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CHEMISTRY IN BIOLOGY

ENCOUNTER THE PHENOMENON
What is wrong with the
water?

Ask Questions

Do you hawe other guestions about the phenomenon? i so, add them to the driving
question board.

Claim, Evidence, Reasoning

Make Your Claim Use your Collect Evidence Use the Explain Your Reasoning You
CER chart to make a claim lessons im this module to wiill revisit your claim and
about how oxygen drives life collect evidence to support explain your reasoning at the
on Earth. Explain your wour claim. Record your end of the module.
reasoning. evidence as you move

through the module.

B‘GD OMUME to access your CER chart and explore resources that can
help you collect evidence.
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LESSOM 2: Explore & Explain: LESSOM 4: Explore & Explain:
Chemical Reactions Macromolecules




LESSON 1
MATTER

FOCUS QUESTION
What makes up everything around us?

Atoms

Chemistry is the study of matter, its composition, and properties. Matter is anything
that has mass and takes up space. All of the organisms that you study in biclogy are
made up of matter. Aboms are the building blocks of matter.

The structure of an atom

An atom is =0 small that billions of them could fit on the head of a pin. Yet, atoms are
made up of even smaller particles called neutrons, protons, and electrons, as shown in
Figure 1. Neutrons and protons are located at the center of the atom, called the nucleus.
Protons are positively charged particles (p*), and nentrons are particles that have no
charge (n”). Electrons are negatively charged particles () found outside the nucleus.
Electrons constantly move around an atom’s nucleus in energy levels. The structure of
an atomn results from the attraction between protons and electrons. Atoms contain an
equal number of protons and electrons, so the overall charge of an atom is zero.

Nucleus Figure 1 Hydrogen has only
Nucleus g = (p*) ane proton and one eleciron.

1 proton (p+) - Eeutmnsp Oxygen has eight profons,

0 neutrons (n?) () eight neutrons, and elght
electrons. The elecirons move
around the nscheus in two
enengy levels (shown as the

— ron arker shaded rings).
1 elect EE|EEII‘CH‘IE darker shaded rings)
=7) =) Infer the number of profons i
Hydrogen atom an aluminem olom, whidh has
- 13 electrons.
Crygen atom

Tkl

'::J 3D THINKING D¢l Disciplinary Core ideas CCE Crosscutting Concepts SEF Science & Engineering Practices

COLLECT EVIDENCE INVESTIHGATE

|E use your Science Josmaltn | ©YGO ONLINE to find these activities and mare ressurces.

recard the evidence you collect 22 | Rewisit the Encounter the Phenomenon Guestion

you complete the readings and What infarmation from this lesson can help you answer the Module guestion?

aclivities in this lesson.
I (257 |dentity Cross Cutting Concepts
Create a table of the crassoutting concepds and 1l in examples you find as pour read.

Copvrisle © Mk
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a2k @ Connection | In the fifth century e.c., Greek philosophers Leucippus and
Demnocritus first proposed the idea that all matter is made up of tiny, indivisible part-
cles. It wasn't until the 1800s that scientists began to collect experimental evidence to
support the existence of atoms. As technology improved over the next two centuries,
scientists proved mot only that atoms exist but also that they are made up of even
smaller particles.

Elements

An element is a pure substance that cannot be broken down into other substances by
physical or chemical means. Elements are made of only one type of atom. There are
over 1M known elements, 92 of which ocour naturally. As shown in Figure 2, elements
found in living organisms also are found in Earth’s crust.

Relative Composition of Figure 2 The elements in Earth's cnest and

L]-rhg V. m“hhg Matter lwing organisms wary in thes abundance.
Living things are compaosed peimarily of thres

I Organkms: W Earth's Ot | oapoants; casbon, hydrogen, and oxygen.
Interpret What is fhe most cbwadant efemear in
Hing things?

Percent of relative abundance
2 B &5 B £

=]
I
]

o N Ca HNa P 5i Others
and and
Mg K

Scientists have collected a large amount of information about the elements, such as the
numiber of protons and electrons each element has and the atomic mass of each elemnent.
They are also continually discovering new elements. In Figure 2, the symbols of different
elements are used to label the bars of the graph. For example, H is the chemical symbaol
for hydrogen, C is the chemical symbwol for carbon, and O is the chemical symbol for
oxygen. Elements are combined in different ways to form the products and compounds
that make up everything on Earth.

WORD ORIGINS CROSSCUTTING COMCEPTS
atam Enengy and Matter The element carbon (s sometimes called “the stuff of Rfe”
Cioemes from the Greek word miomos, Using evidence from Figure 2, write a paragragh that supports this sialement.

meaning not dhisiblz,




Figure 3 The periodic table of the elements orgamizes all of the known elements. Examine the biologists’
guide to the periodic lable inside the back cover.

The periodic table of the elements

The periodic table, shown in Figure 3, is organized into horizontal rows, called periods,
and vertical columns, called groups. Each individual block represents an element. The
atomic rmass, atomic number, and symbol of each element are shown in its block.

The table is called the periodic table because elements in the same group have similar
chemical and physical properties. This organization even allows scientists to predict the
prnpﬂ'ﬁesafehmu that have not vet been discovered or isolated.

'ﬁﬁmﬁ?

Identify three pieces of information about an element you can find in its individual
block in the periodic table.

ACADEMIC WOCABULARY

separated from other substances
An slement is Solmted when i is
saparafed fram afher subsfonces.

Copyriht @ M Coase ol Dok tion
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Carbon-12 Carbon-13 Carbon-14
nucleus nucleus nucleus
Figure 8 Carbon-12 and carboe-13 occur naturally in living and nonliving things. AN Eeng things also contain
a small amauwnt of carbon-14

Compare the simiarities oad differences of solones.

Isotopes

Although atoms of the same element have the same number of protons and electrons,
atoms of an element can have different numbers of neutrons, as shown in Figure 4.
Atoms of the same element that have different numbers of neatrons are called isotopes.
Isotopes of an element are identified by adding the number of protons and neutrons in
the nucleus. For example, the most abundant form of carbon, carbon-12, has six protons
and six neutrons in its nucleus. One carbon isotope—carbon-14—has six protons and
eight neutrons. lsotopes of elements have the same chemical characteristics.

Radioactive isotopes

Changing the number of neutrons in an atom does not change the overall charge of the
atom. 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. lso-
topes that give off radiation are called radioac-
tive isolopes.

Radipactive isotopes can have practical applica-
tions. For example, carbon-14 is a radioactive
isotope that is found in all living things. Scien-
tists know the half-life, or the amount of time it
takes for half of carbon-14 o decay, so they can
calculate the age of an object by finding how
much carbon-14 remains in the sample. Other

¢
C

radiactive isptopes have medical uses, as Figure 5 Radicaciive isolopes are used io help dociors
shown in Figure 5. diagnose disease, and locate and treat cestain fypes of cancer
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Elemenits can combine to form more complex substances. A compound is a pure
substance formed when bwo or more different elements combine. There are millions of
known compounds. Figore & shows two examples. Each compound has a chemical
formula made up of the chemical symbols from the periodic table. You might know that
waler is the compound H_O. Sodium chloride (NaCl) is the compound commonly called
table zalt. The fuel people use in cars is a mixture of hydrocarbon compounds. Hydro-
carbons have only hydrogen and carbon atoms.

Compounds have several unique characteristics. First, compounds are always formed
from a specific combination of elements in a fixed ratio. Water always is formed in a
ratio of two hydrogen atoms and one oxygen atom, and each water molecule has the
same structure. Second, compounds are chemically and physically different from the
elements that comprise them. Another characteristic of compounds is that they cannot
be broken down into sicpler compounds or elements by physical means, such as
tearing or crushing. Compounds, however, can be broken down by chemical means into
simpler compounds or into their original elements. For example, you cannot pass water
through a filter and separate the hydrogen from the oxvgen, but a process called elec-
trolysis, illustrated in Figure 7, can break water down into hydrogen gas and oxygen gas.

Figure 7 Ehectrolysis
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Chemical Bonds

Compounds such as water are formed when two or more substances combine. The force
that holds the substances together is called a chemical bond. Think back to the protons,
neutrons, and electrons that make up an atom. The electrons are involved directly in
forming chemical bonds. Electrons travel around the nuclews of an atom in areas called
energy levels, as illustrated in Figure 8. Each energy level has a specific number of
electrons that it can hold at any time. The first energy level, which is the level closest to
the nucleus, can hold up to two electrons. The second energy level can hold up o eight
electrons.

Mucleus Figure B Electrons move constantly within the enengy
lesvels susrounding the nucleus.

Eleciron energy levels

A partially-filled energy level is not as stable as an energy level that is empty or com-
pletely filled. Atoms become more stable by losing electrons or attracting electrons from
ather atoms. This results in the formation of chemical bonds bebween atoms. It is the
forming of chemical bonds that stores energy and the breaking of chemical bonds that
provides energy for processes such as growth, development, adaptation, and reproduc-
tion in living things. There are two main types of chemical bonds—ionic bonds and
covalent bonds.

lonic bonds

Recall that atoms are neutral; they do not have an electric charge. Also recall that an
atom is most stable when the outermost energy level is either empty or completely
filled. Some atoms tend to give up (donate) or obtain (accept) electrons to empty or fll
the outer energy level to be stable.

An atom that has lost or gained one or more electrons becomes an ion and carries an
electric charge. For example, sodium has one electron in its outermost energy level.
Sodium can become more stable if it gives up this one electron, leaving its outer energy
level emmpty. When it gives away this one negative charge, the neutral sodium atom
becomes a positively charged sodium ion (Na*). Similarly, chlorine has seven electrons
in its outer energy level. It can accept an electron. When a neutral chlorine atom accepts
an electron from a donor atom, such as sodium, the chlorine atom becomes a negatively
charged ion (C17).
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An jionic bond is an electrical attraction between two oppositely charged atoms or
groups of atoms called ions. Figure 9 shows how an ionic bond forms as a result of the

electrical attraction between Ma' and (17 to produce Mall (sodium chloride). Substances

formed by ionic bonds are called ionic compounds.

lomic bond
——
e [ e ] —
+
-~ 't g t+ .l' N . -
@i (B @) [Fl @0
-' '. -' ‘l‘- -' I. .I "
e e
Ma atome Mp* Clatom: 17 p* Wa'ion: np* I on: 17p*
Ne e 0e 1Be
Sodium atom + Chilorine atom L Sodium ion + Chiloride ion

Ma + Cl MaCl

Figure ® To form bons, sodiem donates an ebectron, and chiorine gains an electron. An jonic bond forms
whan the oppasitely changed ions come dose together.

lons in living things include sodium, potassium, calcium, chloride, and carbonate ions. They help
maintain homeostasis as they travel in and out of cells. In addition, ions help transmit signals among
cells that allow yvou bo see, Laste, hear, feel, and smell.

Some atoms tend to donate or accept electrons more easily than other atoms do. Look at the periodic
table of elements at the back of the book. The elements identified as metals tend to donate electrons,
and the elements identified as nonmetals tend to accept electrons. The resulting ionic compounds
have some unique characteristics. For example, most dissolve in water. When dissolved in solution,
ionic compounds break down into jons, and these lons can carry an electric current. Maost ionic
compounds, such as sodium chloride (table salt), are crystalline at reom temperature. lonic com-
pounds generally have higher melting points than do molecular compounds formed by covalent
bonds, which are described on the next page.

[T rs k== [ Connection | Although most ionic compounds are solid at room temperature,
some ionic compounds are liquid at room temperature. lonic liquids are made up of positively and
negatively charged ions. They have important potential in real-world applications as safe and envi-
ronmentally friendly solvents that can possibly replace other harmful solvents. The key characteristic
of iomic liquid solvents is that they typically do not evaporate and release chemicals into the atmao-
sphere. Most ionic liquids are safe to handle and store, and they can be recycled after use. For these
reasons, ionic liquids are attractive to industries that are dedicated to environmental responsibility.

Esetn?

Compare ionic solids and liguids.

Copyright O M Craac 0l Tkl
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Covalent bonds

When vou were younger, vou probably learned to share. If vou had a book that vour
friend wanted to read as well, vou could enjoy the story together. In this way, vou both
benefited from the book. Similarly, one tvpe of chemical bond forms when atoms share
electrons in their outer energy levels.

The chemical bond that forms when electrons are shared is called a covalent bond.
Figure 10 illustrates the covalent bonds between oxygen and hydrogen that form water.
Each hydrogen (H) atom has one electron in its outermost energy level, and oxvgen (O)
has six. Because the outermost energy level of oxvgen is the second level, which can
hold up to eight electrons, oxygen has a strong tendency o fill the energy level by
sharing the electrons from the two nearby hydrogen atoms. Hydrogen does not com-
pletely give up the electrons; it also has a strong tendency 1o share electrons with
oxygen to fill its outermost energy level. Two covalent bonds form, which creates water,
shown in Figure 11.

Figure W0 |n water (H,01), twa hydrogen atoms each share

-I' pa— 'I- one eleciron with ona Corygen atom. Becausea the corygen
atom needs two elecirons 1o il its ouber EI'IEI'Q"'|E"|‘\'E|. it
EP‘* forms two covvalent bomds, one with each I'rr‘ﬂl'ﬂvg&l'l atom.
Bn"
»
'.‘ ¥
LY \/ - gt
Cowalent
Viater bond
modecule

Figure 1 Many compaunds in Eving
things, swsch as water, are held together by
covalent bonds.

Imfer Wiy is it impordmat for people wha
shidy hidogy to endersimag chanmoteris-
tics af cowalent bomds?
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Most compounds in living organisms have covalent bonds holding them together. Water
and other substances with covalent bonds are called maolecules. A molecule is a com-
pound in which the atoms are held together 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 12,

L L] L L L L
‘ :
® : @ ¢ )il @
- 2
-
'. .' L X 3 L X ]
Single bond Dauble bomnd Triple bond
H, 0, N
Figure 12 A single bond has ane pair of shared electrons, a double bond has two pairs, and a triple band
has three pairs.
Compare and contrast the different fpes of covalant bonds.
|& Check Your Progress

Summary Demonstrate Understanding
+ Elements are pure substances 1. Diagram Sodium has 1 protons and 1 neutrons in its

made up of only one kind of nucleus. Draw a sodium atom. Be sure to label the

atom. particles.
+ |sotopes are forms of the same 2. Explain Is carbon monaoxide {CO) an atom or is it not?

element that have a differemnt Wiy or why not?

number of neutrons. 3. Explain Are all compounds molecules? Why or why
+ Compounds are substances not?

with unique properties that are 4. Compare ionic bonds and covalent bonds.
formed when elements

combine. Explain Your Thinking
« Elements can form covalent 5. Explain how the number of electrons in an energy
and ionic bonds. leve| affects bond formation.

MATH Beryllium has four protons in its
nucleus. How mamy neutrons are in benylium-57
Explain how you calculated your answer.

