cmnna\ UL v
Simply by eating a combination of beant
f xamp\e \regetarians can get
and cormn, 107 € ’ 12). The
. 4s (Figure 8. ).

enfial amino ac
all the ess€ e (such as beans: peanuts,

right balance.
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Depending on food availability and choic
s, it :

lentiful and mOst sible for an overnourished (obese) i
et where food is P ossible obese) indiv: is
Living 11 faf ;;)du;: ‘;’OU may find it hard to relate 1O = Eourishcd. For example, malnutrition ca(::\:dual mc‘;en
ople can gut more than 1 billion people in the wfﬁ{ e diet of junk food which offers little n“tl‘itioesuh frop "3
starvatioh = ough to eat, and a0 estimated 4.5 P Another cause of undernutrition is Ral valye, * teay
do not have EnoTE f them children. Undernu oy . .order in which indivi SO ANOTeX S Tar. !
die of hunger each year, most O Iy sufficient eating disorder 1n individuals, mogt oft €rvg
t l-ct’ion which occurs when diets do not supply ** : starve themselves compulsively, in responge en femat' a
HoD, | energy, may occur when food supplies ar foar of gaining weight. Bulemia is a patte to ap inte s,
chemics ’ other crises and when : Bon, : N Of bipg. DS
disrupted by dr ought, wars: 0 btaining sufficient followed by purging t f0}‘8h induced vomitip N8e eayy,
severe poverty prevents people from O atives, OF €XCessIve exercise. Both disorders are’ ab in‘% i
food. malnutrition is problems and can even lead to death. Serioyg heaix . yo
The most common type of huma(ri’_et hat miist In the next module, we continue our look 4t alth, il
P o o fll‘omjz:lstlcorn rice, Or nutrients—-this time vitamins and minerals. SSentig) \“‘:r\tot
depend on a single plant stapie=—J-= % . -
P toes, for instance. protein deficiency often begins L carefully at Fi o . 0"
PO e hifts from breast milk alone to food 2 Look carelully gure 8.12. A diet consisting sqr;
when a child’s diet shiits Such children, corn would probably result in a deficien ity of o
that is mostly starch or other carbohydrates: S4C. amino acids? Y of which eggep. e
if they survive infancy, often have impaired p hysical and a
8 UIsA - 4l
mental development. | PU ueydyg, : it?
w - - V\ta‘
et | vitamins and many essen -
8.13 A healthy human diet includes 13 y tial minera|g v
Vit
. . s B : _tenths of that small peanut). :
. Avyitamin is an organic nutrient required in your diet, but two ety peant )- You need the rest ip much
o le. 1 tablespoon of smaller quantities. The table includes the dieta o
only in very small amounts. For exampic, ablesp , , : Iy sources f ¢
‘ each mineral, and lists the functions and the s o
ymptoms of defs. Ji

uld provide the daily requirement for nearly . |

; _Depending on the vitamin, the required ciency for n}ost of these minerals.

dailv amount ranges from about 0.01 to 100 mg. To help you Along with other \{ertebrates, we humans require relatiy!.

s acine how small these amounts are, consider that a small large ax?lounts of calcium anc.1 phosphorus to construct ande ly

' peanut weighs about 1 g, 50 100 mg would be one-tenth maintain our skeleton. Too little calcium, especially before

* of a small peanut. And some vitamin requirements arc age.of 30, can r.esult in the degenerative bone disease osteq e

one-ten-thousandth of that! rosis. Calcium is also necessary for the normal functionip o

" rable 8.3A lists 13 essential vitamins and their major di- nerves and muscles, and phosphorus is an ingredient of fﬁf

etary sources. As you can sec from the functions in the body and nucleic acids.

and symptoms of deficiency listed in the table, vitamins are Iron is a component of hemoglobin, the oxygen-carryi

absolutely necessary to your health—helping to keep your protein found in your red blood cells. Vertebrates neec{yiong

skin healthy, your nervous system in good working order, dine to make thyroid hormones, which regulate metabohé
rate. Worldwide, iodine deficiency is a serious human health

and your vision clear, among dozens of other actions.
Vitamins are classified as water-soluble or fat-soluble. problem and is ranked as the leading cause of preventabl
| Water-soluble vitamins include the B vitamins and vitamin mental retardation. 3
Sodium, potassium, and chlorine are important in nerve

