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"Extensive knowledge and modem science must be acquired. The
educational process we see today is in an ongoing and escalating
challenge which requires hard work.

We succeeded in entering the third millennium, while we are more
confident in ourselves.”

H_H. Sheikh Khalifa Bin Zayed Al Nahyan
President of the United Arab Emirates
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by Dinah Zike

Folding Instructions

The fellowing pages offer step-by-step instructions to make the Foldables study guides.

Layered-Look Book

1. Collectthree sheets of paper and layer them about % inch
apart vertically. Keep the edges level,

2. Fold up the bottom edges of the paper to form six equal tabs,

3. Fold the papers and crease well to hold the tabs in place,
Staple along the fold, Label each tab.

Trifold Book

1. Fold a vertical sheet of paper into thirds.
2. Unfold and label each row.

o

Three-Tab Book

1. Fold a vertical sheet of paper from side to side, Make the u

front edge about 2 cm shorter than the back edge. 1= F’f‘
2. Tum lengthwise and fold into thirds. IJ
.I' \
I

9 TR

3. Unfold and cut only the top layer along both folds to make
three tabs. Label each tab.

o — s
Two- and Four-Tab Books { .

a ) d
1. Fold a sheet of paperin half, e ‘f"=7-_-=.45'¢

, 3 y
2. Fold in half again. If making a four-tab book, then fold in half again

T
o make three falds, é

3. Unfold and cut only the top Tayer along the folds to make two o
four tabs. Label each tab.
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Foldables

Four-Door Book

4. Find the middle of a horlzontal sheet of paper. Fold both | ‘
edges to the middle and crease the folds.

2. Fold the folded paper In half, from tep to bettom. L2l

3. Unfold and cut along the fold lines of the top layers to
make four tabs. Label each tab.

Fold & vertical sheet of paper from top to bottom. Make the
top edge about 2 cm shorter than the bottom edge.

2. Tum lengthwise and fold into thirds. ‘ ]
i L ,_Ec._._

3. Untold and cut only the top layer along both folds to make

three tabs. Label the top and each tab !

Vocabulary Book

1. Foild a vertical sheet of notebook paper in half,

2. Cut along every third line of only the top layer to form tabs.
Labal each tab.

Folded Chart

1. Fold a sheot of paper lengthwise into thirds. e
2. Fold the paper widthwise into fifths,

3. Unfold, lay the paper lengthwise, and draw lines along the folds.
Labe! the table.
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Cellular Structure
and Function

Launch Lab
What is a cell?

All things are made of atoms and molecules, but only in living
things are the atoms and molecules organized into cells. In this
lab, you will use a compound microscope to view slides af living
things and nonliving things.

FoLDABLES

Make a layered-

look boolk wsing

the titles shown.

Use it to organize
: i A5

YOUT notes an

collular tfransport

& Chapler 1= Cellulir Shisctore and Funciior
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THEME FOCUS Scientific Inquiry
Scientific Inquiry led to the invention of the
microscope, which made many discoveries
possible.

,% Cells are the structural and functional units

of all living organisms.

o

Section 1 - Cell Discovery and
Theory

Section 2 = The Piasma
Membrane

Section 2 - Structures and
Crganelles

Section 4 « Cellular Transport

] [ g | [ g g — H e e T

Chapter 1 = CTallular Ctrueciure Asvd FUncelon
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Section 1

Reading Proview

Ezsential Questions

P How are the advances in microscope
technalogy related 1o discoveries
about calls?

B What are the similarities ang
differences batwean compound
Eght microscopes and electran
MICTOScopes?

¥ Winat are the principles of tha call
theory?

B What ae the differences betwaen g
prokanyatic cefl and & eukaryotic ced?

Review Vocabulary

erganization: the orderly struciise
shown by living things

Mew Vocabulary
cell
cell theory

plasma membrane
organelle
eukaryotic cell
nuclews
prokanyodic cell

= Figure 4
Microscopes in Focus

Cell Discovery and Theory

LK) the invention of the microscope led to the discovery of cells.

Real-World Reading Link The different parts of your body might seem to have
nathing in comman. Your heart, for exampla, pumps blood throughout your body,
wihile your skin protects and helps cool you, However, your body parts have one thirg
in comman—they are composed of celis.

History of the Cell Theory

Far centuries, scientists had no idea thar the human body consists of
trillicns of cells. Celis are so small char chelr existence was unknown
before the invention of the microscope. In 1665, as indicated in Figure 1,
an English scientist named Robert Hooke made a simple microscope
and booked at a plece of cork, the dead cells of cak hark, Hooke observed
small, box-shaped structures, such as those shown in Figure 2. He called
them cellulae (the Latin word meaning small roams) becaise the boxlike
cells of cork reminded him of cells, or small, narrow confining rooms.

It is fram Hooke's work thar we have the term cell. A cell is the basic
structural and functional unit of all living arganisms.

During the late 16005, Durch scientist Anton van Leeuwenhoek
(LAY vun hook) designed his own microscope after he was inspired
by 2 book written by Hooke. To his surprise, he saw living organisms
in pond water, milk, and various other substances, The wark of these
scientists and others led to new branches of science and many new
and exciting discoveries.

Thir irvantion of micrascopes, Improvemenis
by the instrumends, and new micrescepe fech-

niques fave led o the development of the cell

Ihiory and a belir deIEtanFl:lllng{rlmlls. M 1666 Robort Hooke SEACTAma R ul e
obsenes cork and names {1034 sl pragione terl
the By chawibrs hat he both planis and animals 'E
ases cnls. He pubiish ane compesed of cell: ?
drawiings of cells, fieas, Ty
and othor minube bodies
iin s bock Micragraphia.

L 1580 Dutch loms grinders Hans and Zacha-

1683 Dutch binlogist
rias Jenssen invent the firsd eampaimd micro- Andon van Lesuwenboek
siope by placing fwo lenses in o tuhe, discovers single-celled,

amimaklike srgnrisms,

now caled protozoans,

Lot 0 MGl i piaten

& Chapter 1= Cellular Structure and Functian
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The cell theory Scienrists continued observing the living microscopic
world using glass lenses. In 1838, German scientist Martthias Schieiden
carefully studied plant tissues and concluded rhat all plants are com
posed of cells. A year later, another German scientist, Theodor Schwann,
reported that animal tissues also consisted of individual cells. Prussian
physician Rudolph Virchow proposed in 1855 that all cells are produced
Fram the division of existing cells. The observations and conchusions of
these scientists and others are summarized as the cell theary, The cell
theory is one of the fundamental ideas of modern biology and includes
the following three principles:

1. All living organisms are composed of one or more cells

2. Cells are the basic unit of structure and organization of all living
Organismes.

3. Cells arise only from previously existing cells, with cells passing
copies of their genetic materlal on 1o their daughter cells.

Reading Check Explain Can cells appear spontanacusty without genetic
material from previous cells?

Microscope Technology

The discovery of cells and the development of the cell theory would not
have been possible without microscopes. Improvements made 10 micro-
scopes have enabled scientists to study cells in detail, as described in
Figure 1.

Turn back 1o the opening pages of this chapeer and compare the
{lluscrations of the skin shown there. Note that the detall increases as
the magnification and resolution—the abilicy of the microscope to make
individual components visible-increase. Hooke and van Leewenhoek
would not have been able to see the individual structures within
human skin cells with their microscopes. Developments in microscope
technology have given scientists the ability to study cells in greater
detail than early schentists ever thought possible

1938 Ernest Evarati
Just wribies e teathook
Hivlagy of the Celf
Surfoce after years of
studying the struciurn
and function of calls,

LN Mg ey ion 10X

= Figure 2 Robert Hooke used a basic ight
micraseane bo see what kokid like emply
charmbers in @ cork sample.

Infir wehert pou think Hooke wouwld hove
seon i these were lving cedls,

Based on wial you've read about calls,
how would you now answer Ehe analysls
questions?

1981 The scassiing lusnaling
microscope (STM) aliows
srientists bo e individual atoms

1880-=1890 Lowis L 1970 Lynn Margulis, a
Pasteur and Robart Kach, microbialogist, pre-
Lesineg campeand micra- poses the jdea that
scapes, plonearad the sams arganelles found
study of bacteria, In sukanyoles wene
cnce frec-living
prokaryobes.

L 2008 3-dimensionsl sruc-
tured llluminstion mecrascopy
(30-5IM] comibines & 3-0 view,

high resolution, and mulbale
enlors,

Section 1« Cell Distowery and Theory S
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Technology Representative
Companies that manufaciure scienlific
equigment employ represaniatives ko
damonstrate amd explain their
products o the scientific community,
A technology representative is an
aexpart in thesa naw technobogy
products and beings this expertise

~ o soentisls who might wse the -

products in ihe [sbaratory,
L =

Compound light microscopes The modern cormpound light micro-
scope consists of a series of glass lenses and uses visible light to produce a
magnified image. Fach lens in the series magnifies the image of the previ
aus lens, Far example, when two lenses each individually magnify 10
times, the rotal magnification is 100 tmes (10 = 10}, Scientists often stain
cefls with dyes to see them bevter when using a light microscope
because cells are so tiny, thin, and tansiucent. Over the years, sclentists
have developed various techniques and modifications for lighr micro-
scopes, but the properties of visible Ught will abways limit resolurion with
these microscopes. Objects cause light to scatter, which blurs images. The
maximum magnification withour blurring is around 1000,

Electron microscopes As they began to study cells, scienzists needed
greater magnification to see the details of tiny parts of cells. During the
second World War, in the 1940z, they developed the electron micro-
scope. Instead of lenses, the electron microscope uses magnets to aim a
beam of electrons at thin slices of cells. This type of electron microscope
is called a transmission electron microscope (TEM) because electrons are
passed, or transmitted, through a specimen to a flucrescent screen,
Thick parts of the specimen shsorb mare electrons than thin parts,
forming a blackand-white shaded image of the specimen. Transmission
electron microscopes can magnify up to SO0000X, but the specimen
must be dead, sticed very thin, and stained with heavy merals,

Onver the past 65 vears, many modifications have been made 1o the
orlginal electron microscopes. For example, the scanning electron
mieroscope (3EM) Is one modification thar directs electrons over the
surface of the specimen, producing a three-dimensional image. One dis-
advantage of using a TEM and an SEM is that only nonliving cells and
tissues can be observed. Photomicrographs made with electron micro-
scopes can be found online.

How can you describe a new discovery? Imagine that you are a scientist looking through the eyvepiece of
some newfangled instrument called & microscope and you see a field of similarly shaped abjects. You might
recognize that the shapes that you see are not merely colncidence and randem abjects. Your whaole idea of
the nature of matter is changing as you view these abjects.

Procedure To I3l FE

1. Identify the safety concerns of this lab before work begins,
2. Prepare a data table in which you will recosd obsenations and drawings for three slides,
3. View the slide images that your teacher prajects for the class,

4. Describe and draw what you see, Be sure to indude enough detall in your drawings to convey the Informa-
tion te other sclentists who have not observed cells.

Analysis

1. Describe what analogies or terms could explain the images in your drawings,
2. Explain how you could show Hooke, with twenty-first-century technalogy, that his findings

wira valid,

6  Chapter 1= Cellular Structure snd Funclion
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Another type of microscope, the scanning tunneling electron
microscope (5TM), invalves bringing the charged tip of a probe
extremely close to the specimen so that the electrons “runnel”
through the small gap between the specimen and the tip. This instru-
ment has enabled scientists to create three-dimensional computer
images of objects as small as atoms, Unlike TEM and SEM, 5TM can be
used with live specimens. Figure 2 shows DNA, the cells genetic mate-
rial, magnified wich a scanning tunnefing electron microscope.

The atomic force microscope (AFM) measures various forces
between the tip of a probe and the cell surface. To learn more about
AEM, read the Curring Edge Biology feature at the end of this chaprer.

Basic Cell Types

You have learned, according 1o the cell theory, that cells are the basic
unite of all living organisms. By observing your own body and the liw
ing things around you, you might infer thar cells must exist in VaTious
shapes and sizes. You also might infer that cells differ based on the
functions they perform for an organism. However, all cells have at least
one physical trait in common; they all have a structure called a plasma
membrane, A plasma membrane, labeled (n Figure 4, is a special
houndary thar helps control whar enters and leaves the cell. Each of
vour skin cells has a plasma membrane, as do the cells of a rattlesnake.
This eritical structure is described in detall in the next section

Cells generally have a number af Rinetions in common. For example,
mast cells have genetic marerial in some form that provides instruc-
tions for making substances thax the cell needs. Cells also break down
molecules 10 generate energy. Scientists have grouped cells into two
broad categories. These categories are prokaryoric (pro kar ee AW k)
cells and eukaryotic (yew kar ee AW tik) cells. Figure 4 shows TEM
photomicrographs of these two cell types. The images of the prokayo-
tic cell and eukaryotic cell have been enlarged so that you can com:
pare the cell structures. Eukaryoric cells generally are one (o One
hundred times larger than prokaryotic cells,

Reading Check Compare the sizes of prokaryotic cells and
eukanyotic cells.

C b Endwrcsd TEW Magrificeiion: 13,(1)0
- - e e

Plasma
marr'hran:

catne-Cn STH Wagrifeation: 1000 01K

DNA

= Flgure 3 The scannirg tunneling micro-
seope [STM) provides images, such as this DNA
migiecube, imwhich oacks and depressons
apoear darker and rised ares appear lightsr.
Hame an apelication for wilch an STM
might be wsed

= Figure & The peekaryotic cell on the (a8 i
el and appeans leds Compley than the
puiaryatic oall on the right. The prosarpotic ool
ks been anlarged far the purpose of compsaring
each cell’s inbesnal sturciures.

[rite-Enhaacsd Magricelsn |y i e

Eukaryotle cell
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VOCABULARY - - vvvvvvnrrrnnns :

WORD ORIGIN :
Eukaryote
Prokaryote $
ew- prefly; from Greek, meaning rue -
pro- prefix; from Greek, meaning -
befare ;
—leary from Greek, meaning nucieus_.

Refer again to Figure 8 and compare the types of cells to see why
scientists place them into two broad categories that are based on
internal structures. Both have a plasma membrane, but one cell con-
talns many distinct internal structures called organelles—specialized
structures that carry out specific cell functions.

Eukaryotic cells contain a nucleus and other organelles that
are bound by membranes, also referred o as membrane-bouned argarn-
elles. The nacleus is  distiner central arganelle thar contains the
cell's genetic material in the form of DNA. Organelles enable cell func-
tions to take place in different parts of the cell at the same time. Most
organisms are made up of eukaryoic cells and are called eukaryotes.
However, some unicellular organisms, such as some algae and yeast,
also are eukaryotes.

Prokaryotic cells are defined a5 cells withour a nueleus or ocher
membrana-bound organalles, As you can see in Figure 4, prokaryotic
cells are simpler than eukaryotic cells, Most unicellular organisms,
such a5 bacteria, are prokaryotic cells. Thus, they are called prokary-
otes. Many scientists think thar prokaryotes are similar to the first
organisms chat lived on Earth.

Origin of cell diversity Scientists continue to investigare why there
are two basic types of cells. The answer might be that eukaryotic
cells evalved from prokaryotic cells millions of years ago. Accarding o
the endosymbiont theory, a symbiotic relationship involves one pro-
karyatic cell living Inside of another and both cells benefiting from
the relationship.

Imagine how organisms would be different if the eukaryotic form
nad not evolved. Because eukaryotie cells are larger and have distinct
organelles, these cells have developed specific functions, Having spe-
cific funcrions has led to cell diversity, and thus more diverse organisms
that can adapt better to their environments. Life-forms mare complex
than bacteria might not have evolved without eukaryorie cells.

Section 1 Assessment \\

Section Summary

} Microscopes have been used as toals for
scniEic study since the late 1500s,

¥ Scientists use differant types of microscopes
1o study cells,

¥ The cell theory summarizes theee principles.

P There are two broad groups of cell types:
prokaryotic cefis and eukaryolic cells.

- Understand Main Ideas

1. .Twm-ldn o the development and improvemsant of
mirescopes changed fhe study of living organisms.

2. Compare and contrast o compound lght mécrascope and an elaction
MiCrascaps.

3. Summarize the cell thaory.

4, Differentiate the plasma membrane and the organelles.

Think Critically

5. Describve how you would detarmine whather the celis of & newly dscovered
nrganism were prokanyobic o aukaryatic,

LN Biclogy

6. If the overall magnification of & series of two lenses i 30%, and ona lens
magnifies 5, what is the magnification of the other lens? Calculate the total
magnification if the 5 lens is replaced by a 7x lans,

G E A A Es T T T T T RNl D DN RN SR Ad e
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Section 2

Reading Preview

Ezzantial Questions

B Hooy does a cell’s plasma mesmbnans
furctica?

B What are the roles of proteins,
carbofydrates, and cholestan in the
plasma membrane?

Review Vocabulary

lon: an atom or group of atoms with
4 positive or npgative elactric charge

MNew Vocabulary
selective permestiity
phospholipid bileyes
transport prodein

fluid mosaic model

= Figure 5

Lett: The fish net selectively cepiures fish while
allowing water and alher debris to pass
thraughe

Right: Similarly, the plasma membrang saiac
substances sntering and i2sding the cell

The Plasma Membrane

™, 'J:f{@ The plasma membrane helps to maintain a cell's

BERER

homeostasis,

Real-Workd Reading Link When you approach your school, you might pass through
a gate In a fenca that surrounds the school grounds. The fence prevents people who
should not he there from entering, and the gate allows students, staff, and parents to
anter, Similarly, prokanyotic calls and eukaryolic cells have structures thal maintain
control of thair internal environments.

Function of the Plasma Membrane

Recall that the process of maintaining balance in an organism’s internal
ervironment is called homeostasis. Homeostasis is essential 1 the sur-
vival of 3 cell. One of the structures that is primarily responsible for
homecstasis is the plasma membrane. The plasma membrane is a thin,
flexible boundary between a cell and its envitonment that allows murre
ents into the cell and allows waste and other products 1o leave the cell
All prokaryoric cells and eukaryotic cells have a plasma membrane 1o
separare them from the watery environments in which they exist.

A key property of the plasma membrane is selective permeabil-
ity (pur mee uh BIH [uh tee), by which a membrane allows some sub-
stances 1o pass through while keeping others out. Consider a fish net
as an analogy of selective permeability. The net shown in Figure 5 has
holes thar allow water and other substances in the water 1o pass
through, but not the fish. Depending on the size of the holes in the
net, same kinds of fish might pass through, while others are caught.
The diagram n Figure 5 [llustrates selective permeability of the
plasma membrane. The arrows show that substances enter and leave
the cell through the plasma membrane. Control of how, when, and
how tmuch of these substances enter and leave a cell relies on the
structure of the plasma membrane.

& Roading Check Defing the term sefective permeatbilly.

Section 2 « The Plasma Membrang 9
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= Figure 8 The phospholipid hilsyer incks
like & sandwich, wilh the polar heads facing tha
petside and the rempelar tails fazing tho insida
Infer fow hytiraphobic sibstances cross
o plosTma membrane,

VOCABULARY ........... :

SCIENCE USAGE V. COMMON USAGE !
Polar :
Sclence usage: having an unequal
distribution of charge
The positive end of o poler molecule
arracts the negative end of a polar
mtalectile

Common usage; relating 1o a
geographic pole or region
The polar ice cop in Greenland is,

10 Chapter 1= Collular Structure and Eunciion

| Phaspholipi

Structure of the Plasma Membrane
mm Most af the molecules in the plasma

membrane are lipids. Lipids are large molecules that are composed

of glycerol and three fatty acids. If a phosphate group replaces a farty
acld, a phospholipid forms. A phosphalipid (fahs foh LIH pid) is 2 mole-
cule that has a glycerol backbone, two farty acid chains, and a phas-
phate-containing group. The plasma membrane is composed of

# phospholipid bilayer, in which twno layers of phosphalipids are
drranged tall-to-tail, as shown In Figure 6. In the plasma membrane,
phosphalipids arrange themselves in 2 way that allows the plasma
membrane 1o exist in the watery environment

The phosphelipid bilayer MNotice in Figure 6 that each phospholipid
s diagrammed as a head with two talls. The phosphate group In each
phospholipid makes the head polar. The polar head is attracted 1o
water because warer also is polar. The two fatty acid tails are nonpolar
and are repelled by water,

The two layers of phospholipid molecules resemble a sandwich,
with the fatey acid abls forming the interior of the plasma membrane
and the pheospholipid heads facing the watery environments found
Inslde and cutside the cell, as shown in Figure 6, This bilayer struc-
ture Is critical for the formarion and function of the plasma mem-
brane. The phospholipids are arranged in such a way that the polar
heads can be closest to the water molecules and the nonpolar tails
can be farthest away from the water malecules,

When many phospholipid molecules come together in this man-
rer, a barrier Is created chat Is polar ar its surfaces and nonpolar in the
middle. Water-soluble substances will not move easily through the
plasma membrane because they are stopped by the nonpolar middle.
Therefore, the plasma membrane ¢an separate the environment Inside
the cell from the environment outside the cell.

Copmraght @ MaGree HE Education
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Other compeonents of the plasma membrane Moving

with and among the phospholipids in the plasma membrane are
cholestercl, proteins, and carbohydrates. When found on the ourer
surface of the plasma membrane, proteins called receprors transmit
gignals to the inside of the cell. Proteins at the Inner surface anchor
the plasma membrane to the cells internal support structure, giving
the cell its shape. Other proteins span the entire membrane and cre-
ate tunnels through which certain substances enter and leave the
cell. These transport proteins move needed substances or waste
materials through the plasma membrane and therefore contribure 1o
the selective permeability of the plasma membrane,

€ Reading Check Describe the benefit of the bilayer structure of the plasma
membrane.

Locate the cholesterol molecules in Figure 6. Monpolar cholesterod i
repelled by water and |5 positioned among the phospholipids. Chales-
werol helps to prevent the farty-acid 1ails of the phospholipid bilayer
from sticking together, which contributes to the fluidity of the plasma
membrane, Alchough avoiding a high-cholesteral diet is recommended,
cholesteral plays a eritical role in plasma membrane structure and it is
an important substance for maintaining homeostasis in 3 cell

Other substances in the membrane, such as carbohydrares artached
to proteins, stick out from the plasma membrane to define the cells
characteristics and help cells identify chemical signals. For example,
carbahydrates in the membrane might help disease-fighting cells rec
ognize and atrack a potentially harmiful cefl.

_Study

Question Session Work with

@ partner and ask gach ather questions
ghout the plasma membrans, Discuss
pach other's answers. Ask as mary
qusestions 2= you think af while taking
Eurmis,

DATA ANALYSIS LAB 1

[ Based on Real Data®
| Interpret the Diagram

Data and Obsarvations

| How are protein channels involved in the death of
nerve cells after a stroke? A stroke occurs when a A Caldum
biood clot blocks the flow of oxygan-containing
bigad in @ portion of the brain. Merve cells In the @ Glutamate
brain that release glutamate are sensitive to the kack
of cxygen and release a flood of glutamate when
arygen ks low, During the glutamate flood, the cal-
cium pump is destroved. This affects the movemant

| of cabcium jons into end out of nerve cells. Whan

[ calls contain excess calckum, homeosiasis s

| disrupted

Think Critically

1, Interpret how the glutamate flood destroys the
calcium pump.

2. Predict what would happen if Ca™ levels were
lawered in the nerve cell during a stroke.

Dgip ghiwieed Frie Chas, D, 2505, Masiedepanomiben: celiler difingos Seslimyed. cell
Mofure a5 Hi6-AE56E
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» Figure T The fuid mosaic maded refiors tn
0 plasma membeane wilh substances that can
mave araund willin the memisang,

Section 2 Assessment \

Section Summary

¥ Selecive parmeahbility is a property of the
plasma membrane that allows 1 1o condral
what enters and keaves the cel.

¥ The plasma membrane is made up of twa
layers of phosphoipid molecules.

P Chalesterol and transport peoteins aid in
the functicn af the plasma membrane.

¥ The fuid mosaic moded describes the plasma
membranga,

e

Together, the phospholipids in the bilayer create a *ses” in which
other molecules can foar, like apples Moating in a barrel of warer. This
“sea” concept is the basis for the Mluid mosaic model of the plasma
membrane. The phospholipids can move sideways within the mem-
brane, just as apples move around in water. Ar the same time, other
comparents in the membrane, such as protelns, also move ameng the
phospholipids. Because there are different substances in the plasma
membrane, a pattern, or mosaic, is creared on the surface. You can see
this pattern in Figure 7. The components of the plasma membrane are
In constant motion, sliding past one another.

Understand Main ldeas i

1 LK vescribe how the plasma membrane hielps maintain hamea-
slasis ina cell,

2, Explain how the inside of a cell remains separate from its environment,
3. Diagram the plasma membrane and label each component,

4, Identify the molecules in the plasma membrane that provide basic
membrane siructure, cell kentity, and membrane Muldity, |
Think Critically

5. Explain what affect more chalesterod in the plasma membrane will have an
the membrana,

6. Lising what you know aboit the term mosale, write 2 paragraph descrikang
angther Biclogical mosaic.

EEFFERRPRARNAAESEEEFEEE PP P Y PR
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Reading Previow
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Essential Questions

B What are the structunes of & typscal
eukaryolic cell, and what ane their
functions?

¥ What are the similartias and
differences between plant and
animal celis?

Review Vocabulary
enzyme: 3 protein that speeds up the
rate of a chemical reaction

Mew Vocabulary

cyloplasm
cytoskaleton
ribgsame
nucieols
emloplasmic reticulum
Golgi apparatus
vacipe
lysos0me
cenligse
miilachomdrion
chilmmplast

cell wall

cilium

flagellum

= Figure 8 Microtubules
and microfilaments make up
tha eytoakeletan,

Structures and Organelles

[ {{IT5) Eubaryotic cells contain organelles that allow the
specialization and the separation of functions within the cell.

Real-World Reading Link  Suppose you stk & company te menufacture hiking boats.
Each pair of boats could be made individually by one person, bt It would be mose
afficient to use an assembly [ine, Simiarly, eukaryotic cells have specilized struciures
lhat perform spiecific tasks, much like a factory,

Cytoplasm and Cytoskeleton

You just have Investigated the part of a cell that functions as the bound-
ary between the inside and ourside environments. The environment
Inside the plasma membrane is 2 semifluld material called cytoplasm. In
a prokaryocic cell, all of the chemical processes of the cell, such as break-
ing down sugar to generate the energy used for other funcrions, take
place directly in the cytoplasm. Eukaryotic cells perform these processes
within organelles in their cytoplasm. At one time, scientists thought that
cell organelles Moated in a sea of cytoplasm.

Mire recently, cell biologists have discovered that arganelles do not
foar freely in a cell, but are supparted by 2 structure within the cytor
plasm similar 1 the structure shewn in Figure 8. The eytoskeleton s a
supparting nevwork of kang, thin protein fibers that form a framework for
the cell and provide an ancher for the organelles inside the cells. The cyto-
ekeleram also has a function In cell movement and ocher cellular activities.

The cytoskeleton is made of substructures called microtubules and
microfilaments. Microtubules are long, hollow protein cylinders that form
a rigid skeleton for the cell and assist in moving substances within the
cell. Microfilaments are thin protein threads that help give the cell shape
and enable the encire cell or parts of the cell 0 move. Microrubules and
scrofitaments rapidly assemble and disassemble and slice past one
anocher. This allows cells ard organelles to move.