Coprisht € M Cruseltl Bk tion

LEARMNSMAMRT S Goonline to follow your personalized leaming path to review, practice,
and reinforce your undersianding.
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LESSON 2

CHEMICAL REACTIONS

FOCUS QUESTION
How do enzymes facilitate life?

Reactants and Products

A car with shining chrome is appealing to many drivers. However, the car might get
rusty over time. Eust is a result of a chemical change called a chemical reaction. A
chemical reaction is the process by which atoms or groups of atoms in substances are
reorganized into different substances. Chemical bonds are broken and formed during
chemical reactions. The rust on the train in Figure 13 is a compound called iron oxide
(Fe O} formed when oovgen (O} in the air reacted with iron (Fe). Clues that a chemical
reaction has taken place include production of heat or light, and the formation of a new
gas, liguid, or solid.

Substances can undergo changes that do not involve chemical reactions. For example,

the water in Figure 13 is undergoing a physical change. A physical change alters a
substance’s appearance but not its composition.

Figure 13 After a chemical change, such as nusting, a new substance is formed. During a physical change,
such as water boding, the chemical makewp of the water is not atered.

Exhmution (0 S Hurspheeys A Gty | e | i P b Mot nn D d Light. Sene

1:.-:] 32D THINKING OCi Bisciplinary Core ideas G Srossoutting Concepls SEF Schence & Engineering Bractices.

COLLECT EVIDENCE INVESTIGATE
[_Euaewwk‘emmmalm GO OMLIME to find these activities and mofe resources.
recoad the evidence you collect as a BioLab: What factors affect an enzyme reaction?
i e e s Plan and carry out an investigation 1o determine the cause and eMect of an enryme reaction.
activities in this lesson. —
.Ej Virtual Investigation: Madel Ecosystems

Use a model to determine the effects of suhsirate concentration and pH an the rate of an
enzyme-conbrolad reaction.
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Chemical equations

When scientists write chemical reactions, they express each component of the reaction
in a chemical equation. In written chemical equations, chemical formulas describe the
substances in 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.”

Reactants + Products

The following chemical equation can be written to describe the reaction that provides
your body with energy. In this reaction, glucose and oxygen react to form carbon
dioaxdide and water.

CH.,O +0,-00,+HO
Glucose and oxygen react bo
form carbon dioxide and water.

Balanced equations Inchemical reactions, matter cannot be created or destroved.
This principle is called the law of conservation of mass. Accordingly, all chemical
equations must show this balance of mass. This means that the number of atoms of
each elernent on the reactant side st equal the number of atoms of the same element
on the product side. Coefficients are used to make the number of atoms on each side of
the arrow equal.

CH.O

JHOL + 60, — 600, + 6H, O

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

Eﬁe’tﬂ?

Explain why chemical equations must be balanced.

ACADEMIC VOCABULARY
coetficlent

in & chemical equation, the number
wiritten in frant of a reactant ar a
product The aumber & in 6Fe O, is o
cosfficient

Cogyriiha O M Craac ol Tikiaathsn
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A sugar cookie is made with flour, sugar, and other ingredi-
ents mixed together. However, the ingredients do not change into a cookie until they
are baked. Something must start the change from dough to sugar cookie. The key to
starting a chemical reaction is energy. For the chemical reactions that transform the
dough to a sugar cookie, energy in the form of heat is needed. Similarly, most com-
pounds in living things cannot undergo chemical reactions without an input of energy.

Activation energy

The minimum amount of energy needed for reactants to form products in a chernical
reaction is called the activation energy. For example, vou know that a candle will mot
burn until you light its wick. The flame provides the activation energy for the reaction
that pecurs between the substances in the candle wick and the cooygen in the air. In this
example, once the reaction begins, no further input of energy is needed. and the candle
continuwes W burn on its own

Figure 14 shows that for the reactants X and ¥ to form product XY, energy is required to
start the reaction. The peak in the graph represents the activation energy, the amount
of emergy that must be added to the system to make the reaction occur. Some reactions
rarely happen because they have a very high activation energy.

'EE Get It?

Summarize the meaning of the term activation emergy.

Energy Diagram
&
Acthration
E-' Reactants
&
=
[I7T] Enengy
pelcased
-------------------------- Product
= -
Reaction progress

Fgure 34 The flame of The match provides activat

ot mifees obf e e e o of Biead and liohi
CLON QveEs Oil ENErgy I [} 0 31 dind g
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Energy change in chemical reactions

Compare how energy changes during the reactions shown in Figure 15. Both reactions
require activation energy to get started. However, the reaction in the left graph has
lower energy in the product than in the reactants. This reaction is exothermic—it
released energy in the form of heat. The reaction shown in the right graph in Figure 15
i= endothermic—it absorbed heat energy. The energy of the products is higher than the
energy of the reactant.

Energy Diagram Energy Diagram

WY
|Pmdu:l:

Energy

Energy

i
¥

Reaction progress o Reaction progress

Figure 15 Left: In &n exathermic reaction, the enengy of the products is less than the enesgy of the reactant.
Right: In an endothesmec reaction, the enengy of the products is greater than the energy of the reactant.

Compare ihe energy of the products and ihe readfanls in ihe hwo grophs.

In every chemical reaction, there is a change in energy caused by the making and
breaking of chemical bonds as reactants formy products. Cellular respiration, an exothermic
reaction, maintains vour body temperature despite ongoing energy transfer from your

body to the enwironment. Endothermic reactions, such as the one shown in Figure 16,

are also important in living things. Photosynthesis is an example of an endothermic

reaction.

Figure 96 An instant cold pack wsed for first

aid gets codd due to an endothemic
reaction.

Copyright O M Craac il Dobaates Mt Plpackss
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Enzymes

All livirgg things are like chemical factories—driven by chemical reactions. However,
these chemical reactions proceed very slowly when carried out in the laboratory
because the activation energy is high. To be useful to living organisms, additional
substances must be present where the chemical reactions ocour to reduce the activation
energy and allow the reaction to proceed quickly.

ﬁ:ﬂllgﬂ is a substance that lowers the activation energy needed to start a chemical
reaction. Although a catalyst is important in speeding up a chemical reaction, it does
not increase how much product is made, and it does not get used up in the reaction.
Scientists use many types of catalysts to make reactions ocour thousands of times faster
than the reaction would be able to occur without the catalyst.

Special proteins called enzymes are biological catalysts. The role of enzymes is to lower
the activation energy of biechemical reactions. This speeds up the rate of chemical
reactions in biclogical processes. Enzymes are essential to many life processes and are,
therefore, essential for life.

Compare the progress of the reactions described in Figure 17 1o see the effect of an
enzyme on a chemical reaction. Like all catalysts, the enzyme is not used up by the

chemical reaction. Once it has participated in a chemical reaction, the enzyme can be
used again.

Energy Diagram

Figure 17 'When an enzyme acts as a biokogical
catalyst, the reaclion occwrs at a rate that is
usedul o cells.

Compare the ochivolion enengy of the reaction
withouf o enzyme bo the actvation energy of the
reachion with on enzyme.

Energy

An enzyme’s name describes what it does. For example, amylase is an important
enzyme found in saliva. Digestion of foeod begins in the mouth when amylase speeds
the breakdown of amylose, one of the components of starch.

Other digestive enzymes, such as lipase and protease, also play important roles in the
breakdown of food in the human digestive system. Like amylase, most enzymes are
specific o one reaction. Lipase breaks down fats in food, and protease breaks down
profeins.
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Follow the steps shown in Figure 18 to find out more about how an enzyme works. The
reactants that bind to the enzyme are called substrates. The specific location where a
substrate binds on an enzyme is called the active site. The active site and the substrate
have complementary 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, the structure of
an enzyme is directly related to its function. 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-substrate complex helps chemical bonds in the
reactants to be broken and new bonds to form—the substrates react to form products.
The enzyme then releases the products. The enzyme is then available to bind with more
substrates.

Enzymes affect many biological processes. When a person is bitten by a venomous
snake, enzymes in the venom break down the membranes of that person’s red blood
cells. Hard green apples ripen because of the action of enzymes. Photosynthesis and
cellular respiration 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.

Esetn?

Describe how enzymes affect biochemical reactions.
Substrate

e 2 o
3-)-

Substrate EH!‘J‘I‘HHU“"IM Froduct

Flgure 18 Substrates inleract with enzymes al specific places called active sites. Only substrates with a
spedific shape cam bind to the active site of an enzyme. Dnce the subsirates bind, the aclive site changes
chape and forms the enzyme-subsirate complex. The substrates react to form products. The products are
thien released.

ACADEMIC VOCABULARY EE3 CROSSCUTTING CONCEPTS

speciic Energy and Mamter The [@w of consenvation of enengy states that energy can not

precise or pamiculas be created of destroyed during a chemical reaction. Think about what kind of

Suhstrrtes bind at speclfic locations an | evidence from a scientific experiment would support this idea. Work with a

ENZYmEs partner or small group T design an expesiment that might produce this kind of
evidence,

Cogyriiha O M Craac ol Tikiaathsn
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Factors that affect enzyme activity

Factors such as temperature affect enzyme activity. For example, most enzymes in
human cells are most active at an optimal temperature close w 37°C. However, enzymes
in other organisms, such as bacteria, can be active at other temperatures.

Enzymes are also affected by pH. You'll learn more about pH, which measures acidity,
in the next lesson. Different enzymes have different optimal pH levels. For example, the
digestive enzymes in your stomach work to help break down food in an acidic environ-
meent. Other enzymes work best at other pH levels.

Each type of enzyme has an optimal temnperature and pH at which it is most active. The
activity of an enzymes decreases as the temperature or pH of the environment moves
away from those optimal levels.

Substances called inhibitors can also affect enzyme activity. Some inhibitors bind
directly to an enzyme’s active site, blocking the binding of the substrates. Other inhibi-
tors bind elsewhere on the enzyme, leaving the active site available. However, they
change the shape of the active site, making it impossible for the substrate to bind.
Inhibitors can reduce or completely block enzvme activity.

EGH It?

Infer Some bacteria live in environments that stay over 100 degrees C. What is
one reason they could not survive in the human body?

\E Check Your Progress

Summary Demonstrate Understanding

+ [Balanced chemical eguations 1. Identify the parts of this chemical reaction:
must show an equal number of A+ B— AaB.
atoms for each element on 2. Diagram the energy changes that can take place in a
both sides. chemical reaction.

+ Activation energy isthe energy 3. Explain why the number of atoms of reactants must
required to begin a reaction. equal the number of atoms of products formed.

+ Catalysts are substances that 4. Explain the role of enzymes in living organisms.
alter chemical reactions.

+ Enzymes are biological cata- Explain Your Thinking
tysts that lower the activation 5. LG Connection | For the following chemical
energy of biochemical reaction, label the reactants and products,
reactions. and then balance the chemical equation.

« Factors such as pH and tem- — HO.—___HO+__ 0O,

perature affect enzyme activity. I WRITING Draw a diagram of a roller
coaster and write a paragraph relating the ride to the
activation energy of a chemical reaction.

ILEARKMNSMAMRT Goonline tofollow your personalized learming path to review, practice,
and reinfonce your understanding.



LESSON 3
WATER AND ITS SOLUTIONS

FOCUS QUESTION
Why do things dissolve in water?

Intermolecular Forces

You have learned that positive ions and negative ions form based on the ability of an
atomn bo attract electrons. If the nucleus of the atom has a weak attraction for the
electron, it will donate the electron to an atom with a stronger attraction. Similarly,
atoms in a covalent bond do not always atiract electrons equally. Some covalent com-
pounds have atoms that hold onto electrons more tightly than the other atoms in the
compound. This results in a phenomenon known as polarity.

Polarity is the property of having two opposite poles, or ends. A magnet is an example
of an object that has polarity—there is a north pole and a south pole. Molecules that
have an unequal distribution of charges are
Slightly negative end called polar molecules, meaning that they have
appositely charged regions. Water is a polar
maolecule, as shown in Figure 19. MNotice that it

L] L]
. L . has a slightly negative end and two slightly
positive ends.
'] i
L ] L]
L ‘!
[ ] L ]
) Figure 19 ‘Water molecules have a bent shape, and
N\\.._E"Q_h_ﬂ'.'-"// electrons are not shared equally between hydiogen and
positive axcygen. This results in a moleculs with oppasitely
Water ends charged regions.
molecule Summaripe the structure of 0 warter molscmie.

Tkl

'::J 3D THINKING D¢l Disciplinary Core Ideas CCE Crosscutting Concepts SEF Science & Engineering Practices

COLLECT EVIDENCE INVESTIGATE

'|_E'u5eynur5clence Joumal o QY GO OMLIME 1o find these activilies and mane resoures.

recard the evidence you collect as &. BioLab: How much vitamin C are you getting?

you complete the readings and Plan and carry out an investigation to detenmine the progestion of vitamin C in various
activities in this lesson. beverages.

BisLab: What substances or solutlons act as buffers?

[Plan and casry out an mvestigation to determine the cause and efect of buffers am Bving
Rtssie,

Copvrisle © Mk
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Van der Waals forces

You know that magnets have poles and that the poles of
magrets exert forces on each other—opposite poles
attract one other, while like poles of magnets repel one
another. Similarly, when polar molecules are brought
close together, they exert forces on each other, too.
Regions of opposite charge cause weak electrostatic
attractions between maolecules. These attractions
between the molecules are called van der Waals forces,
named for Dutch physicist Johannes van der Waals, who
first described the phenomenon.

The electrostatic attractions bebween different molecules
are the cause of intermolecular forces. A compound’s
chemical properties are determined primarily by its
chemical structure. Similarly, a compound’s physical
characteristics, such as its boiling point and melting
point, are determined by its intermolecular forces. The
stremgth of the electrostatic attraction depends on the
size of the molecule, its shape, and its ability to attract
electrons.

Although van der Waals forces are not as strong as
covalent and ionic bonds, they play an important role in
biological processes. Van der Waals forces are easier to
break apart than covalent or ionic bonds, making them
ideal for short term interactions. Van der Walls forces
act like a molecular “velcro™ wnlike a covalent bond,
which is more like a molecular *knot.” In the example
of a gecko, van der Waals forces between the hairlike
structures on the gecko's toes and the surface it is
climbing allow the animal to climb smooth surfaces.

van der Waals forces in water Consider how van
der Waals forces work in a common substance—water.
The areas of slight positive and negative charges around
the water molecule are attracted to the opposite charge
of other nearby water molecules. These forces hold the
water molecules together.

Without van der Waals forces, water molecules would

not form droplets, and droplets would not form a surface

of water. The water strider in Figure 21 takes advantage
of this attraction. It is important to understand that van
der Waals forces are the attractive forces between the
water molbecules, not the forces between the atoms that
make up water molecules.

Figure 20 Schentists have determined that
geckos can cimb smooth surfaces because of
van der Waals forces betwesn the hairdike
struciures on their ioes and the surface they
are climbing.