C. Many B vitamins function in the body as coenzymes,
enabling the catalytic functions of enzymes that are used over function and help maintain the osmotic balance of your cells

anddovef in n;etabolic .reacfions. Vitamin C is required in the ~ Most of us ingest far more salt (sodium chloride) than we
gl “le’nb(l’ LT ~ need. Theaverage U.S. citizen eats enough salt to provide
at:o uble vitamins include vitamins A, D, E, and K. Vi- about 20 times the r equir i haint of sodingy PP %
tamin A is a component of the visual pigments in R (reoaved) b e R Yackaged
: ;g : your eyes.  (prepared) foods and most junk foods contain large
Among pop?latlon§ subsisting on simple rice diets, people *{;P sodium chloride, eve osltfj ! 5 contin N
are often afflicted with vitamin A deficiency, which “,};;.-, 2 , i ot R e, e_:_-v_; en 2 they d.on t taste very Ity

ol BIZ co

v AN D)

~

blindness or death. Vitamin D aids in calcium absorption

and bone formation. Your dietary requirement for v

= 5 ..A‘» -L ’ :
. R -

,-.‘f‘f-,y_f;' S gl

E functions as an antioxida ;.?Tf; hat heln
your cells. Vitamin K is necessary fo
y ! '‘(ul, : ".. |A 'S ; v ’

als are Sump organic nutrier
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. Mechanisms of Gas Exchange '~ L
9.1 Overview: Gas exchange in humans involves breathing, transport of Baseg

and exchange with body cells

Gas exchange makes it possible for you to put 1, Work
r

food molecules the digestive system provides. Figure sthe

presents an overview of the three phases of gas eXChan.l
8¢y

humans and other animals with lungs. @) Breathing.

inhale, a large, moist internal surface is exposed t, t.he. y

€ Breathing

o
tering the lungs. Oxygen (O,) diffuses across the cells l?:]::n.
3

o9 Heart : _
the lungs and into surroundmg blood vessels. At the s
’ Circulatory . time, carbon dioxide (CO,) diffuses from the bloog intm
Blood | System lungs. As you exhale, CO, leaves your body. O the
vessels _ @ Transport of gases by the circulatory system: T, 0
.diffused into the blood attaches to hemoglobin in req 1, * ™
O oo lls. The red vessels in the figure are transport 00d
of gases by cells. The red vessels In igure al nsporting O,-rigy
the circulatory blood from the lungs to capillaries in the body’s tissyes. Co.
system also transported in blood, from the tissues back to the 1uﬂg:ls
S,

carried in the blue vessels shown here.

© Exchange of gases with body cells: Your cells take , 0
frém the blood and release CO, to the blood. As you ‘eanl:ed:-
Chapter 5, O, functions in cellular respiration in the mitgg, in
dria as the final electron acceptor in the stepwise breakdzi. x
fliel molecules. H,O and CO; are waste products, and ATP?SM
produced that will power cellular work. The gas exchange
occurring as we breathe is often called respiration; do not
confuse this exchange with cellular respiration.

Mitochondria

) Exchange of

giiies w::h Cellular respiration requires a continuous supply of O,
y cells the disposal of CO,. Gas exchange involves both the respira.

tory and circulatory systems in servicing your body’s cells

T —

L
Humans cannot survive for more than a few minutes withoy
Ozo WhY? ‘ » fﬁ m&
-21p WSTUES10 A} puUe S[|P2 ‘G LY YSNOUI INOYIA "uondun; ol 41y yinew w’ -
A Figure 9.1 The three phases of gas exchange in a human 2onpoad 0y uoneaidsas sepuyjad 10j °Q o Ajddns Apears v anmbarsypy o HAliENEC , 11EsK sh

’ e . . .~ «

9.2 Animals ¢

3 . - 5. ) ~ - ' ; » > < - - ———
ronment occurs iIs called the respiratory ace. n

amma]?gbodywh 07 \.\r-;),;« na ;,;ge,\;._;“-,,‘ gnm.. ,"._’jfj'\f: sglat Vs o ssents.a :on of the animal
| < esDirato: ace. The yellow areas repre-
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Cross section of the

respiratory surface
(the outer skin)

Body surface

Respiratory
surface
(gills)

she
e

e " - v e
B ,:'f.;,gzzu».