Masma
e beane

[ Mirotubule

Microfilament

Saction 3 » Struciures and Drgareles 93



Figure 9

Compare the llustrations of 2 plant cell, animal cell, and prokaryotic cell. Some organelies are found anly In plant cels; others are faund
andy in animal cells. Prakanydlic cells da not have membrens-bound arganslles,

Nodes  Micotubule

© Animal cell
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Cell Structures © VOCABULARY .- :oevecenie

In 2 factary, there are separate areas set up for performing different WPORE CHTSaN

tasks. Eukaryotic cells also have separare areas for tasks. Membrane- ertnpkl:.:m

bound arganelles make it possible for different chemical processes 1o : CYEE Ei:;t?r;‘m T
rake place at the same time in different parcs of the cytopiasm. fﬂ Pre ] i
Organelles carry out essermial cell processes, such as protein synthe-

sis, energy transformation, digestion of food, excretion of wastes, and

cell division. Each organelle has a unigue structure and function.

You can compare organeiles to a factory’s offices, assembly lines, and

ather important areas that keep the factory running. As you read

shour the different organelles, refer to the diagrams of plant and ani-

mal calls in Figure 9 to see the organelles of each type.

The nucleus Just as a factary needs a manager, a cell needs an arganr
elle to direct the cell processes, The nucleus, shown in Figure 10, is the
cell’s managing structure. It contains maost of the cells DNA, which
srores imformation used to make proteins for cell growth, function, and
reproduction.

The nucleus is surrounded by 2 double membrane called the muclear
envelope, The nuclear envelope is similar wo the plasma membrane,
except the nuclear membrane has nuclear pares thar allow larger-sized
substances to move in and out of the nucleus. Chromatin, which is a
complex DNA attached o protein, is spread throughout the muckeus.

ﬁ Reading Check Describe the role of the nucleus.

Ribosemes One of the functions of a cell is to produce proteins. The
arganelles that help manufacture proteins are called ribosomes. Ribo-
somes are made of two components—RNA and protein-and are not bound
by a membrane like orher organeiles are. Within the nuclews i3 the site of
riboseme production called the nucleolus, shown in Fgure 10,

Cells have many ribosames that produce a variety of proteins that
are used by the cell or are moved out and used by other cells. Some
ribosomes float freely in the cytoplasm, while others are bound to
another organelle called the endoplasmic reticulum. Free-floating : % HE"I I mh:hmm "r: icviade
ribosomes produce proteins for use within the cytoplasm of the Qi mﬂ: E;T:':fwnfmlmauh
cell. Baund riboeomes produce proteins that will be bound within . Infer why ail of the crass sections of
membranes or used by other cells. ! g nucleus are not identical,

TEMW Magrdication! 6 002

e g
ey ae-
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* Figure 11 Ribosomes are simple structures
made of ANA and prolein that may be attached to
the sisfacy of ihe rough endopiasmic retculum,
They lnek lika bumpa an tha andoplasmic
redioubum,

DATA ANALYSIS LAR 2 A

Based oan Real Lab Data®
Interpret the Data

Catr-Frivnoes P2W Wageiicalior Ursvsiohie

Senooth endoplasmic reticulum

Endoplasmic reticulum The endoplasmic reticulum

fern duh PLAZ mihk » rih TIHK yuh lum). alsa called BR, i 2 mem-
brane system of folded sacs and interconnected channels thar serves
as Lhe site for protein and lipid synthesis. The pleats and folds of the
ER provide a large amount of surface area where cellular functions
can take place. The area of ER where ribosomes are artached is called
rough endoplasmic reticulum. Notlce in Figure # thar the rough ER
dppears 1o have bumps on it. These bumps are the artached ribosomes
that will produce proteins for export o other cells.

Figure 1 also shows thar there are areas of the ER that do not have
ribosomes attached, The zrea of ER where no ribosomes are artached is
called smooth endoplasmic reticulum, Although the smooth ER has no
ribosomes, it does perform important funcrions for the cell, For exarm-
Ple, the smoath ER provides a membrane surface where 3 variery of
compiex carbohydrates and lipids, including phospholipids, are synche-
sized, Smooth ER In the liver detoxifies harmful substances.

How is vesicle traffic from the ER to the Golgi appa- Data and Observations

ratus regulated? Some proteins are synthesized by
rnbosomes on the endoplasmic reticulum [ER). The pro-

teins are processed in the ER, and

wesicles containing thess proteins pinch off and
migrate to the Golgi apparatus. Scientisks currenthy ane
studying the molecules that are invabsed in

fusing these vesicles fo the Golgl apparatus.

Think Critically

1. Interpret the diagram by naming two complexss
on the Golgl apparatus that might be irsobad in

vasicle fusion.

2. Hypothesize an explanation for vesicle
fransport based on what you have read
about eytoplasm and the cytaskelston.

‘Dot obizised bom: Brisie, E E, ind 'Wavers, M, G 2000
ER-Log2igi alfic—this bud's for pew. Sohence 235 S03-404
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Golgi apparatus After hiking boots are made in a facvory, they must
be organized inro pairs, boxed, and shipped. Similarly, after proteins
are made in the endoplasmic reticulum, some might be transferred 1o
the Golgi (GAWL jee) apparatus, illustrated in Figure 12. The Golgi
apparatus is a flarcened stack of membranes that modifies, sorts, and
packages proteins into sacs called vesicles. Vesicles then can fuse with
the cell’s plasma membrane 1o release proteins to the environment
aurside the cell. Observe the vesicle in Figure 12.

Vacuoles A factory needs a place to store materials and waste prod-
wcts. Similarly, cells have membrane-bound vesicles called vacuoles for
remporary storage of materials within the cytoplasm. A vacuole, such
as the plant vacuole shown In Figure 13, Is a sac used 1o srore food,
enzymes, and other materials needed by a cell, Some vacuoles store
waste products. Interestingly, animal cells usually do not contain vac-
sobes. 1§ animal cells do have vacuoles, they are much smaller than
those in plant cells.

| Figure 12 Fatened slacks of membranes
ke wy 1P Golgl appam b

+ Figure 13 Flant cells have large
mersbrana-tound Slerage compartminls
ealed vaouales,

CobgrErhpnced BN Magnikaton. 1L =
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" Flgure 18 Lysosomes conlsin digastie
enEyees that can brask down the wastes
cantdned in vacuples, Lysosomes

Lysosomes Fictorles and cells alsa need cleanup crews, In a cell,
there are lysosemes, shown In Figure 18, which are vesicles that
contain substances that digest excess or worn-olt organelles and
food particles, Lysosomes also digest bacteria and viruses thar have
entered the cell. The membrane surrounding a lysosome prevents
the digestive enzymes inside from destroying the cell, Lysosames
can fuse with vacuoles and dispense thelr enzymes into the
vacuales, These enzymes digest the wastes inside.

Centrioles Previously in this section, you read abour microrubules
and the cytoskeleron, Groups of microtubules form another strucrure
cilled a centriole (SEN tree al). Centrioles, shown in Figure 18, are
organelles made of microtubules that function during cell division.
Centrioles are located in the cytoplasm of animal cells and most pro-
tists and usually are near the nucleus.

4 Flgure 95 Cenlrioles ore madis of Colsi-Erhancoed TEM Magnilkaboe: 15,000:
micretulides and filiy a rods Incell divisipn.
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Mitachondrion

Inner
membrane

rrembrane
Mitochondria Imagine now that a boot factory has its own generator
thar produces the electricity [t needs. Cells also have energy genera-
tors called mitochondria (mi ruh KAHN dree uh; singular, mito-
chondrion), which convert fuel particles (mainly sugars) into usable
energy. Figure 16 shows that a mitochondrion has an cuter membrane
and a highly folded inner membrane that provides a large surface area
for breaking the bonds in sugar molecules. The energy produced from
that breakage is stored in the bonds of other molecules and larer used
by the cell For this reason. mirochondria often are referred 1o as the

“powerhouses™ of cells.

Chioroplasts Factory machines need electricity that is generated by
burning fossil fuels or by collecting energy from alternative sources,
such as the Sun. Plant cells have their own way of using solar energy.
I addition to mitockondria, plants and some other eukaryotic cells
conrain chloroplasts, which are organelles thar caprure light energy
and convert it to chemical energy through a process called photosyn-
thesis. Examine Figure 17 and notice that inskde the inner membrane
are many small, disk-shaped compartments called thylakoids. It is
there that the energy fram sunlight is trapped by a pigment called
chlerophyll. Chlorophyll gives leaves and stems their green color.
Chlaroplasts belong to a group of plant organelles called plastids, some

af which are used for storage. Some plastids store starches or lipids, Others,

surh a5 chromoplasts, contain red, orange, or yellow pigments that trap
light energy and give color wo plant structures such as florwrers and leaves.

[k Enhsaced TEW Magndiaton 2003«
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= Flgure 18 Miccherdia make energy
Fwailable b The ol

Describa the membrane stroacture of o
mitochandrian,

» Figure 17 & plants, cioraplasis apure
and comeer Bl energy to chemical engrgy.
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Plant cell walls

Flant cell 1

" Figure 18 The ilustration shows plant
ks and hair cel wals, Compars this o fhe
Iransenision ekectron micmogranh shinwineg the
el walls af adjacent pland als,

» Figure 19 The hairike sttuctures in the
photomitrograph ara dlia, 3ad the Esil-dike
sltruciures ars Hagilis. Both struures farction

in call movemienl

Infes wheve in the bedy of an animal you
would predict cilio might be foumd

Cobyr-Fubwrerd SEN Mgl Eaaibe: 12 000

Cilla on the surface of a Poramecivm
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Cell wall Another structure associated with plane cells is the cell
wall, shown in Figure 18, The cell wall is a thick, rigid, mesh of fibers
that surrounds the outside of the plasma membrane, protects the cell,
and gives it support. Rigid cell walls allow plants o stand at various
hetghts—from blades of grass to California redwood trees. Plane cell
walls are made of a carbohydrate called cellulose, which glves the cell
walls their inflexible characteristics, Table 4 summarizes cell walls

and various ather cell structures,

Cilia and flagella Some eukaryotic cell surfaces have structures
called cilia and flagella that project ourside the plasma membrane, Ag
shown in Figure 19, cilia (singular, cilium) are shorr, numerous Projec-
tions that look like hatrs. The moten of cilia is similar to the motion
of 0ars in a rowboat. Flagella (singular, flagellum) are longer and less
numeraus than cilia. These projections move with a whiplike motion.
Cilia and flagella are composed of microtubules arranged na @ + 2
conflguration, in which nine pairs of micromubules surround two
single microcubules. Typically, a cell has one or two Magella

Prokaryotic cilia and flagella contain cytoplasm and are enclosed
by the plasma membrane, These structures are made of complex
proteins, While both structures are used for cell movemen, cilia are
alse found on stationary cells,

Bacteria with flagella

{oigr-Erhanast TEM Wk aborr jmrarbbic
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Table 1

Cell Structure

Cantrioles

Chioroplast

Golgl apparatus

Lysasoma

E
|

Vacuole

4
<

=
=

Function

An inflexible barrier that provides support and protects the
plant cell

Organellas that ecour in pairs and are impartant for ced
divisicn

A double-membrane crganelle with thyfakeids containing
chipraphyll; whare photosynthesis takes place

Projections from cell surfaces that aid in locomation and
feeding; also used to sweep substances along surfaces

A framewori far th call within the cytoglasm

A highly folded membrana that s the site af protesn
synihesls

Projections that aid in lacomotion and feeding

A Nlatened stack of tubuler membranes that modifies proteins
and packages them for distribution outside the cell

A vesiche that containg digestive enzymes for the breakdown
of excess or warn-aul callular substancas

A membrana-bound organalle that makes anergy available ta
e rest of the cedl

Thee control center of the call that contains coded directions
for the production of proteins and cell division

A flexible boundary thet controls the movement of substances
into and out of the cell

Crganalle that i the site of protein synihesis

A& membrane-bound vesicle for the temporary storage of
iatierials

Coall Type

Plant cells, fungi cells,
and some prokaryobes

Animal cells and
mizst protist celis

Plant cells and some
pratist cells

sSame animal celis,
protist cels, and

prokaryates
Al eukanyotic cells

Al sukaryotic c2lls

Smmse animal cells,
prokanyotes, and
same plant celts

B pukaryatic cells

apimal pells and rare

n phant cells

All eukaryotic cells

L gtkanyatic cels

Al s

Al calls

Flant cells—one large;
rarsly animal cedls—a
fews small

Saction T = Strociires and Deganedles 21




/CAREERS IN BIOLOGY |

Ill.r'_
Science Communications W
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specialsts to wille about rassarch and
it importance & fhe genersd public,
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Section 2 Review

Section Summary

P Eukaryedic cells contain membrane-bound
organélles in the cyloplasm that perform
cell functions.

¥ Ribosomes are the sites of protein
symilhesis.

¥ Mitochondria are the powerhowsas of cells.

¥ Plant and animal eells contain mary of the

same organelles, while othar argandlles are
umigue to efther plant calls or animad cells,

Comparing Cells

Table 1 summarizes the structures of evkaryotle plant cells and animal
cells. Notice that plant cells contain chlorophyll: they can capoure and
transform energy from the Sun into a usable form of chemical energy.
This Is cne of the maln characteristics thar distinguishes plancs from
animals. In addition, recall that animal cells usually do not conrain
vacuoles. If they do, vacuoles in animal cells are much smaller than
vacuobes in plant cells. Also, animal cells do not have cell walls. Cell
walls give plant cells protection and support.

Organelles at Work

With a basic understanding of the structures found within a cell, it
becomes easler 1o envision how those structures work together 1o
perform cell functions. Take, for example, the synthesis of proteins.

Protein synthesis begins in the nucleus with the infarmaticn con-
tained in the DNA. Genetic information is copled and transferred 1o
anather genetic molecule called RNA. Then RNA and ribosomes,
which have been manufactured in the nucleolus, leave the nucleus
through the pores of the nuelear membrane, Together, RNA and
ribosomes manufacture proteins. Each protein made on the rough
ER has a particular function; it might become a protein thar forms a
part of the plasma membrane, a protein that is released from the cell,
or 4 protein tansported to other organelles. Other ribosomes will
float freely in the cyroplasm and also make proteins.

Moast af the proreins made on the surface of the ER are sent to the
Galgi apparatus: The Goelgi apparatus packages the protelns in vesicles
and transports them to other arganelles or out of the cell. Other OTEan-
elles use the proteins to carry cut eell processes. For example, lysosomes
use proteins, enzymes in particular, wo digest foed and waste. Mitochon-
dria use enzymes 10 produce a usable form of energy fiw the cell

After reading abour the organelles in a cell, it becomes clear why peo-
ple equare the cell to a factory. Each organelle has its job to do, and the
healrh of the cell depends on all of the components working together,

~

:  Understand Main Ideas
1. [ETTRAEER 1dentify the mle of the nucleus in a eukaryotic call
+  &. Summarize the rale of the endoplasmic reticulum,

« 3. Create a flowchart comparing the parts of a cel to an auomabile praduction
: fne.

4. Compare and contrast structires of plant and animad colls,

Think Critically

5. Hypothesize how lysasomes would be involved n changing a caterpillar
into & butterfy.

CEIEETTIDY Biology
. 6. Categorize the structures and organelles in Table 1 it Fsts based on cell
. type and then draw 2 concept mep Mustrating your crganization,

22  Chapter 1+ Colluder Strochene and Function
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Reading Preview
Essential Guestions

¥ ‘What are thé processes of diffusion,
frcilitabed diffusion, and ective
transport?

B What is the affect of & hypatonic,
hypartonic, &f lpionic solution on 8
cedi?

B How do large pasticles enter and auit
cells?

Review Vocabulary

homeostasis: the regulaton of the
intermal environmenl of & cell or
arganism to maintain conditions
suitable for ife

New Vocabulary

diffusion

dynamic eouilibrium
facilitafed diffusion
cemasis

isolanic solidion

by podanic solution
hypertonic soluticn
active ransport
endacylosis
axiylasis

o Figure 20 Dilfusion causes the inks
i mive from high-ink conceatration fo
|- concerira licn wilil The Cotors
bmeame eweriy blended in the watber

o

o6 oo - )
- Gaaao
Q8 6o -]
oQaa coQon

Cellular Transport

| UHAITR) cetwlar ransport moves substances within the cell and

primienp o

moves substances into and out of the cell.

Real-Warld Reading Link Imagine studying in your raam while cockies are
haking in the kitchan. You probably did not notice when the cookies were pui into
the owen hecawse you could not smell them. Bul, a5 the cookies baked, the
movarmant of the aroma from the kitchen te your reom happened through a
process called diffusion.

Diffusion
GOy -EED® As the aroma of baking cookies makes its

way to you, the particles are moving and colliding with each other in
the air This happens because the particles In gases, liquids, and solids
are in random motion. Similarky, substances dissohved in water move
constantly in random motion called Brownian metion. This random
maotion causes diffusion, which is the ner movernent of particles
from an area where there ate many particles of the substance w an
area where there are fewer particles of the substance. The amount of
a substance In a particular area s called concentration. Therefore, sub-
srances diffuse from areas of high concentration to low concentration.
Figure 20 fllustrates the process of diffusion. Additional energy input is
nat required for diffusion because the particles already are in mortion.
For example, if you drop red and blue ink int a container of wager ac
oppasice ends of the container, which is similar ©o the warery environ-
ment af a cell, the process of diffusion begins, as shown in Figure 20(A).
In a shart perlod of time, the ink particles have mixed as a result of
diffusion 1o the point where a purple-colored blended area i visible.
Figure 20(B) shows the initlal result of this diffusion.

o Feve-ménu e time: [apse a Ten-manute dme lapss
a0 @ ge 0 cC o008 68 @
sa® @ %% .4 9

a o g@g o O g O
6 o g ° o8 28 0g, ® o0
2g0 e @ @ %00 9 go @
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VOoCABULARY ..

ACADEMIC VOCABULARY
Concentration
the amowne of 2 compenent in a
given area or volume
The comoergrmtion of salr i the
MR dias foo flgh, consing dhe

h:mpﬂr..alu information
from this section into
wour Foldabda,

= Figure 21 Although water moves freaky
Etinough the plasema membrane, alher substanc-
£ tannot pass Hrough the phosphalipid bilayer
ot their own. Such substances anter the call by
lacialed iranspan,

Diffusion of water

24 Chapter s Cellular Strocture ard Funciion

Facilitzted diffusion
by channel protains

Liiven more time, the ink particles contimue to mix and, in this case,
conrinue 10 form the uniform purple mixture shown in Pigure 204C).
Mixing continues until the concentrations of red ink and biue ink are the
same in all areas. The final result is the purple solution. After this poinr,
the particles continue 1o move andomly, but no further change in con-
centration will occur This condition, in which there & continuous move-
ment but no overall change, is called dynamic equilibrium.

Une of the key characteristics of diffusion is the rate at which dif
fusion takes place. Three main factors affect the rave of diffusion: con-
centration, temperature, and pressure. When concentration is high,
diffusion occurs more quickly because there are mors particles thar
collide. Similarly, when remperature or pressure Increases, the number
af collisions increases, thus increasing the rate of diffusion. Recall that
at higher temperatures particles move faster, and at higher pressure
the particles are closer together. In both cases, mare collislons accur
and diffusion is faster. The size and charge of a substance also affects
the rate of diffusion.

Diffusion across the plasma membrane In addition 1o water, cells
need certain ions and small molecules, such as chloride lons and sLIg-
ars, to perform ceflular functions. Warer can diffuse across the plasma
membrane, as shown in Figure 24(A), but most other substances can-
not. Another form of transport, called facilitated diffusion, uses
transport proteins o move other ions and small molecules across the
plastna membrane, By this mechod, substances move into the cell
through a water-fllled transport protein, called a channel protein, that
opens and closes 1o allow the substance to diffuse through the plasma
membrane, as shown in Figure 24(8). Another type of transpart
pratein, called 4 carrier protein, also can help substances diffuse across
the plasma membrane, Carrler proteins change shape as the diffusion
process continues to help move the particle through the membrane,
as illustrated in Figure 29(C).

Diffusion of warer and facilitated diffusion of other substances
require no additional input of energy because the particles are moving
from an area of high concentration to an area of lower concentration.
This is also known as passive transport, You will learn later in this sec-
tion about a form of cellular transport that does require energy inpur,

& Reading Check Describe how sodium (Na') ions get into cells.

Channel
protein ﬂ

by carrber proteins

Cammprogiel &1 RAcGrua- i Edicar b
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Osmosis: Diffusion
of Water

Water is a substance that passes freely into and
aut of a cell through the plasma membrane. The
diffusion of warer across a selectively permeable
membrane iz called osmosis (ahs MOH sus).
Regulating the movement of water across the
plasma membrane is an important factor in main-
taining homeostasis within the cell

How osmaosis werks Recall that in a salution, a
suberance called the sohne is dissobved in a solvent
Warer s the solvent in a cell and (1§ environment
Concentration is a measure of the amount of solute
dissclved in 2 salvent. The concentracion of 2 salu-

tion decteases when the amount of solvent increases.

Examine Figure 22, showing a U-shaped tube
containing solutions with different sugar concen-
trations separated by a selectively permeable
membrane. What will happen if the solvent
(water) can pass through the membrane bur the
solute (sugar) cannot!

water molecules diffuse toward the side with
the greater sugar concentration-the right side. As
water moves to the right, the concentration of the
sugar solution decreases, The water continues 1o
diffuse until dynamic equilibrium occurs—the
concentration of the solutions is the same on bath
sides. Motlce in Figure 22 that the result s an
increase in solution level on the right side. During
dynamie equilibrium, warer molecules continue
diffuse back and forth across the membrane. But,
the concentrations on esch side no longer change.

Reading Check Compare and contrast
diffusion and osmosis,

Bafore osmaosis

What will happen to cells placed in a strong salt
solution? Regulating the fow and amount of
water inte and out of a cell is critical to the survhval
of that call, Dsmosis is one method used to
requlate & cell's water content.

Procedure Caa B 0 Pou B3 E

1. Identify the safety concerns of this lab before

2. Prepare a contral slide using onien
3. Prepare a lest slide using onion epidarmis,

4, Predict the effect, i any, that the salt solution |

B. \iew the control slide using & compeund

6. View the test slide under the same magnifica-

Analysis r
1. Analyze and conclude whether your predicticn

2. Explain Use the process of osmosis to explain

Mﬂil_' b 2

work begins.

epidermis, water, and iodine stain as directed
by wour teacher.

salt water, and lodine stain as directed by
your teachid,

will have on the onion cells in the test slide,

microscope under low power and sketch
seweral onion cefls.

tlzn and sketeh your chservations.

wias correst or incorrect Explaln,

what you abserve.

After osmaosls

a Water molecule
Susgar mokecule

= Figure 22 Esfore psmosis, [Te Sgar conoentralion s graater
an the right side. Afer asmasis, he concemirafons are he same
an both sicks.

Hame the term for this phenomenan,

Sectlon & » Celdular Transporl, 28
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Animal ezl Plant cells

= Flgure 23 in an isotonic saksion, water
imddeudes move inle snd out ol the call a1 the
Larmp rate, and cells rotain thek normal shape,
Thex animal cell & the plant cafls Bave their
narmal shkapes in an isoionc selution,

= Figure 24 i a hiyoolanic salulice, waber
enters & ool by osmosis, cousing the cell i
swell, Anienal cells may continue to swell untll
They bursd. Fland ool vl lheyond their normal
5i2e a5 infernal pressure increases

L ﬁ L] &

& Water mokeculs
3 Spluife
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Animal eell

Cells in an isotonic selution When a cell is in a solution that

has the same concentration of warer and sclutes—jons, sigars, progeins,
and other substances—as its cyroplasm, the cell Is said o be fn an
isotonic solution. so- comes from the Greek word meaning equl
Warter still moves through the plasma membrane, but water entess and
leaves the cell ar the same rate. The cell is ar equilibrium wich the sohs-
thon, and rhere is no net movement of warter. The cells retain their nor
mial shape, as shown in Figure 23. Maost cells In organisms are in
isoronke solutions, such as blood.

Cells in a hypotonic solution If a cell is in a solution thar
has a lower concentration of salute, the cell i€ said to be in 2
hypotonic solution. Hypo- comes from the Greek word meaning
tender. There 1s more water outside of the eell than inside. As a result
of osmosis, the net movement of water through the plasma membrane
Is inta the cell, as illustrated in Figure 24, Prossure generated as water
lNevvs through the plasma membrane is called osmorle pressure, In
an animal cell, as water moves into the cell, the pressure increases ane
the plasma membrane swells. If the sofution is extremely hypoeonic, the
plasma membrane might be unable ta withstand this pressure and the
cell mighr burse.

Because they have a rigid cell wall that supparts them, plant cells
do not burst when in 2 hypotonie solution, As the pressure inside a cell
increases, the plants central vacuole fills wich water, pushing the plasma
miembrane against the cell wall, shown in the plant cells in Figure 24,
Instead of bursting, the plant cell becomes finmer. Grocers use this process
v keep produce looking fresh by misting fruits and vegetables with waer.
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Animal cells

Cells in a hypertonic solution When a cell is placed in a
hypertonic solution, the concentration of the solute outside of the
cell is higher than it is inside. Hyper- comes from the Greek word
meaning above, During osmasis, the ner movement of warer is our of
the cell. as illuscrazed in Pigure 26, Animal cells in a hypertonic sofu-
tion shrivel because of decreased pressure in the cells. Plant cells In'a
hypertonic solurion lose water, mainly from the central vacuole. The
plasma membrane shrinks away from the cell wall. Loss of water in 2
plant cell causes wilting,

ﬁ Reading Check Compare and contrast the three Lypes of solutions.

Active Transport

sometimes substances must move from a region of lower concentra-
thon o 2 region of higher concentration against the passive movement
from higher to lower concentration. This movement of substances
across the plasma membrane against 4 concentration graclient requires
energy; therefore, it is called active transpori. Figura 26 illustrates
hiowy active transport occurs with the aid of carrier praceins, com:
monty called pumps. Some pUmps move one type af substance in
only one direction. while others move two substances either across
the membrane in the same direction or in oppasite directions.
Because of active rransport, the cell maintains the proper balance of
subsrances it needs. Active transport helps maintain homeostasis.

| Magydoation: 250

Plant cells

= Flgure 28 In a liypertonic soluticn, water
inaves a cell by osmosi, causing the cell B shrink,
Animal cells shrivol up 25 they lose waber. &5 plant
colls kase internal pressure, the plssma membransg
shricks dagy friom the ol wall

o Figure 26 Carrier prateing pick up and
move sahsiances acrass the plasma membrans
against the concentration gradient &nd into the
cell

Explain why octive transport requires
BETT
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U Figure 37 Soene cobs use elabaryle pumping systems, such
25 Thes Na'f™ ATPase pump shown bare, o help move substances
trough the plasma membrane.
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Na'/K' ATPase pump One common active transport
pump is called the sodium-porassium ATPase pump,
This pump is found in the plasma membrane of animal
cells. The pump maintains the level of sodium ions (Na*)
ated potassium fons (K inside and ourside the cell This
protein pump is an enzyme that catalyzes the break-
down of an energy-storing molecule. The pump uses the
energy o ransport three sodium ions out of the cell
while moving two porassium ions into the cell, The high
level of sodium on the outside of che cell creatss a con-
centration gradient. Follow the steps (n Figure 27 o see
the action of the Na'/K* ATPase pump.

The activity of the Na*'/K” ATPase pump can result in
vet another form of cellular transport. Substances, such
as sugar modecules, must come into the cell from the
outstde, where the concentration of the substance is
kower than it is inside. This requires energy. Recall, how-
evet, that the Na'/K* ATPase pump moves Na* our of the
cell, which creares a low concentration of Na® Inside the
cell In a process called coupled transport, the Na® ions
that have been pumped our of the cell can couple with
sugar molecules and be transparted into the cell
through a membrane protein called a coupled channel.
The sugar molecule, coupled to a Na® lon, enters the
cell by facilicared diffusion of the sodium, 2s shown in
Figure 28. As a resulr, sugar enters the cell withour
spending any addirional cellular energy.