Figure X1 D o the attractive Torces between
waber molecues, the surface of water supports a
waler sirider.
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Hydrogen bonds

Earlier, vou discovered that water maolecules are formed by covalent bonds that link two
hydrogen (H) atoms o one oxvgen () atom. Because electrons are more strongly
attracted to the oxygen atom’s nucleus, the electrons in the covalent bond with hydro-
gen are not shared equally. Inwater, the elecirons spend more time near the oxygen
atom’s nucleus than they do near the hydrogen atoms” nuclei. Figure 22 shows that
there is an unequal distribution of electrons in a water moelecule. This, along with the
bent shape of water molecules, results in the ocxvgen end of the molecule having a
slightly negative charge and the hvdrogen ends of the molecule having a slightly posi-
tive charge.

When a polar molecule comes close to the oppositely charged region of another polar
molecule, a weak electrostatic attraction results. In water, the electrostatic attraction is
called a hydrogen bond. A hydrogen bond is a weak interaction involving a hvdrogen
atom and a fluorine, oxvgen, or nitrogen atom from a different molecule. Hydrogen
bonding is a strong tvpe of van der Waals force. It is important to remember the differ-
ence between covalent bonds, which are the strong chemical bonds within a water
molecule, and hydrogen bonds, which are the weaker attractions formed between
different water molecules.

Eﬁu It?

Explain why understanding the chemistry of water is considered essential to the
foundations of biclogy:

H Figure 22 In waler, an electrostatic
| atiraction is called a hydrogen bond.
H—O Hyckogen band

K
D_H....C!l_H. . O—H
H H H

H—0

Many of the unique properties of water arise from its ability to form hydrogen bonds.
For example, water moderates temperatures on Earth and within living things. Com-
pared to other substances, it takes a large change in energy to change the temperature
of water. Figure 23, on the next page, shows some of the other special properties of
waler that contribute to Earth’s suitability as an environment for life.

ACADEMIC WOCABLLARY

interaction

areciprocal effect or action

A hyarogen bood i the result of ferochions betwesn moms i differear
mokRCies.

Cogyriiha O M Craac ol Tikiaathsn
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Figure 23 Visualizing Hydrogen Bonding

Hydrogen Bonding

A water molecule is made up of one
axygen atom and two hydrogen
atoms. A water molecule is polar in
nature. lts bent shape results in a
slighthy positive charge on the
hydrogen atoms and a slightly
negative charge on the oxygen
atom. As a result, it forms hydrogen
bonds. Water is called the universal
solvent because many substances
dissohe in it

Adhesion

Water iz adhesive—it forms ydrogen
bonds with molecules on ether
surlaces. Capillary action is the resull of
adhesion, rt'snh'_.- wiaber can travel up
the stems ol plants. Water travels up the
paper, Bnd camies the dye 1o the maddie
glezs via adhesion.

"

Capilary action in ghss lubas s, darecnstrating adbesion

Cohesion

Water is colesive—Ihe molecules ans
attracted 1o each other because of
hydregen bonds. The positive pelarity of
the hydragen atam ia attraeted 1o the
negative polarity of 1he oxygen atoms.
Thig attraction creates surlacs tension,
which causes water o form droplets and
allows insects and leaves 1o rast an the
surface of a body of water.

Wabed Steidar D 0 GEaSS

lce Floats

liE..Iiﬂ waler beocames modre denss ag
it cools to 4°C. Yel, ioe & less dense
than liguid wales. As & resull, nulrients
in bodies of water mix because of
changes in walsr density during
spring and Tall Alse, Tish can survive in
winter because ice floa

continue o lve and function in the
water beneath the ice.
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Mixtures with Water

You are probably familiar with powdered drink products
that dissolve in water. When you add a powdered substance
to water, it does not react with water to form a new prod-
uck. You create a mixtare. A mixture is a combination of
two or more substances in which each substance retains its
individual characteristics and properties

Homogeneous mixtures

A mixture with a uniform composition throughout is called
a homogeneous (hoh muh JEE nee us) mivdure. 4 solution is
another name for a homogeneous mixture. In the powdered
drink mix solution shown in Figore 24, the drink mix is on
top, in the middle, and at the bottom. The water retains its
properties, and the drink mix retains its properties.

In a solution, there are two components: a solvent and a
solute. A solvent is a substance in which another substance is
dissolbved. A solute is the substance that is dissolved in the
sobvent. In the drink mis, water is the solvent, and the powder
is the solute. A misdure of salt and water is another example of
a solution because the solute (zalt) dissolves completely in the
solvent (water). Saliva moistens yvour mouth and begins the
digestion of some foods. It is a solution that contains water,
proteins, and salts. Air is a solution of gases.

Heterogeneous mixtures

A salad containing lettuce, croutons, and dressing is a
heterogenecus mixture. In a heterogeneous mixture, the
components remain distinct; you can tell what they are
individually. Compare the mivture of sand and water to the
solution of salt and water next to it in Figure 25. Sand and
walter form a tvpe of heterogensous mixture called a sus-
pension. COver time, the particles in a suspension settle o
the botbom.

EEHH?

Distinguish between solutions and suspensions.

ACADEMIC WOCABULARY

suspend
o keeq froen falling of sinking
A sienger hreod suspended the spiger from the weh,

o

Figure 24 The drink mix farms a hamoge-
neaws mixbure in water. The particles of the
salute [drink mix) are dssokeed and spread
throwghout the sobeent jwater).

Figure 25 Sand and water form a heteroge-
NeaLs mikbure; you £an see both the liguid and
the solid. The homogensous mixture of salt
and wiater is a liquid; you cannot see the salt

e Gy e g, (5] Pty

Cogyright O M Craac 108 Tokiatkan 00 byrod oo
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Colloids A colloid is a heterogeneous mixture in which the f :
particles do not settle oul. You are probably familiar with many s]
colloids, incleding smoke, butter, milk, paint, and ink. Blood,
as shown in Figure 26, is a colloid made up of plasma, cells, ’L .
and other substances.

Acids and bases

Many solutes readily dissolve in water because of water's

polarity. This means that an organism, which might be as much E:eilli::':i;;:memgmmus
as 70 percent water, can be a container for a variety of solu-

tions. When a substance that contains hydrogen is dissolved in

water, the substance might release a hydrogen ion (H') because

it is attracted 1o the negatively charged ounygen atoms in water, as shown in Figure 27,

Substances that release hydrogen ions when they are dissolved in water are called acids.

The more hydrogen ions a substance releases, the more acidic the solution becomes.

Similarly, substances that release hydroxide ions (OH) when they are dissolved in water
are called bases. Sodium hydrosxide (NaOH) is a common base that breaks apart in
water o release sodium ions (MNa®) and hvdroxide ions (OH-). The more hvdroxide ions
a substance releases, the more basic the solution 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 gastric juices, are highly acidic.

Substamce with HY ion

o oo

Acidic solution

T
q Basic soluticn

Substamce with OH™ ion

Figure 27 Substances that release H* inwater are acids. Substances that release OH- in water
are bases.

STEM CAREER Connection

Enviranmental Science and Protection Techniclan

Are you interested in making sure that people wark and live in a dean and safe
environment? Environmental science and protection technicians take samples.

from the environment and analyze them in a laboratory. They wse the resulis to
help science and bisiness professionals meet emdronmental safety standards.
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Pure water

MEUTRAL

Figure 28 The pH scale is
USEd i BdeCate he
redative strendgth of acids
and Dases

pH and buffers Scientists have a method o measure how acidic or basic a solution is.
The measure of concentration of H™ in a solution is called pH. As shown in Figure 25,
pure water i neutral; it has a pH valoe of 70. Acidic solutions have an abundance of H'
and have pH values lower than 7. Basic solutions have more OH- than H* and have pH

values higher than 7.

Most cellular processes occur between pH 6.5 and 7.5. To
maintain homeostasis, it is important o control H™ levels. I you've ever had an upset
stomach, you might have taken an antacid, which is a buffer. 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 to 7.5 pH range.

|& Check Your Progress

Demonstrate Understanding

Summary
« 'Water is a polar molecule.

« Solutions are homogeneous
mixtures formed when a solute
is dissolved in a solvent.

« Water's properties contribute to
Earth’s suitability for life.

« Mrids are substances that
release hydrogen ions into
solutions. Bases are sub-
stamces that release hydroxide
ioms into solutions.

+ pH is a measure of the concen-
tration of hydrogen ions in a
solution.

1

3

Describe one way in which water helps maintain
homeostasis in an organism.

. Relate the structure of water to its ability to act as a

soheent.

Draw a pH scale and label water (H_0). hydrochloric
acid {HCI). and sodium hydroxide [MaOH) in their
general areas on the scale.

. Compare and contrast solutions and suspensions.

Give examples of each.

Explain Your Thinking

5

Explain how baking soda (MaHCO,) is basic. Describe
the effect of baking soda on the H* ion concentration
of stomach contents with pH 4.

. Predict i you add hydrochloric acd (HCI) to water,

what effect would this hawve on the H” ion concentra-
tion? On the pH?

LEARMSMARTS Goonline to follow your personalized leaming path to review, practce,
and reinforce your undersianding.

Copyrihd O M Craac 0l Fokia L
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LESSON 4

THE BUILDING BLOCKS OF LIFE

FOCUS QUESTION
Why is carbon essential to life?

Organic Chemistry

The element carbon is a component of almost all biological molecules. For this reason,
life on Earth often is considered carbon-based. Because carbon is an essential element,
scieritists have devoted an entire branch of chemistry, called organic chemistry, to the
study of organic compounds, which are those compounds containing carbon.

As shown in Figure 29, carbon has four electrons in its outermost energy level. Recall
that the second energy level can hold eight electrons, so one carbon atom can form four
covalent bonds with other atoms. These covalent bonds enable the carbon atoms to
bond to each other, which results in a variety of important organic compounds. These
compounds can be in the shape of straight chains, branched chains, and rings, such as
those illustrated in Figure 29.

© Straight chain molecules Branched molecules  Ring molecules

Figure 28 Life is based on carbon compounds. The hali-filled outer energy leved of carbon, shown in the
image on the |eft, allows for the iommation of straight chain, branched, and ring modecules.

\_ 13D THINKING 0O Disciplinary Core Idess

.

COLLECT EVIDENCE INVESTIGATE
Elﬁewuiﬁzmmmlm DGO OMLIMNE to find these activities and mofe resources.
recoad the evidence you collect as ﬂ Applying Practices: Exploring Macromaolecules

you complete e readings and HS-151-6. Canstruct and revise an explanation based on evidence lor how carbon,
activities in this |esson. ydrogen, and axygen from sugar molecules may combine with other elements to fonm

amimd acds andior oiher large carbon-based modecules.
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Macromol

ecules

Carbon atoms can be joined to form carbon molecules. Similarly, most cells store small
carbon compounds that serve as building blocks for large molecules. Macromolecules
are large molecules that are formed by joining smaller organic molecules together.
These large molecules are also called polymers. Hﬂj"ﬂﬂl‘ﬂ are molecules made from
repeating units of identical or nearly identical compounds called monomers that are
linked together by a series of covalent bonds. As shown in Table 1, biological macromol-
ecules are organized into four major categories: carbohydrates, lipids, proteins, and

nucleic acids.

EEHH?

Use an analegy to describe macromolecules.

Table 1 Summary of Biological Macromolecules

Group

Carbohydrates

| Example

Function

Store enengy
Provide structural suppaort

Lipids

Store enengy
Provide barmiers

Transpor substances
Speed reactions.

Provide structural support
Control cell growth

Muclele Achds

==
<
%
§

Store and communicate genetic
information

ey (1 G0 Jarmes Whorrel! Gy’ oo

0 Lamy
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Carbohydrates

Compounds composed of carbon, hydrogen, and cocygen in a ratio of one oxvgen and
two hydrogen atoms for each carbon atom are called carbohydrates. A general formula
for carbohydrates is written as (CH 0 . Here the subscript n indicates the number of
CH_{ units in a chain. Eiulngica]l}'-im]:rmtant carbohydrates that have values of n
ranging from three to seven are called simple sugars, or monosaccharides (mah nuh 5A
kuh ridz). The monesaccharide glucose, shown in Figure 30, plays a central role as an
energy source for organisms.

Monosaccharides can be linked to form larger molecules. Two monosaccharides joined
together form a disaccharide (di SA kuh rid). Like glucose, disaccharides serve as
energy sources. Maltose, also shown in Figure 30, and lactose, which is a component of
milk, are both disaccharides. Longer carbohyvdrate molecules are called polysaccharides.
One impaortant polysaccharide is ghecogen, which is shown in Figure 300 Glveogen is 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, glveogen is broken down
into glocose.

II:H:.I:!H CHyOH CHOH

AN AN AT
N B N 0N
Lo da Lo b da

Giucose (monosaccharide) Maltose [disaccharide) Glycogen |polysaccharide)

Figure 30 Glucose i a monosaccharide. Maltose is a disacchakde composed of two glucose molecules.
Giycogen is a bianched polysacchamde made irom gluoose Monomess.

In addition to their roles as energy sources, carbohvdrates have other important func-
tions in biology. In plants, a carbohvdrate called cellulose provides structural support
in cell walls. As shown in Figure 31, cellulose is made of chains of glucose linked
together into tough fibers that are well suited for their structural role. Chitin (K1 tun)
15 a nitrogen-containing polvsaccharide that is the main component in the hard outer
shells of shrimp, lobsters, and some insects, as well as the cell walls of some fungi.

Glucose subunit

Cellulose fibers Crosslink bond

Fgure 31 The celllose in plant cells provides the structural suppaort for trees to stand in a forest.
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Lipids

Another important group of biological macromolecules is the lipid group. I.qiiu are
molecules made mostly of carbon and ydrogen that make up the fats, oils, and waxes.
Lipids are composed of fatty acids, glvcerol, and other components. The primary
function of lipids is to store energy. A lipid called a triglvceride (iri GLIH suh rid) is a fat
if it is solid at room temperature and an odl if it is liquid at room temperature. In addi-
tion, triglycerides are stored in the fat cells of the body. Flant leaves are coated with
lipids called waxes to 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 fatty acid tails, as shown in Figure 32. Each tail is a
chain of carbon atoms bonded to hvdrogen and other carbon atoms by single or double
bonds. Lipids that have tail chains with only single bonds between the carbon atoms
are called saturated fats because no more hydrogens can bond to the tail. Lipids that
have at least one double bond between carbon aboms in the tail chain can accommodate
at least one more hydrogen and are called unsaturated fats. Fats with more than one
double bond in the tail are called polvunsaturated fats.

Phospholipids A special lipid shown in Figure 32, called a phospholipid, is
responsible for the structure and function of the cell membrane. Lipids are

hydrophobic, which means they do not dissolve in water. This characteristic is
important because it allows lipids to serve as barriers in bicdogical membranes.