B
""-”‘."'

lQR -~
' ’,'“.t c

Capillary

t‘-‘&- e

?} lis: extensions of the body surface

with large surface areas; Suct &
e gills, tracheal'syst un
developed mmost ‘ﬂ"‘"ﬁ nimals. Gi

" 'l", 3-.,

.......

lange Many marme ms have f
mebOdylocatlon.k ish (Figur
-; J | ' on each SI ‘ . .. :.,

: m gasesdlm“ » “
the blood Because the. :.

not a problem,
l animals, the re: *

1 rthanpm’ecung To! t. Tl
mﬂ‘eﬂl’ only through narro ,'_ tubes, ar
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Exchange ang Circulation 121

Body surface

Respirato;y
surface

(tips of tracheae)
- Body cells
(no Capillaries)

Body surface

Respiratory
surface

(within lung)

Capillary
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A Figure 9.2D Lungs: internal thin-walled sacs

arrangement that helps retain the moisture that is essential for
the cells of the respiratory surfaces to function.

The tracheal system of insects (Figure 9.2C) is an extensive
system of branching internal tubes called tracheae, with a
moist, thin epithelium forming the respiratory surface at their
tips. The smallest branches exchange gases directly with body
cells. T‘mg gas exchange in insects requires no assistance from

Most terrestrial vertebrates have lungs (Figure 9.2D),

which are intern e ist epithelium. As the
dlagram indicates, the inner surfaces of the lungs are exten-

&Md, forming a large respiratory surface. Gases
th&lungs and the body cells by the circu-

» latory system.

doesthcmnctnreofthempmtory surface of a gill or

ng fit its function?

v
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The Human
9.3 In mammals, branching tu

your lungs are located in your chest, or

ic cavi tive rib cage.
theracic cavity, and are protected by the supportl age.
The thoracic cavity 1 separated from the abdominal cavity by
2heet of muscle called the diaphragm.

Figure 9.3A shows the human respiratory system (along

with the esophagus and heart, for orientation). Air enters your
iratory system through the nostrils. It istiltered by hairs and

armed. humidified, and sampled for odors as it flows through
a maze of spaces in the nasal cavity. You can also draw in air
through your mouth, but mouth breathing does not allow the air

to be processed by your nasal cavity.

From the nasal cavity or mouth, air passes to the pharynxg
where the paths for air and food cross. As you will remember
from the previous chapter, when you swallow food, the larynx
(the upper part of the respiratory tract) moves upward and,
tips the epiglottis over the opening of your trachea, or wind-
pipe. The rest of the time, the air passage in the pharynx is
open for breathing.

The larynx is often called the voice box. When you exhale,
the outgoing air rushes by a pair of vocal cords in the larynx,
and you can produce sounds by voluntarily tensing muscles
that stretch the cords so they vibrate. You produce high-
pitched sounds when your vocal cords are tightly stretched and
vibrating very fast. When the cords are less tense, they vibrate

slowly and produce low-pitched sounds.

From the larynx, air passes into your trachea. Rings of car-
tilage (shown in the figure in blue) reinforce the walls of the
larynx and trachea, keeping this part of the airway open. The
trachea forks into two bronchi (singular, bronchus), one lead-
ipg to each lung. Within the lung, the bronchus branches
repeatedly into finer and finer tubes called bronchioles.