= Figure 28 Substances hitch their way into or oul of & eoll bry coupling with
ancthar substance fhat uses an aclive iranspart pump.
Compare and contrast octive and passive trevrspont ocross fhe

Eopyrighi I BcGrae- bl Echpeaiian
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Exocytosis

Outsida the cell % s W

= Fgure 28
Transport of Large Particles - L e
Some substances are oo large 1o move through the plasma membrane © Right: Substances can be deposited oulside the
by diffusion or Lransport proteins and must get inside the cell by a dif  © collby exocytosis.

ferent process. Endocytosis Is the process by which a cell surnounds a
substance in the curside environment, enclosing the substance in a por-
tion of the plasma membrane. The membrane then pinches off and
leaves the substance Inside the cell The substance shown on the left in
Figure 29 is engulfed and enclased by 2 portion of the cells plasma
membtane, The membrane then pinches off inside of the cell, and the
resulting vacuole, with Its contents, moves to the inside of the cell

Exocytosis is the secretion of marerials at the plasma membrane.
The illustrarion on the right in Figure 28 shows that exocyLosls is the
reverse of endocytosis, Cells use exocyrosis 1o expel wastes and to
secrete substances, such as hormanes, produced by the cell Both endo-
cyrosis and exocytosis require the input of energy, Cells maincain
homecstasis by moving substances inro and cur of the cell. Some trans:
port processes require additional energy input, while others do not
Together, the different types of ranspart allow a cell to interact with its
environment while maintaining homeoscasis.

Section 4 wnt \

Section Summary :. Understand Main ldeas
B Calls maintain homeostasis using passive 1 1 (711 (e List and describe the types of cellular ranspart.
and active transpon. 2. Describe how the plasina membrane controls whal goes into and comes
¥ Concemration, temperaiure, and prassure. 2 out of a cell,
affect the rate of diffusion. " 3. Sketch o before and 0 after diagram of an animal ceél placed in a
B Cells must maintain homeastasis in all types hypatanic solution.
of salufians. including lsotonic, hypotonic,  * 4. Centrast haw faciiitated diffusion is different from active transporl
RS Iperione :  Think Critically
B Some large molecules are moved into and 6. Describe Some crganisms that normally lve in poid water contain water

ot & e cell using ensocyiosis and

= pumps. These pumps continually pump water out of the cell. Descibe &

scenario that might reverse the action of the pump.

. Summarize the rale of the phospholipid bilayer in cellular transport in
fiving cells,

LI NI O R
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Imagine that cancer cells could be detected
and destroyed one by one, or that a new drug
could be tested on a single cell to evaluate its
clinical performance. Advances in technologies
that allow scientists to focus on individual cells
might make these scenarios a reality in the
near future,

Nanatechnalogy ina no tek NAW luh [ee) is the branch of
sChence that deas with the development and use of devices
on the nanometer scale. A nancmeter (nm) is one bilionth
of a meter (10-* m). To put this scale into perspective,
consider that most human cells are between 10,000 and
20,000 nm in diameter, Manatechnology is @ fast-growing
branch of science that likely will lsave its mark on averything
lrem electronics to medicing,

Atomic ferce microscopes A the National
Institute of Advanced Industrial Science and Technology In
Hyoga, Japan, researchers ane using nanatechnoiogy in the
lorm of an atomic ferce micrescope [AFM]} 1o operate on sin-
e cells. The micraseape is actually used as a "nanonendia”
The AFM creates a visual Image of a cefl LSingG 8 microscopic
sensor that scans the call. Then the probe of the AFM, Shaip-

ened Inbo a needle tip that is approximately 200 nm In diame-

ter, can be inserted into the call without damaging the cell
membrang.

a0mme scientists envision many applications far this technique.
The nanoneedle might help scientists study how a cell
responds o 8 hew drug or how the chemistry of & diseased
ceil differs from that of 8 healthy cell. Another application fos
the nanoneedie might e 1o insert DNA strands directly into
the nuclews of a cell o test new gene therapy technigues that
might comect genetic disardars,

30 Chapber 1 Cellufar Stnactse sad Functian

This compurter-genaralid image shows & ranobet armed with o big-
thip Sameday, a biochip, which = an efectronic device thst eonlaing
orgEni; matanials, mighf repair a demaged rerve cell.

Lasers Nanatechnology applications, perhaps in the
form of nanasurgery, could be used to investigate haw cells
work o 1o destroy Individual cances calls without harming
nearhy healthy cells. Researchers at Harvard University have
devaleped 2 laser technigue that allows them o manipudate
& specific component of the cell's internal parts without caus-
ing damage to the cell membrane or ather call structures,
Imagine having the capabifty to perform extromaly delicate
sugery on a cediular levall

In the future, nanstechnology might be owr first fine
of defanse to treat cancer. It also might become the
standard technique to test new drugs or even become
a favored treatment used in gene therapy.

L WRITING i JETIGTNN

Review Write an overview of ane technology related to
midicine and healthcare that you find interesting.

Describe its advantages and challenges. You may incleda |
4 presentation with your cvandaes.
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BIOLAB

WHICH SUBSTANCES WILL PASS THROUGH A SELECTIVELY

PERMEABLE MEMBRANE?

Background: All membranes in cells are
selectively permeable. In this lab, you will
examine the movement of some biologically
important molecules through a dialysis
membrane that is analogous to the plasma
membrane. Because a dialysis membrane
has tiny pores, it is permeable only for finy
molecules.

Guestion: Which substances pass through o
dialysis membrane?

Materials
cellulose dialysis anhydrous
rubing (2) Benedict's
400-mL beakers (2) reagent {Lests
string glucose)
sCigsors silver mitrate solution
distilled warer {rests NaCl)
small plastic dishpan  biuret reagent (tests
srarch solution albumin)
albumin solution 10-mL graduared
glicose solution cylinder
MaCl solution rest tubes (2)
iodine solution test-tube rack
{rests starch) funnal
wax pencil
eye droppers
Safety Precautions
wl-g | @[] ] ] i
Procedure

1. Idenify the safery concerns of this lab
betore wiork begins

2. Construct a dara table as instructed by
your teacher. Predict which substances
will pass through the dialyzis membrane.

3. Collect two lengths of dialysis tubing, two
400-mL beakers, and the two solurions
that you have been assigned to test

4. Label the beakers with the type of solu
tion that you place in the dialysis tublng.

5. With a parmer, prepare and fill one length
of dialysis tublng with one solutlon. Rinse
the ourside of the bag thoroughly. Pace
the filled tubing bag into a beaker that
contains distilled warer.

6. Repeat Step 5 using the second solution.

7. After 45 minutes, transfer some af rhe
water from each beaker into separate Lest
rubes.

8. Add a few drops of che appropriate test

reagent [o the water.

Record vour resules and determine

whether yvour prediction was comect.

Compare your results with these of other

groups in your class and record the pesults

for the two salutlons that you did not test.

10. Cleanup and Disposal Wash amd retum

all reusable marertals. Dispose of test solu-
tions and used dialysis tubing as directed
by your teacher Wash your hands thoe
atghly after using any chemical reagent.

Analyze and Conclude

1. Bvaluate Did your rest molecules pass
thtough the dizlysis tubing! Explain.

2. Think Crirlcally Whar characteristics af
a plasma membrane give it more control
aver the movement of molecules than the
dialysis membrane has?

3. Error Analysis How could tailing to rinse
the dialysis tube bags with distilled water
prior to placing them in the beaker cause a
false positive test for the presence of a dis
solved melecule! What other sources of
errar mighe lead to inaccurate pesults!

wn

POSTER SES5ION

Communlcate A disease called cystic librosis
occurs when plasma membranes lack a molecule
that helps ranspore chloride jons. Research this
disease and present your finding to your elass

using a podLer.

Biclah 31
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o dezcavered, Thes overies led to nevw branche

THEME FOCUS scientific Inquiry It wa:

EEI Cells are the structural and functional units of all living things.

Saction 1 Cell Discovery and Theory

<l (LR The invention of the microscope led to the discovery

coll theary of cells.

plasma membrane = Microscopes have been used as wools for scientifie study since the late 1500s.
eukaryotic col = Scientlsrs use different types of microscopes 1o study cells.

T = The cell theory summarizes three principles,

:’mﬂh_ e = There are two broad groups of cell types: prokaryotic cells and eukanyoric cells.

« Eukaryotic cells each contain a nucleus and organelles.

Saction 2 Plasma MemBrane

selective permeability LITREER The plasma membrane helps to maintain a cell’s homeostasis,
phosphalipid bilayer = Selective permeability is the property of the plasma membrane that allows
transport protein it to control what enters and leaves the eall.

fimid mosaic model

» The plasma membrane is made up of two layers of phaspholipid molecules.
» Cholesterol and transport proteins aid in the functon of the plasma membrans.
* The fluld mosaic mode] describes the plasma membrane.

Section 3 Structures and Organelles

cytaplasm LEKEM Eukaryotic cells contain organelles that allow the specialization
eytoskeleton and the separation of functions within the cell,
mucieolus » Eukaryotic cells contain membrane-bound organelles in the cytoplasm that

perform cell functions.

mmwm v Ribosomes are the sites of protein synthesis,

g T » Mitochondria are the powerhouses of cells.

centrigle * Plant and animal cells contain many of the same organelles, while orher

lysasome organelles are unique 1o either plant cells or animal cells.

chiorapkast

mitachondrion I

cell wall

clllum

flagelium

Sectien 4 Cellular Transport

diffusion VUTKEER cetlutar transport moves substances within the cell and moves

dynamic squilibrivim substances into and out of the cell,

facilitated diffusion » Cells maincain homeostasis using passive and active transport.

aswosks » Concentration, wemperature, and pressure affect the rate of diffusion. g

m;ﬁ“‘ * Cells must maintain homeostasis in all types of solutions, inchiding lsotonic, 5

A hypotonic, and hypertonic. £

Nypert n}:_ml istiom = Some large molecules are moved into and out of the cell using endocytosis é

andecyiosh and exocyiosis, 3
—_—
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Chapter /i\ Assessment

Section 1 N

Vocabulary Review

Ench of the following sentences is false. Make each
sentence true by replacing the imalicized word with a
pocabulary term from the Study Guide page.

1. The nucleus is a structure that surrounds a cell
and helps control what enters and exits the cell.

2. Aln) prokaryate has membrane-bound organelles.
3. Organelles are baslc units of all organisms.

Understand Main ldeas

4. If 2 microscope has a series of three lenses that

magnify individually 53, 5%, and 7x, what s the

total magnification of the microscopet
A 25% C. 17x
B. 35% D. 175

5. Which is not part of the cell theory!
A. The basic unit of life is the cell
B. Cells came from preexisting cells.
C. All living organisms are composed of cells
0. Cells contain membrane-bound organefles.

Lise the photo o answer question 6.
CaderEnhanced TES Magnification: 15000

&. The photomicrograph shows which kind of cell
A. prokaryotic cell €. animal ceil
B. eukaryotic cell D. plant cell

Constructed Response

7. [RK{EE Explain how the development of the

&

microscope changed bow scientists studied living

Organisms.

8. Short Answer Compare and contrast prokary-
otic cells and eukaryotic cells.

Think Critically

THEME FOCLUS Sciontific Inguiry Why mLEht a
microscopist, who specializes in the use of micro-
scopes to examine specimens, use a light micro-
scope Instead of an electron micnoscope?

10. Analyze A material is found in an asteroid that
might be a cell Whart criteria must the material
meet to be considered a cell!

Section 2 ,

Vocabulary Review
Conmplene the sertences below wsing pocabulary terms
from the Study Guide page.
11. A is the basic structure that makes
up the plasma membrane.

12. proteins move needed substances or
waste materials through the plasma membrane.

15, is the property that allows only some
substances in and out of a cell.

Understand Main Ideas

14. Which of the following orientations of phospho-
lipids best represents the phosphalipid bilayer of
the plasma membranet

A OO0 c 19
it
©

) ©

B. D. QO

e o0

15, Which situation would increaze the fluidicy of a
phospholipid bilayer?
A, decreasing the temperature
B. increazing the number of proteins
€. Increasing the number of cholesterol molecules
D. increasing the number of unsaturared fatty acids

Chaptar 1= Asuessment 33
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18,

19,

20

Constructed Response

- (LA Explain how the plasma membrane

malntaing homeostasls within a cell
Open Ended Explain what a mosaic is and then

explain wiy the cerm fluid mosaic model is used 1o

describe the plasma membrane.

Short Answer How does the orientation of the
phaspholipids in the bilayer allow a cell 1o nter-
act with [15 internal and extemnal environmenps!

Think Critically

Hypothesize how a cell would be affected if it
last the ability to be selectively permeable

Predict What might happen w a cell if it no
longer could produce cholestercl)

Section 3
Vocabulary Review

Fill in each biare with the vocabulary term from the
Study Ciide page that matches the funcrion definition,

21
22,
23
24,

SUOIES Wastes

produces rbosomes
—. generates energy for a cell

SOMTS proteins inge vesicles

Understand Main ldeas

Use the diagram below to answer guestions 25 amd 26,

25.

Which structure synthesizes proteins thar will I::-r:
used by the cell
A. chromarin
B. nucleolus

C. tibosome

2q  Chapber 1= fssocoespnt

D. endoplasmic reticulum °

26,

27,

28,

30

3.

Which is the site of protein synthesis?
A. nuclear pore

B. endoplasmic rericulum

C. chromartin

0. nucleolus

In which structure would you expecr 1o find a
cell wallz

A. human skin cell

B. cell from an oak eree

C. blood cell from a cac

D. liver cell from a mouse

Constructed Response

Short Answer Describe why the cyroskeleton
within the cytoplasm was a recent discovery,

. Short Answer Compare the structures and func-

tkons of the mitochondrion and chloroplast below.

7 ? ¥ Ll 111 '}

'|.|l|

'lh

LTI Suggest a reason why packers of
prateins collected in 2 vacuole might merge with
lysosomes,

Think Critically

Identify 1 specific example in which the cell
wiall structure has aided the survival of a planr in
its narural habitar,

- Infer why plant cells that transport warer against
the force of gravity contain many more mitochon-

dria than other plant celis do.

Section 4
Vacabulary Review

Explain the difference in the terms in each pir befaen.
Then explain how the terms are relared.

33

active transport, facilivated diffusion

34. endocytosky, exocytosls

35.

hypertonic solution, hyporonic solution

Copyrrghl 8 R Gre-Hill FElcailas
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Understand Main ldeas

36. Which s not a factor that affects the rate of
diffusion?
A. conductivity
B, concentratbon

C., pressure
D emnperatune

37. Which type of transport requires energy input
from the cell?
A. active transport
B. factlitared diffusion
C. oemosks
D. zimple diffusion

Constructed Response

38. Short Answer Why 15 active LANSPOTT an
energy-utilizing process?

39, Short Angwer Some protists thar five in 2
hyporonic pond enviranment have cell mem-
brane adapiations that slow water uptake. What
adap-tations might this protist living in the
hypertanic Great Salt Lake havel

Lt lagriteatioe: 5=

40, [[TGEE summarize how cellular eransport
helps maintain homeostasis within a cell,

Think Critically

41. Hypothesize how oxygen crosses the plasma
mernbrane if the concentration of oxvgen is
lower inside the cell than it is outside the cell

42, Analyze Farming and watering that are duaiwe
in very dry regions of the world leave salts chat
accumulace in the soil as water evaporates.
Based on what you know about concentration
gradients, why does increasing soil salinity have
adverse effects on plant cells!

—
Chapter 1 Assessment

‘Sum mative ﬁssmmeqt !

43. [T Cells are the structural and func-
tional units of living things. Create an analogy
where “smaller parts” provide structure and
funtion for a “whole” Relate it 1o cells and liv-

ing things by giving specific examples,

44. Use whar you have leamned about osmasis and
cellular transpore to design an apparatus thar
would enable a freshwarer fish 1o survive in 4
galrwater habitar.

45. (CEEEFEY Biology Create a poem that

describes the funcrions of at least five cell
organelles.

“ Document-Based Questions

The graph below describes the relationship betizeen
the amount of glecose emtering a cell and the rate ar
which the glucose enters the cell with che help of car-
Fier proteins, Lise this graph 10 arswer QUESTIONS 4
and 47,

[iwia vt g B Aewen, PR 8 AL TD5E fort R L

— ._._.#-
Amount of glucose

e _-h--rc‘_—

Rate of diffusion

4. Summarize the relatlonship between the
amaunt of glucose and the rate of diffusion.

47. Infer why the rate of diffusion tapers off with
higher amounts of glucose, Make an illustration
to explain your aniwer.

Chapter 1= Assecsmenl 3B



Standardized Test Practice

Cumulative

Multiple Choice aligned with PISA study skills

Lise the ilhustration below to answer guestions [ and 2.

5. Which 13 a nonrenewable resource:
A. clean warer from freshwarter sources
B. energy provided by the Sun
C. an animal species that has become extinet
D. a type of fish that is caughe in the ocean

6, In which type of cell would you find a chloroplast?
A. prokaryote

1. Which number in the illustration represents the _ B. animal
location where you would expect 1o find water- . plant
insoluble substances D. fungus
A, ]
B 2
$= 2 Use this incompilete equation 1o answer questions 7 and &,
D 4

CH, +4Cl, = HCl+ CCl,

2. Which I3 the effect of having the polar and nonpo-
lar ends of phospholipid molecules ariented 25 they
are in the illustration?

A. 1t allows transport proteins 1o move easily
thraugh the membrane
B. [t controls the movement of substances across

7. The chemical equation above shows what can hap
pen in a reaction between methane and chlorine
gas. The coefficients have been left our in the
product side of the equation. Which is the correct
coefficient for HCR

Al
the membrane, B 2
C. It helps the cell to mainzain its characteristic C 4
shape. D a
D. It makes mare room inside the phospholipid
bilaver,

8. Which is the minimum number of chlorine (CI)

. Which of these habitats would be best suited for 2
population of r-seragegists?

atoms needed for the reaction shown in the

erjaciont
A, desert Al
B. grasslamnd B. 2
C. deciduous forese C. 4
D tropical rain forest D&

- Which adapration helps planes survive in a tundr
biome?

deciduous leaves that fall off as winzer approaches
leaves thar store warer

roors that grow only a few centimeters deep
underground stems that are protected from
grazing animals

=R

36 Chapler1 = Sssassment

: 9. Why is Caulerpa taxifilin considerad an invasive

species in some coastal areas of Morth America?
A. Itis dangerous to hurmans.

B. It is nonnative to the area,

C. It grows slowly and invades owver time.

D. It outcompetes native species for resources.

Copyright 0 A Geder H Fdamatd
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Short Answer aligned with Extended Response aligned with
SAT exam skills 3 SAT exam skills

10. Use a flowchart to organize information about cell © The Mhastrarion befows shous @ single animeal cell i an
organelles and protein synthesis. For each step, - isprowic solution. Lise che illistration 1o answer question 17
analyze the role of the organelle in protein synthe-
Ais.

11. Compare and contrast the funcrions of carboly-
drates, lipids, proteins, and nucleic aclds.

17. Describe what would happen to this cell in a

12. State why the polarity of warer molecules makes hypertonic solution and in a hypownic solution.

water a good solvent ? . :
e : : 18, Explain why direct economic value is not the
only importane consideration of biodiversity.

Use the figure below o answer question 13.
19. Analyze why an electron microscope can produce

higher magnification than a light microscope can.

: 20, Assess why transport proteins are needed to move
certain substances across 2 cell membrane.

Essay Questions aligned with
SAT exam skills

K a Recently, some international trade agreements have
it number [ : o
RRENC Sl 1 ol e 17 :allowed scientists and companies 10 patent the
i discoveries they make abour organisms and thelr
13. Use the figure to describe how the lonkc com: : genetic material. For instance, it is possible wo patent

pound porassium chloride (KCD is formed. seeds that have genes for disease resistance and
plants that can be used in medicine or industry.
Owwniers of patents now have greater control over the

use of these arganisms,

14. Whar might happen If cell membranes were not

selectively permeable? _
| Using the tnformation in the paragraph aboue, arswer the
 following question in essag format.

{21, Based on what you know about biodiversity, iden-
tify some pros and cons of & patent system. Write
an essay exploring the pros and cons of patenting
discoveries abour organisms.

15, Choose a specific natural resource and develop a
plan for the sustainable use of that resource.

16. What can you infer about the evaolution of bacze-
rial cells from studying their strscturet

Chapter 1« Assesament 3T



Chemistry in Biology

Launch Lab
How does the nutrient content of
foods compare?

Your body's structures and functions depend on chemical elements
including those found in proteins, carbohydrates, fats, vitamins,
minerals, and water. In this lab, you will investigate nutrients that
provide those elements.

38 Chaptor 2 = Chemsty o Batogy

FoLDABLES

Make a four-door book
using the labels shown.
Use it to organize your
notes on enzyme activity,
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THEME FOCUS Energy Section 1 - Atoms, Elements, and

In every chemical reaction, there is a change Compounds

in energy. Section 2 = Chemical Reactions

m{ Atoms are the foundation of biological chemistry Section 3 » Water and Solutions
and the building biocks of all living organisms.

Section & » The Building Blocks
of Life

Chaptor 2 = Chemistry in Blolagy -39




Section 1

Reading Preview

Essential Questions
B '‘What are atoms?

} How are the particles that make up
atoms disgrammed?

¥ What are the similanilies between
cowalent and lonic bands?

¥ How are van dar Waals farces
dascribed?

Review Vocabulary

substance: a form of matier that has a
unifarrn snd unchanging composition

Mew Vocabulary

Akom

fuicleus
praton
meutran
edactron
glament
isoiope
cempound
covalent bang
mdacule

o

tonic Dond
van der Wasks fonge

« Figure ¥ Hydrogen has only ang peotan and
one glectron, Quygen has elghd protans, eighi
neukmns, and Elght eartiant The glectrons mova
araund the nucleus i fwa enengy ievels

|=hareen s the darker shaded rings).

Infer the charge af an sfom if it contained
mave efectrons than protons.

40 Chapter S = Chamistry in Binlogy

Atoms, Elements,
and Compounds

L111 {TE] Matter is composed of tiny particles called atoms.

Real-World Reading Link Many sciendists think that the universe began with a
sudden, rapid expansion billions of years ago. They think that the bullding blocks that
make up he amazing diversity of life we se2 today are a result of that expansion. The
stindly &l thirse busiding biocks & the science of chemistrg

Atoms

Chemistry is the study of matter, its composition, and properties,
Matter is anything that has mass and takes up space. All of the organ-

isms that you study in biclogy are made up of marrer. Atoms are the
building blocks of marter.

m‘* ASEEE In the fifth century pce, Greek philosophers
Leucippus and Democritus first proposed the idea thar all mateer is
made up of tiny, Indivisible particles. It wasn't until the 1800s that
sciencists began 1o collect experimental evidence to support the exis-
tence of atoms, As technology improved over the next two centuries,
scientists proved not only that atoms exist but also that they are
made up of even smaller particles.

The structure of an atom An atom is so small char billions of

them could fir on the head af a pin. Yet, atoms are made up of even
smaller particles called newtrons, protons, and electrons, as illustrared
in Flgure 4. Neutrons and protons are locared at the center of the atom,
which is called the nucleus. Protons are positively charged particies
{p*). and neutrons are particles that have no charge (7). Electrons are
negatively charged particles &) thar are locared outside the nuckens.
Electrons constantly move around an atom's nuckeus in energy levels.
The basic structure of an atom 18 the result of the arrsction between
protons and electrons. Atoms contain an equal number of protons and
electrons, so the overall charge of an atom is zem.

Mg
B prosons {p™)
i L] ® & neutrons (a7
1 praton (5%)
0 neutrons (%) @
l,\ .
1 electran =)
"}
& i elactrons
&)
Hydrogen atom @ Duygen atom

oy i D A e Hill Rl smivn
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PERIODIC TABLE OF THE ELEMENTS

i |

» Figure 2 The pesicdic 1able of the elements organizes all of the known

elements, Examing the biologists” guide ba the paviodic table on the back
cower af this ook,

Elements

An element i5 a pure substance that cannaot be broken
down Inmo other substances by physical or chemical
means, Elements are made of only cne type of aom. There
are over 100 known elements, 92 of which ocour natu-
rally. Sclentists have collected a large amount of informa-
tion abour the elements, such as the number of protons
and elecirons each element has and the atormic mass of
each element. Also, each element has a unique name and
symbol All of chese data, and maore, are collected in an
organized table called the periodic table of the elements.

The periodic table of the elements As shown in Figure 2,
the periodic table is organized into horizontal rows,
called periods, and verrical columns, called groups.
Each individual block in the grid represents an ele
ment. The table Is called periodic because elements in
the same group have similar chemical and physical
praperties. This organization even allows scientists to
predict elements that have not yer been discovered or
isolated. As shown in Figure 3, elements found in living
organisms also are found in Earch’s crust.

Parcent of rolative

Figure 3 The clements in Earil's crust and lving ceganizmns vary
in thair abundance. Living things are compased primaily of thies
glemmants; carban, hydrogen, and coygen

Interpret what the most obusdont’ alsment i thot exists in
Hiving things.

abundance

Relatlive Composition of

Living v. Nonliving Matter

I earth's coust

an

i i_H L

H C O N Ca Ha P 5 Othes
and and
Mg K

Section 1= Atoms, Elements, and Compounds 84



Figure & Carben12 and carbon-13 oocur
natwally in wing and nonbying things. All Bving
tiregs alws conbain o small amouwnt of casbon-14.
Compare the similarities and oiffer-
ences of isofopes,

Figure B Radicactive isotopas ane wed ko
elp ekackors dingnise disesse, and lacabe and
tret ceriain types of ancer,

42 Chapler 2 » Chamisiry in Biology

Carban-13 Carbon=14
nuciees nuclaus

Isotopes Although atoms of che same element have the same number
of protons and electrons, atoms of an element can have different mam-
bers of neucrons, a2 shown in Figure 4. Atoms of the same elemenr
that have different numbers of neutrons are called isotopes. lsowopes
of an element are idenrified by adding the number of protons and
meutrons in the nucleus. For example, the most abundant form of car-
bon, carbon-12, has six protons and six neutrons in its nuckeus. One
carbon isotope—carbon-14-has six protons and eight neutrons. lsotapes
of elements have the same chemical characreristics.

Radioactive isotopes Changing the number of neutrons in an atom
does not change the overall charge of the atam. However, changing
the number of neutrons can affect the stability of the nucleus, in
some cases causing the nucleus to decay, or break apart. When a
nucleus breaks apart, it gives off radiation that can be detected. lsotopes
thar give off radiaclon are called radioactive isoropes.

Carbon-14 (8 a radinactive isotope that is found in all living things.
Sclentizts know the halflife, or the amount of time it takes for half of
carbon-14 1o decay, so they can calculate the age of an object by finding
how much carboo14 remains in che sample. Ocher radioactive sotopes
have medical uses, as shown in Figure 5.

Reading Check State the diffarence hetwesn an isotope and a radioactive
Isotope.
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Enlliant firgvwerks displays depend on
!_'nmpclun-e'l?: such &5 the metal strontium

Wellands ane sources of Buving ihings made of
Eomgley uﬂl'll|.'I:IIJI'l:|5. and the simphe Compound
e hame [CH).