Steroids Another important category of lipids is the steroid group. Steroids include
substances such as cholestersl and hormones. Despite its reputation as a “bad” lipid,
cholesterol provides the starting point for other necessary lipids such as vitamin D and
the hormones estrogen and testosterone.

[

Stearic acid Dleic acid

Figure 32 Stearic acid has no double bonds between carbon atoms; oleic acd has ane double bond.
Phospholipids have a polar head and two nonpolar tails.

Polar
phosphate
head

Monpaolar
L fatty acid
tails
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Proteins
Another primary building block of living things is protein. A protein is a compound
made of small carbon compounds called amino acids. Amino acids are small corm-

pounds that are made of carbon, nitrogen, oxygen, hydrogen, and sometimes sulfur. All
aming acids share the same general structure.

Amino achd structure Amino acids have a central carbon atom like the one shown in
Figure 33. Recall that carbon can form four covalent bonds. One of those bonds is with
hydrogen. The other three bonds are with an amino group (-NH,), a carboocyl group
{(—~CO0H), and a variable group (—R). The variable group makes each amino acid
different. There are 20 different variable groups, and proteins are made of different
combinations of all 20 different aming acids. Several covalent bonds called peptide
bonds join amino acids together o form proteins, which is also shown in Figure 33.

A peptide bond forms between the amino group of one amino acid and the carboxyl
group of another.

Peptide bond

Wariable p—t—,

side chain H R-| H R
Aming *, |
aroup HsN—C—C—0H Carbaxyl H—C—f —MN—C—_C—0H

| aroup o (|
atom
Amino acid Dipeptide

Figure 33 Left: The general struciure of an amino acid has four groups amund & central carbon. Right: The
peptide bond in a protein happens as a resull of 3 chemical reaction.

Interprel wiich afher malecwe &5 0 product when o pepiide bond LS.

Protein function Proteins make up about 15 percent of your total body mass and are
involved in nearly every function of vour body. For example, vour muscles, skin, and
hair are made of proteins. Your cells contain about 10,000 different proteins that
provide structural support, transport substances inside the cell and between cells,
commumnicate signals within a cell and between cells, speed up chemical reactions, and

contral cell growth.

E Get It?

Describe What are the primary functions of proteins?

EZ3 CROSSCUTTING CONCEPTS WORD ORIGINS
Energy and Matber Mine of the 20 amina acids are essential, which means our polymers
bodies cannat make them. Using evidence from the text or othes sources, paiy- prefis; from Greek, meaning

consinuct an explanation abouwl how the atoms found in essential aming acds gef | a0y
inio owr bodies. —meras from Greek, meaning part
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Three-dimensional protein structure Based on the variable groups contained in
the different amino acids, proteins 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
protein’s primary structure.

After an amino acid chain is formed, it folds into a unique three-dimensional shape,
which is the protein’s secondary structure. Figure 34 shows two basic secondary struc-
tures: the helix and the pleat. A protein might contain many helices, pleats, and folds.
The tertiary structure of many proteins is globular, such as the hemoglobin protein
shown in Table 1, but some proteins form long fibers. Some proteins form a fourth level
of structure by combining with other proteins.

Figure 34 The shape of & protein depends on the inferactions among the aming acids. Hydogen bonds
hedp the protein hold its shape.

Mucleic acids

The fourth group of biological macromolecules are nucleic acids. Nudeic acids are
complex macromalecules that store and transmit genetic information. There are two
tvpes of nucleic acids found in living organisms: decoyribonucleic (dee AHK sih rib oh
noo klay ihk) acid (DMNA) and ribonucleic (rib oh noo KLAY ihk) acid (RNA).

Mucleic acids are made of smaller repeating subunits composed of carbon, nitrogen,
ouvgen, phosphorus, and hydrogen atoms, called nocleotides. Adenosine triphosphate
{ATF) is a nucleotide with three phosphate groups. ATF is a storehouse of chemical
energy 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 between the first and second phosphate group is broken.

Copyright @ M Cranetil Dok ticn
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Figure 35 shows the basic structure of a nucleotide and nucleic acid. There are five
major nucleotides, all of which have three units—a phosphate, a nitrogenous base, and a
ribose sugar. In nucleic acids, the sugar of one nucleotide bonds to the phosphate of
another. The nitrogenous base that sticks out from the chain is available for hydrogen
bonding with other bases in other nucleic acids.

{3

R ““"*‘-"L,L,,

Thres phosphate
L oo HNitroger:
containing
baze

Nucleotide Mucleic acid

Figure 35 Left: DMA nuckeotides contain the sugar deoxyribose. RMA nucleotides contain the sugar ribase.
Right: Hucleatides are joined together by baonds between their sugar group and phosphate group.

|E Check Your Progress

Summary Demonstrate Understanding

« Carbon compounds are the 1 E=plain If an unknown substance found on a meteor-
basic building blocks of living ite contains no trace of carbon, can scientists conclude
Organisms. that there is life at the meteorite’s origin?

« Biological macromolecules are 2. Compare the types of biological macromolecules and
formed by joining =mall carbon their functions.
compounds into polymers. 3. Identify the components of carbohydrates.

+ There are four types of biclogi- 4. Discuss the importance of amino acid order to a
cal macromolecules. protein’s function.

. :.eptu:le_b:ndsjun aming acids Explain Your Thinking

= Clisine nof rsclorstiche Foom 5. Summarize Given the large number of proteins in the
nucleic acids. body, explain why the shape of an enzyme is important

to its function.

6. Connect Explain the relationship between the carbon
in a molecule of glucose and the cellulose found in a
plant cell wall.

LEARNSMART Goonline to folow your personalized leaming path to review, practice,
and reinforce your understanding.
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Balancing Your Plate

Most people would agree that eating well

is essential to good health. Defining what it
means to eat well, however, is no easy task For
example, what is the optimal proportion of fat,
protein, and carbobnydrates in the human diet?
Scientists who study nutrition have investigated
this topic extensively. It is important that the
public be scientifically literate so that they can
examine the evidence for themselves.

Low fat, low carb

People hawe a variety of reasons for

adjusting the proportions of fat, protein, and
carbohydrates im their diet. Some want to

lose or gain weight or improwve their athletic
performance. Others are trying to prevent heart
disease or manage other health problems.

For many decades, doctors recommended
diets low in fat for weight loss and prevention
of heart disease. Fat makes up 20 to 30
percent of consumed kilocalories on a low-fat
diet. The long-term success of these diets has
been unclear, howewver, and low-fat diets have
other disadvantages, such as poor absorption
of fat-soluble vitamins.

Recenthy. an increasing number of studies
have fooused on a diet in which people restrict
carbohydrates. On the ketogenic diet, people
get 60 to 70% or more of their kilocalories
from fat and just 5 to ¥0% from carbohydrates.
The goal of this diet is to induce ketosis, an

@ ASK QUESTIONS TO CLARIFY

Record two questions that you have about fat.
protein, and carbohydrates in the diet.
Conduct research online to answer your
guestions. Record the answers and the
sources you used.

Dactors disagree about the amounts of fat, protein, and
carbohydrates that the average adull diet showkd condain.

alternatnse metabolic process that your body
uses when it does not have access to glucose.
£z the body breaks down fat for energy
throwgh the process of ketosis, it produces
substances called ketones.

People have reported rapid weight loss and
other health benefits from ketogenic eating,
including better confrol of epilepsy. But there
are concermns assadated with this way of
eating, too, such as the possibility of nutrient
deficiencies. Ketosis can also lead to a
potentially fatal condition called ketoacidosis,
in which acids build up in the blood.

The jury is still out on low-fat and low-carb
diets. By understanding how to critically
evaluate daims about a diet plan's benefits
and drawbacks, people can make better
decisions about what they eat.
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STUDY GUIDE

L) GO ONLINE to study with your Science Notebook.

Lesson 1 MATTER » alom
+ Aboms consist of probons, neutrons, and electrons. . |1u|:h:|.|n=
* Elements are pure substances made up of only one kind of atom, . nuuinon
* Isotopes are forms of the same element that have a different .« electon
number of neutrons. . _'Ellﬂ'l'ﬂﬂt
» Compounds are substances with unigque properties that are AL
formed when elements combine. - T‘I‘d
= Elements can form covalent and ionic bonds. . i Band
» cowalent bond
» maolecule
Lesson 2 CHEMICAL REACTHONS - chemical reaction
= Balanced chemical equations mast show an equal number of e
aborms for each element on both sides. : prowe o
= Activation energy is the enengy required to begin a reaction. . catabyst
= Catalysts are substances that alter chemical reactions. = enIyme
= Enzvmes are biological catalvsts that lower the activation energy » substrate
of binchemical reactons. R

= Factors such as pH and temperature affect eneyme activiky.

Lesson 3 WATER AMD ITS SOLUTIOMNS = palar molecule
. " = wan der ‘Waals forces
Wa.‘hﬂ-'uapdnrrmﬂrn.lh_ ) - - hyd =T
= Solutions are homoegeneous midures formed when a solute is . S
dissolved in a solvent. - ol nilicay
= Water's properties contribute to Earth's suitability for life. = solvent
= Acids are substances that release hydrogen ions into selutions. - ::::l
Bases are substances that release hydroxide ions into solutions. .
= pH is a measure of the concentration of lydrogen ions in a . pH
!-’I.I‘I.‘ll:i.ul'l. « Buffer
: Lesson 4 THE BUILDIMNG BLOCKS OF LIFE = macromalecule
i - I:a.'rbtmn.l'npu:ruls are the basic building blocks of Inving : patymer -
E OTEAnISmS. .+ lipid
H . Em]i:ﬁica]m:lnmndrndesnreﬁmdbjrjumml;m“uﬂm + protein
z compounds info polvmers. . amino acid
] = There are four types of biological macromolecules. = nuclesc acid
] » nuclectide

= Peptide bonds join amino acids in proteins.
= Chains of nucleotides form nucleic acids.
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. THREE-DIMENSIONAL THINKING

2/ Module Wrap-Up

REVISIT THE PHENOMENOMN

What is wrong with the
water?

@& Claim, Evidence, Reasoning

Explain your Reasoning Revisit the daim you made when you encountered the
phenomenon. Summarize the evidence you gathered from your investigations and
research and finalize your Summary Table. Does your evidence support your claim? If not,
revise your claim. Explain why your evidence supports your claim.

STEM UNIT PROJECT
Mow that you've completed the module, revisit your STEM unit project. You will
summarize your evidence and apply it to the project.

GO FURTHER £ Effect of pH
Data Analysis Lab f’ 80 T
60 - N
How do pH and temperature affect protease activity? ﬁ a0 -
-

Proteases are enzymes that break down protein. Bacterial g 20
proteases are oftem used in detergents to help remowve stains E 0 4 B B 0 12
such as egg, grass, blood, and sweat from clothes. pH
Data and Observations A protease from a newly isolated strain
of bacteria was studied ower a range of pH values and E Effect of Temperature
temperatures. ‘E an |~
(&= Analyze and Interpret Data & 40
1. Identify the range of pH values and temperatures used in g Jg

the experiment. 3 20 30 40 50 G0 fO0 BO 90 W00
2. Summarize the results of the two graphs. Temperature ("C)
3. Claim, E\IjI'ElEI'IEE-. Reasoning If a Iaundry.detergent |5. basic “Data cibizined from: Adimseayana, et sl 2003.

and requires hot water to be most effective, would this Purification and partial characierication of themeos table

protease be useful? Explain. serine alkaline profease from a newly imclated Socilius

suhhilic PE-TL AAPS PhormEciTech 4: artice 56

o fran ke Many S b Pledo
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CELLULAR STRUCTURE AND FUNCTION

ENCOUNTER THE PHENOMENON
What could you see if you used
this microscope?

Q

Ask Questions

Do wou hawve other guestions about the phenomenon? i so, add them to the driving
question board.

Claim, Evidence, Reasoning

Coquright € Wy Crameioll Erhuation (koo 5 ogyiod ey BIC Workisruie |oarrary (i s o @ S iy Pl Llra ey Catly s agpes

Make Your Claim Use your Collect Evidence Use the Explain Your Reasoning ou
CER chart to make a daim lessons im this module to wiill revisit your claim and
about various cell structures. collect evidence to support explain your reasoning at the
and their functions within your claim. Record your end of the module.
organisms. Explain your evidence as you move
TEasoning. through the module.

Ia'lﬁll} OMLINE to access your CER chart and explore resowrces that can help you collect

evidence.

LESSOM 1: Explore & Explain: LESSOM 4: Explore & Explain:

Cell Discovery and Cell Theory  Controlling Cell Activities



LESSON 1
CELL DISCOVERY AND THEORY

FOCUS QUESTION
How did the invention of the microscope lead to the
discovery of cells?

History of the Cell Theory

For centuries, scientists had no idea that the human body or the
bodies of other complex organisms consist of trillions of cells.
Cells are 5o small that their existence was unknown before the
invention of the microscope. In 1665, as indicated in the time-
line on the next page, an English scientist named Robert Hooke
made a simple microscope and looked at a piece of cork, the
dead cells of nak bark.

Hooke observed small, box-shaped structures, such as those
shown in Figure 1. He called them cellulae (the Latin word
meaning small ropms) because the boxlike cells of cork reminded
him of the cells in which monks live at a monastery. It is from
Hooke's work that we have the term cell. A gell is the basic
structural and functional wnit of all living organisms.

During the late 1600s, Dutch scientist Anton van Leeuwenhoek
(LAY vun hook) designed his own microscope after he was . e
inspired by a book written by Hooke. To his surprise, he saw Figure 1 Robert Hooke wsed a basic kght
living organisms in pond water, milk, and varions other substances. microscops to see what looked ke
emgty chambers in a cork sample.

Infer whal yow think Hooke would hove
Seaf if hese were Mamg Ceds.

Continuous investigations by these scientists and many others,
along with the developrment of new technologies, led to new
scientific information. This has led to the development of new
branches of science, and many new and exciting discoveries, as
shown in the timeline in Figure 2, on the next page. Research on
cells and cell processes is ongoing.

ki b Uil P b P Pt o g’ Call 1 iy s i

L. ;r 3D THINKING Ol Besciplinary Core Ideas 208 Crossoutting Concepis SEF Schence & Engineering Bractices:

COLLECT EVIDEMNCE INVESTIGATE
@lbewuimrmhmlm DGO OMLIMNE to find these activities and mofe resources.
recond the evidence you collect as .&ﬂdﬂtlmﬁpﬂnﬁ Discover Cells
you complete e readings and Communicate the structures of czlls obsaned in a microscope.
activities in this lesson.
Review the News

Dbtain infarmation from a cusrent news story about cell discovery. Evaluate your source and
communicate your findings to your dass.

Copvrishe @ M
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1830-1855

Figure 2
Microscopes in Focus

The invention of microscopes, improvemeants
10 the instruments, and new miCroscope
techniques have led 1o the development of the
cell theory and a better understanding of cells.