) B

Nasal cavity 3

Pharynx
(Esophagus)

bes convey air to lungs

! }
T o1

1 T 1, 5
' a Eon ‘ 'hL f 'l(\\
OC ted In the Chest C \ s | ig‘lh‘ = al
g - ) aV| ‘."'V .ﬂ“ ll“tlb
Bronchitis is a condition 1n which these smal] t}, g s v
inflamed and constricted, making breathing djf; > Decop, fact
. - C K - ; re
As the enlargement on the right of Figure 9.3 ult, g L
a . o' 5 I \h()\\,% " .’1”L t}]L
bronchioles dead-end in grapelike clusters of air g5, , the 5% oM o
- . B ~ = 5 ’(- R ,.\ t o ’
alveoli (singular, alveolus). Each of your lungs conty; alleq 1 hgtf‘"“ =
. " T NS m: ;> .1';}‘ 7 . ce S
of these tiny sacs. Together they have a surface areq of {)nlulh(_ i gor) - Jise?® > >
e : : : 40l a ol o i
100 m?, 50 times that of your skin. The inner surface of Out Aam0” gates -
» . . . -~ - ’ ) €ac X ‘l‘“' lL’ = [NT
alveolus is lined with a thin layer of epithelial cells The (;"h Bt Jl‘ of € ) :
- o = . ~ - £ — - 1 o ,1'~ . \h.“ 41 -
inhaled air dissolves in a film of moisture on the epithe a;ln EaWe s, Art l
—t . - : al cal Yo R, ch . - fU
It then diffuses across the epithelium and into the denge iy e BT thing I
. : Weh ¢ % . I LIS
blood capillaries that surrounds each alveolus. Figure g 3Btb,;_ Y ! ohly 5
* . - . A . ,._'...:- (" rc ) -
scanning electron micrograph showing the network of 8 4, L blm‘d
: of Cdplll : ,\\'h‘I £ 1O
Tty of \1“ c I, lt ’

enclosing the alveoli. (The alveoli in this micrograph appear »
empty spaces because the blood vessels were injected withar S Q pdes
lution that hardened to form casts of the capillaries, and tha o B¢
sues of the alveoli were then dissolved.) This close associatfe ¥ Sp
between capillaries and alveoli also enables CO, to diffllselgi T n
opposite way— from the capillaries, across the epithelium ot'ik-
alveolus, into the air space, and finally out in the exhaled ai; X 0 4 B‘OO

1oy §OCS Oxygcﬂ <

A Figure 9.3B A colorized electron micrograph showing the netwod:

gel f1

. and how do

mmapillaries in bos

of capillaries that surround the alveoli in the lung

From the
heart

To the
heart

Left lung

uliElveolar capillal
Meenairin the alv



12j0 branches of your respiratory System
& . r r 4
lf*jtpﬁhe]iu

e YStem are lined by alveoli, the delicate |
m covered by cilia and a thin hlm of mucus.

' -~ Celicate lining of these smalj Sacs becomes damaged
| = o » and the efficiency of 83s exchange drope Studies h 8
Yy are the respiratory system’s Llcanmg Signific _ 'PS- Studies ave shown a
N gmoistr mucus — : >'shilcant association between CXposure to fine p. s
Y & amgar ’nng cilia move mucus wit trapped dI‘S‘v Premature death Air pollution g d tob idr SEvand

- e "683 : . ; . . and tobacco Smo

' ward to the pharv ) p € are two
Sl L contaminants up I ynx, Sources of these Iung~damagmg Particles
llemsand lly swallowed. “XPosure to such pollutants

. S Can cause

l T 1 and inflammation of the lungs and Jea
reoli are so small that Specialized

e ms Alveolia

2oy Proble

: : bulmonar}' disease (COPD). COPD includes two mgp. uetye
Balled surfactants are l'e.qmrc‘d m,kccp .thcm t‘mm tions: emphysema and chronic bronchitis, In emphysema, the
: from the surface tension of tl]c,‘ll".l‘l]()l\‘t surface. delicate walls of alveoli becoy
* "distress syndrome due to a lack of lung surfactant lungs lose the clasticity that
| " disease seen in babies bolrln 6 wccks'()r }x]nort. =~ 3
1on ‘urfactants tvpically i
e dates. Surfacta ypically