Compounds

Elements can combine to form more complex substances. A eompound
is 2 pure substance formed when two or more different elements com-
bine There are millions of known compounds and thousands more dis
eovered sach year. Figure 6 shows a few of them. Bach compound has a
ehermical formula made up of the chemical symbols from the periodic
table, You might know that water is the compeund H,0. Sodium chloride
(Mal} is the compound commaonly called table salt. The fuel peopbs use
in cars is a mixgure of hydrocarbon compounds. Hydrocarbons have anly
hydrogen and carbon aioms. Methane (CH,) is the simplest hydrocarbon
Bacteria in areas such as the wetlands shown in Figure § release 76 per-
cent of giobal methane from natural sources by decomposing plants and
other crgarisms. They are made of compounds, 1o,

Compounds have several unique characteristics. First, componinds
are always formed from a specific combination of elements in a fixed
ratio, Water always {5 formed in a ratio of two hydrogen atoms and
one oxygen atom, and each water molecube has the same structure,
Second, compounds are chemically and physically different from the
elerments rhat comprise them. For example, water has different proper-
ties than hydrogen and oxygen

Another characreristic of compounds is that they cannot be bro-
ken down into simpler compounds or elements by physical means,
such as rearing or crushing, Compounds, however, can be broken
down by chemical means into simpler compounds or into thelr origh-
nal elements. Consider again the example of water. You cannot pass
water through a filcer and separace the hydrogen from the oxyvgen, bur
a process called electrolysis, illustraced in Figure 7, can break water
down into hydrogen gas and axygen gas.

labéa salt 5 the compaund NaCl.

Figure 8 ou and your workl ane mide ol

Figure 7 Elctinlysis ofwater produces
hypeirogen gas that can b= wsed for bydrogan

Secthon 1= Atams, Elerments, and Compounds



it

=
4 I

Mudews

Electron eneegy lovals

" Figure B Bectroes are moving consiantly
within the enengy lewels surmuncing the
nucleus,

= Figure 9 In witer [H0), two hydegen
atoms each share cne electron wilh one aeygen
atom. Because the capgen aboim feeds fwa
edactrons ba 1l its cufer anengy leval, A forms

twd Lovalend bords, one wih each lydrogan
2Laim.

24 Chapter Z » Chemistry In Biolagy

Chemical Bonds

Compounds such as water, salt, and methare are formed when vwo or
more substances combine. The force thar holds the substances together
Is called & chemical bond. Think back to the protons, neutrons, and
elecrrons that make up an atom. The nucleus determines the chemical
kdentity of an atom, and the electrons are Involved directly n forming
chemical bonds. Electrons wravel around the nucleus of an atom in areas
called energy levels, as illustrated in Pigure 8. Each enerpy level has a
specific number of electrons that it can hold ar any time The first
energy level, which is the level closest 1o the nucleus, can hold up w
twa electrans. The second can bold up 1o sight electrons.

A partially filled energy level is not as stable as an energy level
that is empty or completely filled. Atoms become more stable by losing
electrons or attracting electrans from ocher atoms. This results in the
formation of chemical bonds berween atoms. It is the forming of
chemical bonds that stores energy and the breaking of chemical
bonds that provides enetgy for processes of growth, development,
adaptation, and reproduction in living things. There are two main
types of chemical bands—covalent bonds and lonic bonds.

Covalent bonds When you were younger, vou probably learned 1o
share. If you had a book thar your friend wanted to read as well, you
could enjoy the seory together, In this way, you both benefited fram
the book. Similarly, one type of chemical bond forms when aroms
share electrons in their outer energy levels,

The chemical bond that forms when electrons are shared is called
a covalent bond. Figure 9 illustrates the covalent bonds betwreen
oxygen and hydrogen thar form water. Each hydrogen (H) atom has one
electron in its outermest energy level, and oxygen (0) has six. Because
the ourermost energy level of axygen is the second level, which can
hold up 10 eight elecrrons, oxygen has a strong tendency to fill the
energy level by sharing the electrons from the two nearby hydrogen
avams, Hydrogen does not completely give up the electrons; it also has
a strong tendency o share electrons with oxygen to fill its ourermost
energy level Two covalens bonds form, which creates warer,

Most compounds in living organisms have covalent bonds holding
them together. Warer and other substances with covalent bonds are
called molecules, A molecule is 2 compound in which the atoms are
held rogether by covalent bonds, Depending on the number of pairs
of electrons that are shared, covalent bonds can be single, double, or

triple, as shown in Figure 10.
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lonic bonds Recall thar atoms are neurral; they do not have an elec-
tric charge. Also recall that for an acom 1o be most stable, the outer-
mast energy level should be either empry or completely filled. Some
atoms terd to give up (donate) or obtain (accept) electrons to empry
ar fill the outer energy level to be stable. An atom that has lost or
gained one or more electrons becomes an fon and carries an electric
charge. For example, sodium has one electron in its outermost energy
level. Sodium can become mare stable if it gives up this one electron,
leaving its outet energy level empey. When It gives away this one neg-
ative charge, the neutral sodium atom becomes a positively charged
sodium ion (Na*h Similarty, chlorine has seven electrons in its cuter
energy level and needs just one electron to fill ic, When chlorine
accepes an elecrron from a donar atom, such as sodium, chlorine
becomes a negatively charged fon (CI)L

An fomic bond s an electrical artraction between two oppositely
charged atoms or groups of atoms called ions. Figure 11 shows how an
tonic band forms as a resubt of the electrical artraction between Na* and
1" 1o produce NaCl (sodtum chlorids) Substances formed by jonic bands
are called jonic compounds.

lons in living things Include sodium, potassium, calcium, chloride,
and carbonate ions. They help maintain homeostasis as they travel in
and our of cells. In addirion, ions help transmit signals among cells
that allow you to see, taste, hear, feel, and smell.

e e

Triple bond
Nz
* Flgure 10 A single bond has ane pair of

shared electmons, a double bond has two pairs,
and & teiple bond has three pairs.

= Figure 11 Toform kons, sodium donsbes an
plectran and chicrine gains an electron. A ionic
band ferme when the cppositely changed s
comib chrie [ogelher.

CX Jamc bond o @
]
. .- s "o -' “s |' 'l
@
@: +° @i = (@i : @%@
.l -' '- -' 'l l-- .i l-
e e
M atom: 11" Clatom: 17 p* Ma®ion: 11p% o 17 p*
11 e 17e 10e” ife”
Sodium atom + Chiorine atom mmp  Sodium ion + Chloride fon
Na + cl NaCl
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Some atoms tend to donate or accept electrons more easily than
other atoms do. Look at the periodic table of elements inside the back
¢ cover of this textbook. The elements identified as merals tend to
VOCABULARY ................... } donate electrons, and the elements identified 25 nonmetals tend to

WORD ORIGIN . i accept electrons. The resulting ionic compounds have some unique
Arom . | characteristics. For example, most dissolve in water, When dissolved
comes from the Greek word aromos, ¢ in solution, ionic compounds break down into-fons and these fons can
meaning ot divisible ... ........f T carry an electric current. Most ionic compounds, such as socium chio-

ride {rable salt), are crystalline at room temperature. lotle compounds
generally have higher melting points than do melecular compounds
formed by covalent bonds.

m‘l Although most lonic compounds are
solid at room temperature, ocher jonic compounds are liguid at room
temperature. Like their solid counterparrs, lonic liquids are made up
of postrively and negatively charged lons, lonke liquids have important
potential in real-world applicarions as safe and environmentally
friendly solvents that can possibly replace other harmful solvents, The
key characteristic of ionic liquid solvents is that they typically do not
evaporate and release chemicals invo che atmosphere. Most jonic liquids
are safe to handle and store, and they can be recycled after use. For
these reasens, ionic liquids are attractive 1o industries thar are dedicared
o ervironmental responsibilicy.,

ﬁ’ Reading Cheek Compare lonic solids and liquids,

What common foods contain glucese? Glucose is a simple sugar that provides energy for cells, In this
lak, you will use a reagent called Benedict's solutlon, which indicates the presence of —CHO

{carbon, hydrogen, oxygen) groups. A color change delermines the presence of glucose and other
simple sugars in commaon foods.

1. Identify the safety concerns of this lab before work bagins.

2. Craste a data table with columns labeled Food Substance, Sugor Prediciion, Observalions, and Resulis.

3. Choose four food substances from those provided by your teacher, Read the food labels and pradict the
presence of simple sugar in each food, Record yvour prediction,

4. Prepare a hot water bath with a temperature Between 40°—50°C usirg & hot plate and 1000-mL beaker.

5. Label four test tubes. Obtain a graduated cylinder. Add 10 mlL aof a different food substance to each test tube.
Then add 10 mL of distilbed water. Swirl gently to mix.

6. Add 5 mL of Benedict's solution to each tube. Use a clean stirring rod to mix the contents.

1. Using test-tube holders, warm the test tubes in the hat water bath for 2—3 min. Record your
abservations and results,

Analysis

1. Interpret Data Did any of the foods contain simple sugars? Explain,

2. Think Critically Could a food labeled "sugar-free” test positive using Benedict's solution as an
indicator? Explain,

Cophright & M Grdee Bl Bggatioe
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van der Waals Forces

You have learned that positive lons and negative ions form based on
the abllity of an atom to attract electrons. If the nucleus of the atom
has a weak artraction for the electron, it will donate the electran w :
an atom with a scronger attraction. Similarly, elements in a covalent :
bond do not always attract electrons equally. Recall also that the elec-
trans in 2 melecule are in randam motion around the nuclei. This
moverent of ebectrons can cause an unegual dissribution of the elec
tron cloud around the molecule, creating temporary areas of slightly ,
positive and negative charges.
when molecules come close together, the attractive forces between
these positive and negarive regions pull on the molecules and hald
them together, These artractions between the molecules are called
van der Waals forces, named for Dutch physicist johannes van der
Waals, who first described the phenomenon. The strength of the :
atraction depends on the size of the molecule, its shape, and its ability
to artract electrons. Although van der Waals forces are not as strong as
covalent and fonic bonds, they play a key role in biological processes.
Scientists have derermined that geckos can climb smooth surfaces
because of van der Waals forces between the atoms In the hairlike
SITUCTUres on Lh-F:lr. roes, shown in Figure 12, and the acoms on the L g Gadok v aione of
surface they are climbing mricreacafc iairs on the battoms of their foct
van der Waals forces In water Consider how van der Waals forces :  thal are about as long as two widihs of a human
work in 3 commot substance—warer. The areas of slight positive and hsir. Each spreads inte 1000 smallar pads,
negative charges around the warer molecule are attracted 1o the oppo-
site charge of other nearby warer molecules. These forces hold the
warer molecules together, Without van der Waals forces, water male-
cules would not form droplecs, and droplets would not form a surface
of water. [t is important to understand that van der Waals forces are
the arrractive forees between the water molecules, not the forces
berween the atoms that make up water.

SEM Meaicaion 240 =

Section1 Assessment \

Understand Main Ideas

1. [[OTKGEE Diagram Sodium has 11 protons snd 11 neubions in its nucleus.
Draw & sadium alam, Be sure to lahel the paricles,

2. Explain why carbon mencxige (G0} s or is not an afom,
3. Explain Are all compounds malecuses? Why or why nod?
d. Compare van der Waals farces, lonic banos, and covelent bonds,

Section Summary
B Erarmemls are pure substances made up of
only one kind of atom.

¥ Isolopes ane torms of the same alement thal
ke & different number of neubrons.

¥ Compounds are substances with unigue
propertes ihat ane fomed when elements

combing. Think Critically |I
: lectrons i | aff i
¥ Bernents can farm covalent and ionic bonds. 6. Explain how the numbie of electrons in an enengy kvel alfects ban

formation. |

@ISTEL Eiology
&. Benyllium has four probens In its nucleus. How marmy neutnons are in
berllium-37 Explain how you calculated your answer,

’
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Section 2

. Reading Preview

Essential Questions

B What are the parts of a chamical
rastion

B How can energy changes be related
1o chemical reactions?

P ‘Whotis the imporiance of enzymes In
living organisms?

Review Vocabulary

processz a series of steps o actions
that produce &n end praduct

New Vocabulary
chemical reactban
reactant

product

activation energy
cataht

ENIYINE

subsirata

Active si@

Chemical Reactions

L KAEEE] chemical reactions allow living things to grow, develop,
raproduce, and adapt.

Real-World Reading Link When you fie down for the night, you might think \hat your
body & completely & rest. In facl, you are still digesting the foad that you ate (hat day,
the scrape on your elbow & healing, and your muscies and bones are growing and
developing, All the things that happen inside your body are he result of chemical
reactsnns,

Reactants and Products

A new car with shining chrome and a clean appearance is appealing 10
many drivers. Over time, however, the car might get rusty and lose
some of its appeal. Rust i5 a result of 2 chemical change called a chemi-
cal reaction. A chemical reaction is the process by which aroms or
groups of atoms in substances are reorganized into different substances
Chermibeal bonds are broken and formed during chemical reactions. The
rust a the chain in Figure 43 is a compound called iron oxide (Fe 05),
and it was formed when axygen (Og) in the air reacted wich Iron (Fel.

It is impartant w know that substances can undergo changes rhar
do not involve chemlcal reactions. For example, constder the warer in
Figure 13. The warer is undergoing a physical change. A physical
change alters a substance’s appearance but not its composition. The
water is water before and after the change.,

How do you know when a chemnical reaction has taken place?
Alchough you might not be aware of all the reactions taking place inside
your body, you know thar the surface of the chain in Figure 13 has

= Figure 12 Mer a chemical change, such as changed. What was ance silver and shiny ks now dull and orange-brown.
rusting, 3 new substance is rmed. During a physicl Other clues that a chemical reaction has taken place include the produc-

change, such & ice meling o water baiing the tion of heat or light, and the formation of a new gas, liquid, or salid
chesmica] makewp of the water Is not allered,

Chemical ehanga Physical change

48  Chapter 5 * Chemisiry In Bialogy
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Chemical equations “When scientiscs write chemical reactions, they
express each component of the reaction in a chemical equarion. In
wrltten chemical equations, chemical formulas describe the sub-
stances (n the reaction with arrows indicating the process of change.

Reactants and products A chemical equation shows the reactants,
the starting substances, on the left side of the arrow. The products,
the substances formed during the reaction, are on the right side of the
arrow. The arrow can be read as "yields” or “react to form.”

HKeacrants —+ Prodiects

The following chemical equation can be written o describe the
reaction that provides energy to the volleyball players in Figure 14.

CeHyz0p + Oy — COy 4 HO0

Glucase and oxXygen react o
form carbon dioxide and warer,

Balanced equations In chemical reactions, matrer cannot be

creared or destraoyed. This principle 1s called the law of conservation
of mass. Accordingly, all chernical equations must show this balance
of mass. This means that the number of atoms of each element on
the reactant side must equal the number of atoms of the same ele
ment on the product side Coefficients are used 1o make the number
of aroms on each side of the arrow equal

CsHya0s + 605 —» 6C0, + 6H;0

Multiply the coefficient by the subscript for each element. You can
see In this example that there are six carbon atoms, twelve hydrogen
aroms, and eighteen oxygen atoms on each side of the arrow. The equa
rion confirms that the number of atoms on each side is equal, and
therefore the equation is balanced.

ﬁ Reading Check Explain why chemical equations must be balanced.

Energy of Reactions

 Connection &3 Physics Y sugar cookle 18 made wich flour, sugar, and
ather ingredients mived together, but It is not a cookie unril it is
baked. Something must start the change from dough to cookie. The
key to starting a chemical reaction is energy. For the chemical reac-
tions that transform the dough to a cookie, energy in the form of heax
is needed. Similarly, most compounds in living things cannot undergo
chemical reactions without energy.

' Figure 13 The process thal peovides yor
ody wih emergy involees the rontiion of
glucose with coygen to fam carbon dicoride
anll wirtes

VOCABULARY

LCADEMIC VOCABLILARY
Coefficient i
In a chemical equation, the number -
written in frontc of 2 reactant or 3
product

The aumber & I &Fe0, 5 o cosfficent.,

Section 2 = Chemical feactlons 48



Energy Diagram

Reactants . ‘I'
EmErgy
sad

Energy

iy
Froduct

Reaction progress

Figure 15 The flame of the match provides
activation snengy—the amasunt of snangy needed
ko begin a reaction. The resclinn gives off aneegy
in the focem of hieat and Hght.

Figure 16 In an andathemic reaction, fhe
energy af e products is highar than the enangy
af the nasctant

Energy Diagram

Eneroy

LA
Raactanis

Reactlon progress

80 Chapter 5 = Chemastrg in Biokogy

Activation energy The minimum amount of energy needed for reac-
tants 1o form products in a chemical reaction s called the activation
energy. For example, you know that a candle will not burn until you
light its wick. The flame provides the activarion energy for the teac
chon of the substances in the candle wick with oxrvgen. In this case,
once the reaction begins, no further inpur of energy 18 needed and
the candle continues to burn on Is own. Figure 15 shows that for the
reactants X and Y to form product XY, energy Is required to start the
reaction. The peak in the graph represents the amount of energy thar
must be added to the system 1o make the reaction ocour. Some reac-
tions rarely happen because they have a very high activation energy.

Energy change in chemical reactions Compare how energy changes
during the reaction In Figure 16 to how energy changes during the
reaction in Figure 16, Both reactions require activation energy to get
ararted. However, the reaction in Figure 18 has lower energy in the
product than in the reactants: This reaction s exothermic—ir released
energy in the form of heat. The reaction In Figure 16 is endothermic—it
absorbed hear energy. The energy of the produces is higher than the
energy of the reactants. In every chemical reaction, there Is a change
in energy caused by the making and breaking of chemical bonds as
reactants form products. Exothermic reactions keep your internal
body temperature at about 37°C,

THE
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Enzymes _
All living things are chemical factories driven by chemical reacrions. :
However, these chemical reactions proceed very slowly when carried
out in the laboratory because the activation energy is high. To be use- Activation
ful to living organisms, additional substances must be present where : Enerly
the chemical reactions occur to reduce the activation energy and 5
allow the reacrion to proceed quickly.

A eatalyst (s 2 substance rhat lowers the activation energy needed 2 e rwiith enzyme
to start a chemical reaction. Although a catalyst is important in speed- = without enzyme
ing up a chemical reaction, it does not increase how much praduct i3 ¢

Energy

made and it does not get used up in the reaction. Scientists use many : —

rvpes af catalysts 1o make reactions occur thousands of times faster : it

than the reaction would be able o occur withour the catalyst. : = Figure 17 When an enzyme acts a5 3
Special proteins called enzymes are the biological catalysts tha © binlogical calalyst. the reaction ocours at a rate

speed up the rate of chemical reacrions in biological processes. Enzymes | et useful o cefls

are essential to life, Compare the progress of the reaction deseribed in : Compare the octhvation energy of the

Figure 17 to sec the effect of an enzyme on a chemical reaction. Like all T" “m;::" WI“;“ DERe:

catalysts, the enzyme is not used up by the chemical reaction. Once it - m:::r“ -

has participated in a chemical reactlon, it can be used again.

An enzyme’s narme describes whar It does. For example, amylase is an
impertant enzyme found in saliva. Digestion of food begins in the mouth
when amylase speeds the breakdown of amylose, one of the components
of starch. Like armylase, most enzymes are specific 1o ong reaction

Investigat natic Browning

What factors affect enzymatic browning? When sliced, an apple’s soft tissue is exposed 10 oxygen, CAUSING &
ehemical reaction called cxidation. Enzymes in the apple speed this reaction, producing darkened, discolored
fruit, In this lab, you will investigate methads used 1o slow enzymatic browning.

Procedure B E

1. Identily the safety concerns of this lab before work begins.

2. Predict the relative amount of discoloration thatl each of the following apple wedges will show when
exposed toair Justify your predictions.

Sampde 1: Untreated apple wedge Sample 3; &pple wedge submerged in lemon juice
Sample 2 Apple wedge suomerged sample 4; Apple wedge submerged in sugar saluticn
in bodling weates
3. Prepare 75 ml of each of the following: beiling water, leman julce, and sugar solution in three
250-mL beakers.

4. Slice an apple into four wedges. Immediately use tongs 1o submerge each wedge in a differant
figuid, Pud one wedge aside.

5. Submerge the wedges for three minutes, then place them on & paper towel, skin-side down, Observe for
10 min, and then record the relative amount of discoloration of each apple wedge.

Analysis

1. Analyze how each treatment affected the chemical reaction that occurred on the fruit's soft tissue, Why were
soume of the treatments successful?

2. Think eritically about what factors a restaurant owner who wants to serve fresh-cut fruit might consider
whien choosing a recipe and preparation mathod.

Bection 2 = Chemical Reaclion: B4



* Pigure 18 Substrates intevact with enzymes
&l spaciic places called ackvy sites, Oy
substrates with & specilic shape can bind fa the
Srthve she of aa errymar,

RFoLDAGLES 2
Incorporata information
freen fhis secilon Inta
your Foldabie.

&
P

Substrate  ENZyme

Follows Figure 18 to learn how an enzyme works, The reactanes
that bind to the enzyme are called substrates. The specific location
where a substrate binds on an enzvine is called the active site. The
active site and the substrate have complermentary shapes This enables
them to interact in a precise manner, similar to the way in which
puzzle pieces fit together. As shown in Figure 18, only substrates with
the same size and shape as the active site will bind to the enzyme.

Once the substrates bind to the active site, the active site changes
shape and forms the enzyme-substrate complex, The enzyme-sub-
strate complex helps chemical bonds in the reactants o be broken
and new bonds 10 form-the substrates react to form products, The
enzyme then releases the products.

Factors such as pH, temperature, and ocher substances affect enzyme
activiry. For example, most enzymes in human cells are most actlve ar an
optimal wemperature chose to 37°C, However, enzymes in other organ
isms, such as bacteria, can be active ar other temperacures.

Enzyrmes affect many biological processes. When a person is bitten
by a venomous snake, enzymes in the venom break down the mem-
branes of that person’s red blood cells. Hard green apples ripen
because of the action of enzymes. Photosynthesis and cellular respira-
tion provide energy for the cell with the help of enzymes. Just as
worker bees are important for the survival of a beehive, enzymes are
the chemical workers in cells.

Section 2 Assessment \

Section Summary

P Balanced chemical eguations mist shaw &n
equal pumiser of alcens far each elament an
bath simes,

P Activation energy is the enengy required o
bgin a reaction.

b Catalysts are substances that alter chemical
teactions.

P Enzymas are biological catalysts.

52 Chepler 2 = Chemistry in Biology

Understand Main ldeas
1. [LCTKEE identify the parts of this chemical reaction: A48 — AB.
2. Diagram the energy changes that can take place in & chamicsl reaction,

. 3. Explain why the number of atoms of reactants must equal the number of
atoems of products formed,

4. Deseriba the imponance of enzymaes to living arganisms.
Think Critically
L MATH in ZHB

5. Forthe fallowing chemical reaction, label the reactants and prodwcts, and
then badance the chemical equation. _ Hy0; = H0+__ O,
ey Biology
6. Drawi g diagram of & rofler coaster and write a paragraph relating the ride to
ackivation energy and & chemical reaction.
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Section 3

Reading Preview

Essential Guestions

F How daes the stractse of water make
il & good sohvent?

¥ ‘what are the similarities and
differences between solutions and
SUEspamsn ST

F What are the differemoes betwsan
acids and bases?

Review Vocabulary

physical proparty: charactenstic of
matter, such az colar ar meling podnt,

ihat can be observed or measurad
withowt changing the compasition of the
substance

Mew Vocabulary

podar molecule
hydrogen bond
mibture
solution
anlvemt

salute

acld

base

pH

buffer

" Figure 18 Hecsuss water molatdes: Rave o bani
shape and electnans are not shamed equaly bebwean
madrogean and coygen, ydeogen bonds form among
the melecules, (w2t the atiraction ameng the aloms
that make up water, the suface of wader Sapporsa
waber stridar

SHghtly ———

postive

- |
@
Wator B :
Slighty
molecudy negative
end

Water and Solutions

[ {{LT8] The properties of water make it well suited to help maintain
hemeostasis in an organism.

Real-World Reading Link “fou probably know that the main color on a globe s blue,
That's because water covers abowt 70 percent of Earth’s surface, giving it the blue color
youl s2e from a disfance. Now imagine zoaming into a single cell of an arganism on Earth,
‘Watar accounts far approximatzhy 70 percent of that cell's mass. His one of the mast
impontant malecules for life

Water’s Polarity

Earlier in this chapter, you discovered that warer molecules are formed
by covalent bonds thar link twio hydrogen (H) atoms to ane oxyvgen (0]
arom, Because electrons are more strongly attracted 1o the oxygen atom's
nucleus, the electrons in the covalent bond with hydrogen are noc
chared equally. In warter, the electrons spend more time near the oxygen
aronv's nucleus than they do near the hydrogen aroms” nuclel. Figure 19
shows that there is an unequal distribution of electrons in a water
maolecule, This, along with the bent shape of warer molecules, results in
the oxygen end of the molecule having a slightly negative charge and
the hydrogen ends of the moleculs having a slightly positive chargs
Mplecules that have an unequal distriburion of charges are called polar
molecules, meaning that they have oppositely charged regions.

Polarity is the property of having two opposite poles, or ends. A mag-
net has polaricy-there is a north pole and a south pole, When the two
ends are broughr close to each other, they attract each ocher, Similardy,
when a charged region of a polar molecule comes close to the oppositely
charged regicm of another polar mokcule, 1 weak electrostatic atrracrion
resulcs. [n warer, the electrostatic actraction is calied a hydrogen bond. A
hydrogen bond is 3 weak interaction involving a hydrogen atom and a
fluorine, owygen, or nitrogen atom, Hydrogen bonding is a strong tvpe of
van der Waals force. Figure 20 describes polarity and che other unique
properties of water that make it important o living things

‘o

!
H, M HoH
L l:f‘- -_D.-f
/ / .
H Hydrogen H

bond

Water stridar
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Visualizing Properties of Water

Figure 20

Wabar is vilal by lifz on Barth. Itz progerties allow it bo provide enviranmends suitabiz for life and bo hedp arganisme

.*.__ : '. -. B _:_'- i 2.8 e
ks

A waler malecule s made up of ane axypen atam and lwo

o hydrogen atams;
& A weater malecula is pokar, Bs bant shppe rasulls in & dightly
pesitive charge on the kydrogan stoms and a shighty negative
charnge on the guynen adom. A A resull, @ forms hydragen
bods d
Waker is callad the universs solvent because many subsiances 5o
disgotee in L,

Fi-L

Hydrogen Bonding
-

dense than liguid wates. &5 o resull, nuirienits in bodies of water
mix because of changas it water densily during spring ard fall,
Alsn, fish can survive i winler because ice Bosts—they conlinue o
ive and funchon in the water beneath the foe.

k3 =
— E - =

‘Water = adhesive—It foms kydrogen bonds with molecules
on oifer surfaces. Caplliany actian ishe rasult of adheslon
Watar trevals up the stem af 3 plant, and sesds swell and
germanate by capillary scllon

-

Water is cohesive—1he mokecubes are atlrocted o sach
athes becawsa of bydragen bamds. This atiraction creates
swrface lension, winch causes water to form droplels and
¥ 2. . I
. Adws irmecks and baaves (o restan the surlace of a body . L"__
al water.

"« y

-
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Mixtures with Water

You are probably familiar with powdered drink products thar dissolve
in water to form a flavored beverage. When you add 2 powdered sub-
srance to water, it does not react with water to form a new produce.
You create 4 mixrure, A mixture is a combination of two aor more
subzrances in which each substance retains its individoal characteris-

tics and properties,

Homegeneous mixtures “When a mixture has a unitorm composition
throwghour, it is called 2 homoegeneous (hoh muh JEE nee us) mixoure. A
solution s another name for a homogeneous mixture. For example, in
the powdered drink mix solution shown in Figure 24, the drink mix is on
top, in the middle, and at the bottom of the container. The warer retains
its properties and the drink mix recains its propercies.