Copyright € M Cramebill Frhmatim
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The cell theory

Scientists continued observing the living microscopic world using glass lenses. In 1838,
German scientist Matthias Schleiden carefully studied plant tissues and concluded that
all planis are composed of cells. A yvear later, another German scientist, Theodor
Schwann, reported that animal tissues also consisted of individual cells. Prussian
physician Rudolph ¥Virchow proposed in 18355 that all cells are produced from the
division of existing cells. The observations and conclusions of these scientists and
others are summarized as the cell theory. The cell theory is one of the fundamental
ideas of modern biology and includes the following three principles:

1. All living crganisms are composed of one or maore cells.
2. Cells are the basic unit of structure and organization of all living organisms.

3. Cells arise only from previously existing cells, with cells passing copies of their
genetic material on to their daughter cells.

E Get It?

Explain Can cells appear spontanecusly 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. However, Hooke and van Leeuwenhoek would not have
been able o see the individual structures within human skin cells with their micro-
scopes. Developments in microscope technology have given scientists the ability to
study cells in greater detail than early scientists ever thought possible.

Optical microscopes

An optical microscope uses visible light and lenses to magnify an object. A compound
light microscope is a type of optical microscope. Each lens in the series magnifies the
image of the previous lens. For example, when two lenses each individually magnify

10 times, the total magnification is 100 times (10 = 10}. Scentists often stain cells when
using a light microscope because cells are 5o tiny, thin, and translucent. Scientists have
developed techniques for light microscopes, but the properties of visible light will
always limit their resclution (the ability of the microscope to make individual compo-
nents visible). (Mbjects cause light to scatter, which blurs images. The maximum magnifi-
cation without blurring is around 1000=_

Cytolechralogest

D you have a keen eye for detail and e to sohve puzdes? Cytotechnalogists act as
disease detectives by analyzing cell and fissue samples, ofien in a medical seifing.
The infoemation from a cyiobechnologist's report can be wsed by a pathol ogist ar
dochod o diagnose and weat dsease.

Cogyriiha O M Craac ol Tikiaathsn
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MNon-optical microscopes

As they began o study cells, scientists needed greater magnification to see the details of
tiny parts of cells. In the early 1930s, Ernst Euska developed the electron microscope.
Instead of lenses, the electron microscope uses magnets by aim a beam of electrons

at thin slices of cells. This tvpe of electron microscope is called a fransmission

electron microscope (TEM) because electrons are transmitted through a specimen to

a fluorescent screen. Thick parts of the specimen absorb more electrons than thin parts,
forming a black-and-white shaded image of the specimen.

Transmission electron microscopes have advantages and disadvantages. They can
magnify up to 500,000=, but the specimen must be dead, sliced very thin, and stained
with heavy metals.

Mamy modifications have been made to the original electron microscopes over the years.
For example, the scanning electron microscope [(SEM) is a modification that directs
electrons over the surface of the specimen, producing a three-dimensional image. One
disadvantage of using a SEM is that only nonliving cells and tissues can be observed.

E Get It?

Compare and contrast a TEM and a SEM.

Another tvpe of microscope, the scanning lunneling electron microscope (STM), involves
bringing the charged tip of a probe extremely close to the specimen so that the electrons
“tunnel” through the small gap bebween the specimen and the tip. This instrument has
enabled scientists to create three-dimensional computer images of objects as small as

atoms. In contrast to TEM and
SEM, 5TM can be used with
live specimens. Figure 3 shows
an 5TM of a silicon chip surface.
Each protrusion is a single
silicon atorm.

Figure 3 The scanning tunneling microscope (STH)
prowides images, such as this silicon chip surace

Compane and contrast the strochwes and fwackions
of @ 5TM fo those of odher lypes of microscopes.

Tl idagrafication: unaaaiable

ACADEMIC WOCABULARY

enable

1 make possible

The development of the ST has enablad sciamtists i moke fves-dimansional
computer images of sfoms.
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Basic Cell Types

You have learned, according to the cell theory, that cells are the basic units of all living
organisms. By observing vour own body and the living things around you, you might
infer that cells must exist in various shapes and sizes. You also might infer that cells
differ based on the functions they perform for an organism. Howewver, all cells have at
least one physical trait in common: they all have a structure called a plasma membrane.
A plasma membrane, shown in Figore 4, is a boundary that helps control what enters
and leaves the cell. Each of vour skin cells has a plasma membrane, as do the cells of a
rattlesnake.

Cells generally have a number of functions in common.

* Most cells have genetic material in some form that provides instructions for making
substances that the cell needs.

= Cells also break down molecules o generate energy.

Two basic cell types Scientists group cells into two basic types. These types are
prokaryvotic (pro kar ee AW tik) cells and eukarvotic (yew kar ee AW tik) cells.
Eukaryotic cells generally are one to one hundred times larger than prokaryotic cells.
When you compare the prokaryotic and eukaryotic cells in Figure 4 vou will notice that
both have a plasma membrane, but one cell contains many distinct internal structures
called organelles—specialized membrane-bound structures that carry out specific cell
functions in different parts of the cell at the same time.

Plasma membrane Flasma membrane

Figure 4 The prokaryotic cell on the |eft ks smaber and appears less complex than the eukaryolic cell on the
right. The prokaryotic cell has been enlamged for the purpose of comparing each call's imemal stsctures.

WORD ORIGINS (=3 CROSSCUTTING CONCEPTS
eukaryotic Structure and Function An analogy i a compartson of two things that can help
prokaryotic to esxplain @ concept. A cell's genetic material provides instructions for making

e predi; from Greek, meaning e what the call needs. An analogy for this genetic material, then, might be a
pro- prefix; from Greek, meaning before | recipe. Using evidence from the text, decide on something that could serve as an
kenry froim Greel, meaning nuckwus analogy for the plasma membrane. Jusiify your analogy in a shart paragragh.

Copright © M CrassBl Echabion (1 Me Crmsy-Hll Eches oy iV F chard Cr o8 w' A Crase Il Ecbe dlion



Inspire Biclogy 912 Student Edition

Copyright © M Crasehill Echstion

Eukaryotic cells are defined as cells with a nucleus and other organelles that are bound
by membranes. The macleus is a central organelle that contains the cell's genetic mate-
rial im the form of DNA. Multicellular organisms made up of enkarvotic cells are called
eukaryotes. Some unicellular organisms, such as some yeast, also are eukaryotes.

Prnk.nrynl'tcdls are simpler than eukaryotic cells. Prokaryotic cells are defined as cells
without a nucleus or other membrane-bound organelles. Most unicellular organisms,
such as bacteria, are prokarvolic cells. Thus, they are called prokarvotes. Many scien-
tists think that prokaryotes are similar to the first organisms that lived on Earth.

@Getﬂ?

Compare and contrast eukanyotic and prokaryotic cells.

Crrigin of cell diversity

Scientists continue 1o investigate why there are two types of cells. The answer might be
that eukaryotic cells evolved from prokaryotic cells millions of years ago. According to
the endosymbiont theory, a symbiotic relationship involving one prokarvotic cell living
inside another, with both cells benefiting from the relationship, might have been key to
the evolution of eukaryotic cells.

Imagine how organisms would be different if the eukaryotic form had not evolved.
Eukarvotic cells are larger and have distinct organelles. These cells have developed
specific functions, which has led to cell diversity, and thus more diverse organisms.
Life-forms more complex than bacteria might not have evolved without eukaryotic cells.

|& Check Your Progress

Summary Demonstrate Understanding

+ The imsention of microscopes 1. Explain how the development and improvement of
led to the study of cells. microscopes changed the study of living organisms.

+ The cell theory summarizes 2. Compare and contrast the structure and function of
three principles. warious types of microscopes.

« There are two broad groups of 3. Describe the cell theory.

cell types: prokaryotic cells and 4. Differentiate the plasma membrane and the
eukaryotic cells. organelles.

Explain Your Thinking

5. Describe how you would determine whether the cells
of a newly discowered organism were prokanyotic or
eukaryotic.

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

LEARKMNSMART S Goonline to follow your personalized leaming path to review, practice,
and reinforce your undersianding.
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LESSON 2

THE PLASMA MEMBRANE

FOCUS QUESTION

Why is the plasma membrane an important structure of the cell?

Structure of the Plasma Membrane

Most of the molecules in the plasma membrane are lipids.
Lipids are large melecules that are composed of glycerol and three fatty acids. If a
phosphate group replaces a fatty acid, a phospholipid forms. A phospholipid (fahs foh
LIH pid) is a molecule that has a glycerol backbone, two fatty acid chains, and a phos-
phate-containing group. The plasma membrane is composed of a phospholipid bilayer,
in which two lavers of phospholipids are arranged tail-to-tail, as shown in Figure 5. In
the plasma membrane, phospholipids arrange themselves in a way that allows the
plasma membrane bo exist in the watery enwironment.

ﬂutﬂdl! L Membramns

the cell %
Carbohydrate probein

chain

Cholesterol

Transport
protein

Monpolar

Phospholipid tails
bilayer Palar Inside the cell

heads
Fgure 5 The phospholipid bilayer looks like a sandwich, with the polar heads facing the outside and the
nongolar 13k facng the inside.

1:‘:] 3D THINKIMNG D€ Disciplinary Core Ideas £&f Crosscutting Concepts

COLLECT EVIDEMCE INVESTIGATE
Emwukﬁ-m&mmlm DGO OMLIMNE to find these activities and mofe resources.
recond the evidence you collect as (77 ldentity Cross Cutting Contepts
i e e s Create a table af the crossoutting concepts and fill in examples you find as you read.
activities in this |esson.
Review the News

Dbtain infarmation from a cuerent news story about the plasma membrane. Evaluabe your
source and communicate your findings to your dass.

Tkl
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The phospholipid bilayer

Review Figure 5 and note that each phospholipid is diagrammed as a head with two
tails. The phosphate group in each phospholipid makes the head polar. The polar head
is alfracted to water because water also is polar. The two fatty acid tails are nonpolar
and are repelled by water.

The two lavers of phospholipid molecules resemble a sandwich, with the fatty acid

tails forming the interior of the plasma membrane and the phospholipid heads facing
the watery environments found inside and outside the cell, as shown in Figure 5.

This bilaver structure is critical for the formation and function of the plasma membrane.
The phospholipids are arranged in such a way that the polar heads can be closest 1o the
water molecules and the nonpolar tails can be farthest away from the water molecules.

When many phospholipid molecules come together in this manner, a barrier is created
that is polar at its surfaces and nonpolar in the middle. Water-soluble substances will
not move easily through the plasma membrane because they are stopped by the nonpo-
lar middle. Therefore, the plasma membrane can separate the environment inside the
cell from the environment outside the cell.

E&tﬂ?

Describe the benefit of the bilayer structure of the plasma membrane.

Other components of the plasma membrane

Moving with and among the phospholipids in the plasma membrane are cholesterol,
proteins, and carbohydrates. When found on the outer surface of the plasma mem-
brame, proteins called receptors transmit signals to the inside of the cell. Proteins at the
inner surface anchor the plasma membrane to the cell’s internal support structure,
giving the cell its shape. Other proteins span the entire membrane and create tunnels
through which certain substances enter and leave the cell. These transport proteins
move needed substances or waste materials through the plasma membrane and there-
fore contribute to the selective permeability of the plasma membrane.

Locate the cholesteral molecules in Figure 5. Nonpolar cholesterol is repelled by water
and is positioned among the phospholipids. Cholesterol helps to prevent the fatty-acid
tails of the phospholipid bilaver from sticking together, which contributes to the fuidity of
the plasma membrane. It is an important substance for maintaining homeostasis in a cell.
Other substances in the membrane, such as carbohvdrates attached o proteins, stick

out from the plasma membrane to define the cell’s characteristics and help cells identify
chemical signals.

SCIENCE USAGE V. COMMOMN USAGE STUDY TIP

polar Question Sesskan Wark with a partner
Scfence usage: completely opposite and ask each other questions about
Water ond phaspholipids ore polar molecuies bacmuse thay hove posiively- the plasma membrane. Discuss each
chavged ands and negrtively chivped ends. ather’s answers. Ask &5 many
Commen usoge: relating to Earth's Morth or South Pole questions as you think of while taking
Polar bears e in the regian neor the Novth Fole. E—
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Together, the phospholipids in the bilaver create a “sea” in which other molecules can
float, like apples floating in a barrel of water. This “sea” concept is the basis for the fhoid
mosaic model of the plasma membrane. The phospholipids can move sideways within
the membrane, just as apples move around in water. At the same time, other compo-
nents in the membrane, such as proteins, also move among the phospholipids. Because
there are different substances in the plasma membrane, a pattern, or mosaic, is created
on the surface. You can see this pattern in Figure 6. The components of the plasma
membrane are in constant motion, sliding past one another.

'-,t

Cholesterol molecule

Polar head groups

Fgure s The flusd masaic model refers. o a plasma membrane with substances thal can move around within
the membrane.

Function of the Plasma Membrane

Eecall that the process of maintaining balance in an organism’s internal environment is
called homeostasis. Homeostasis is essential to the survival of a cell. One of the stroc-
tures that is primarily responsible for homeosstasis is the plasma membrane.

The plasma membrane is a thin, lexible boundary between a cell and its environment
that allows nutrients into the cell and allows waste and other products to leave the cell.
All prokarvotic cells and eukaryotic cells have a plasma membrane Lo separate them
from the watery environments in which they exist.

ACADEMIC VOCABULARY 59 CROSSCUTTING CONCERTS

component ‘Stahility and Change People with the disease cystic fibrosis (CF) have a problem

& part or constituent of with thie transpoet protein that helps water to exit thiough the membrane of g

The companenrs of the plasma cells. This waler is necessary to keep ihe layer of mucws in the lungs thin. Using

aimbrmme o8 #1 COMSRITT M. evidence from the text, predict how the mucws in the lungs of pecple with OF
changes a5 a result. Relate your prediction to the function of the plasma
meembrane.

Copright © M Crase Bl Echs bion
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A key property of the plasma membrane is selective permeability (pur mee uh BIH luh
tee}, by which a membrane allows some substances to pass through while keeping
others out. Consider a fish net as an analegy of selective permeability. The net shown in
Figure 7 has holes that allow water and other substances in the water to pass through
but not the fish. The diagram in Figure 7 illustrates 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 muoch of these substances enter and
leave a cell relies on the structure of the plasma membrane.

*, Plasma
membrane Diutside
the cell

Inside
the cell

Figure T Lelt: The fish net sefectively captures fish while allowing water and other debris 1o pass throwsgh
Right: Similarly, the plasma membrane is selective for substandes enbering and leaving the osll.

I& Check Your Progress

Summary Demonstrate Understanding

+ The plasma membrane is made 1. ldentify the molecules in the plasma membrane that
up of two layers of phospho- provide basic membrane structure, cell identity, and
lipid molecules. membrame fluidity.