lungs

$ exchange are
€xperience labored breathing
auc bryonic development; birth normally oc coughing, and frequent lung infections. COPD is a major
ce of :?tiﬁcial surfactants are now administered cause of disability and death in the United States,
athing tube to treat su‘gh preterm mta.nts. ? Howdoes the structure of alveoli match their function?
- "_; ’_ A susceptibl(’ to airborne Lontar.n‘mafns. FIOI0wW sed Auews 1o aFessed 1 SIqRU rosare "YU 1T® Jo vase 2oepns
’ hlgh'yd cells patrol them and engult torelgn A0 dny ay Sueppded Surpunoums »
white blo.‘; too much particulate matter reaches the
Jowever, |

uen O) pur‘ () p.\ \ln\\”\ "l

sort of Gases in the Human Body ),
transports respiratory gases | |
get from your lungs to all the other tissues in

thow does carbon dioxide travel from the tissues
""z ]

o answer these questions, we must look at the
"Z" of the human circulatory system.

Alveolar
i i of epithelial
2 diagram showing the main components ’ ans
- system and their roles in gas exchange. Let’s
SYS

| ; 3o of
e, iddle of the diagram. One side of,
i e .bleood colored blue). The other
i 'ji“ -.,. .‘ od (red). As indicated in the lower
e 3 : ‘; ood returns to the heart
ik st pumps this blood
':'u mMngs_ Gases are exchanged J
& alveoli and blood in the capillaries (top of
tha has lost CO; and gained O, returns to
sed out to- y tissues.
LPUmPES Uk 0 00y fesues
by the diffusion of gases down gradi

nixture of gases, such as air, exerts press '

gas pressure whenever you open a can of soda,
essure of the CO, it contains. Each kind Offgtla;
scounts for a portion of thetotal ¢

o2l gashaswhatiscaned partic aessre.
ach kind of gas will diffuse. o8 prac v
{ Ce,
.';the ir 'L:\'.. fluic nd | —— .
l DIN a - 101) O] A ® o 3 -,Ql' A
”r'-:'-‘:f r ‘

capillaries
of lung

' The

Tissue
capillaries

Heart

-
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A Flgure 9.4 Gas transport and exchange in the body
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124 introduction 10 Biology
helps transport CO2, and buffers the blood .

9.5 Hemoglobin carries 0y,
on the O; needs of the cells. The partial pressure of O |
21Ny

: . water, and m h
s not hlghly so/lt;l)lc.ul tissue reflects how much O, the cells are using and det
CImyj

Ox)’g(e)n li>oun to proteins called respiratory pigments. These
e : lo henge the name pigment. how much O, 1s unloaded.
Hemoglobin is a multipurpose molecule. It also help
St