In a solution, thene are two components: a sohvent and a solure. A
solvent is a substance in which another substance s dissolved. A sohate
is the substance that is dissobved in the solvent. In the case of the drink
mmix, warer is the solvent and the powdered substance (s the solure. A
mixture af salt and warer 18 another example of a solurion hecause the
solute (sale) dissobves completely in the solvent (warer), Saliva moistens
your mouth and begins the digestion of sorme of vour food. Saliva is a
solution that contains water, proteing, and sahs. [n addition, the air you
breathe is a solution of gases.

Heterogeneous mixtures Think sbout the last tme you ate a salad.
Perhaps it contained lettuce and other vegerables, crourons, and salad
dressing. Your salad was a heterogeneous mixture. In a heterogeneous
mixture, the components remain distiner, thar s, wou can tell whar
they are individually. Compare the mixture of sand and warer to the
solution of salt and water next 1o it in Figure 22, Sand and warer form
i type of heterogencous mixture called a suspension. Owver time, the
particles in a suspension settle to the bottom.

A colloid is a heterogeneous mixture in which the particles do not
sertle our like the sand settled from the warer, You are probably famil-
far with many colloids, including fog, smoke, butter, mayonnaise, milk,
paint, and ink. Blood is a colloid made up of plasma, cells, and other
substances.

ﬁ' Reading Check Distinguish balween solutions and suspensions.

o Flgure 21 The drnk mix loems &
Bampgenecus mixlure in water, The paficles of
fhie ot fardnk mix] e dissaked and spresd
troughout the soben (reatsr

VOCABULARY ................... :
ACADEMIC VOCABULARY :

Suspend
to keep from falling or sinking

A slender threod suspended the spider

« Figure 22
Left: Sand and water Torm 8 helsrogenios

mixtura; wau can gess hoth the Bquid and the
sodd, Thi: homogeneous minure of Salt and
warler 15 a liquid; you connol see the 28l
Right: Blood is & heterogeneous mxhee called
a colioid

Section 3 = Waler and Solutions B9



* Figure 23 Substances that rélease H* in Suhptance with H™ jon

waler ae aclds. Subskances (hak release OH-In
water are bhases. @

Substance with OH ™ lon

Acids and bases Many solures readily dissolve in warer because of
water's polarity. This means that an organlem, which might be a< much ag
70 percent warer, can be a1 contairer for a variery of solutions. When 4 sub.
stance thar contains hydrogen is dissolved in water, the substance might
release a hydrogen lon (H') because it s attracted o the negatively charged
OXYEen aoims in waret, as shown in Figure 23, Substances that release
hydrogen lons when they are dissodved in water are called acids. The more
hydrogen ons a subsrance releases, the more acidic the solution becomes.

Similariy, substances that release hydroxide fons (OH7) when they
are dissolved in water are called bases. Sodium hydroxide (NaDQH) is a
commaon base that breaks apart in warter to release sodium ions (Na®)
and hydroxide fons (OH'). The more hydroxide ions a substance
releases, the more basic the solucion becomes.

Acids and bases are key substances in biology. Many of the foods and
beverages that we eat and drink are acidic, and the substances in the
stomach that break down the food, called gascric julces, are highly acldic.

DATA ANALYSIS LAB 4 \

Based an Real Data®

Recognize
Cause and Effect :
How do pH and temperature affect protease IE. o P
activity? Protesses are anzymes that break down - /""' \+
protein, Bacterisl protesses often are used in E ; i
detergents o help remove stains such 25 ega, E '
grass, bload, and sweat fram clothes. 4 ] 3 i F]
Data and Observations pH
| A protease frem a newly isolated strain of bacters E
| was studied over a range of pH values and tempar- = B - i
| atures i = A | ""'-.'..,_ I
Think Critically i &0 F
1. Identify the range of pH values and tempera- : 20 |t :
twres used in the axpariment. "0 % w w0 w0 70 ™ %I
2. Summarize the results of the two graphs. Temperature (°C)
3. Infer If a laundry detergent is basic and requires
' " Dk bl psd oo ! L 30 Z. Paicaben sed alzhs it
fot water o hE n"IU'.“._ Eﬂm' would this FI'I'EEE‘- mmmmmmﬁ:;pmm-muﬁmrﬂa
ase be useful? Explain. PEL APS PASCOECToch 4! ovmici 56

|- | .
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pH and buffers The amount of hydrogen lons or hydroxide ions in a
solurion determines the strength of an acid or base. Scientists have
devised a convenient way to measure how acidic or basic 2 sclution is.
The measure of concentration of H* in a solution is called pH. As
shown [n Figure 24, pure water is neurtral and has a pH value of 70
Acidic solutions have an abundance of H' and have pH values lower
than 7. Baslc solutions have more OH- than H* and have pH values
higher than 7.

GIIEEERL 0 The majority of biological processes carried
out by cells occur between pH 6.5 and 7.5. In order to maintain
homeostasis, it is important to control H* levels. If you've ever had

- CARFERS IN Bl
-

= Flgure @4 The pH scoke s wsed o
indicate the reladive strength of aclds and
bases—in ather wonds, the amount of
hydragen ions (H') in a solution,

LO4Y |

Pood Technician Every recreationa
body of water, such & a recreational
swimming pook, training spa, or
madical therapy pool, must mest
strict requirements for water guality,
Pool technicans make sure thesa
reqguirements ara met by menitodng

=

an upset stomach, you might have taken an antacid to feel better. “ water pH, bacteds and algae levels, 1
The antacid tablet is a buffer to help neutralize the stomach acid. ol el iy J
Buffers are mixtures that can react with acids or bases to keep the
pH within a particular range. In cells, buffers keep the pH in a cell
within the 6.5 o 7.5 pH range Your blood, for example, containg
buffers that keep the pH abour 74.
Section Summary *  Understand Main Ideas
¥ Water is & palar molecule.. 1, [ GIE Describe one way in which water halps maintain homaastasis
¥ Solufions are homogeneous mixiures formied E At i,
when a salute is dissolved + 2. Relate the structune of water to A5 ahilty 1o act as a solvanl,
LS Saa. : 3. Drawa pH scake and label water [Hy0), hydrachloric acid {HCI), and sedium
B Acids are substances that release hydrogen hydraxide {NaOH] in their general areas on the scale.
ions indo soltlons. Bases ame substances 4. Compare and contrast sclulions and suspensions. Give examples of ead,
uut redease hydrowids lons into SI:-I|I.I1J!:II'|5. Think Critically
RCE R (NN ”Eﬁm o+ 5 Explain how baking soda {NSHCOy is basic, Describe the effect of baking
BTD0BN N W1-ar Sohtiain. *  sodaonthe H' ion cancentration of stomach comtents with pH 4,
* & Predict If you add hydrachlonc acid (HCT to water, what effect would this
: have on the H* ien concentration? On the pH?
e e J
Section 3 = Water and Solutians  BF



Section 4

Essential Guestions

¥ Whalis the rola of carbion in living
arganisms?

B \itat are the fowr major Eamilies of
biological macremabaculesy

¥ What ara the functions of aach group
of baalogical mecromokecylas?

Review Vocabulary

arganic compound: a carbon-based
substance ket i the basis of fiving
magter

New Vocabulary

MmAcramotacule
palyrnar
tarbohydrate
lipsiet

pratein

Arming acid
nuclesc acid
nucleatide

" Figure 28 Tha amazing diversity of
it k= based an {he varety of carbion
compounds, Thi hall-filed outer energy
leweal al earban nllows foe the Formation of
straight chain, branched, and ring
melecilis,

Carbon

=8 Chapler 2 » Chamistry in Biodogy

The Building Blocks of Life

L K(EIE] organisms are made up of carbon-based molecules.

Real-World Reading Link Chigdren enjoy toy trains becawse they can lnk fong lInes
of cars together and make patierns by joining cars of similar color or function.
Similarly, in Bialogy, there are karge molecules made of many smaller units joined

topether,

Organic Chemistry

The element carbon is a component of almost all blologleal molecules
For this reason, life on Earth often is considered carban-based. Because
carbon is an essential element, sclentists have devored an entire branch
ol chemistry, called organic chemistry, o the stdy of organic com:
pounds, which are those compounds concaining carbon.

Ag shown in Figure 28, carbon has four electrons in its ourermost
energy level. Recall that the second energy level can hald eight elec-
trons, 50 one carbon atom can form four covalent bonds with other
atoms. These covalent bonds enable the carbon atoms o bond 1o each
other, which results in a variety of impartant organic compounds.
These compounds can be in the shape of straight chains, branched
chains, and rings, such as those illustraced in Figure 28, Together,
carbon compounds lead to the diversity of life on Earth.

Straight chain molecules Branched molecules Ring molecubes

mmgik.@
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Macromolecules

Carbon atoms can be joined to form carbon molecules. Similarly, most
rells store small carbon compounds that serve as bullding blocks for
large molecules. Macromolecules are large molecules that are formed

by joining smaller organic molecules cogether. These large molecules are

also called polymers. Polymers are molecules made from repeating
units of identical or nearly identical compeunds called monomers that
are linked together by a series of covalent bonds. As shown in Table 1,
biclogical macromolecules are organized into four major categories:

cathohydrates, liplds, proteins, and nucleic acics.

§J Reading Check Use an analogy to describe macromalecules.

Carbohydrates

Lipids

Muckeic acids

Biological Macromolecules

« SEore apergy
« Prowicle structural suppart

« Skoirg arvrgy
= Provide barriers

= Trarspart substances

« Spaed reactions

« Presddde structural suppart
= Make hoomanes

+ Shore and communacale
gemlic informatian

VOCABULARY

WoRD ORIGIN

Study T

Polymer

poly- prefix; from Gresek, meaning
Ny :
-meros from Greek, meaning part...:

Double-Entry Motes Foid a piace
of paper in hall lenginwise and wiile
the boldfaced subbeadings that
appear under thi iofogion Macromal-
ecurles heading on he left side. As you
read the taxk, make & bidleted list of
nates ahout the impoaaant ideas and
18rms.

Section 4 » The Building Blocks of Life 59



CH,OH

[ EH;DH
—0
H H —
!E‘fﬁ \CI -E"KEIH
i, OH H | |
mk‘i:"——ut::fm Hﬂ\l
H OH
Glucose
{mompsacckharida)

= Figure 28 Gucoss (s & Menosaccharide.
Sucrose is A disacchanide composed af glucose
and fruclose monosacchandes, Gyoogen i a
branched polysaccheride made from glucose
MEnamars.

# Figure 27 The celiulosz in plant calks
provides the structurad suppon dor trees 1o stand
in & foresl,

60  Chapter 3 = Chemistry in Biology

Sucnose G

idisaccharide) (palysaccharide)

Carbohydrates Compounds composed of carbon, hyvdrogen, and ooy
gen in a ratio of one oxygen and two hydrogen atoms for each carbon
atorn are called carbohydrates. A general formula for carbohydrates
ls written as {CH;0),. Here the subscript n indicates the number of
CH;O units in a chain, Biologlcally Important carbohydrates that have
values of n ranging from three w seven are called simple sugars,

or monosaccharides (mah nuh SA kuh ridz). The monasaccharide ghe-
cose, shown in Figure 28, plays a central mole as an energy source for
oTganisms.

Maonosaccharides can be linked to form larger modecules. Two
maonosaccharides jolned together form a disaccharide {di SA kuh rid)
Like glucose, disaccharides serve as energy sources. Sucrose, also
shown in Pigure 26, which is table sugar, and lactose, which s a com-
ponent of milk, are both disaccharides. Longer carbohydrare molecules
are called pofysaccharides. One important polysaccharide s glveogen,
which Is shown in Figure 26. Glycogen i3 an energy storage form of
glucose that is found in the liver and skeletal muscle. When the body
needs energy between meals or during physical activity, glycogen is
broken down into glucose.

In addition to their roles as energy sources, carbohydrates
have other important functions in biology. In plants, a carbohy-
drate called cellulose provides structural suppart in cell walls. As
shown in Figure 27, cellulose is made of chains of glucose linked
together into tough fibers that are well suited for cheir structural
rale. Chitin {KI tun} is a nitrogen-containing pelysaccharide that
is the main component in the hard outer shells of shrimp, lobscers,
and some insects, as well as the cell walls of some fungi,

Capprphl @ Maolewa#801 Fhaation (0 CorbatClawirmige, ) Stirs ¥ hotn Roearchers



i 15 Il TN i sy

Lipids Anocher important group of biological mac-
ramolecules is the lipid group, Lipids are mobecules
made mostly of carbon and hydrogen that make up
the fats, ofls, and waxes. Lipids are composed of faity
acids, glycerol, and ocher componerts. The primary
funetion of lipids is o store energy. A lipid called a
eriglyceride (tri GLIH suh rid) is 2 fac if it is solid ac
room temmperarure and an oil if i s liquid ar room
remperature. In addition, trighycerides are stored in
the fat cells of the body. Flant leaves are costed with
lipids called waxes o prevent water loss, and the
honeycomb in a beehive is made of beeswax,

Saturated and unsaturated fats Organisms need
lipids to function properly. The basic structure of a
lipid includes farry acid tails, as shown in Figure 28.
Each tail is a chain of carbon atoms bonded to
hydrogen and other carbon atoms by single or
double bonds. Lipids thar have tail chains with
only single bonds berween the carbon atoms are
called sarurated fars because no maore hydrogens
can bond to the tail. Lipids that have ar least one
double bond between carbon atoms in the tall
chaln can accommodate at least one maore hydro-
gen and are called unsaturated fats. Fats with
moge than one double bond in the tail are called
polyunsarurated fars

Phospholipids A special lipid shown in

Figure 28, called 2 phosphalipid, is responsible
for the structure and funcrion of the cell mem-
brane. Lipids are hydrophobic, which means they
do not dissolve in water. This characteristic is
important because It allows lipids to serve as
barriers in biological membranes,

Stercids Another important category of lipkds is
the steroid group. Stercids include substances such
as chinlesterol and hormones, Despite its reputation
as a *bad” lipid, cholesteral provides the starting
point for other necessary lipids such as vitamin D
and the hormones estrogen and estosterone.

[)

Stearic ackl Qleic acid

DATA ANALYSIS LAB 2 \

Based on Real Data®
Interpret the Data

Does soluble fiber affect cholesterol
levels? High amounts of a steroid called cho-
[esteral In the blood are assoclated with tha
development of heart disease. Researchers
study the effects of soluble fiber in the diet
on cholesterol.

Diata and Observations

This experiment evaluated the effects of
thres soluble filbers on cholasterol levels in
the Blaad: pectin (PEL, guar gum (GG}, and
payllium [P5Y). Cellulose was the

contiol [CHT]. i
. L isiberne
? BI- BB e
% : [ ] Female
g o
L
g 7
]
CNT FE 66 PSY
Diets
Think Critically

1. Calculate the percentage of change in cho-
lestarol leveds as compared to the control,

2. Describe the effects that solubls fiber
appears to have on cholasterol levels in the
blood.

e sbizieed Iroars Shen e el 10K Digtary sotebie Sbot kowers plesma LOGL
ciplastatel conoeralons by sieden ipognsl s bR i 5Tl ferele
mamEak, Sl o Ml T 38

» Figure 28 Stoaric acid has no doubike bonds
beswesan carban atams aleic acld has ore double bond.
Phwspinalipids have o polar head and bwo nonpolar tils

Sgction 4 = The Huiiding Biocks of Life 64



R Variable side chain Puptide bead

Amino group "le—Cl—'i—ﬂH Carbosyl grodp l-‘l*-. F|"1 'i' Flt?
N=C—C—N—C—C—0H
Hpdrogen atom H O ! []: {ﬁ |
H H O H O
Aming Add Dipeptida

® Figure 29

Lef: The general struciure of an amina acd bas
four groups ancemd & centeal Garban,

Righiz The pepiice bomd & & praten hapmens as
& rosulf of a chemical reaction,

Interprat which offver molecwlo is o
prodect when a peptide bond forms,

a Figura 30 The shape of 4 protein
depands on the interactions ameng the amino

Acigs. Hydrogen bands belp the pratain bald
its shape.

62 Chapler 2 = Chamistry in Bickogy

Proteins Ancther primary building bleck of living chings is protein.
A protein is @ compound made of small carbon compounds called

amino ackls, Amino acids are small compounds that are made of car-

bon, nitrogen, oxygen, hydrogen, and sometimes sulfur. All amine
acids share the same general structure.

Amino acid structure Amino acids have a cenrral carbon stom like the
ot shown in Figure 29, Recall that carbon can form four covalent
bards. One of those bonds is with hydrogen. The ocher three bonds
are with an amino group (-NHa), a carboxyl group (-CO0H), and a vari-
able group (-R). The variable group makes each amino acid different.
There are 20 different variable groups, and proteins are made of differ-
ent combinatiens of all 20 different amino acids. Several covalent
bonds called peptide bonds join amino acids weether to form proteins,
which is also shown in Figure 28, A peptide bond forms between the
amine group of one amino acid and the carboxyl group of anocher.

Three-dimensional protein structure Based on the variable groups con-
tained in the different amino acids, proteing can have up to four levels of
structure. The number of amino acids in a chain and the order in which
the amino acids are joined define the proteins primary seructure. Affter
an amilng acid chain is formed, v folds into 2 unique three-dimensional
shape, which is the protein’s secondary structure, Figure 30 shows two
baskc secondary structures the helix and the plear. A protein mighe
contain many helices, pleats, and folds The tertiary structure of many
proteins is globular, such as the hemoglobin protein shown in Table 1, but
sorme proteins form long fbers. Some proceins form a fourth level of
structure by combining with ather proteins,

Protein function Proteins make up abour 15 percent of vour roral
body mass and are involved in nearly every function of your body. For
example, your muscles, skin, and hair are made of proteins. Your cells
contain about 10,000 different proteins that provide structural sup-
port, transport substances ingide the cell and between cells, commu-
nicate signals within a cell and berween eells, speed up chemical
reactions, and control cell growth.

Copryraghn A oy Hill Edwrat-on
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|
Phosphate

tl‘-l' ‘hbc.-ﬂ%ﬁf Smlgir S
el b I
HDH{Z @ C|H" /‘x{é;"-_ Phosphate
Su - e
Phosphate group ’/f :\E ; =
\I KH !-.Ii'l;m;gn-:mtahlng i
l | hass Sugar  — B
OH OH H‘I.EE;-I‘EIE
i Sug Base
?ﬂ' -
Mucleotide Mucleic mcid

Nucleic acids The fourth group of biological macramoleciles are mucleic
acids Nucleic acids ane complex macromolecules that store and trans-
mit genetic information. Nucleic acids are made of smaller repearing sub-
units composed of carbon, nitrogen, oxygen, phosphorus, and hydrogen
aroms, calied nucleotides. Pigure 31 shows the basic structure of &
nucleotide and nucleic acid. There are five major nucleotides, all of which
have three units—a phosphate, a nitrogencus base, and a ribose sugar.

There are two types of nucleic acids found in living organisms:
deoxyribonucleic {dee AHK sih rilr ah noo klay ihk) acid (DNA) and ribo-
nucleic {rib oh noo KLAY ihk) acid (RNA) In nucleic acids such as DNA
and RNA, the sugar of ane nucleotide bonds to the phosphate of anocher
nucleoride. The nitrogenous base that sticks out from the chain is avail
able for hydrogen bonding with other bases in crther nucheic acids,

A nucleotide with three phosphare groups is adencsine riphosphare
(ATE. ATP Is 2 srorehouse of chernical erergy that can be used by cells in
a variety of reactions. It releases energy when the bond between the
second and third phosphate group Is broken. Less energy is released
when the bond berween the first and second phosphate group is biroken,

Section4 Assessment \

Understand Main ldeas

1. [UEE Explain IFan unknown substance found on a metearits is deter-
e b coatain no trace of carbon, can scientists concude that there is Bz at

Sectlon Summary

¥ Carbon compounds ane the basic busiding
blocks of living organisms.

¥ Biglogical macromokecules are formad by
jalning small carhon compoeunds into

the istonite's onigin?

LI B BE B B B O L

= Flgure 31

Left: DM nuciectides contain the
sugar deaxyibose. RMA nucleatides
conlain the sugar flbose,

Right: Kucleotides are joined
bagether by bonds between thelr
sugar group and phosphale group.

2. Compare the Types of bintogical macrompdecules and thedr functions.

palymers. 3. Determine the components of carbohydrates end proteins.
B There are four types of bickogical magromaol- 8, Discuss the impartance of amino acid oader 1o & protein’s functian.
i * Think Critically
P Peplide bonds join amin 8GOS M OOTENS. -+ & gupmarize Given the large numbser of prateing In the bedy, explain why the

b Chains of nucleatides form nucheic acids.

shape of an engyme bs important to &5 function.

B, Draw bwo stracturss (one straight chain and one ring] of a carbohydrate with

E the chamical formuka [CHzO]g.

Section & = The Bulding Blocks of Lile 63
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The reason why people love desserts is right on
the tips of their tongues—literally. The taste

buds in that location are the receptors that regis-

ter sweetness most strongly. Many of the small
bumps, called papillae, that you see on your
tongue contain taste buds,

Registering Sweetness Wnen you eal, the mole-
cules from food temporarily bind themselves (o protein mole-
cules in the receplor cells of your tongue. As a result, the
recepbors send electrical impulses through your nerves o
your brain. Your brain interprets thi Impulses as taste.
Sometimes tha taste is what you think of as sweet.

MNatural vs. Artificial sweeteners are substances
added 1o foods 1o make them taste sweet. There are many
natural sweeleners, such as talbie sugar and honey. An artifi-
cial sweetaner is a man-made substance that has the same
affect on taste buds as sugar does. Artificlal sweeteners,
such as saccharin, cyclamate, and aspartame, are hundreds
of times sweeter than any naturally occurring sugar,

FuTose %
HOCH,

-
HGH
O I
0M HiO
i E/QH‘E'H
O H

Siseralionn
Hy0H Hf_ll'_l-lz
Ho
n@’“h
W OH 4] Y,

T dilfgrence babwesn suchss and sucaioss §s e subsimution of
Ehrestr chilorine (1} abonns for (heme droxyt (DH) groogs.
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Tagte buds an yoor longue send Impukes o yoir brai 5o thaet youw
D& can intarpret how e food oF driek 18240

The motecules of these artificial sweetanars mimic the
geametry and composition of natural sweetenars and are
able to bind to the receplor cells in human taste buds,

One recently developed artificial sweetener, sucralose,
has a chemical structure that is nearly identical to sucrose,
or table sugar. The only difference is three hydroxy| {0H)
groups in sucrose are replaced by chioring atoms (CI) in
sucralosa, This keeps the human body from metabolizing
sucralose and makes it calorie-frese.

Artficial sweetaners are used In many products, from diet
sodas to children's medications. They provide the swestness
that peopie crave without the calonies that nalural sweeteners
contain. Scientists continue o search for new sweetenars that
are economical and healthful 1o customers,

WERITING in

Biclogy

Marketing Campaign Research an artificial sweetenes
that has been approved by the FDA, Devise a marketing
campalgn to infarm consumers about your chasen artifl-
dial swaetaner, Your marketing campaign might include a
press releass, iedovision or radio commerclals, Web ads,
soclal netwarking sites, or other mathods of spreading
Imfarmatian,
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BIOLAB

WHAT FACTORS AFFECT AN ENZYME REACTION?

Background: The compound hydrogen

peraxide, H;0,, is produced when organisms

metabolize food, but hydregen peroxide
damages cell parts, Organisms combat the
buildup of Hy04 by producing the enzyme

perodidase, Peroxidase speeds up the break-

down of hydrogen peroxide into water and
oxygen.

Guestion: Who! foctors offect peroxoose
aefivity?

Possible Materials

400-mL beaker 50-mL graduated cylinder
kitchen knife  10-mL graduated cylinder
hot plate tongs of large forceps
resc-tube rack square of rectangular pan
ice stopiwacch or dmer

beef liver RONIMETCUTY Themmometer
dropper 3% hydrogen peroxide

distilled water  potato slices
18-mm = 150-mm test tubes

buffer solutions (pH 5, pH 6, pH 7, pH 8)

Safety Precautions

L5 [ =] Fl ]l
CAUTION: Use only GFCI-protected
circuits for electrical devices.

Plan and Perform the Experiment

L.

2,

Identify the safery concerns of this lab
before work begine.

Choose a factor o test, Possible factors
include termperacure, pH, and substrate
(Hy05) concentration.

Form a hypothesis abour how the factor
will affect the reaction rave of peroxidase.
Design an experiment 1o LEsSL your
hypothesis. Create a procedure and iden-
tify the controls and vartables.

. Creare a data table for recording your

observarions and measurements.

Make sure your teacher approves your
plan befare you proceed.

Conduct your approved experiment.
Cleanup and Disposal Clean up all equipr
meent as instructed by your teacher and
return everything 1o irs proper place. Wash
your hands thoroughly with soap and warer.

Analyze and Conclude

1.

Describe how the factor vou tested
affected the enzyme activity of peroxi-
dase,

Graph your data, and then analyze and
interpret your graph.

. Discuss whether or not your daca sup-

ported your hypothesls,
Infer why hydrogen peroxide is not the
best choice for cleaning an open wound.

. Error Analysis Identify any experimen-

tal errors or orher €rrors in your data that
miight have affected the accuracy of vour
resulis.

SHARE YOUR DATA

Compare your data with the data collected by
other groups in the class that vested the same
factor. tnfer reasons why your group'’s data might
differ from the data collected by ather groups.