+ Cholesterol and tramsport 2. Explain how the inside of a cell remains separate from
proteins aid im the function of its environment.
the plasma membrane. 3. Diagram the plasma membrane and label each

+ The fluid mosaic model component.
describes the plasma 4. Describe how the plasma membrane helps maintain
membrane. homeostasis in a cell.

+ Selective permeability is a
property of the plasma mem- Explain Your Thinking
brane that allows it to control 5. Explain what effect more cholesterol in the plasma
what enters and leaves the cell. membrane will have on the membrane.

Al WRITING Using what you know about
the term mosaic, write a paragraph describimg another
biokogical mosaic.

LEARNSMARTS Goonline to follow your personalized leaming path to review, practice,
and reinforce your understanding.



LESSON 3
CELLULAR TRANSPORT

FOCUS QUESTION
What processes enable substances to move into or out of a cell?

Diffusion

As the aroma of baking cookies makes its way to you,
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. Similarly, substances
dissolved in water move constantly in random motion called Brownian motion. This
random motion causes diffusion, which is the net movement of particles from an area
where there are many particles of a substance to an area where there are fewer particles of
the substance. The amount of a substance in a particular area is called concentration.
Therefore, substances diffuse from areas of high concentration to low concentration.
Figure 8 illustrates the process of diffusion. Additional energy inpul is not required fior
diffusion because the particles already are in motion. If vou drop blue and vellow ink into
a container of water at opposite ends of the container, which is similar to the watery
environment of a cell, the process of diffusion begins, as shown in Figure 8(A). In a short
period of time, the ink particles have mixed as a result of diffusion to the point where a
green-colored blended area is visible. Figure 8{B) shows the initial result of this diffusion.

@- Diffusion begins @ Fiwe-minute time lapse @ Ten-minute time lapse

1 - H—J . r “
Flgure 8 Diffusion causes the inks to move from high-ink concentration b low-ink concentration
until the color beoome evenly blended in the water.

Bk biori

—_—

Lo} 3D THINKING Ol Besciplinary Core Ideas 208 Crossoutting Concepis SEF Schence & Engineering Bractices:

COLLECT EVIDENCE INVESTIGATE
@lﬁewuﬂmhmlm DGO OMLIMNE to find these activities and mofe resources.

recond the evidence you collect as ﬂ Applying Practices: Investigate Osmosis

you complete the readings and H5-L51-3. Plan and comduct an investigation to previde evidence that leedback mechanis s
aciiities in this lesson. malntain homeostasis.
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Given more time, the ink particles continue to mix and, in this case, continue to form
the uniform mixture shown in Figure 8(C), on the previous page. Mixing continues
until the concentrations of vellow ink and blue ink are the same in all areas. After
mixing is complete, the particles continue to move randomly, but no further change in
concentration will oocur. This condition, im which there is continuous movement but no
overall change, is called dynamic equilibrium.

One of the key characteristics of diffusion is the rate at which diffusion takes place.
Three main factors affect the rate of diffusion: concentration, tenyperature, and
pressure. When concentration is high, diffusion cocurs more quickly because there

are more particles to collide and bounce off one another. Similarly, when temperature
or pressure increases, the number of collisions increases, thus increasing the rate of
diffusion. Recall that at higher temperatures particles move faster, and at higher pres-
sure the particles are closer together. In both cases, more collisions occur, and diffusion
is faster. The size and charge of a substance also affects the rate of diffusion.

Diffusion across the plasma membrane

In addition to water, cells need certain ions and small molecules, such as chloride ions
and sugars, to perform cellular functions. Water can diffuse across the plasma membrane,
as shown in Figure 9{A), but most other substances cannot. Another form of transport,
called facilitated diffusion, uses transport proleins o move other ions and small mole-
cules across the plasma membrane. By this method, substances move into the cell
through a water-filled transport protein, called a channel protein, that opens and closes o
allow the substance to diffuse through the plasma membrane, as shown in Figure 9{B).

Another type of transport protein, called a carrier protein, also can help substances diffuse
across the plasma membrane. Carrier proteins change shape as the diffusion process
continues o help move the partide through the membrane, as illustrated in Figure HC).

Diffusion of water 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 lesson about a form of cellular transport that does require energy inpul.

6] @
Fgure 9 Although waler
Outside maoves freely throwgh the
the cell platma membsane (A), other
subsiamces canmol pass
mrowgh the phospholipid
bilayer on their own. Channel
proteins [E] and carrier
Plasma protemns |C) are knds of
Metw—mc branspart probeins that hedp
ions and small moleoiles
mve aCroGs the membeane
in a proess called facltated
it sion
Inside
the cell

Drifhcsaces of witid Facilaned diffusian Faszilitaned chiffusion
by Channel prolens Dy CaThar i Claif

A
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Osmosis: Diffusion of Water

The diffusion of water across a selectively permeable membrane is called osmosis

{ahs MOH sus). Water molecules pass freely into and out of a cell through aquaporins.
Aquaporins are channel proteins embedded in the plasma membrane mmpmedaf timy
holes that selectively allow small uncharged molecules, such as water, o pass throogh.
Eegulating the movement of water across the plasma membrane is an important factor
in maintaining homeostasis within the cell.

How osmosis works

Recall that in a solution, a substance called the solute is dissolved in a solvent. Water is
the solvent in a cell and its environment. Concentration is a measure of the amount of
solute dissolved in a solvent. The concentration of a solution decreases when the
amount of solvent increases. [n other words, a more concentrated solution has more
solute than a less concentrated solution.

Examine Figure 10, which shows a U-shaped tube containing solutions with different
sugar concentrations separated by a selectively permeable membrane. What will hap-
pen if the solvent {waler) can pass through the membrane but the solute (sugar) cannot?

Water molecules diffuse toward the side with the greater sugar concentration—the right
side. As water moves o the right, the concentration of the sugar solution decreases. The
water continues o diffuse until dynamic equilibrium occurs—the concentration of the
solutions is the same on both sides. Notice in Figure 10 that the result is an increase in
solution level on the right side. During dynamic equilibriom, water molecules continue
to diffuse back and forth across the membrane. But, the concentrations on each side no
longer change.

'EG&HL’?

Compare and contrast diffusion and osmosis.

Before osmasis After osmosis Figure 10 Bedore asmosis, the sugar
Conoentration i greater an the fmght side.
Afer osmosis, the concentrations ane the
same on baoth sides. Water malecubes
COvtinge io move acrass the membrane.

Mame the term for the phenomenan
shoew I this figure.

Copyright © M Crasehill ks tion
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Cells in an isotonic solution

When a cell is in a solution that has the same concentration of water and solutes—ions,
sugars, proteins, and other substances—as its cvtoplasm, the cell is said to be in an
isotonic solution. Iso- comes from the Greek word meaning equal. Water still moves
through the plasma membrane, but water enters and leaves the cell at the same rate.
The cell is at equilibrium with the solution, and there is no net movement of water. The
cells retain their normal shape, as shown in Figure 11{A) on the next page. Meost cells in
organisms are in isotonic solutions, such as blood.

Cells in a hypotonic solution

If a cell is in a solubion that has a lower concentration of solute, the cell is said to be ina
hypotonic sohetion. Hypo- comes from the Greek word meaning under. There is more
water outside of the cell than inside. As a result of osmosis, the et movement of water
through the plasma membrane is into the cell, as illustrated in Figure 11{B). Pressure
generated as water flows through the plasma membrane is called osmotic pressure.

In an animal cell, as water moves into the cell, the pressure increases, and the plasma
membrane swells. If the solution is extremely hypotonic, the plasma membrane might
be unable to withstand this pressure, and the cell might burst.

Because they have a rigid cell wall that suppaorts them, plant cells do not burst when
they are placed in a hvpotonic solution. As the pressure inside a cell increases, the
plant’s central vacuole fills with water, pushing the plasma membrane against the cell
wall, shiowwm in the plant cells in Figure 11(B). Instead of bursting, the plant cell becomes
firmer. Grocers use this process to keep produce looking fresh by misting fruits and
vegetables with water.

Cells in a hypertonic solution

When a cell is placed in a hypertonic solotion, the concentration of the solute outside of
the cell is higher than it is inside. Hyper- comes from the Greek word meaning above.
During osmeosis, the net movement of water is out of the cell, as illustrated in Figure 11{C).
Animal cells in a hypertonic solution shrivel because of decreased pressure in the cells.
Flant cells in a hypertonic solution lose water, mainly from the central vacuole.

The plasma membrane shrinks away from the cell wall. Loss of water in a plant cell
causes wilting.

EGE’( It?

Compare and contrast the three types of solutions.

e (3 CROSSCUTTING CONCEPTS

concentration Stability and Change Bath freshwater and saltwater fish must maintain a

the amaunt of & companent in a gheen redatively consistent amaunt of wates in their bodies. Predict what sach type of
ared or wolume fish mast do to mainiain water homeosiasis, and why Use evidence from the texi
The cancentration of saif in the o justify your predictions.

DU Wos foo high.
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Figure 11(C)
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Sometimes substances must move from a region of lower concentration to a region of
higher concentration. This movement of substances across the plasma membrane
against a concentration gradient requires energy; therefore, it is called active transport.
Figure 12 illustrates how active transport ocours with the aid of carrier proteins, com-
monly called pumps. Some pumps move one type of substance in only one direction,
while others move bwo substances either across the membrane in the same direction or
in opposite directions. Because of active transport, the cell maintains the proper balance
of substances it needs. Active transport helps maintain homeostasis.

Inside Inside

Ourtside

Figure 12 Camier proteins pick up and move substances across the plasma membrane ag

Ma' /K AlPase pump

The sodiurm-potassium ATPase pump, shown in Figure 13, is an active transport pump
found in the plasma membrane of animal cells.

Outside

insadie
The: besaidown of ATF Causes shaps
change i protain, alowing Soadium ks to
ki

Inesade
Profain in the membrane binds
miraceliula sodium ons fons.
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Copyr
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Figure 13 Some cells use the N
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phospharis om prolein
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The pump maintains the level of sodium ions (Ma') and potassium ions (K') inside and
outside the cell. This protein pump is an enzyme that catalyzes the breakdown of an
energy-storing molecule. The pump uses the energy to transport three sodium fons out
of the cell while moving two potassium ions into the cell. The high level of sodium on
the outside of the cell creates a concentration gradient. Follow the steps in Figure 13, on
the previous page, to 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 molecules, must come into the cell from the
outside, where the concentration of the substance is lower thamn it is inside. This
requires energy. Eecall, that the Na™ /K™ ATPase pump moves Na" oul of the cell,
creating a low concentration of Ma® inside the cell. In a process called coupled trans-
port, the Na® ions that have been pumped out of the cell can couple with sugar mole-
cules and be transported into the cell through a membrane protein called a coupled
channel. The sugar molecule, coupled to a Ma® ion, enters the cell by facilitated diffu-
sion of the sodium, as shown in Figure 14, As a result, sugar enters the cell without
spending any additicnal cellular energy. The type of transport shown in Figure 14
occurs in some plant tissues. Sugar moves by coupled transport inbo plant tissuwes. These
tissues carry the sugar to parts of the plant where it is stored until needed.
Outside the cell t.lgf“flrtli:::;lif; ;:.-f::tl?:: '-':I::f"
inat '@ another substamce that uses an active
transport pump.
Describe fow covpled ronsport con el o

jimar fo maimioin energy homeosiasss.

chanmnel

Inside the cell

Esmu?

Compare and contrast active and passive transport across the plasma
membrane.
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Some substances are too large to move through the plasma membrane by diffusion or
transport proteins and must get inside the cell by a different process. Endocytosis is the
process by which a cell surrounds a substance in the outside environment, enclosing
the substance in a portion of the plasma membrane. The membrane then pinches off
and leaves the substance inside the cell. Exocytosis is the secretion of materials at the
plasma membrane.
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Endocytosis Exocytosis

Outside the cal

Inside the call

Intide the call

Figure 15 Lefl: Large substances can enter a cefl b

The substance shown on the left in Figure 15 is engulfed and enclosed by a portion of
the cell's plasma membrane. The membrane then pinches off inside of the cell, and the
resulting vacuole, with its contents, moves to the inside of the cell. Figure 15 shows that
exocytosis is the reverse of endocytosis. Cells use exocyviosis o expel wastes and to
secrete substances, such as hormones, produced by the cell. Both endocytosis and
exocytosis require the input of energy. Cells maintain homeostasis by moving sub-
stances into and out of the cell. Some transport processes require additional energy
input, while others do not. Together, the different types of transport allow a cell to
interact with its environment while maintaining homeostasis.

\& Check Your Progress

Cells must maintain homeosta-
sis in all types of solutions,

Summary Demonstrate Understanding

+ Cells maintain homeostasis 1. List and describe the types of cellular transport.
using passive and active 2. Explain the role of the cell membrane during passive
transpaort. transport and active transport.
Concentration, temperature, 3. Sketch a before and an after diagram of an animal cell
and pressure affect the rate of placed in a hypotonic solution.
ol 4. Contrast how facilitated diffusion is different from

active transport.

including isotonic, hypatonic, Expilain Your Thinking

and hypertonic. 5. Describe Some ocrganisms that normally ive in pond

Some large molecules are water contain water pumps. These pumps continually

moved into and out of the cell pump water out of the cell. Describe a scenario that

using endocytosis and might reverse the action of the pump.

EXOCYIOSIS. 6. Summarize the role of the phospholipid bilayer in

cellular transport in living cells.

LEARNMNSMARTS Goonline to follow your personalized leaming path to review, practce,

and reinforce your understanding.
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LESSON 4

STRUCTURES AND ORGANELLES

FOCUS QUESTION

What are the structures and their functions in prokaryotic
and eukaryotic cells?

Cell Structures

In a factory, there are separale areas set up for
performing different tasks. Eukaryotic cells, such
as the cells shown in Figure 16, also have separate
areas for different tasks. Membrane-bound
organelles make it possible for different chemical
processes W take place at the same time in differ-
ent parts of the cytoplasm. Organelles carry out
essential cell processes, such as protein synthesis,
energy transformation, digestion of food, trans-
port and storage of materials, excretion of wastes,
and cell division. Each tvpe of organelle within a
cell has a unique structure and function. You can
compare a cell's organelles to a factory’s offices,
assembly lines, loading docks, and other important
areas that keep the factory functioning. As you read
about the different cell structures and organelles, refer to the diagrams of cells in Figure 17,
on the next page to see the structures and organelles of each type. Figure 17 compares and
contrasts the general structures of prokaryotic cells and eukaryotic (plant and animal) cells.

Figure 16 Eukanyotic cells have structures and organelles
that perfarm specific tasks.