—————

¢
Ney

ost animals trans-

molecules have distinctive c:)):iors, 5 atis
lluscs and arthropods use 2 ue, copper-contal A :
g:;;’;x:o Alllm sl vertebgates and many invertebrates use . port CO; and assists in bufferm the bl(.)od, Most of the Cn'ms' A -
hemoglobin, an iron-containing pigment that turns red when that diffuses from tissue mn;'!ﬁ‘capmaw enters red b\oz " N atracts
it binds O cells, where some of it combines with hemoglobin, The .. f he heéf s rest
" Eachofy 4 our red blood cells is packed with about 250 million ~ reacts with water, forming ca,{anic acid (H,CO,), Whicl:i;\ : ‘“'hi“‘.‘ 4.1 ‘nih , grach
molecules of hemoglobin. A hemoglobin molecule consists 4 breaks apart into a hydrogen ion (H ") and a bicarbonate ; n § 08 t\“' olls 2 f
of four polypeptide chains of two different types, depicted (HCO; ). This reversible reaction is shown below: on N W 1od 4 S}.S(eﬂ ' ces
: i 9.5. Attached to each e s ¢ o atow octoP™
with two shades of purple in FIEWS = | .CO, + H0 == HCO;"= H" + jc A0 Rezgids L vea ©
]ypepﬁde isa chem.\cal group called a.me (colored blue in Ca;bon Water Cart?%nic .~ Hydrogen Bica()3 . ‘ ,frﬂs’ Saffes) 3“ hé he 5
the figure), at the center of which is an iron atom.(black). Eachs dioxice i —— :2?,'“‘ " ;sf‘hwwd g’ begause Jis!
il . i L — . it 1S
iron atom binds one O; molecule. m?{:;n;olgolg?n u;oa ds Hemoglobin binds most of the H™ produced by thig § ;JJOScd « keepmg “f =58
¢ mole'culc can’carry o fgur_Q;J_llgts s .the bodg’s — feaction, minimizing the change in blood pH. The ";pzd“) vf”;“ree Kinds © =
up with O, in the lungs an HADSRO : Y din bicarbonate ions diffuse into the plasma, where they ar Peg¥® 110 pody OF%'
There, hemoglobin unloads some or all of its cargo, depending sarried to the lungs. e ’/m e h eart d W‘
As blood flows through capillaries in the lungs, the react; ViR eart a,r:hm ga ch s
L6h atOm is reversed. Bicarbonate ions combine with H™ to form car.:m “37;8'195_‘9 fren Caucd
bonic acid; carbonic acid is converted to CO, and water; ang ,%e_m is 0 heart, @
el * CO, diffuses from the blood to the alveoli and leaves th I ok kar B ar
2 : = ebody d‘G ls in vOou
in lungs in exhaled air. @ eihe vesse S5
o | 2 vessel s were linec
oy "P? = : . s@w pator twice

o7 |_in tissues 'Y @ 0, in the blood is transported bound to within S&wths eq o system ©
by &/ \Heme group | cells, and CO, is mainly transported as w : iosed ci
Polypeptide chain 0 ‘2 jons within the plasma. mfm\‘m ofac .

A Figure 9.5 Hemoglobin loading and unloading O, " 1 cbambefs
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heart

i

Capillary beds
o — Artery Arteriole
G‘ —'f" . \ (O;-rich blood)
‘1' ..» ‘,.:';-\“ - - -
Wl C s v
AR St S T

A g
W

The opén circulatory System of a grasshopper

X

.‘ | n;(he-heart contracts, preventing backflow of e
‘. fuid. In insects, respiratory gases are conveyed
cells by the tr’gcbfa_ljystem (not shown here),
i tem. . Atrium
A dssys{,ctopuses, and vertebrates (such as, f;" . Antery Venuide} rean
ArIMS : : pillaries  (O,-poor blood)
j giraffes) all have 3 Slgsed clrewlatory system. A Figure 9 -
O because the clrculatotﬂundﬂ)looa, s gure 9.6B The closed circulatory system of a fish
= els, keeping it distinct from the interstitial TN, 2 .
- kinds of vess 1 Art.eries carry bload cal:)illarie; th)egbell(l)-opg(:\rm ood. After. passing tl.'trough the gill
BEt  ody organse Lt_lﬂgS; SR Bareturn ; » NOW oxygen-rich, flows into large arteries

that carry it to all other parts of the body. The large arteries
branch into arterioles, small vessels that give rise to capillaries.
Networks of capillaries called capillary beds infiltrate every
organ and tissue in the body. The thin walls of the capillaries
allow chemical exchange between the blood and the interstitial
fluid. The capillaries converge into venules, which in turn
converge into larger veins that return blood to the heart.

t: and capillaries convey blood between

.« within issue. The vertebrate

“ i often called a cardiovascular system
"ok kardia, heart, and Latin vas, vessel). How

- vessels in your cardiovascular system? If

«olc were lined up end to end, they would

saquato twice. . .
e system of a fish (Figure 9.6B) illustrates
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' imay o What are the key differences between an open circulator
' ircula . The heart of a .? : y
res of a closed circ t.ory System. 386 he i 8 system and a closed circulatory system?
. chambers. The atrium (plural, atria) receives
.« and the ventricle pumps blood to the-gills
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uman Cardiovascular System and Heart

itself. Next there are large branches leading to @ the head

chest, and arms, and the - abdominal regions ar.ld. legs\. For
simplicity, Figure 9.7A does not ShO\.N the mdmdua. 2o
blood to the lungs via organs, but within each organ, arteries 1e§q to arterio