Design Your Qwn
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THEME Fﬂ'ﬂUﬁ Energy |novery chomical readtion, there s a change in energy cowsod by U mak g

CIEE(EIET atoms are the foundation of biolegical chemistry and the building blacks
of all living things.

section 1 Atoms, Elements, and Compounds I

atom [T Matter s composed of tiny particles called atoms,
"mi = Atoms consist ef protons, neutrons, and electrons.
:'m » Elements are pure substances made up of only one kind of atom.
i * lsotopes are forms of the same element that have a different
i number of neutrons.
[Rve— = Compounds are substances with unique properties that are formed
compound when elements combine,
cowalent band « Elements can form covalent and fonie bonds,
mokecule
fizn
lanic band
v der Wanls farce
(seion2 cremisrmeteny
chemical reaction [[AIXEE chemical reactions allow living things to grow, develop,
readtant reproduce, and adapt.
mﬂ i « Balanced chemical equarions must show an equal number of atoms
catalyst for each element on both ides.
erzymme » Activation energy is the energy required to begin a reaction.
ibertralt » Catalysts are substances that alter chemical reactions.
i sl » Enzymes are blological catalysts,
polar malecule [GET The properties of water make it well suited to help
hydrogen bond maintaln homeostasis in an organism.
:::1: « Warer is a polar molecule.
i « Solurions are homogeneous mixtures formed when a solute is
salule dizzolved in 3 salvent.
ackl » Aclds are substances that release hydrogen lons inco solutions.
base Bases are substances that release hydroxide lons into solutions.,
pH » pH s 3 measure of the concentrarion of hydrogen fons in a solution
busftar
macremelecule [[4ES Organisms are made up of carbon-based malecules, E
:d’““ « Carbon compounds are the basie building blocks of living orpanisms. i
|:||:HE :ul'm‘h » Biological macromolecules are formed by joining small carbon E
protein compounids into polymers, :
aminn acid » There are four types of binlogical macromolecules, '§
et o Peptide bonds join aming acids in proteins. -
paieleatide » Chains of nuclectides form nucleic acids i
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Chapter 2 Assessment

Section 1 10. Short Answer Whar factor determines that an
' oEyEen arom can form Two covalent bonds while
Vocabulary Review a carbon atom can form four?
Describe the difference between the terms in each pair 11. Open Ended ‘Why ks it impormant for living organ-
R, T —— : isms 1o have both strong bonds (covalent and sonic)
e . and weak bands (hydrogen and van der Waals farcesk

2. ionic bond, covalent bond

3. isotope, element Think Critically

Lise the graph below o ansuer question 1.2,

4. avom, fon
Halt-Lile of Carbon-14
Understand Main Ideas : '
Lise the phoro below to answer guestion 5. 1.00 g
3 |
: & 07
3
B 050
]
- 025 ll.
. 0 5]'3]' 114k 15 L1521 IR&s0
§. VWhat does the image above show? 3 Thae il Jyeare)
A. a covalent band 12. Analyze According to the dava, what is the hall-
B a Fh}'ﬂcﬂf propercy 5 life of carfion-14" How can this informatcion e
C. a chemical reaction used by scientistst
D. van der Waals forces :
i 13. Explain The gecko is a repdbe thar climbs on smoach
6. Which process changes a chlorine atom tnto surfaces such as glass using van der Waals lorces
a chloride bon? f 10 adhere 1o the surfaces. How is this method of adhe-
A. electron gain C. proton gain § sion mare advantageous than covalent interacricns?
B. electron foss D. proton loss :
7. DGR Which of these is a pure substance thar :
cannot be broken down by a chemical reaction? Section 2
) A. a compound C. an element 3 )
; B. a mixture D. a neucron Vocabulary Review
ﬂ " ]
E 8. How do the isotopes of hydrogen differ? "::-t:h}:he term o the left with the correce definition on
| A. in the number of protons r14 g ot i i i
- B. in the number of electrons FRERIEL Y ' : :::;J:;T: a speeds up
1 C. in the number of energy levels -
i Th. it Ehhes vt T of SpLEDofE 15, substrate B. a suhs_Lance farmed by a
z chemical reacrion
é Constructed Response i 6. enzyme C. t-hl: energy reguired o
7] i ST & reacton
i 9, Short Answer “What i3 2 radicactive isotope? List | 17. product 0. a substance that binds to
E uses of radloactive sotopes. : an enzyme
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Chapter fi Assessment

Understand Main ldeas

(1.3 THEME FOCUS Energy [ERITHS R L following 1s a

substance thar lowers the activation energy?
A. anion C. a catalyst

B. aresceant D. asubstrace

19. In which of the followling are bonds broken and
new bonds formed:
A chemical reactions €. [soropes
B. elements D. polar melecules

20, Which statement is tree of chemical equations?
A. Reactants are on the right
B. Products are on the right
C. Products have fewer atoms than reactants.
D. Reactants have fewer atoms than produces.

Constructed Response

21. Short Answer What features do all reactions
invelving eneymes have in common?

22. Open Ended [dentify and describe factors that
can Influence erzEyme activity.

Think Critically
Uise the graph to answer questions 23 and 24.

Effect of Temperature on

Enzyme Reactions

Enrpme A
== Enzyme &

FEkLE WM RCauiiuml

N
,

o il &0 LI (01 T s
Temperaturg [*C)

23. Describe the effect that temperature has on the
rate of the reactions using the graph above,

24, [T which enzyme s more acrive ina
human celll Wy

G688 Chapter 2 = Azsessment

Section3
Vecabulary Review
Srane i relationship between the terms in each pair.
25. sclution, mixture
26, pH, buffer
27. acid, base
28. solvent, solute

29, polar molecule, hydrogen bond

Understand Main ldeas
Lise the figure below to answer guestion 30,

30. What does the image above show?
A. a heterogensous mixture €. a solution
B. a homogeneous mixture D, a suspension

31. Which statement is not true about pure warer}
A. It has a pH of 7.0,
B. It is composed of polar molecules.
C. It is composed of ionic boends,
D. It is a good solvenrt.

32. Which is a substance that produces OH ions
when it is dissohved In water

A, 3 bhase C. a buffer
B. an acld D. sale
Constructed Response

33. [[LRIE Why are hydrogen bonds so imporeant
for living organisms?
34. Short Answer Hydrochloric acid (HCI) is a strong

acid. Whar tons are formed wihen HCL dissolves in
water? What is the effect of HCl on the pH of water!

35. Open Ended Explain the importance of buffers
to living organisma.

{oagrigh: © Bolrms FHEdermon  RpaachindSmiy ruges
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Think Critically
36, Predict owo places in the body where buffers
are used to limit sharp changes in pH.
37, Draw a diaggram of rable sale (MaCl) dissolved

in water.

Section 4

Vocabulary Review

Complere the follonsng sentevices with vocabulary
ters from che Soady Goride poage.

38. Carbohydrates, lipids, proreins, and nuclele acids
are :

39. Proteins are made from thar are
joined by
440, make up fars, oils, and waxes.

41. DNA and RNA are examples of

Understand Main ldeas

42. Which two elements are always found in amino
achds?
A. nitrogen and sulfur
B. carbon and cxyvgen
C. hydrogen and phosphorus
0. sulfur and oxyvgen

43. Which joins amino acids together!
A, peptide boneds C. van der Waals forces
B. hydrogen bonds  D. ionic bonds

44, Which substance is not part of a nucleotide

A. a phosphate C. asugar
B. a base D, warer
Constructed Response

45, Open Ended Why do cells contain both mac-
romolecules and small carbon compounds?

46, Open Ended Why can't humans digest all
carbohydrares!

Think Critically

&7, ([ Create artable for the four main biologl-

cal macromobecules thae lists their component and
funcricns,

Illl,r'-"‘
Chapter 2 Assessment

Summative Assessment |

RS RS R

e T X =T

FERBIG (Idea Diagram the basic unit of matter,
describe the pars, and relace them o each other.

49. EIFsET AT Biology Research and write a
job descriprion for a biochemist. Include the
types of tasks that biochemists perform and
materials that are used in their research,

mﬂmmemﬂm Questions

Starch is the major carbon storehouse in planes.
Experiments were performed o determine i trehalose
mighr requlare starch production in plams, Leaf disks
tere incirbated for three hoors in sorbitol {the comtrol),
sucrose. and rrelabiose solurions. Then, leneis of srarch
arid suerose in the legies were measured. Use the daia
to answer the questions belows,

LControd Secrose selition Trahalnse so
[laty chisresd o fole, ot al Taasims Bphasarale sagalancs s saTniees
will o | Parlabored o i bsgbon of SNPsghens poophashorgime

of [he Wabiona! doodamy of Soieres o e 05 TG
IHEJHIZ

50. Summarize the production of starch and sucrose
in the three solutions.

51. Whart conclusion might the researchers have
reached based on these dat?

Chapler 2 = Azseszmant 69



Standardized Test Practice

Cumulative

Multiple Choice aligned with PISA study skills

L. T a population of parrots has greater genetic diver
sty than a hummingbird populacion in the same
region. which outcome could resule
A. The parrod population could have 3 grearer resis-
tance o disease than the hummingbird popularion.

B. Other parrot populations in diffefent reglons
could become genetically similar to this one.

C. The parrot population could have a greater vari-
ety of ablotic factors with which to interact.

D. The parrot population could interact with a
greacer variety of other populacions.

Lise the diagram below to answer guestions 2 and 3.

N

2. Which type of macromolecule can have a structure
like the one shownt
A. a carbohydrate
B. a lipid
C. a nucleotide
D. a progein

3. Which molecular activicy requires a falded structune?
A. behavior as a nonpolar compound
B. function of an active site
C. movement through cell membranes
D. mole as energy storage for the cell

4, Which describes the effects of populacion increass
and resource depletion?
A. increased competition
B. increased smigration
C. exponential population growth
D, swraigheline population growth

Th Chapter 2 » Assssgment

5. Which property of populations might be
described as random, clumped, or uniformt
A. densicy
B. dispersion
C. growth
0. size

6. Which is an example of biodiversity with direct
ECONOMHe value?
A, sparmon popuilations thar have great genetic
diversity
B. species of a water plant that makes a wseful
antikioclc
C. tries that create a barrier against hurricane winds
D, villagers who all use the same rice species for crops

Use the illustration below ro ansiwer question 7.

7. Which rerm describes the part of the cycle labeled A?
A. condensation
B. evapararion
C. runoff
D. precipitation

8. Which is a charactertstic of exponential growth?
A. The graphical representation goes up and down
B. the graphical representation has a flat line
C. agrowth rate that increases with time
D. a growth rave that stays constant in time

Cepyright © Mrlraa-Hill Educatize
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Short Answer aligned with
SAT exam skills

9. Assess what might happen if there were no buf
fers In human cells.

10. Choose an example of an element and a com
pound and then contrast them

Lise the chart befoaw to answer question 11

Factors Affecting Coral Survival ;
Factor Optimal Range
Watar temperature 23°C ho 25°C |.
Safnity 30 to 49 parts per million
Sedmentation littia ar ne sedimentstion
Depth pta 48 m
—

11. Using the daca in the chart, describe which region

of the warld would be oprimal for coral growth.

12. Provide a hypothesis to explain the increase in
species diversicy as you move from the polar
reglons to the tropics.

13. In a country with a very slow growth rate.
predict which age groups are the largest in the

population.

to specific subsirarest

Extended Response aligned with
SAT exam skills

¢ 15. Suddenly, after very heavy rains, many fish in a

local lake begin to die, yvet algae in the water
geem 1o be doing very well. You know that the
lake receives runoff from local fields and roads.
Form a hypothesis about why the fish are dying,
and suggest how 1o stop the deaths.

: 16. When sclentists first discovered atoms, they

thought they were the smallest parts into which
matrer coitld be divided. Relate how later dis-
coveries led scientists o revise this definition

17. Identify and describe three types of symblotic

relationships and provide an example of each.

Essay Questions aligned with
SAT exam skills

Many kinds of molecules found in living organisms
are made of smaller monomers that are pul
together in different sequences, or in different
patterns, For example, organisms use a small
number of nucleotides to make nucleic acids.
Thousands of different sequences of nucleotides in
nucleic acids provide the basic coding for all the
genetic information in living things.

Ligimg the information in the paragraph abooe, answer the
i following question in essay formal.

14. Why Is it important that enzymes can bind only 18. Describe how it is beneficial for organisms to use

ITIONOIMers 1o create complex macromaolecuies.
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Digestive and
Endocrine Systems

Launch Lab
How does the enzyme pepsin aid
digestion?

The acidic digestive juices in the stomach contain the enzyme
pepsin. In this lab, you will investigate the role of pepsin in
digestion.

43 Chapter 3 Diges v and Eddotrine Systems

Make a folded chart
using the ttles shown,
Use it to organize your
notes on hormones,
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AR i i ntestine
ST RESTEATEIESS

THEME FOCUS Homeostasis Section 1 = The Digestive System
=

Homeostasis is maintained by negative feedback ] o

in the endocrine system. Section 2 = Nutrition

_ = Section 3 = The Endocrine System
{“ !ﬂE‘ﬂ' The digestive system breaks down food to

provide energy and nutrients for the body, The endocrine
system produces hormones that regulate body functions,
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Section 1

Reading Freview
Essential Questions

¥ What ane the thres main functions of
the digeslive system?

¥ What ara the structures of the
digestve system and what are thesr
fumctians?

b What is the process of chemical
dagestion?

Review Vocabulary

nutrient: vital companent of foads that
provides enargy and matesials for
growth and body Tunctions

New Vocabulary

mechanical digestion
chemical digestion
amylase

esophagus
peristalsis

peEpsin

cmeall imtastine

I

willis

large mntestina

* Figure 1 Mechanical digestian stars in the
muuth. Secretions foam the sabvarny glands keap
food moist and begin the process af chemical
digastion. Fead maves through the phanynx Into
the esophagus

78  Chapter 3 = Digestive and Endocring Systems

The Digestive System

LK e digestive system breaks down food so nutrents can be
absorbed by the body.

Real-World Reading Link During an average lifespan, as much as 45 tons of feod can
pass threugh a person's digestve systam. The food will travel almost 8 m through the
digestive tract. What happens &3 lood passas through this long tube?

Functions of the Digestive System

There are three main functions of the digestive system. The digestive
system ingests food, breaks it down so nutrients can be absarbed, and
eliminates what cannot be digested, Refer 1o Figure 1 an<d Figure 2 as
you learn abour the srructure and function of the digestive SYSRTEML.

Digestion Supose on Friday night, you and your friends meat o have
pizza. You bite into 2 slice and begin 1o chew. How does your body
digest chat plzza!

Mechanical digestion involves chewing food to break it down
into smaller pieces. It also includes the action of smooth muscles
in the stomach and small ingestine that churn the food. Chemieal
digestion involves the breakdown of large molecules in food lnco
smaller substances by enzymes. The smaller substances can be
absarbed Into the body's cells. Enzymes are proteins that speed up
blological reactions, When you chew the bites of plzza, amylase,
an enzyme found in sallva, begins the process of chemical digestion
by breaking down starches into sugars,
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Esophagus When the tangue pushes chewed food to the
back of the mouth, the swallowing reflex ks stimularad. The
fiood is forced by the action of the tongue into the upper por-
tion of the esophagus. The esophagus s a muscular tube
rhar connects the pharynx, or theoat, o the stomach, as illus-
rrated in Figure 2. The wall of the esophagus s lined with
smionth muscles that contract rhythmically o move the food
throngh the digestive system in 2 process called peristalsis
Peristalsis continaes throughour the digestive tract. Even if a
person were upsicde down, food would still move toward the
somach.

When a person swallows, the small plave of cartilage
called the epiglottis covers the trachea. If this opening Is
ot closed, food can enter the trachea and cause a person
to choke. The body responds to this by initiating the
coughing reflex in an attempr 10 expel the food ta keep
the food from entering the lungs.

Stamach When food leaves the esophagus, it passes
through 4 circular musele called a sphincter, and into the
stormnach,. The sphincter between the esophagus and
stomach Is the cardiac sphincrer. The walls of the stom-
ach are composed of three overlapping layers of smeoth
muscle thar are involved with mechanical digestion. As
the muscles contract, they further break down the food
and mix It with the secretions of glands thar line the
inner wall of the stomach.

ETTTETTY D Recall thar pH is a measure of

a solution’s acidity. The environment Inside che stomach
is very acidic. Stomach glands, called gastric glands,
secrete an acidic solution, which lowers the pH in the
stornach to abour 2. This is abour the same level of acid-
ity as lemon Julce. If the sphincter in the upper portion of
the stamach allows any leakage, some of this acid might
move back into the esophagus, causing what is com-
monly known as hearthurn.

The acidic environment in the stomach is favorable w
the action of pepsin, an enzyme involved in the process
of the chemical digestion of proteins. Cells in the lining of
the stomach secrete mucus to help prevent damage from
pepsin and the acidic environment. Although most absorp
tion oocurs in the small incestine, some substances, such as
alcohod and aspirin, are absorbed by cells thar line the
stomach. While empty, the capacity of the stomach is
about 50 mL ‘When full, it can expand to 2-4 L

The muscular walls af the stomach contract and push
food farther along the digestive tract, The consistency of
the food resembles tomato soup as it passes through the
pyloric sphincter at the lower end of the stomach into
the small intestine. Figure 3 illustrates peristalsis in the
small intestine.

Reading Check Compare digestion In the mouth with diges-
tion in the stomach,

# Figura 2 Thiresaphagus extends from the pharyns to He
stomach and i appeosimately 25 cm long,
Describe why humons ore ciossified o5 coslomotes,

« Figure 3 The smoath miscies in tha walls of the: diyestive
fract comdract i the process of perstalss,

Bection 1 The Dgestive Systam T8



* Flgure & Chemscal digestion in the small
Inbesting deponds on the acthilties af the lver,
panrias, and galbeader,

Discuzs the impartance of sach

of these organs [n e process of chemi-
cal digestion,

_9&4@ e

sequence and Order Using your

notes, wark with o pariner 1o raview

the seguence of the organs in the
digestive system. Then, practice retalling
the sequence without yaur npokas.

Ask questions of ane anatier far

deeper lzaming.
e ——

Figure 5 Galistomes can obstruct the Bow
of bile from the galbladder. Mote the galsiones
an this M tlim al a gallbiaddes

76 Chapter 1+ [Hgastive and Endocring Sysiems

Small intestine The small intestine is approximately 7 m in
length and is the longest part of the digestive tract [t is called small
because its diameter is 2.5 cm compared o the 6.5 cm diameter of
the large intestine. The smooth muscles in the wall of the small tntes-
tine continue the process of mechanical digestion and push the food
farther through the digestive tract by peristalsis.

The completion of chemical digestion in the small intestine
depends on three accessory organs-the pancreas, liver, and gallblad:
der, as illustrated in Figure 4. The pancreas serves two main functions.
One 15 to produce enzymes that digest carbohydrates, proveins, and
fars. The other is to produce hormones, which will be discussed later
in this chapter. The pancreas secretes an alkaline fluid 1o raise the pH
in the small intestine to slightly above 7, which creates a favorable
environment for the action of intestinzl enzymes.

The liver is the largest internal organ of the body and produces bile,
which helps 10 break down fats. About 1 L of bile is produced every day,
and excess bile s stored in the gallbladder to be released into the small
intestine when needed. Figure 5 shows gallstanes, which are cholesterol
crystals that can form in the gallblacder.
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= Flgure & A vilys & o fingeslike extension of
fhe fining of the small inbesline. Butrients diffusa
inl capillaries in the villi and resch Body calls
by means of cleulaing hlaod

Chemical digestion 15 completed and most of the nutrients from
fiood are absorbed from the small intestine into the bloodstream through
fingertike structures called willi (singular, villus) Villi, illustrated in Fig:
ure &, increase the surface area of the small intestine, giving the small
intestine appraximately the same surface area as a tennis court.

Refer again to Figure  and Figure 2 to follow the movement of
digested food through the digestive system. Once digestion is com-
plete, the remaining food, now in a semiliquid form called chyme,
moves inta the large intestine. Chyme is made up of materials thar
cannot be digested or absorbed by villi in the small intestine

How do bile salts and pancreatic solution affect digestion? Lipids, or fats, are not water soluble. The
body compensates by producing bile, a chemical that breaks apart fat and helps the miclacules mix with
the wateny solution in the small intestineg, In this lab, you will investigate the breskdown of lipids.

1. |dentify the safety concems of this lal before work begins.
2. Study the lab procedure and construct a data chart.

3. Label three test tubes. Add 5 mlL vegetable ail and B-10 dreps phenolphthalein to each. Shake well. If the
codor is not pink, add NaOH selution cne drop at 2 time until the selution turns pink

4, Add 125 mL wates to a 250-mlL beaker. Warm 1o about 40T,

B. Prepare the test tubes as follows, then seal each with a stopper.
Test Tube A: 5 mL distilled water, pinch of bile salt
Test Tube B: 5 mlL pancreatic solution, pinch of bile salt
Test Tube C: & ml pancreatic solution

6. Shake sach tube to mix the contents and gently place in the beaker. Record your abservations.
7. Dispose of test wbe contents in the designated container,

Analysks

4. Analyze What did a color change inside a test tube indicate? What causad the change?

3. Draw conclusions based on your results, Describe the roles of bile and pancreatic solution in digestion.

Section 1+ The Digestive System 77



Table 1

Digestive Stucture

Mouth

Esophagus

amall intestine

Large intesting

Time for Digestion

Mechanecal and chamical digestion 5-303
Transpart [swallowing) 105
Machanical and chemscal digestion 2-24h
Mechanical and chemical digestion 3-4h
Water absorplion 18 h=2 days

Primary Finctlan Time Food bt Strictie I

Large intestine The large intestine s the end portion of the dipestive
tract It is abour 15 m bong and inchades the colon, the rectum, and a small
saclike appendage called the appendix. Although the appendix has ne
known function, it can become inflamed and swrilen, resulting in appends
citis. If inflamed, the appendix will likely have to he removed surgically.

Some kinds of beneficial bacveria are normal in the colon. These bacte-
ria produce vitamin K and some B vitamins available 1o the body.

A primary function of the colon is to absorb warer from the
chyme. The indigestible marterial then becomes more solid and is
called feces. Peristalsis continues w move feces toward the rectum,
causing the walls of the rectum to stretch. This initiates 2 reflex thar
causes the final sphinceer muscle to relax, and the feces are elimi-
nated from the body through the anus, Refer to Table 4 to review the
primary funcrion of each structure of the digestive system and how
long food wsually remains in each structure as it is being digested.

Section 1 Mnt \

Section Summary

P} The digastive system has three main
functions,

P Degestion can be categorzed as machanical
or chemical,

P Most nitrients are absorbed in the small
intesting.

P Accessory organs provide enzymes and hile
0 s digestion,

¥ Water is absorbed from chyme in the colan,

T8 Chopter 4 = Digestive and Endocrine Systems

Understand Main ldeas

1. [ Describe the process that braaks down food so that
nutrsents can be absorbed by the bady.

2. Analyze the difference between mechanical digestion and chemical
digestion. Explain why chemical digestion is necessary for the body.

3. Summarize the three main unctions of the digestive system.,

4. Analyze what the corsequence might £e If the liring of the small
intestine ware completely smaath instead of having villi
Think Critically

5. Design an axperimant o gather data about the effect of pH on the digestion
of different types of losd.

TR Biclogy
8. Acan of caionated beverage typically hoids about 354 mL of fiud. Comgare
this amourt with the volume of an emply stomach. Give 2 ratic.

T. Explain why the pH in the digestive system changes. Give examples and
explaln the importance of these changes,
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Reading Preview
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Essential Questions

b Depending on activily kvel, what
celoric intake is needad to maintain
proger body weight?

B How ase proteins, carbokmydrates. and
fats used by the body?

B Whal ee the roles of witaming and
minarals in maintaining homaastasis?

B How can you apply the infonmsation in
MyPyramid and an food labels o
establishing healthy eating habits?

Review Vocabulary

amino acid; the basic building bk of
proteins

New YVocabulary
niudrition

Calorig

vitamin

mineral

iy Calories Used i
Activity T Acthity

Baseball 282 Hiking and backpacking 564
Basketball 564 Hockey (field and loe) 546
Bicycling 240430 Jogging T4D-H
Cross-country skiing 00 Skating 300
Football 540) Soccer 540

Nutrition

[TETK{TE certain nutrients are essential for the proper function
of the body.

Real-World Reading Link There I a saying, “You are what you eat” What da you
think that means? Much of the time, you have freedom 1o choose what you eal
However, your chaicas have consequences. Whal you eat can affect your health now
and in the futura_

Calories

Nutrition is the process by which a person takes in and uses food.
Foods supply the building blocks and energy to maintain body mass.
The daily input of energy from food should equal the amount af
energy a person uses daily. A Calorie (with an uppercase C} is the
unit used to measure the energy content of foods. A Calorie is equal
e 1 kilacalorie, or 1000 calories (with a lowercase c). A calorie is the
amount of heat needed 10 raise the temperature of | mL of water

by 1°C.

The energy content of a food can be measured by burning the
food and converting the scored energy to heat. Not all foods have
the same energy content. The same mass of different foods dees not
always equal the same number of Calories. For example, one gram of
carbohydrare or protein contains four Calories. One gram of fat
cantains nine Calories. Ta lose weight, more Calories must be used
than consumed. The opposice is true to gain weight, In 2005, Table 2
compares average Calorie usage with different activities. The exact
number of calories burned will vary depending on weight and
gender

Table 2 Activities and Average Calorie Usage

Calones Uzed

Saction 2 = Mytritian 79



* Figure 7 Your body needs carbohydrabe
rich foods fike those evary day.

VOCABULARY -.-.vicovinniinnnnnns =
SCIENCE USAGE V. COMMON USAGE  © |
Consume
Science usage: to eat or drink $i
Wi consine Calories when we eat food. - :

Common usage: 1o deplete/consume - -

The child deplece consume his enengy. .
in playing

= Figure 8 The way inwhich naturally ow-st
la0ods are cocked and servod can increase
saluratad it condent, Dffwe of may be a bether
cooking option than hulter for this reason.

T

B0 Chapter 3 = Digestive and Endocriog Systerms

Carbohydrates

Uereal, pasta, potatoes, strawberries, and rice all contain a high propos-
tion of carbohydrares. Recall that sugars, such as glucose, fructose, and
sucrose, are simple carbohydrates chat are found in fruits, soda pop, and
candy. Complex carbiohydrates are macromalecules such as starches,
which are long chains of sugars. Foods such as those shown in Figure 7
have a high starch content, as do some vegetables,

Complex carbohydrates are broken down into simple sugars in the
digestive tract. Simple sugars are absorbed through villl in the small
intestine into blood capillaries and circulated throughout the body o
provide energy for cells. Excess glucose is stored in the liver in the
form of glycogen. Cellulose, sometimes called diecary fiber, is another
complex carbohydrare found in plane foods. Although humans cannor
digest fiber, it is important beeause fiber helps keep food moving
through the digestive tract and helps with the elimination of wastes.
Bran, whele-grain breads, and beans are good sources of fiber.

ﬁ Reading Check Compare simple and complex carbohydrates.

Fats

In proper amounts, fars are an essentlal part of 2 healthful dier. Fars are
the most concentrated energy source available to the body, and they are
buikfing blocks for the body: Fats also protect some internal organs and
help maintain homeostasis by providing energy and by storing and trans-
parting certain vitamins. However, not all fars are beneficial.

NN Recall thar fars are classified according to their
chemical structure as saturated or unsaturated, Mears, cheeses, and
other dairy products are sources of saturated fars, A diet high in satur
rated fats might result in high blood levels of cholesteral, which

can lead o heart problems. Plants are the main source of unsaturated
fats. They are not assoclated with heart disease, although excessive
consumption of any type of fat can lead to welght gain.

A general rule is that saturated facs are solld and unsarurared fars
are ligquid at room temperature. The olive oil in Figure 8 concains less
saturated fat than the butter, which is why the olive ol is liquid at
room temperature, Fats are digested in the small investine and broken
down imto fatty acids and ghycerol. Farty acids can be absorbed through
the villi and circulated in the blood throughout the body.
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Proteins

Your have learned that proteins are basic stroctural components of all
cells, and that amino ackds are the building blocks of proteins. Enzymes,
hormones, neurotransmicters, and membrana receptors are Just a few
important proteins in the body

During the process of digestion, proteins in foods are broken down
to their subunic amino acids. The amine acids are absorbed Into the
bloodstream and carrled w varlous body cells. These body cells,
through the process of protein synthesis, assemble the aminoe acids inoe
proteins needed for body structures and funcrions.

Humans require 20 different amino acids for protein synthesis. The
human body can produce 12 of the 20 amino acids needed for cellular
funcrion, Bssential amino acids are the elght amino acids that must be
included In a persan’s diet. Aniral produces, such as meats, fish, poul
rry, eggs, and dairy products, are sources of all eight essential amino
acids, Vegetables, fruirs, and grains contain amino acids, but no single
plant food source contains all eight essential amino acids. However, cer-
tain combinations, such as the beans and rice showwn in Flgure 8, pro-
vide all of the essential amino acids,

Figuire 8 Beans and rice can be combisead bo
provide al he essental aming acids,

i Explain wiy it fs important to eat foods

My'F'Ia‘I:E i thot contain the essential amine ocids.