Cell shape and movement

The environment inside the plasma membrane i a semifluid material called r:jtuphm.
In a prokaryotic cell, all of the chemical processes of the cell, such as breaking down
sugar to generate the energy used for other cell functions, take place directly in the
cell's cytoplasm. Eukarvotic cells perform these processes within membrane-bound

organelles in their cytoplasm.

oy ol R o ot Ly D g
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1:':-:] 32D THINKING OCi Bisciplinary Core ideas G Grossoutting Concepls SEF Schence & Engineering Bractices:

COLLECT EVIDEMNCE INVESTIGATE

[_Euaewwk‘emmmalm DGO OMLIMNE to find these activities and mofe resources.
recoad the evidence you collect as 2 Virtual Investigation: Communities and Ecosystems
i e e s Use & model 1 ilustrate the structures of a cell.

activities in this |esson.
(EE5 identify Crass Cutting Concepts
Create a table of the crasscutting concepts and fill in examples you find as you read.
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Figure 17 Visualizing Cells

Compare the illustrations of a plant cell, animal cell, and prokaryotic cell. Some
ocrganelles are found only in plant cells; others are found only in animal cells.
Prokaryotic cells do not hawve membrane-bound organelles.

O Animal Cell

Muckus

Muclkeoius
Tl Prwem brane:

Huclear
pore

O Piant Cell

Huchis ) oolus

Rough  Smooth
andoplasmic  endoplas
rOticulum  raticulum

(® Prokaryotic Cell

Coll wall jrelulosa) b ool ,Emn"gmm

endoplasmic Teticuium
raticulum
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Components of the cytoskeleton

At one time, scientists thought that cell organelles floated in a sea of cytoplasm. More
recently, cell binlogists have discovered that organelles do not float freely in a cell.
Instead, the organelles are supported by a structure within the cytoplasm similar to the
structure shown in Figure 18. The cytoskeleton is a supporting network of long, thin
protein fibers that form a framework for the cell and provide an anchor for the organ-
elles inside the cell. The cytoskeleton also has a function in cell movement and other
cellular activities.

Plasma
membrans

Microtubule

Microfilament

Figure 18 The cyloskeleton loms a framework for the cell.

Microtubules and microfilaments

The cytoskeleton is composed 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. Microfilarments are thin protein threads
that help give the cell shape and enable the entire cell or parts of the cell to maove.
Microtubules and microfilaments rapidly assemble and disassemble and slide past one
another. This allows cells and erganelles to move.

E Get It?

Summarize the structure and function of the cytoskeleton.

WORD CRIGIN STEM CAREER Connection
cytoplasm Science boumalist
cytoskeleton It it sometimes jeeks |ike scientists speak thesr own language, that's because, in a

cyte— prefixc from Greek, meawng cell | way. they de! Scientisis often communicate fo each other using waords specific to
their fiekd of study. A science journalist's pob is to present sciendific information in
2wy that's easy for the general public 1o grasp. This might be by wiiting

newspaper aickes, medical pamphiets, press rebeases, of even advertisements.

Copright © M Crase Bl Echs bion
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Centricles

Groups of microtubules form another strocture called a centriole (SEM tree ol).
Centrinles, shown in Figure 19, are organelles made of microtubules that function
during cell division. Centrioles are located in the cytoplasm of animal cells and most
protists and usually are near the nucleus.

Centrioles

Figure 19 Centrioles are made of microtubiles and play & role in cell divisian.

Cell appendages

Some eukarvolic cell surfaces have structures called cilia and flagella that project
outside the plasma membrane. As shown in Figore 20, cilia isingular, cilium) are short,
numerous projections that look like hairs. The motion of cilia is similar to the motion of
oars in a rowhboat. Flagella (singular, flagellum) are longer and less numerous than cilia.
These projections move with a whiplike motion.

Magrrieaton naamiable Colar-Ertanoid TER: 000

Figure 20 The hairlike structures in the photomicrograph are cilia, and the tail-ie struc-
tures are flagella. Both struciures function in cell movement Cilia are also tound on cells that
oo malk mone.

Infer where i the body of an animal ciliz might be fownd.



Microtubule configuration Cilia and flagella are composed of microtubules arranged
in a 9 + 2 configuration, in which nine pairs of microtubules surround two single
microtubules. Cells with flagella typically have one or two flagella.

Fruknrj‘alic::ilium}dﬂagelhmmm cytoplasm and are enclosed by the plasma mem-
hme.M5ﬂmﬂmmmdmmplu proteins. While both structures are used
for cell movement, cilia are also found on stationary cells.

Cell wall

Plant cell wall A structure associated with plant cells is the cell wall, shown in
Figure 1. 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 alkow plants
to stand at various heights—from blades of grass to California redwood trees. Plant cell
walls are made of a carbohvdrate called cellulose, which gives the cell walls their
inflexible characteristic.

Figure 21 The illustration shows plant cells and their cell walls. Compare this to the phatomicrograph
showing cell walls of adggoent plat cells.

Prokaryote cell wall Prokaryotes, such as bacteria, also have a cell wall surrounding
the cell. The functions of a prokaryotic cell wall are similar to the functions of the plant
cell wall. A prokaryotic cell wall protects the cell, helps to maintain the cell’s shape,

and gives the cell support.

However, prokaryotic cell walls are not made of cellulose, like plant cells are. The
prokaryotic cell wall is made of a material called peptidoghycan, which is a combination
of disaccharides and peptide fr.qmenl:i. All prokaryotes have peptidoglycan in their cell

walls.
& cet e
Compare and contrast the cells walls of prokaryotic and eukanyotic cells.

Copright © M Crassill Echabion ey Pibsing'E o Caily | e
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Controlling Cell Activities

Just as a factory needs a manager o direct and oversee the tasks carried out in the
factory, a cell needs an organelle w direct the cell processes.

The nucleus

The nucleus, shown in Figure 22, is the cell’s managing structure. It contains most of
the cell's DMNA, which stores information used 1o make proteins for cell growth, func-
tion, and reproduction. Within the nucleus is the site of ribosome production called the
nuclenlus.

The nucleus is surrounded by a double membrane called the nuclear envelope. The
nuclear envelope is similar to the plasma membrane, except the nuclear membrane has
nuclear pores that allow larger-sized substances to move in and out of the nuclews.
Chromatin, which is a complex DINA attached o protein, is spread throughout the
nucheus.

Eeet It?

Describe the role of the nucleus.

Mucleus

Muclealus

HNuclear.
envelope

0%

Muclear pore

Fgure X2 [he nucleus of a cell 5 a thres-dimensional shape.

ACADEMIC VOCABULARY

Sile

locatan

The audeolus is the site of ribasome producion.



- Inspire Biclogy, Studert Edition

Processing Energy

Mitochondria

Cells have energy generators called mitochondria (mi tuh KAHN dree uh; singular,
mitochondrion), which convert fuel (mainly sugars) into usable energy. Figure 23 shows
that a mitochondrion has an outer membrane and a highly folded inner membrane that
provides a large surface area for breaking the bonds in sugar molecules. The energy
produced is stored in the bonds of other molecules and later used by the cell.

Mitochondrion

L.

!

Outer Inner
membrans membrans

Figure 23 Mibochondria make energy available to the el

Chloroplasts

In addition to mitochondria, plants and some other eukarvotic cells contain chloroplasts,
organelles that capture light energy and convert it to chemical energy through a process
called photosynthesis. Examine Figure 24. Notice that inside the inner membrane are
many small, disk-shaped compartments called thylakoids. This structure relates to their
function—trapping energy from sunlight in a pigment called chlorophyll. Chlorophyll
gives leaves and stems their green color.

Chloroplasts belong to a group of plant organelles called plastids, some of which are
used for storage. Some plastids store starches or lipids. Others, such as chromoplasts,
contain red, orange, or yellow pigments that trap light energy and give color to plant
structures such as flowers and leaves.

Chloroplast

Copright G M Crasehll Echeabion (TR Peaiar b S wices, Pdimcaat ] o Ui i 0y 1) R i e o Coroem - ol o ol b or - B i Lo

J

Figure 24 In plants, chioroplasts capture and conwert light energy to chemical enengy.
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Manufacturing Proteins

Ribosomes

One of the functions of a cell is to produce proteins. The organelle that help mamufac-
ture proteins is called the ribosome. Kibosomes are made of two components—EMNA and
protein—and are not bound by a membrane like other organelles are. The nucleclus is
the site of ribosome production.

Cells have many ribosomes that produce a variety of proteins that are used by the cell or
are mioved out and used by other cells. Some ribosomes float freely in the cvtoplasm,
while others are bound to another organelle called the endoplasmic reticulum. Free-float-
ing ribosomes produce proteins for use within the cytoplasm of the cell. Bound ribosomes
produce proteins that will be bound within membranes or used by other cells.

Endoplasmic reticulum

The endoplasmic reticulum (en duh FLAZ mihk « rih TIHK yuh lum), also called ER, is
a membrane system of folded sacs and interconnected channels that serves as the site
for protein and lipid synthesis. The structure of the ER, with many pleats and folds,
provides a large amount of surface area where cellular functions can Lake place.

Rough endoplasmic reticulum The area of ER where ribosomes are attached is
called rough endoplasmic reticulum. Notice in Figure 25 that the rough ER appears to
have bumps on it These bumps are the attached ribosomes that will produce proteins
for export o other cells.

Smooth endoplasmic reticulum Motice that Figure 25 also shows that there are
areas of the ER that do not have ribosomes attached. The area of ER where no ribo-
somes are attached is called smooth endoplasmic reticulum. Although the smooth ER
has no ribosomes, it does perform important functions for the cell. For example, the
smooth ER provides a membrane surface where a variety of complex carbohvdrates and
lipids, including phospholipids, are synthesized. Smooth ER in the liver detoxifies
harmiful substances.

Rnugh endoplasmic reticulum

Colar-ariumncid TEM Mig nificalion: unksswn
Smooth endoplasmic reticulum

Figure 25 Ribosomes are simple structures made of RN& and protein that may be attached to the
surface of the rough endoplasmic rethcsbum. They look lke bumps on the endaplasmic retbiulum.
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Processing, Transporting, and Storing Molecules

Golgi apparatus

After hiking boots are made in a factory, they must be organized into pairs, boxed, and
shipped. Similarly, after proteins are made in the endoplasmic reticulum, some might
be transferred to the Golgi (GAWL jee) apparatus, illustrated in Figure 26. The Golgi
apparatus is a flattened stack of membranes that modifies, sorts, and packages proteins
into sacs called vesicles. Vesicles then can fuse with the cell’s plasma membrane to
release proteins to the environment cutside the cell.

Golgi apparatus e
Pl BN LT
Figure 26 Flatbened stacks of membranes make up the Golgl apparatus. e . S

Vesicles

Vacuoles A factory needs a place to store materials and waste products. Similardy,
cells have membrane-bound vesicles called vacuoles for lemporary storage of materials
within the cytoplasm. A vacoale, such as the plant vacuole shown in Figure 27, is a sac
used o store food, enzvmes, and other materials needed by a cell. Some vacuoles store
waste products. In conftrast o plant cells, animal cells usually do not contain vacuoles. If
animal cells do have vacuoles, they are much smaller than those in plant cells.

Vacuole

Figure 27 Plant cells have large membrane-bound storage comparments called vacuales.

Sl e @ Soa @
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Lysosome

Figure 28 Lysosomes contain digestive enzymes that can break down the wasies conlained in
VL] &5,

Lysosomes Factories and cells also need cleanup crews. In a cell, there are lysosomes,
shown in Figure 28, which are vesicles that contain substances that digest excess or
worn-oul organelles and food particles. Lysosomes also digest bacteria and viruses that
have entered the cell. The membrane surrounding a lvsosome prevents the digestive
enzyvmes inside from destroving the cell. Lysosomes can fuse with vacuocles and dis-
pense their enzymes into the vacuoles. These enzymes digest the wastes inside.

EGH Itz

Explain the role of lysosomes in cells.

Comparing cells

Table 1, on the next page, summarizes, compares, and contrasts the general structures
of plant cells and animal cells. Maotice that plant cells comtain chlorophyll; they can
capture and transform energy from the Sun into a usable form of chemical energy. This
iz one of the main distinctions between plant cells and animal cells. In addition, recall
that animal cells usually do not contain vacusles. If they do, vacuoles in animal cells are
much smaller than vacuoles in plant cells. Also, animal cells do not have cell walls. Cell
walls give plant cells protection and support.

There are many structures found in both plant and animal cells. For example, the
nucleus controls the activities of both plant and animal cells. The plasma membrane
plays a vital role in maintaining homeostasis in both plant and animal cells, and the
ribosomes are the site of protein synthesis for both types of cells.

ACADEMIC VOCABULARY EE3 CROSSCUTTING CONCEPTS

distinction Systems and System Models Working with a partmer o small group, make a list
adifference af materials that you might se to build @ moded cell. The model should ndude
A distinction betwesn pianr cels ang at lzast three of the organelles lisied in Table 1. Each material should reflect the
R CENS S Al plovd cedis funciion of the organelle. (For example, you might choase to represent the
contmn chiorgplzsts mitochondria of the cell with batteries )
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Table 1 Summary of Cell Structures

Cell Structure | Example | Function Cell Type
4n inflaxible barrier that id rt and Plant cels, fungl
Cell wall " e provides support a cefls, and some
protects the plant cedl
prokaryotes
Centrioles ' Organelles that occur in pairs and are import- | Animal cells and
ant for cell division most protist cells
A double-membrane organelle with thylakoids
) v Plant cells and
Chloroplasis containing chiorophyll, where photosynthesis
some protist cells
takes place
A Projections from cell surfaces that aid in Some animal cells,
Cilia locomotion and feeding also used to sweep protist cells, and
substances along surfaces prokaryotes
Cylaskeletan g & framework for the cell within the cytoplasm | All eukanyolic cells
Entlo
plasmic & highly folded .meml:nrane that is the site of All et —
reticulum protein synthesis
A Some animal cells,
Flagella Projections that asd in locomotion and feeding | prokargotes, and
some plant cells
»| A flattened stack of tubular membranes that
Gaolgl apparatus + | modifies proteins and packages them for All eukaryotic cells
R - distribution outside the cell
A vesicle that contains digestive enzymes for
anirmal cells and
Lysosome ] the breakdown of excess of wom-out cellular )
rare in plant cells
substances
Mitachandria A membia nd org e et All eukaryotic cedls
enefgy available to the rest of the cell
Thie contral center of the cell that contains
Huclews coded directions for the production of proteins | All eukaryotic cells
and cell division
Plasma A flexibde boundary that controls the mowe- All celis
membrane ment of substances into and aut of the cell
Ribosome . COrganelle that is the site of protein synthesis All cells
" Plant cells—ane
A : & membrane-bound wesicle for the temporany large: rarely animal
storage of materials
cells—a few small
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Organelles at work

With a basic understanding of the structures
found within a cell, it becomes easier by enwvision
how those structures work together to perform
cell functions. Take, for example, the synthesis of
profeins. Protein synthesis begins in the nucleus
with the imformation contained in the DMNA.
Genetic information is copied and transferred to
another genetic molecule called RNA. Then RINA
and ribosomes, which have been manufactured
in the nucleolus, leave the nucleus through the
pores of the nuclear membrane. Together, ENA
and ribosomes manufacture proteins. Each
prodein made on the rough ER has a particular
function; it might become a protein that forms a
part of the plasma membrane, a protein that is
released from the cell, or a protein transported to
other organelles. Other ribosomes will float freely

in the cvtoplasm and also make prioteins.