B o Tk @ cupiliae e lupgs, branch into capillaries. The capillaries rejoin as venules,

ood flows through € G P e which lead to veins. @) Oxygen-poor blood from the up)
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) the left atriume e bod
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Superior vena cava S Capillaries of
-"h head, chest and

arms

Pulmonary artery Pulmonary artery

Capillaries of

Capillaries
right lung

‘\\ of left lung
N

f

\2

) )7

Pulmonary

/a
3,0
P/

e

4

Pulmonary

vein vein
Right atrium Left atrium
Right ventricle Left ventricle
Inferior vena cava Aorta
Capillaries of

abdominal region
and legs

A Figure 9.7A Blood flow through the double circulation of the
human cardiovascular system

capillaries and back to heart. In one systemic circuit, a blood
cell may travel to the brain; in the next (after a pulmonary
circuit), it may travel to the legs. A red blood cell never
travels from the brain to the legs without first returning to

the heart and being pumped to the lungs to be recharged
with oxygen.

To lung

Right atrium\

From lung

Semilunar —
valve

Atrioventricular
(AV) valve

Right Left
ventricle ventricle
A Figure 9.7B Blood flow through the human heart :i'-.rf'
Figure 9.7B shows the path of blood through the h
heart. About the size of a clenched fist, you h\cart is CUI_ndﬂ
a sac just under the sternum ( breastbone). The hea‘rt ind"”\td : A ca"
*mostly of cardiac muscle tissue. Its thin-walled atriy C;l‘l‘}rmcd P 9-8, te
blood returning to the heart. The thicker-walled ventri *1«(1 »Fé‘: 8™
pump blood to the lungs and to all other body tissyes ';reS» B -0 m]
that the left ventricle walls are thicker than the right 1 ‘r (;11 i .ui.uc‘d 5 I.chnt
of how much farther it pumps blood in the body. ljl;‘lp-;k‘# oy ';)«Jhl\. an f bl
valves between the atria and ventricles and at the Openin C \ 3 40P
the'pulmonary artery and the aorta regulate the dircectioi\-ifj A it ind
blood flow. We'll look at these valves and the functionip :{, ﬂxiclf‘ o ‘} er
heart in the next module. B ,,.L\'s. and O \
lm exercise: lf
? Why does blood in the pulmonary veins have more 0, thay wng the circt
blood in the venae cavae, which are also veins? . : 2m‘nc‘ed"d b!
, ;ﬂdcs heart M4
01 ‘'O .‘iug.l:‘n”.\p dayje aeay 2y 0} Suruanyag POOIQ A1ied apaps ”“Ul'\\ m\mselﬂ the .
A 01 O du sprd 1 239ym sSuny ayy woa POOIq 111 suay ‘.“...,\,'u‘“.n:’: mh&n rate

9.8 The heart contracts and relaxes rhythmically

The four-chambered heart is the hub of the circulatory systems
It separately but simultaneously pumps oxygen-poor blood

to the lungs and oxygen-rich blood to the body. Its pumping
action occurs as a rhythmic sequence of contraction and
relaxation, called the cardiac cycle. When the heart contracts,
{t pumps blood; when it relaxes, blood fills its chambers,

The Cardiac Cycle How long does a cardiac cycle takeg
,Ifyou have a heart rate of 72 beats per minute, your cardiac
cycle takcs about 0.8 second. Figure 9.8 shows that when th
o allfourof s chambers. Blood enters the ight atrium
rom the ve nd the left atrit pulmonary ,
Veins (see Figu /- the valves between the atria and the
ventricles (atrioventricular,or AV, ‘ ‘
-4HINg Irom the ventricles to the -

S~

nae cavae and the eft atrium from the
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as the green arrows in step 3 indicate,

ventricle contracts with greater force

The contraction phase of the cardiac cycle is called s stolg,

a very brief (0.1-second) contractionaf
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Because it pumps blood to your whole body, theleft
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and still produce a normal cardi

S .
During competition, a trained a
Increase sevenfold.