Figure 10 MyPlate replaces the food pyramid, which had been a
symbol of good nutrition in some countries. MyPlate emphasizes the
ratios of food groups racher than exact serving sizes. It recommueruds
that @ person eat about 30 percent grains, 30 percent vegetables, 20
percent fruits, 20 percent protein, with a small side of dairy such as
a yogurt cup or glass of skim milk.

Figure 10 kyPlale can help you chaose
the foods and the omownls of these foods that
are right far you,
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Registered Dieticlan A registerad
dietician addressas a vanety of haakih
issuss by showing patients bow to
make healthful decisions about thelr
iets.

B2 Chapter 1= Digestive and Endocring Sysiems

Vitamins and Minerals

In addition to carbohydrares, fars, and proteins, your body needs vira-
mins and minerals o functon properly. Vitamins are organic com-
pounds that are needed in small amounts for merabolic acrivicies,
Many vitamins help enzymes function properly. Some vitamins are
produced within the body, Vitamin D is made by cells n your skin.
Some B vitamins and vitamin K are produced by bacteria living in the
large intestine, However, sufficient quantities of most vitamins cannot
be made by the body, but a well-balanced diet can provide the vita-
mins that are needed. Some vitamins that are facsoluble can be stored
in small quantiries in the liver and fatty tissues of the body. Other vita-
mins are warer-seluble and cannot be stored in the body. Foods provid-
ing an adequare level of these vitamins should be included in a
persan’s diet on a regular basis.

Minerals are inocganic compounds used by the body as building
materials, and they are involved with metabolic functions. For example,
the mineral iron is needed to make hemoglobin. Recall thar cxygen
binds to hemoglobin in red biood cells and is delivered to body cells as
blood circulates in the body. Calcium, another mineral, is an important
component of bones,

Vitamins and minerals are essential parts of 3 healthy diet. Table 3
on the next page lists some Important vitamins and minerals, thelr bery
efics, and some food sources that can provide these necessary nutrients.
Over-the-counter vitamins are also available, Taking more than the
recammended daily allowance, however, can be dangerous and should
not be done withour consulting a doctor.

Nutrition Labels

Mutrition labels are provided on commercially packaged foads like
those shown In Figure 41 These labels are based an a 2000-Calorie-
per-day diet. Labels can be especially useful for monitoring far and
sodium Imake, which are two nutrients thar need to be consumed
in moderation. Some federal departments require thar foad labels list
the following information.

» name of the food

« net weight or volume

= name and address of manufacturer, distributor, or packager
- jJ‘LHl'E'diFI'lt".i

= OuCrient content
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Witarin

Riofiavin
(B2}

Felic Ackd

Thizmine

Miacin
(B

Pyridoxine

Majos Hole in tha Body

= yiizhon
= Hagith of skin and banes

= Health of bomes and teatl

= Strengthening of rad Blead

ol mambran

= Metabollsm

= Formation of red blood cells

= Formation of DA and RNA

= M=tabolism of carbohydrades

= Matabolism

= Metabolism of aminge acids

= Formation of red blood calls

= Formation of coliagen

Pirisible Sources

-

Major Roles of Some Vitamins and Minerals

Miridiral

Cu

Cl

Major Role intha Bosly

= Strangthening of taeth and
bone

= penve conduction

= Contraction of musclhe

« Sirangthening of teeth and

hona

« Synithesis of proteins

= Syrilhests of hemogsabin

= Smthasis of hemoglobin

= Hoaling of wounds

« Batance of water

= Synthesls of thyroid haormane

= Merve conduction

= Balance af pH

= Werve conduction
= Contraction of muscle
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= Figure 1 Huotice how many sarings are in
each fopd contznes. The percent daily values are
bead on an individes servng, not the enfine
packags

Section 2 Mmtnt \

Section Summary

B The enengy coment of food s measured in
Calories,

P Carbohydrates, fats, and proteins are hree
major groups of nutients,

B Carbohydrates are a major scurce of enargy
for the bady.

¥ Fats and proteins provide energy and are
impatant buiiding blocks for tha body.

¥ Vitamins and minerals Gre essential for
proper metabalic functioming.

B The MyPyromig Blgm and food labels are tooks
(hat you can use & eat heatibfully.

84  Chapter 1 = Digestive and Endocrine Systems

Understand Main ldeas

1. [DETKER Explain the roles of vitaming and minerals in the process of
maintalning homaastasis.

2. Describe whal proteins, carbahydrates, and Tats are used for in the
process of digestion

3. Recommend what nutrients a vegetarian should add to his or her diet.

4. Explain why keeping a count of Calories consumad and Calories used Is
impartant in maintaining praper functioning of the body.

Think Critically

. Summarize how many Calores you consume during one day by recording
everything you eal or drink. Compare this to how many Calories you bum in
an average day,

WRITING sx QI
6. Write a short anicle for your schoo! newspaper describing what is neaded for
a well-balenced diat,

o
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Essential Questions

P What are the functions of the glands
that make up the endocrine system?

¥ What i3 the rale of the endocrine
systam in maéntadning homeosiasis?

P What are the feedback mechanizms
that regutate harmone laveds in the
bady?

Review Vecabulary

homeostasis the regulation of an
arganism's intermal anvirenment to
maintain life

Hew Vocabulary

endacring gland
hormane

pltuitary gland
thyrazine

calcitanin
parathyroid kommone
insulin

gliscagon
aldsterane

cortisal

antidiuretic harmone

= Figure 12 A sieroid hormone passes

Corpprighl & bbuirare-Hill Edwcasion

trorgh a cell membrane, binds o a recepior
within tha coll, s stimulabes profein synihests,

The Endocrine System

{4 systems of the human body are regulated by hormonal
feedback mechanisms.

Roal-World Reading Link When driving a car, everyane usually maintains a similar
spead, When cars go faster or slower than the accepted speed, tha chance of an
accaant increasas. Similarly, hommanes must stay in the proger balance b mamkain
homeastasis in the body,

Action of Hormones

The endocrine system s composed of glands and functions as a com-
munication system, Endocrine glands produce hormones, which are
rebeaged (nto the bloodstream and distributed w body cells. A hor:
moane is 3 substance that acts on certain target cells and tissues 10
produce a specific response. Hormones are classitied as steroid hor-
mones and nonsteroid o amino acid hormones, based on their structure
and mechanism of actlon.

Steroid hormones Estrogen and tesiosterone are cwo examples of
sveroid hormones. Both of these hormones affect the buman reproductive
systerm. All sterold hormones work by causing the target cells 1o initiate
protein syarhests, a5 illusmated in Figure 12,

Hirmrian e-rEcentor
compies

It
'-'h-F i:;l!lur.'
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a receploran the plasma memBrans hofon Flasma membrang
anbering the oal.
Explain the difference betwean omino

ocid hormones and stevoid hormones.

» Figure 13 Aq aming ackd harmang binds b ’ ‘.

Steroid hormones are soluble in lipids and therefore can diffuse
through the plasma membrane of 2 target cell Once inside a target cell,
they bind 1o a recepuor in the cell. The hormane and the receptor that are
bound together bind 1o DNA In the nucleus, which activates specific genes.

Amine acid hormanes Insulin and groweh hormones are two examples

“ Pigure 14 A lurnace luens an or off based
an the refationship of e delectad room

temperature and e se4 poink. i of nonseerold, of aminag acid, hormones. As the name mplies, these hor-
i mones are composed of amino acids. Amino acid hormones mus bind o
m'?;:l t receptors found on the plasma membrane of a targer cell because they
incresse Signal i cannaot diffuse through the plasma membrane. Once the hormaone binds o
ahoue b turn :  The recepuor, the receptor activazes an enzyme found on the (nside of the

a7 rembrane. This usually infriates a biochemical pathway, evenmually caus-

ing the cell to produce the desired response, as llustrated in Figure 13.

Negative Feedback

Homenostasis in the body 15 maincained by internal feedback mechanisms
called negative feedback, Negative feedback returns a system to a set
paint once it deviates sufficiently from rhat set point. As a consequence,
the syszem varbes within a pambeular range. You already mighe be familiar
with an example of a negative feedback system in your own home, a5
iluscrared in Figure 14.

For example, the wmperatune in a house might be maintained ax 21°C,
The thermostar in the house detects the temperature, and when the em-
peracure drops below 21°C, the thermostar sends a signal to the heat
souree, wihch turns it on and produces more heat. Soon the emperarure
rises above 21°C, and the thermoszat sends a signal 1o the hear source
shut off The heat source will not tum on again uncil the room temperature
drops below 21°C and is detected by the thermostar. Because this process
can go an indefinitely, negarive feedback ofren is described as a loop.

BB Chapterq # Digedtioe and Endocrine Systems
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Endocrine Glands

and Their Hormones

The endocrine system, shown in Figure 18, includes all the glands that
secrere hormanes-pituitary, thyrokd, parathyroid, and adrenal glands,
the pancreas, ovaries, testes, pineal gland, and the thymus gland,

Pltuitary gland The pituitary gland is situared at the base of the brain,
a2 illustrared in Figure 96. This gland is sometimes called the “master
pland® because it regulaves so many body functions. Despite its smiall size,
it 15 the most impartant endocrine glind, The pituitary gland secretes
harmones that not only regulate many body functions but also regulates
ceher endocrine glands, such as the thymid gland. the adrenal glands, the
restes, and the ovaries.

A few pituitary hormones act on tissues rather than on specific
wrgans. Human growth hormone (hGH) regulates the body's physical
growth by stimulating cell division In muscle and bone tissue. This
hormone Is especially active during childhood and adolescence.

» Figure 18 The principsl glands of the
endocring system am lncated raughout the bock

© « Figure 16 The pituitary gland Is Iocated at
;e hase of the brain. This gland has & diameter
of appeosimatiely 1 om and weighs 05-1g

Cereballum

Hrmn Ha:|u||l )
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® Figure 17 Paratbyroid hormone (PTH] and calctanin [CT] ragulaie tre level of cakdum in the
blocd.

Explain how PTH and CT ilustrale negative feadbock,

Thyroid and parathyroid glands Idencify the thyroid and parathyroid
glands in Figure 17. One hormane produred by the thyroid gland is thy-
roxine. Like hGH, thyroxine does not act on specific organs; rather, it
causes cells of the body to have a higher rate of metabolism. The thy-
robd gland also produces calcivonin, Caleitonin is 2 hormone thar is
partly responsible for the regulation of calcium, an important mineral
for bone formation, blood cloming, nerve function, and muscle contrac-
tion. Calcitonin lowers blood caleium levels by signaling bones m
Increase calcium absorprion and also signaling the kidneys 1o excrete

mioce calcium.
5 When blood calcium levels are too low, the parathyrold glands
= Figure 18 Ghucagun and imsulin wark :  increase production of parathyroid hormone. Parathyroid hor-
L‘E‘:ﬂ""’mmm'““ Wk ofsugar in the : mone increases blood calcium levels by stimulating the bones to
: release calclum, The action of this hormone also causes the kidneys
ﬁ"}ﬁ" torms :  to reabsorb more caleium and the intestines 1o absorb more caleium
Ingafin secreted Wi : from food. The thyroid and parathyroid glands have opposite effects
fram pancreas on blood calelum levels However, as they work rogether, they main-
( :mdmmm {  tain homeostasis.
eoneases; insulin !
Whan blood sporetion inhibted ! ﬁ Reading Check Explain how negative feedback s impertant in
ghucose is kigh _ ' : maintalining homeostasis.
y i : Pancreas As discussed in Section 1, the pancreas has a crucial role in
When blood :  the production of enzymes that digest carbohydrates, proteins, and faxs.
i glucose i low  :  The pancreas also secretes the hormones insulin and ghicagon, which
In:rm?m@;ngm - work together 1o maintain homeostasis, as illustrated in Figure 18, When
secetion nhibited . blood glucese levels are high, the pancreas releases insulin. Insulin sig-
\ Eins Hmmﬁﬂ" e : nals body cells, especially liver and muscle cells, to accelerare the cotver-
‘/ ¢ sion of glucose to glycogen, which is stored in the liver, When blood
EEHWI- - glucose levels are low, glucagon is released from the pancreas. Glucagon
m’gn"m';gd ¢ binds to liver cells, stgnaling them to convert glveogen o glucose and

release the glucose into the blood.

88 Chapter 1= Digesilve and Endocrine Systams
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Diabetes is a disease that results from the body not producing
enough insulin or not properly using insulin, Type 1 diabetes, which
usually appears in people by the age of 20, oocurs when the body can-
not produce insulin, Type 2 diabetes occurs in 70-80 percent of peaple
diagnosed with diabetes, and usually occurs after the age of 40. It
results from the cells of the body becaming insensitive 1o insulin.
Complications from diabetes include coronary heart disease, retinal and
nerve damage, and acidosis, or low blood pH. In both types of diabetes,
the blood glucose levels must be monitored and maintained to prevent
eomplications from the disease.

Adrenal glands Refer again o Figure 15. The adrenal glands are located
just above the kidneys. The ourer part of the adrenals is called the corex,
which manufacrures the sterold hormane aldosterone and a group of hor-
mones called ghucocorticoids, Aldosterone primarily affects the kidneys
ared is important for reabsorbing sodium, Cortisel, anather glucocorti-
coid, raises blood glucose levels and also reduces inflammaticn,

The body has different mechanisms for responding to stress, such
as those concerning the role of the nervous system and the “flght or
flight response.” The endocrine system also is invalved with these
types of responses. An "adrenaline rush” occurs when there seems 1o
be a sudden burst of energy during a stressful situation. The Inner
portions of the adrenal glands secrete epinephrine, also called adrena-
line, and norepinephrine. Together, these hormones increase heart rate,
blood pressure, breathing rate, and blood sugar levels, all of which are
impartant in increasing the activity of body cells.

CAREERS IN BIOLOGY

Endocrinologist An endocrinniogist
studies glards that secete harmones
and the dieases imoking thosa
gands.

Inccrporate imformation
Ireem this section into

yiur Foldabée,

How do hormones help the body maintain homeostasis? Activities such as taking a test or runmng
a race place demands on your body. Your body's responses to these demands cause changes in your Dody,
Your endocring and nersous systems work together to ensure a stable intemal environment.

Procedure
1. Identify the safety concems of this lab bafore work begins.

2. identify a sport or activity, Bralnstorm what bedy actions occur as you prepare for, take part in, and recover

fraom the activity.

3. Imagine that you are writing a computer program that your bady will foflow 1o complete the activity,

Saguence the steps that you brainstormed in Step 2.

4, Review your program. lnsedt steps where the endocrineg systern might secrete hormanas o maintain
homeastasis. Use your knowledge and available resources to identify the specific hormones involved,

Include body respanses Lo these hormones 8% separate steps.
8. Compare your program with those developed by other students.

Analysls

1. Think Critically Did some of the same hoermenes appear in most of the ether programs that you

studied In Step 57 Why or wivy not?

2. Draw conclusions by describing the major body systems represented in your program. What does this
show about the range of body functions controfiéd by the endocrine system?

Section 3 = The Endocrine System B8




Visualizing the Endocrine System

Figure 19

Tha hypothzlamis maintaine homeastasis by serdng as a link babween the nervous =ystem and the endocrine
Bystem. The pitultary releases growth hormena, ADH, and oxyiocin as needed by the bady. The pituitary giand alsa
manufactunes and secretes hormanas that ragulate the testes, the avaries, and the thyrold and adrenal ghands.

}' g © Hypothalamus
s i Cells In the Iypochalamus prodisce

ADH and cuytodn, These hormones
miowe down akans to ason endings

")‘)I;E;_:_._.. and are secreted into the
: bloedstream when appropriate.

The arderior
pliuiary secretes its 4

heamanes into the 4
hll!ﬂdﬂrnarn.
L :rll:-lriur
uitary
Testick: Postarior
ghand e pituitary
gland smoath muscle
’ I wilerus
. Aatidiuretic
\ hammons
Banes [H)
\ /
Kidney
Tryroid gland Adrenal conex
—— — — e —— —
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Link to the Nervous System

The nervous and endocrine systems are similar in that they both are
invalved in regulating the activities of the body and malntaining
homeastasis. Refer o Figure 19 to study the role of the hypothalamus
in homeostasis. Recall thar this part of the brain is involved with
many aspects of homeostasis. The hypothalamus produces twoe hor-
manes, oxytocin atud antldiuretic hormone (ADH). These hormones
are transported through axons and stored in axon endings locared in
the pituitary gland.

The antidiuretic hormeone funcrions in homeostasis by regular-
ing water halance. ADH affects portions of the kidneys called the
collecting rubules. Think back 1o the last time you were working
ourside on 2 hot summer day, You produced a lor of sweat to help
keep vou cool, and you might have become dehydrated. When this
happens, cells in your hypothalamus decect that you are dehy-
drared—thar the level of water In the blood is low-and respond by
releasing ADH from axons in the pituitary gland that have been stor-
ing the hormone,

As Mustrared in Figure 20, ADH travels in the blood to the
kidneys, where it binds to receptors on certain kidney cells. This
causes the kidneys to reabsorb more water and decrease the
amount of water in the urine, increasing the water level in the
blood. If there is too much water In a person’s blood, the hypothal-
amus decreases the release of ADH, and the urine tends to be more
dilute. ADH production is stimulated by nausea and vomiting, both

of which cause dehydration. Blood loss of 15 or 20 percent by hem-

arrhage results In the release of ADH,

Section3 Assessment \

Understand Main Ideas
1. [U0UEEE Assess the reasons why hormone feadback systems ang relarmed

Section Summary
¥ Endacrine glands praduce substances calied
hormgneas,

¥ Hormones travel throughout the bady i the
bloadstraam

¥ Hormonas s ciassified as stercdd hor-
Manes ar Aming acid honmaones.

¥ Hormone leviets are influencad by feedback
SYELEIS.

¥ The endocsine system helps to maintain
homeastasis with signals from intemal
mechanisms cafed negative feedback.

fn as "negative feadback”

malntain homeastatis.

Think Critically

(A E NS EEEEREEERENERESREERESSE B NE K&

L B

WOUF rESgOnse.

it of an oeganism.

 ncrecnod water
1twlm'ra inblood  ADH

Deoeased Increassd
wilar VORIME

ml:itr:;:l reabsorption ; Kidney
\ Decreased
~ o waler &
reabsorplion

= Figure 20 Anticiuretic hormaons Q0OH|
helps to cantrol tha concentralien of waler in
ihe bicod.

2. Predictwhan you would expect b find high kevels of insufin in o person’s blood
and when you would expesd (o find high levels of glucagon in g person's bleod,

3. Explain how the endocring and nefvous systems work togelher to

4. Identily and describe fhe {mctions of pruttary, thyraid, pafathnynoid,
pancreas, and adrenal glands,

5, Research lodine is essential for thyrold gland funclion. Fetal and chidhood
igdine deficiancy is 2 major cause of mental retardation in the workd, yei the
defickency s preventable, Predict how lodine deficiency might laad o mental
retardailon or ather health issues. Research what has basn and whal is being
dape 1o allevigte this concern. Intlude Information abou scurces of iodineg in

6. Analyre how a malfunction in a negative feedback mechanism can beid Lo e

’
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Careers: Forensic
Pathologist and Forensic
Toxicologist

Tools and Techniques of
Forensic Pathology

The condition of a dead body can speak valumes
about the dircurmstances surrounding the death.
Forensic pathodogists gather data from a body,
then analyze it to determine when and how a
person died The tooks, technlgues, and scientific
methads that forensic pathologists use halp
Iinvestigators plot the last howrs of & persan's life,
a5 will 85 the events that led t death,

Digestion and time of death During an
autapsy, the pathobogist examines the victim's
stomach contents. Wiy is this important? At the
mament of death, digestion stops. The
pathalogist can use the condition of the
stomach to-estimate a ima fine. f the stomach
it entirely emply, the victim probably died at
least three hours after be or she last ate, If tha
emall intestine also is empty, death likely
cocurred at least ten hours after the last meal

I= it possible to identify the tvpe of food in the
stomacht In some cases, yes. & Scanning
election microscope can be wsed to identify
food particles, A stomach sample that matches
the last known meal also can help investigators
establish a time perlod

A besin shoe might be used 1o determing 0 Cause of cestn

Stomach contenis can reveal paisoning

Toxic substances such a5 household products,
poisons, and drugs can e rvaheed in & desth, &
farensic toxicologist, 8 specialist wha can
identify forelgn chemicts st can lead to death,
might be called,

While one piece of evidence rarely serves as
conclusive proof, forensic pathologists are
trained 1o note spacific detasils. These details
can add up and sometimes help tell the story of
the: final hours of a person’s Iife.
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BIOLAB

HOW DOES THE RATE OF STARCH DIGESTION COMPARE

AMONG CRACKERS?

Background: Starch digestion begins in the
mouth. The enzyme amylase, present in saliva,
catalyzes the breakdown of starch into sugar
miolecules, the smallest of which is glucese, an
impartant energy source, Foods, inchuding crack-
ars, vary in starch content. In this lab, you will
compare how quickly starch ks digested in
several types of crackers to determine the
relative amount ineach,

Question: How does the amourt of time
required for starch digestion by amylase
cOMpOre among vanous types of crockers?

Possible Materials
varlery of crackers
mortar and pestle
test ubes and cest

Bunsen burner or
hot plate
graduated cylinder

rube rack iodine seluckon

filcer paper droppers

funnels watch glasses

balance amylase solution

beaker glass markers or
wax pencil

Safety Precautions

£ [0 3 3 R ) B

WARNING: lodine can irritate and will
stain skin.

Plan and Perform the Experiment

1. Discuss the safety concerns of this lab
before work begins.

2, Examine three types of crackers. Design
an experiment 1o compare the amount of
time required to digest the starch in éach.
You will use the enzyme amylase to stim-
ulare the digestion of starch. Jodine, a
chemical indicator that tums biue-black
when starch is present, will indicare
when stareh digestion is complere.

3, Construct a data chart o record your
ohservations

Design Your Own

4, Consider these polnts with your group

and medify the plan as necessary.

» ‘Whar factors will be held constanti

= Have you established a control sample?

» How will vou know when starch diges-
tion is complete in each samplet

» How will you keep constant the amaun
of each type of cracker tested?

» 'Will the chart accommodare your datal

5. Make sure your reacher approves your

plan before you procesd.

. Carry out your expariment.

7. Cleanup and Disposal Dispose of test
tube contents as direcred. Clean and
return glassware and equipment. Wash
your hands thoroughly after handling
chemicals and glassware,

Analyze and Conclude

1. Analyze how rhe amylase affected the
starch in the crackers.

2. Observe and Infer In which cracker was
starch digestad most quickly? What does
this indicate abour the amount of starch m
this cracker compared to the others!

3, Think Critically “What variations
among human mouths might affect the
action of amylase on starch? Explain.

4. Error Analysis Did any steps in your
procedure introduce uncontrolled vari-
ables into the experiment? Explain how
the procedure could be redesigned 1o
make these factors consiant,

=ad

APPLY YOUR SKILL

Design an experiment to decermine how varylng
1 condition such s remperature or pH would
affect the digestion of starch by amylase

in one of the crackers.
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THEME FOCUS Homec & Home I 1= maimtained oy negative feedback in glar

roid, pancraas. and adre

CIEIEE the digestive system breaks down food to provide energy and nutrients
for the bady. The endocrine system produces harmones that regulate body functions,

Section 1 The Digestive System

machanical digestian JIKER The digestive systom breaks dewn food so nutrlents can be
chemical digestion absorbed by the body.

amylase » The digestive system has three main functions.

Saaphagus = Digestion can be categorized as mechanical or chemical.

M‘_""” « Most nutriencs are absorbed in the small intestine.

:::mruuﬁm » Accessory organs provide enzymes and bile to ald digestion.

By « Whter is absorbed from chyme in the colon.

willuis

lasge intesting

nistrition SLTEETE Certain nutrients are essential for the proper function of the
Calorie body.

'li'f?ln"': = The energy content of feod is measured in Calories.

minara

Section 2 The Endocrine System

= Carbohydrates, fats, and proteins are three major groups of nutrients.

« Carbehydrates are a major source of energy for the body.

« Fars and proteins provide energy and are important building blocks
for the body.

= Vitamins and minerals are essentlal for proper metabolic functioning.

= Food labels are 1ools you can use to eat healthfully,

endacrine glamd LLITRES Systems of the human body are regulated by hormonal
Mormann feedback mechanisms,

pituitary gland » Endocrine glands produce substances callad hormones.

thyroxise » Hormones travel throughout the body in the bloodstream.

Chiciionin » Hormones are classified as steroid hormones or amine acid hormaones,
m";m“ oy » Hormone levels are influenced by feedback systems.

glucagon = The endocrine system helps (o maintain homeostasis with signals from
ikiekns internal mechanisms called negative feedback

cortised

antidluretic hormonge

84 Chapter 3 = Sludy Guide
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Chapter /:i Assessment

Section 1  SH—

Vocabulary Review
For each set of rerms, choose the one term that does not
belong and explain why it does nor belong.

1. esophagus, pancreas, large intestine

2, pepsin, ghreogen, glucose

3. bile, amylase, peristalsis

Understand Main ldeas

4. Which action takes place in the stomach?
A, Large far molecules are digested into
smaller molecules.
B. Froteins are broken down,
C. Amylase breaks down starches into smaller
sugar molecules.
D. Insulin is secreted for use in the small intestine, :

5. Which row In the chart contains the words thar
best complete this statementt The (1) produces (2), |
which ig secrered into the (3] :

el

Haw. | 7|

A liver bile small Intasting
B pallbladder  pepsin slomach

= [EFICIEas atid large Intesbne
o villi amylase  mouth

A. Row A

B. Row B

C. Row C

D. Row [

6. A person complaining of digestion problems is not
digesting fats well. Which is a reasondble explana-
tion for this condition?

A. The pyloric sphincter is blocked.

B. The bile duct is blocked

C. The person is secrecing excess bile.

D. The stomach is secreting toe much acid,

Lise the graph o answer question 7,

Effect of Medication on Stomach pH

Day1 Dey2 Day3 Dard Day3d
Day

7. A person has been taking a medication for 5 days.
wWhich of the following ts Hkely to be a conse-
quence of this medication?

A, Pepsin would not be able 1o break down proteins

B. Amylage would not be able 1o break down starch.

C. Bile would not be able o be produced.

D. Enzymes secreced by the pancreas would not
funceion well

Constructed Response

B. Short Answer Explain why the term heartburi
15 an inaccurate description of this condition.

9, [TIKER Refer to Table 1 to summarize the
digestive processes that occur in the following
strucrures: mouth, large intestine, stomach, small
intestine, and esophagus.

10. Open Ended Why can a person live without a
gall bladder? Assess the effects, if any, that this
would have on the person’s ability 1o digest food.

Think Critically

11. Explain why a drug manufacturer might add vita-
min K to some antibiotics in tablet or pill form.

12. Hypothesize why the human body has an appen-
dix if the appendage has no known useful function

Chapter 3 = Asesement 896
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T

Section 2 L4

Vocabulary Review
Describte each of the follondng vocabulary terms.
13. nutritdon
14, vitamin
15. Calarle

Understand Main Ideas

6. Which are characteristics of saturated facs?
A. liquid at room temperature and found
in vegetable oils
B. mastly absorbed in the large intestine
C. derived from animal sources and are solid
at room temperature

D. tend to lower blood cholestergl

17. Which carbohydrare is not digestible and pro-
vides fiber In vour dieg
A, sucrose
B. starch

C. glycogen
D. cellulose
18. Which combinations in the stomach break down
high-provein foods?
A. @ low pH and pepsin
B. a high pH and bile
C. a high pH and pepsin
D. alow pH and hile
Use the image below to answer question 19.

19. If you ate the entire bag of chips, what percent of

the recommended daily value of saturared far
would you consurne?
A. 14 percent
B. 28 percent

C. 5 percent
D. 35 percent

96 Chapter 3 » issassmant

Constructed Response

20. CAREERS IXN BIOLOGY According to dieti-
cians, low-carbohydrate diets are usually high in
fat and protein. Evaluate whae health risks might
be associared with a2 long-term intake of foods
high tn fats and proteins,

21. [T Describe whar factors, besides not

having enough food, might cause a person o be
malneurished.

Think Critically
221, Explain why 2 diet high in fiber might reduce
the chance of colon cancer.

23, Infer the reasons why obesicy rates in some
countries have continued 1o rise seeadily for ar
least the past 30 years,

Section 3 .
Vocabulary Review

Explain the difference berween the terms in each pair,
Then explain how the rerms are relared,

24, insulin, glucagon
: 25, estrogen, growth hormone
: 26, cortsol, epinephrine

Understand Main Ideas
Use the graph belons o answer question 27,

Blood
Glucose
Lewel
e —
Timin

27. The graph shows blood glucoss levels over a
period of tme. Which hormone might have
caused 2 sudden surge as indicated by the arrow?
A. antidiuretic hormone
B. growth hormone
C. glucagon
0. insulin

Cagprighn & liCraw /it Efucotion  joratbas Fos ok, Flagef it
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28. Which hormones are released from nerve cells
rather than from endocrine glands?
A, antidiuretic hormone and oxytocin
B. growth hormone and thyroxine
C. Insulin and glecagon
D. norepinephrine and epinephrine
29. Which pairs of hormones have oppaosite effecs?
A. calcitonin and parathyroid hormene
B. epinephrine and norepinephrine
C. growth hormone and thyroxine
D. aldosrerone and cortisol

Lise the photos below ro ansuer guestion 30,

A
30. Which person is likely to have high levels of

epinephrine?
A. person A C. both persons
B. person B D. neither person

Constructed Response

What would be
the direct effect of overproduction of calcitonin?
Analyze how this might disrupt homeostasis in
systems other than the endocrine system.

B THEME FOCUS Hormenstasis

32, Short Answer Assess how the long-term use
of cortisol would impact a person’s ability to

fight infection.

Think Critically

33. [[[7 G0 Create an analogy using a balance
describing the relationship becween calcitonin
and parathyroid hormone.

34, Hypothesize Why I5 insulin usually injected
ingread of raken arally?

II‘,-""\
Chapter 3 Assessment

Summative Assessment I

35. CIIEHEEE] Breakfast is considered the most
important meal of the day. Based an the food
pyramid, plan a balanced breakfast and explain
why the nutrients are Important. Then describe
the processes thar will take place in your diges-
rive and endocrine systems after you have
eaten. Why [= hreakfast =0 imporrant?

XisnriLy Biology This chapter began
with a situarion where vou were ealing a pizza.
Write a short story describing the events that
occur as the food moves through your digestive
cract, Hine Be sure o include all major groups

if MELrienLs.

36.

m Document-Based Questions

S DNproy GLesedee dov Asingo X005

Estimated Calorie Reguirements in Gender and Age

Groups

: Moderately
Gemder ﬂ Active
9-13  1e00-2000 1800-2200
fa-18 200} 2000
Farmabe #5830 20002200 201
350 2040 2300
S 180D 2000-2200
413 1ED0-2200 2000-2600
1-1B 24002304 28003200
Male 10-30  2600-2800 3000
3-S50 2400-2600 2E00-3004
Bt 2404 24002800
e S

37. According o the chart, which gender needs
maore Calories?

38. Describe the general trend regarding the num-
ber of Calories needed o maintain energy bal-
ance in relation to age.

39. Why do indlviduals in the 19-30-year-old
group need the most Calories?

Chagher 3 = fssessment ST



Standardized Test Practice

Cumulative
Multiple Choice aligned with PISA study skills
1. Whar is the function of melanin in the epidermis? 4, Where would far stared in bones be found:
A, to protect tissue from ultravioler radiacion . A. compact bane
B. o provide support for blood vessels B. osteocyres
C. 1o stimulare the growth of hair in the follicles C. red marrow
D. to warerproof and prozect the skin surface : D. yellow marrow

Use the diagram below 1o anrswer guestions 2 and 3.
Use the diagram below ro answer question 5.

5. Which is the path that blood follows as It flows
through the heart immediately after returning
; from the head and body?

A, 1 =2
B. 2 —1
: C. 3—4
2. In which part of the digestive system do chemical '+ Y T
and mechanical digestion first occun :
Al
B. 2
C 3
D. 4 6. Which describes how filvering occurs in the
EXCTEIONY ZYsTem?
A. Blood enters nephrons of the kidneys, and
: excess water and wastes are filrered from the
3. Which process happens first in 2 nerve cell when a - blood. i
stimulus reaches ics threshold: H B. Urine leaves the kidneys through ureters. :
A. Potassium channels in the cell membrane open. C. Water and nutrients are absorbed back into §
B. MNeutotransmitters are released into the synapse. the Blood. é
C. 5Sodium lons move into the nerve cell, D. Water is added to excess nitrogenous wastes =
D. The cell becomes negatively charged. : from the digestive system to form urine i

98  Chapler 3 = Assessmont



Crnprgemgl vl €5 b Cor e ! Bl

Short Answer aligned with

SAT exam skills
Lise the graph below 1o answer questions 7 and 8.

Feeding Rate of Territorial and

MNonterriforial Surgeonfishes

‘it T FiSH
| == Nonterisorial fish

1
_‘ﬁﬁ_l S I =
I [ P - B E R =
Time of day (h)

2 % X

P
=

Feeding rate
{bites par min)

L =]

7. Compare and contrast the feeding behavior of the
fishes shown In the graph.

B. Predict how the graph might appear if the territo-

rial fish showed terrivorial behavior only during
one season of the year

0. Assess why a dier with no protein would be
uirifsealeine.

10. What are two benefits o the young of mammals
in recelving milk from their mochers!

11. Explain how the different body structures in
raundworms and annelids enable them o move.

12. A person who exercises in extreme heat can lose
sales that contain potassium and sodium through
his or her sweat. What can you infer abour the
effect of overexertion an the RETVOUS systems

13. Differentiate the three main vessels through
which blood flows as it goes from the heart
through the body and returms to the heart

Extended Response aligned with
SAT exam skills

14. Bvaluare how a swim bladder helps a fish maintain

its deprh.

15. Evaluate how high Blood pressure and kidney

damage could be relared.

16, Name three comporents of sympathetic stimula

tion, and assess how they could be helpful o a
hurnan’s survival

Essay Questions aligned with
SAT exam skills

Humans need vitamin C in their diets because it
strengrhens che function of the Immune system
and prevents a disease called scurvy. Vitamin =

is water-soluble, so it is not stored in che body.
Vitamin C i oftén suggested for someone whao i
just gerring sick or is already sick. Some people
recommend taking very high doses of vitamin C,
sometimes even thousands of times higher than
the recommended dose. Medical researchers
disagree abour the effectiveness of taking large
doses of vitamin C. Some think that it does
nothing, while ochers think that it is helpful
However, almost all medical researchers agree that
raking large doses of vitamin C for shom periods of
time iz probably net harmiful

: Using the informarion in the paragraph ahoe. ansier the
i follopsdng question in essay format

17. Formulare a hypothesis about whether taking

large dases of vitamin C for a cald is helpful
Explain one way this hypothesis could be tested.

Chapter 3 ¢ fgsptament 99
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Student. Resources

For students and parentis/guardians
Investigation and experimentation are key
components of your biology class. Use this ref-
erence to learn lab rechniques thar will
enhance your lab experience. Laboratory safery

is vital to a successful investigation and experi-

ment; we've outlined basic laboratory safety
i here.

The skillbuilder handbook helps you
sharpen your problem-solving skills so you can
get the most out of reading and understanding
scientific writing and data. Improving skills
such as making comparisons, analyzing infor-
martion, reading time lines, and using graphic
organizers also can help you boost your test
SCOTES.

The reference handbook is another tool that
will assist you. The classification tables, word
origins, and the periodic table of the elements
are resources that will help increase your com-

prehension.

Table of Contents

Reference Handbook
Six-Kingdom Classiflcation . EH-2
Three-Domain Classification ........ RH-&
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Reference Handbook

Six-Kingdom Classification

The classification used in this text combines informarion gathered from the systems of many different
flelds of biology. For example, phycologists—biologists who study algas—have developed their own system
of classification, as have mycologists-biologists who study fungi. The naming of animals and plants is
controlled by two completely different sets of rules. The six-kingdom system, although not deal for
reflecting the phylogeny of all life, is useful for showing relationships, Taxonomy is an area of biology
that evolves just like the species it studies. In Tabbe 1, only the major phyla are listed, and one genus is
named as an example. For more information abour each taxon, refer to the chapter in the text in which
the group is described.

PhylumyDivision* Typical Exampio

[Camman Hame) {Camman Name) Characteristics

frctinabacinria Mycobacterlim « unicellar

* mest absarb food fram surrcundings
Omnibacleris Saimonedo * 2omo are photosynthetic

{salmanelia) = SOMe are C’hEn’-‘f}EWEIiI:

» MMMy fra parasibes
E‘p"_":":mma‘;' Trepanama = fivany are roumnd, spiral, or rod-shaped
\spirachetes) » same farm colonies |
Chiorosybacteria Prociaron .
Cyancbacleria Nostor ]
(e green algae) [nostoc) i
Aphragmabicteria Mycoplasma * uniicellutar 3

= Sorma absark food from surroundings
= fome gre photosynihetic
Halobacteria Hithotarimmg = dama are chemasynthetic
= mary are found in extremely harsh
emircanments including salt ponds, hol
springs, swamps, and desp-sea fydro-

Mathanacreatrices M thamedaciing thermal vents
Sarcoding Amoeba = micellular
famoea) lamosba) = take in fpod

= free-living or parasitic

= meree by mians of pseudopods
CHiophora Faramecinm = uniceliuar
[cWiates) [paramecim| = take in food

= fizve large numbers of Glis

H10r. Gare Cavaliv Roiaacs Fover (FRae ol Lrmneed Phrde Dasardkss (W5

|'-‘|FI|I:I.‘.'I'I1[I|E!II:.E Plosmogiinm = Limomlular
[Epacamplexan) (s modiumy} = Fake in Tond
= 10 meand of moveman
= fre parasites in animals

*in the Kingdom Plantse the major phyla are referred 1o a5 “divisions”

Capprgiil © Moleia -8 Education
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Kingdom

Ioomastging
troaflageliates)

Euglensphyta
(=uglenoids)

Bacillariophyta
(diztams|

Pyrrophyta
(dincflagslliatas)

Rhcdaphyla
[red ehgae)

Plaeaphyta
{brown alga)

Aud algas Chipraplyla
Igrean alpae)

Aerasiomycota
icedliddar slime mold)

Mymomycata
Qarmycnia

twater mald!
dawny millew

Phylum/ Division®
{Camman Name)

{acaliulpr sHme mald)

Typical Examplo
(Eommon Nams)

TryparasarrT

Euglend
(ugleni)

Mowiciky

Gonmynuiny

s

Laminag

L

Dictyostefium

Pliysarem

Prytophitiorn

Reference Handbook

Ehamdnﬂ_iﬂt'!._

¢ unicellulas

= taka bn food

» freadiving or parasitic

« igve ane or more flagella

= ynicallular
= phaotosynihatic or take in food
= most have one flagallum

= unicaliular

= phaotoeynthatic

= have urmgue double shalls made
of zifica

= pnicellular

= photosynthatic

= pontain red pigments

& have twa flagalla

» most are mulliceliular

= phatosynthatic

= contain red pigments

» mps] e in 00ap, Sa0 warer

» mot are mulicellalar

= phalosynthatic

» cofiEn Beoan pigments
= mcs] e in Al water

= ynicellular, mufticallular, or
colonies

= phatasynthabic

= contan chlorophyl

= |ive on land, in frestwatar, or
Lalf wates

= ymicellstar ar multicethular

= absorh food

= change form during life oyce

= geliular and plasmadial sime
mishds

yooqpuey
olldliajoy

= multicelluar

= are gither parasitas or
dacomposars

= live In frashaiater or salt water

*Iry the Kingdom Plantae the major phyla are referred fo as "divisions.”

#eference Handoock  RH-3



Reference Handbook

"In the Kingdom Plantae the major phyla are referred to as “divisions.”

Phylum/Division® Typical Example o
(Comman Name) {Common Name) Eharacteristics
Zygomycota Riviropis = muliticeular
{comman mald) {bread mald) = absor food
= pores are prosduced in
sporangla
Ascomycotn Soccharampces = uricedulas and multicelidar
isac Tungiy iyeast) * absarh foad
= spongs produced in asc
Basidicmycota Cruciaisknm = mutlicellular
(club funigi) fhird's mest fungus) = ahsarh food
= 5poreEs produced In basida
Deuteramycoth Penicilfivm = members with wnknewn regro-
fEmpesrfect furgi] [penicilum) cuctive sticlings
E 13: * imparfact fung
= Chytridiomycota Chytriivem = some are saprobes
E i fehrylid) = same parasitize protists, plamts,
Q E and animals
H-:I-.r = Hapallcophyia Moncsaieniim = multicellulas nomvascular plants
[ = [liveraorts) (Peliiz) * reproduce by spores produced
Anihocerophyia Anthoceros 0 capsules
{hormearts) B it
& grosy i maist, land
Bryaphyta Folytrichum Envanments
{moss) (haircap moss)
Lycophyta Lyropodinm = multicelular vascular plants
ichub miass) (wecifs. claw) = SpOres ane produced in
Come-like siruchures 3
= five on land 5
- photasynihetic £
arthrophyta EqLissiT = wascular plants i
{harsetails) » ribbed and jointed stems :
= scale-like leaves g
= spores produced In oome-Eke =
structures -
Plerophyta FPolypodivm & wascilar planls E
{ferns) tferns) * leaves calbed fronds 3
= spares produce in clusters or g
Sparangia calad sor
= live on land or in witer E
Ginkpophnyta iFimhga = daciduous trees i
[ginbo) [qirkm) = oaly ane living species o
= have fan-shaped leaves wilh 1{;
branching veins and fleshy
oanes with seads _E
t
4
£
i
:
s
B
3

RH-4 Heference Hamdbeak
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Reference Handbook

Phylum/Division® Typical Example el ST
finadon {Egmmnn Name) | (Common Name) Sharacterstis
I cido . = palm-tke planis
T. ffdlfi-'i"rﬂ :::-fmﬂ] 2 {Eplll:}rn tras) = have large, feather-fie eaves
[ $aggP o~ » produce seeds in cones
: Coniferognyta Pinus = dacidugus Of svergreen
[conifer] [pime tree) ® traes o0 sheubs
» naedia-like of scee-like leaves
= cpads produced in CoNEs
s Gnetophyta Witwfac iy = shrubs or woody vines
v [yreatmphivie) [weerhailschia) = spapls produced in Cones
i, » giivision contains caly hiee
Welwiichis etk
Anthoptyta Radodendron = daainant group of plants
[Floswrering. plant] [rhododendron) = flawafing plants T =
= have fruil with seeds ] Elh
Porifera Spongilg = pquakic arganisms thai lack frue i e
[sponges) [sprmge tizsues and Orping o E
= gsymmetical amd sessis o =
Coidaria Hyahre = rad|ally symrr]Eu'in:_aJ I_E_ g
[cnidadans) [hydra) = tigastive cavity with ang
opening
= miost have tentacles armad wilh
ghinging cefds
= |ive In aguatic environments
simgly or in colpnies
Platyheimnthas Dugesio = Uungegmented, biaterally
[flatwarms) (nlanaria) symmelrical
= nix by Cawily
= digesdive cavity, if presend, has
arnly o apening
= parasitic and free-living species
Mematoda Trictunadio = pseudoroelomate, ukseg-
froundwosms) {irichinella) mented, bilaterally symmedrical
= fushular digastiee Irac]
= without cilia
= live i greal fumbers in S0l and
aguatic sedimeanis
Mollusca Noulius = saft-bodied coslomales
frallusks) inautilus] » hiodies are divided inko three

parts: haad-foot, visceral misss,
and manthe

= many hawe shefis

= almost all have a radula

= aouatic and terasthal spacies
T T———— —

“In the Kingdom Plantae the major phyla are referred to as “divisions.”

Heference Handbook  RH-E
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Kingdem Phylum/Division® Typloal Example
; (Comman Name] (Commen Name}

Characteristics

Animalia [confimsed) Annelida Hindo
\segmentad warms) [leech)
Arthropoda Colas
farthropods) (butterfies)
Sand dollis
- Echinogermata Cucmanio
= | eChinadenm
c o I ! [5ea cucumiber)
ay e~
55
e
Chardata
[+ g = {chardates)
Chordata Folycavpo
Subphylum: (38 squirt)
Lrachardata
Chordata Bromchiosiomg
Subphylum: [@miphicomis)
Cephalochordata
Eikionat Chordata Panthera
Subphylum: ipanther)
Vertebrata
—

= coplomate, serially seqgmentad,
Bilaterally symmetrical

= cofmplete digastive tract

= [rosk have satas on each
sagment that anchar them
durineg crawiling

= {errestrial and aquatic species

s chitinous eeaskaleton cavering
sagmantad Bodies

= patred, jointed appendagas

= mady have wings

= land and aquatic species

= [Faring cnganisms

= Pave spiny or leathery skin and
4 water-vascular system with
lube fael

= radially symmedrical

= sagmented coalomates with &
notachiong

* pO55255 & dorsal neres cord,
pharyngeal slits, and 2 tall at
soing Sage of life

* Mol have paired appendages

= young have all of the main
chardate features; adulls have
caly phanyngeal gill-shits

# adulis haws all of the main fea-
tures of chordatas

= the hallmark featura of afl
verlabrates is & spinal column

“In the Kingdom Plantas the major phyta are referred o as “divisions ™

Three-Domain Classification

Increasingly, biologists are classifying organisms into categories larger than kingdoms called
domains. The three domains are: Domain Bacteria, Domain Archaea, and Domain Eukarya.
With future discoveries, this classification system might change to iNCOrpOTate new

Informationn.
BOMAIN Bacletia Archaaa Eukerya
KINGDOM Bactetia Archaea Profista | Fumgi | Plantae | Animalin

RH-& Raference Handbook
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Scientific Word Origins
This list of prefives, suffixes, and roots is provided to help you understand science tenms used throughout
this bislogy textbook. The list identifies whether the prefix, suffix, or root is of Greek (G) or Larin (L}
arlgin, Also listed is the meaning of the prefix, suffix, or root and a science word in which it is used.

Origin

A

ad (L)
aero {iG)
an {G)

ana (G
andro (G)
angio (G)
anths/o (G)
antl (G}
aryusa (L)
archae (G}
arthro, artia (G}
askos (G)
aster ()
auros (G)

b (L)
bio {G)

C

carn (L)

ceph (G)
chloras {G)
chroma {G)
cide (L)

cire (L)
cooc/ooccus (G)
con (L}

cyte (G)

D

de (L)
dendron (G}
dent (L}
derm ()

di (G)

dia ()
dorm (1)

Meaning

Lo, Toward
air
withour
up

make

af seed
flower
agalnst
of water
AMCHENL
jointed
bag
Srar

self

W0
life

flesh

head

light green
plgmented

o kill

cireular

small and round
together

cell

CETIOAE
rraes
Looth
gkin
Bt
apart
sheep

Example

adaxial
aerobic
anaerobic
anaphase
androceism
ANEICE T
ancthophyte
antibody
aguatic
archasologist
arthropod
ascospore
Asceroldea
autoimmeans

bipedal
hinsphere

carmivare
cephalopod
chlorophyll
chromosome
insecticide
circadian
RLTEEtOCOCCLS
CONVErgent
cytoplasm

decompase
dendrite
edentate
epldermis
disaccharide
diaphragm
dormancy

Origin

E

echino (G)
ec (1)
elfate) (L)
enda (5}
epl (G

e (1)
exn ()

F
fer (L)

G

gastro (G)
genesls (G}
gen/lelo) (G)
gon {G)

gravi (L)
gymufo (G)
gynse {G)

H

hal{a} ()
haphio) (G}
hemi (G}
hemio) (G)
herb/ali} (L)
heterso (G}
homie)/o ()
hom (L)
hydr/o (G}

I

inter (L)
intra (L)
isfa {G)
J

jug (L)

Reference Handbook

Meaning

spiny
DUITEr
small
within
upon
e
putside

EO CarTy

stommach

o originate
kind
reproductive
heavy
naked

female

salt

single

half

blood
vegetation
different
b= 1115
human

WA LET

betwesn
within
equal

0 join

Example

gchinoderm
EOOSVETETL
organelle

eredosperm
epidermis
Eukaryooe
exoskeleron

joorpueH
caUdioloy

conifer

gastropod

sagenesls

genarype
archegomivm

gravitropism
E¥TNQIEETm
gymecilm

halophyre
haplaid
hemisphers
hamoglobin
herbivore
heterntrophic
homeosiasis
haminid
hydrolysis

interpods
intracellular
isoronic

jugular

Refarence Hamdbook  RHE-T
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Origin Meaning Example Origin Meaning Example
K P [continued)
kary (G} nucleus eukaryole plasmdo (G}  to farm plasmodium
kera (G) homlike keratin pod {G) foot gastropod
paly (G) many polyvmer
L post (L) after poszerior
leuc/o (G} white leukocyte pro {G) (L) before prokaryote
logy (G) study of biology prot/o (G} first pracvocells
lymphso (L) water lymphocyte pseud’o (G)  false pseudopodium
lysis (G) break up clialysis "
E “E M re (L) back to original reprocuce
5 =] maerfo {(G) large macromoleculs rhiz/o (L) TooT rhizoid
e .'E meg/a (G) great megaspare
..F.',.' = mesa (L) inn the middie mesopkyll s
g ; meta () frer metaphase scope (G) to jook microscope
micr/o (G) grnall microscope some {(G) body lysome
maon/s (G) only one memocoryledon sperm {GG) seed BYMINOSperm
marph/o (G}  form marphalogy stasis () remain constant  homeoszasis
stom (5) mauthlike opening  stomara
N syn (G) tagether synapse
nema (G} a thread nematode
netire (i3} nerve MELToT ;I;M_I ) end Sichags
nod (L} knot nadule : :
nomyle) () system of laws TAXSIHITY ":_:l;r fufi."} ﬁr Earth ;EEEH]
EMErm T 23l Ferm
o thylak {G) sack thylakodd
oligra (G)  small, few oligochaete P e
omn (L) all omnivore o S
omis) (G)  bird omithology G f‘-’é. % Ehmge s
ostedn (G} bone formation osteocyte trophic (&) nourishment terotrophic
ov (L} an egg aviduct U
p uni (L) ane unicellular
pal(aleso (G}  ancient palecntology v
para () begide parathyroid vaceda (L) .
SRS YacCime
path/o (G) suffering pathogen i R
ped (L) fom centipede vore (1) k. gradily e
per (L) through permeable N
peri {G) around, about peristalsis xer/o (G) dry xerophye
phagi/o (G} eating phagocyte 3
phot/o (G) light photasynchesis 7 :
phyl (G) race, class phylogeny 2040 (G) living being zoology j
phyll (G) beaf chlorophyll tygous (G} two joined homozygous i
phyte (G) plant epiphyte o
pinna (L) foathar pinnate %
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Safety Symbols

These safery symbols are used in laboratory and field investigations in this book to indicate pos
sible hazards. Learn the meaning of each symbol and refer 1o this page often. Remember [0 wash
your hands thoroughly after completing lab procedures.

———

Spedal dipasal proce-
dures nieed in b Tal-

rerlain chemicals,
Ikirig organisme

Do not dispese of these
materals in the sink ar

DiEpoce of washes as
direcied by your leactres

DISPOSAL

Erash can.

e,

Orgemi=eres 4o Difwer big-  baciens, Tungi, fkod, Beoid ckincontactwith  Mokity wour beacker if o

Cepariyat €1 kioCrem Hll Efu s uw

BIOLOGICAL A.E_-":,‘." lngical mateiak ha unpreseived lssues, these materials, Wesr saEpRCk comact with
4 might be hambul e plant malerials rragh of lkyes material, Wash hamds
humans thanughly.
EXTREME Ofects that can bum bading tgeids, hot pldles, Use propes protedtion 15 B youir eaches for
‘ skin by Deing fon told or  diy ice, Bquid nitreges when handing finsd mid.
TEMPERATURE [ £o0 hiot
SHARP ise af tools or glassware  maor blades, pins, sca- Praclics common-sonie 5010 your Jeacner o
thal an easily punciure  pals, poinled loods ds betavor amd olow lirsd aid
OBIECT ar sice skin secling probes, broken  guidefines for usa of the
glass [l
- Prscile danger o e ammonia, acetone, nail  Make sure there i good  Leava foul ansa and
FUME B ‘ rabary fract from fures . pelish remougr, hested  venthabion Plpver smell  nobity wour beacied
seiifer, Mot balls s dirncsy Wear & immediakely.

Possitde danger from

imprapar geaunding. fg-

Mgk,

[ovable-check sefep wiih

Do ol afiempt fo e

ELECTRICAL J alactical shock or bums uid spils, storl Grouils, . pacher. Check condition  eleciical protlams
ot Witk of wine= Moy your teachar
and sopssalus, Uee mmediziehl

Subsiances thal can iri-

pallen, moth balls, e

GR-protecind oubiets

Woar duss mask end

G0 10 Wi 18RChar i

IRRITANT E fale the sdn or mucous  wodl, fibergless, potas- gloves. Praclice et first il
membranas of the cespi-  slum permanganale canp when kandiiag
raLory et Ewse matstiak.
Creemmicals: thad can react  Dleaches such as lydro-  Waar goggles, glowes, Immedistsy Fush The
CHEMICAL wilh and destroy tissse e peennide; atids suth  2nd an apran affecied aiea witl vweder
and other a5 suliwic acd, hydre- and nofify your keachar
malerials chioric achd: bases such
&4 gmmala, sodium
ydigiide
- Subalanie may bopok  mECeEy, many melsl ooy your teathers Hlways wash hands thor:
TOXNIC BY ep sonaus il iuched, pompognds, iodine, poin- - Instructions. oughy aller e Go o
T inhaled, or pemllowed.  s8iia plant pans worr Leacher for finst aic
Open fipme may igrite akohol, kesgiene, potas-  Avoid apen flames ancd  Mulily your teaches
FLAMMAELE @ lammabio chesicals,  sum permanganals, hai  heat when using flamma:  immedisiety, Use fire
lopse dothing, of D& lathing ble chesials salety equipmeant f appli-
calbie

Open fame in use, may

har, clalhing, papar, syn-

Tike Back bair and [oose

illways wash hands. ihor-

OPEN FLAME *m‘ s fine. helic materits disting. Foliow teacher’s oughty after use. Go be
instructions o lighting  woer beacher for first s,
and exiinguishing llames.

Eye Safety N Ciothing Animal Radisactivity Handwashing
Proper oy -..i‘ Protection Safaty This symbaol After te lab, wash
protection mast be fhis symbal appears This symincd appgars wheh haeecs wath =cap 2nd
wam # all fines witian SukmbaEas ApEears when ridinECie yater before remure-
Ly anyena periorm- couir S8 of b safesy of animalks marterials sre ing geqgles.
inig oF obserdng chokhing. afed shudants e,
sience acthviies. st b enmored.
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A Biologist’s Guide To The Periodic Table
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Elements in the Human Body
{percant by mass)
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prodning, DR, RMA, snd ATF,
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can caangs mirogen (M 10
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HiF
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