Systole
aC output of about 5 I/min

thlete’s cardiac output may

. 1. 1.
nca t VP C

Notice again i a3
yalves act as unc-wakvkd‘\i:;: ;:]t:\‘tgr\::l?:ft:}:“ Lo et
ventricle T ET : € atria an
msu&“:;li“\“:g i gdrfhu( cydc.. Made _”f flaps of (nl\%\cd'\\'c
o Wi al L, open when pushed from one side and
_ en pushed from the other. The powerful ¢ s

of the ventricles forces blood against the AV valy tom'r‘y.mm
g!oscs th?m and keeps blood from flowing back :nst \dlnfh |

lhe semilunar valves are pushed open when the ve(x)\ttr\i';litsna.

€ The atria
contract.

: Q The ventricles
) contract.

semilunar
= valves are

£ iy
' ;.\ -
The AV valves
are closed.

cle in @ human with a heart rate of about

¢ 72 beats/min = about 5 L/min,
otal volume of blood in your body.
“+avel the entire systemic circuit in

-
»
-

sutput vary, depending on age,

oth increase, for instance, during
diac output can increase fivefold,
te o provide the additional

yrking muscles. A well-trained

f-;;_ and enlarge with a resulting
fblood a ventricle pumps. Thus, a
hlete may be as low as 40 beats/min

R E V

e
a

-
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contract. When the ventricles relax, blood in the arteries
starts to flow back toward the heart, causing the flaps ()f th
: ¢

semilunar valves to close ¢ events
back into the ventric:c;L R s
You can follow the closing of t 0 sets of -
either with a stethoscope or i;’)y prhc(;:i\t:; 3:)1;0;;3‘?';1:‘%\%? .
the chest of a friend. The sound pattern is “\ub-dug \u{)i%dm“
lub-dup” The “lub” sound comes from the recoil (?f b\oodup,
against the closed AV valves. The “dup” is produced by the
recoil of blood against the closed semilunar valves. ‘
Someone who is trained can detect the hissing sound of a
heart murmur, which may indicate a defect in one or more
of the heart valves. A murmur occurs when a stream of blood
squirts backward through a valve. Some people are born with
murmurs, while others have their valves damaged by infection
(from rheumatic fever, for instance). Most valve defects do not
reduce the efficiency of blood flow enough to warrant surgery.
Those that do can be corrected by replacing the damaged
valves with synthetic ones or with valves taken from an organ

donor (human or other animal).

9@ Duringa cardiac cycle of 0.8 second, the atria are generally
" relaxed for second.

0

E W

and larynx into the trachea,
Mucus and cilia in the respiratory passages prote

bronchi, and bronchioles to the alveoli.
ct the lungs.

(9.4-9.5)

s ns

@Q.

of Gas Exchange (9.1-9.2)
e in humans involves breathing,
hange with body cells. Gas exchange,

Transport of Gases in the Human Body

9.4 Blood transports respiratory gases. The heart pumps
s, where it picks up O, and drops

b ! : : ' - blood to the lung
1e interchange of O. 0, between an organism and its oxygen-poor BIom :
anvironment, or?fe:lg zr zccl:l‘l"ulaereres irat%on and removes off CO,. Oxygen-rich blood returns to .the heart and is pumped to
w e co : P ' body cells, where it drops off O, and picks up CO».

T . .' mﬂ; 0, and CO, across moist body 9.5 Hemoglobin carries 0,, helps transport CO,, and buffers the

00 SR R e 2 .
N ﬁ;w piratory surfaces must be thin and moist for blood. y

i diffusion of O, and CO, to occur. Some animals use their ) S
in as agas exchange organ. In most animals, gills, cmm W (9-:0)“ R e it all body tissues.
em, or lun ' ' Circulatory systems f e exc
System, or lungs provide large respiratory surfaces ry syst e bt igestion and anspolt.

Gastrovascua® == © id through open-
\espiratory System (9.3) e 1 directlyn closed cxrcu1§torzo
L e | CSSCIS teries

ching tubes convey air to lungs located

‘."'x. aled air passes through the pharynx