ﬁsetn?

Most of the proteins made on the surface of the
ER are sent to the Golgi apparatus. The Gaolgi
apparatus packages the proteins in vesicles. [t
then transports the proteins to other organelles
or oul of the cell. Other organelles use these
proteins as they carry out cell processes. For
example, lysosomes use proleins, enzymes in
particular, to digest food and waste. Mitochon-
dria use enzymes as they produce a usable form
of energy for the cell.

After reading about the structures and organ-
elles in a cell and how they work together, it
becomes clear why people often equate the cell
to a factory. Like the parts of a factory, each
organelle has a specific job to do. Different
structures are involved in completing different
tasks. The health of the cell depends on all of
the components working together.

Infer Justify the statement, “Cells are the most important units in all living organisms"

|& Check Your Progress

Copyright @ My Craselill Trkmaiion

Summary
« Eukaryotic cells contain mem-
brane-bound organelles in the b

Demonstrate Understanding
1. Identrfy the role of the nucleus in a eukarnyotic cell.
. Summarize the role of the endoplasmic reticulum.

fm’ I_ that pe cell 3. Create a flowchart comparing the parts of a cell to an
ctions. _ automobile production line.
* Rmte' ﬂl‘E_‘H‘EEI‘tEEﬂf 4. Compare and contrast the structures found in plant
s and animal cells. Relate these structures to the function
« Mitochondria are the power- of each call.
houses of cells.
. Plant and animal cells contain Explain Your Thinking
many of the =ame organelles, 5. Hypothesze how lysosomes would be involbeed in
while other organelles are changing a caterpillar into a butterily.
unique to either plant cells or 6. ECRCTER Connection | Categorize the structures and

animal cells.

organelles im Table 1 into lists based on cell type, and

then draw a concept map illustrating your organization.

LEARKMSMART  Goonline to tollow your personalized leaming path to review, practice,
and reinforce your undersianding.
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NATURE OF SCIENCE

Mitochondria:
More Than Just a
Powerhouse

#csk a biology student to state the function
of cell mitochondria, and they will probabhy
say that mitochondria provide the cell with
energy. What this answer doesn’t do, though,

is to account for the numerous other functions

that mitochondria have in a cell

Mitochondra's many functions

Scientists hawve known of the existence of
mitochondria for well owver ¥00 years. S4ll, it
took more than &0 years of rigorous study
and debate before the scentific community
was confident im the connection between
mitochondria and cell energy. In 1957, a

cell biologist dubbed mitochondria the
“powerhouses of the cell,” and the textbook
definition of mitochondrial function was bom.

This was mot the end of research on the
mitochondria. In the 1960s, sdentists
discowered that mitochondria, ke nudei,
housed DA molecules. By the late 19805,
advances in technology helped scientists
determine that changes in mitochondrial
D might be linked to some diseases. As
kmowledge of the mitochondria increased, so
did scientists’ questions. Is providing energy

COMMUNICATE SCIENTIRC
e INFORMATION

Using digital or print resources, gather

information abowt one way mitochondria might

play a role in a disease or condition. Design a
pamphlet or infographic showing how
mitechondria are connected to your topic.

Dedects in the mitochon drial DNA fownd in heart cells have
been Enked 1o some fonms of heart disease.

the mitochondrion's most important role? What

other functioms might mitochondria hawe? Could

discovering these fumctions help scientists cure
or treat diseases?

Today, scientists think that mitochondria play
a role in autism, aging. and other conditions.
Scientists have also discovered that
mitochondria are essential for the formation
of new red blocd cells and even play a vital
part in gene expression. By not accepting
that an imporiant function of mitochondria
was their only function, scientists hawve made
discoveries that promise to improve the
quality of life. We may soon have a definition
for mitochondria that extends well beyond
“the powerhouse of the cell.”
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STUDY GUIDE

Q GO OMLIME to study with your Science Motebook.

Copyright O M Craac 0l Tkl

Lesson 1 CELL DISCOVERY AND THEQRY = cell
* Microscopes have been wied as tools for scientific study since » il theary
the Late 15005, i
+ Sesentists use different types of microscopes o study cells. « eukaryotic cell
+ The cell theory summarizes three principles. » nuclews
+ There are two broad groups of cell types: prokarvotic cells and » prokaryotic cell
eukaryvotic cells.
+ Eukaryotic cells each contain a nucleus and organeles.
Lesson 2 THE PLASMA MEMBRANE . phasphalipid bilayer
. 3 - « fransport profein
ﬁﬁmmnﬁwnmﬂeupufhmula}“sdmsphhpﬂ e
= - aalech —
» Chalesteral and transport proteins aid in the function of the
plasma membrane.
» The fluid mosaic model deseribes the plasma membrane.
*» Selective permeability is the property of the plasma membrane
that allows it to control what enters and leaves the cell.
Lesson 3 CELLULAR TRANSPORT = diffusion
» Cells maintain homeostasis using passive and active transport. : :_h'“m 'E?"mhh_"um
» Concentration, emperature, and pressure affect the rate of —

diffision.
» Cells must maintain homeostasis in all types of solutions,

» Eotonic solution
« hypotonic solution

including isotonic, hypotonic, and hypertonic. . |T5|'|:!lrh:|n'l: =olution
» Sorme hrt:&r::llwula a.::u.msd into and ot of the cell using m:l'.uemT:l'l.
endocyto YR » eanCybosis
Lesson 4 STRUCTURES AND ORGAMNELLES = cytoplasm
* Eukaryotic cells contain membrane-bound organelles in the " crbns_lmlr‘h:m
evtoplasm that perform cell functions. : P =
* Ribosomes are the sites of profein synthesis. « flagelism
» Mitochondria are the powerhouses of cells. « ool wall
* Plant and animal cells contain many of the same o . “"tbﬁ:d_
while other organelles are unique to either plant cells or animal . ——
colls. = chioroplast
» ribosome
« endoplasmic reticulum
« Golgi apparatus
« wacuole

» kysosome



o= THREE-DIMENSIONAL THINKING

\2/ Module Wrap-Up

REVISIT THE PHENOMENON

What could you see if you

used this microscope?

@& Claim, Evidence, Reasoning

Explain Your Reasoning Revisit the claim you made when you encountered the
phenomenon. Summarize the evidence you gathered from your imeestigations and
research and finalize your Summary Table. Does your evidence support your claim? i not,

revise your claim. Explain why your evidence supports your claim.

STEM UNIT PROJECT

Mow that you've completed the module, revisit your STEM wnit project. Youw will

summarize your evidence and apply it to the project.

GO FURTHER

G35 Data Analysis Lab
How are protein channels involved in the death of nense
cells after a stroke?

& stroke ocours when a blood clot blocks the flow of
oxygen-containing blood in a portion of the brain. Merve
cells in the brain that release glutamate are sensitive to the
lack of oxygen and release a flood of glutamate when
axygen is low. During the glutamate flood, the calcium
pump is destroyed. This affects the movement of calcium
ions imto and out of nerve cells. When cells contain excess
calcium, homeostasis is disrupted.

(&3 analyze and Interpret Data

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

2. Claim, Evidence, Reasoning What would happen if Ca®'
levels were lowered in the nerse cell during a stroke?

En: activaned
Herve bpmupgmm — ™ stones
cess calcham it ol

“Dala cbtaimed from: (hoi, DW. 2005 Heurcdegenera
tion: cellular defences destroyed. Mofure 433 B96-694
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CELLULAR REPRODUCTION AND
SEXUAL REPRODUCTION

ENCOUNTER THE PHENOMENON
Why do some of these cells look
so different from each other? 4

Ask Questions

Do you hawe other guestions about the phenomenon? if so, add them to the driving
question board.

Claim, Evidence, Reasoning

Make Your Claim Use your Collect Evidence Use the Explain Your Reasoning “ou
CER chart to make a claim lessons in this module to will rewisit your claim and
about winy some of the cells collect evidence to support explain your reasoning at the
look so different from each your claim. Record your end of the module.

other. Explain your reasoning. evidence as you mowve
through the module.

QGD OMLIME to access your CER chart and explore resowurces that can help you collect
evidence.

LESSOM 1: Explore & Explain: LESSOM 2 Explore & Explain:
The Cell Cycle Meiosis | and Il
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LESSON 1
CELLULAR REPRODUCTION

FOCUS QUESTION
What are the primary stages of the cell cycle?

Cell Size Limitations

Most cells are less than 100 pm (100 ® 10+ m) in diameter, which is smaller than the
period at the end of this sentence. Why are most cells so small? Why don't cells grow
continually larger? This lesson explores and investigates several factors that influence
cell size.

Ratio of surface area to volume

The key factor that limits the size of a cell is the ratio, or mathematical comparison, of
its surface area bo its volume. The surface area of the cell refers to the area covered by
the plasma membrane. The plasma membrane is the structure through which all mutri-
ents and waste products must pass. The volume of the cell refers to the space taken up
by all of the inner contents of the cell, including the organelles in the cytoplasm and the
nucleus.

To illustrate the ratio of surface area to volume, think about a
small cube, which has six sides. Imagine each side of the cube is one micrometer (pm])
in length. This is approximately the size of a bacterial cell. To calculate the surface area
of the cube, multiply its length times its width times the number of sides it has

{1 pm * 1 pm * 6 sides), which equals & pm’. To caloulate the volume of the cube,
multiply its length times its width times its height (1 po X 1 pm * 1 pm), which equals
1 pmy’. So the cube has a surface area of 6 pm® and a volume of 1 pm?. The ratio of
surface area to volume of this small cube is 6:1. Now, examine what happens to this
ratio when the cube gets bigger.

Cogmright MeCarda- il 1T i atin

}:J 3D THINKING DCl Disciplinary Cone ideas o Crossoutting Concepts SEM &Srignce & Engineering Practices

1'\.

COLLECT EVIDEMNCE INVESTIGATE
Eﬁwwﬁdmmhmm DGO ONLINE to find these activities and mode resounces.
record the evidence you collect a5 i BioLab: How long does each phase of the cell cycle last?

you complete the readings and Plan and carmy out an investigation to determine how long =0 spend in each stage of the
activities im thes |esson. cell cycle. )

Biolab: Does sunlight affect mitosis in yeast?
Plan and canmy cut an irmvestigation to determine effects of UV damage o the cell cycle.
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Figure 1 The ratio of surfade area to volume decreases a5 a
oell pets bigger. The smallest cube shiwwn has a ratio of &

{1 jam % 1 pum > & sides) io 1 {1 wm X 1 pum x 1 pm), whils the r—'—-—-_:'_!"_“:'______1
argest cube has a ratho of 96 (4 um = 4 jum ® 6 sides) to 64

{a pum = 4 jum X 4 pmj, or 3:2

2 gom

)
1um
1) 727
g MNucleus

Mucleus Mucheyes

If the cubic cell grows to 2 pm per side, as represented in Figure 1, the surface area
becomes 24 pm® and the volume is 8 pm’. The ratio of surface area to volume is now 3:1,
which is less than it was when the cell was smaller. If the cell continues to grow, the
ralio of surface area to volume will continwe W decrease, as shown by the third cube in
Figure 1. As the cell grows, its volume increases much more rapidly than the surface
area. This means that the cell might have difficulty supplving nutrients and expelling
enough waste products. By remaining small, cells have a higher ratio of surface area to
volume and can sustain themselves more easily.

E Get It?

Explain why a high ratio of surface area to wolume benefits a cell.

Magrfcabon wrnnm b bis

Transport of substances Another task that can
be managed more easily in 2 small cell than in a
large cell is the movement of substances. Recall that
the plasma membrane controls cellular transpaort
because it is selectively permeable. Onece inside the
cell, substances move by diffusion or by miotor
proteins pulling them along the cvtoskeleton.

Diffusion over large distances is slow and imeffi-
cient because it relies on random movement of
molecules and ions. Similarly, the cvtoskeleton
transportation network, shown in Figuore 2,
becomes less efficient for a cell if the distance o
travel becomes too large. Small cell size maxi-
mizes the ability of diffusion and motor proteins
to transport nuirients and waste products. Small

cells maintain more efficient transport systems. Figure 2 In order for the cytoskedeton to be an efficient
. transportakon railway, e distances that substances have

1o trasse] within a oedl must be limied.
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Cellular communication The need for signaling proteins to move throughout the
cell also limits cell size. In other words, cell size affects the ability of the cell to
communicate instructions for cellular functions. If the cell becomes too large, it
becomes almost impossible for cellular communications, many of which involve
movemsent of substances and signals to various organelles, to take place efficiently. For
example, the signals that trigger protein synthesis might not reach the ribosome fast
encugh for protein synthesis to ocour to sustain the cell.

Chromosomes

If a DMNA strand 140 million nucleotides lomg was laid out in a straight line, it would be
about five centimeters long. How does all of this DNA fit into a microscopic cell? In
prokarvotes, the DINA molecule is contained in the cytoplasm and consists mainly of a
ring of DINA and associated proteins. In eukaryotes, the DNA strand is wound up in a
tight coil called a chromosome.

Chromatin and chromosomes

DMNA s found in the nucleus of eukaryotic cells. DMNA can take two forms in the
nucleus. Chromatin (KROH muh tun) is the relaxed form of DMNA. However, the DMNA
is not relaxed at all times. Chromosomes (KROH muh sohmz) are condensed structures
that contain the DNA that are visible during mitosis. Chromosomes are passed from
generation to generation of cells.

Eukaryotic DMA is organized into chromosomes. Human chromosomes range in length
from 51 million to 245 million base pairs. The phosphate groups in DNA create a
negative charge, which attracts the DNA to the positively charged histone proteins and
forms a micleosome. The nucleosomes group together into chromatin fibers, which
supercoil to make up the structure recognized as a chromosome, shown in Figure 3.

Chromatids
Centromere Mucleosome & (¥ W)
}iﬂkﬁt:ﬂes
L
e
I i 1.'
Metaphase 0oaveq Chromatin fiber
chromosome

ST,

Figure 3 DHA coils around

histones 1o farm nucleasomes,

wihich codl to farm chramatin

£ s 4 fibers. The chromatin fibers

i -"“I']-J d""-"ﬁ';lr';r& supercoil to form chromosomes
Supercoiled that are visible in the metaphase
fiber stage of mitosis.
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The Cell Cycle

Cells reproduce by a cycle of growing and dividing called the cell cycle. Cellular repro-
duction allows your body to grow and heal certain injuries. Each time a cell goes
through one complete cell cvcle, it becomes two cells. The duration of the cell cvcle
varies. Some eukaryotic cells might complete the cycle in as few as eight minutes, while
other cells might take up to one year. For most normal, actively dividing animal cells,
the cell cycle takes about 12-24 hours. There are three main stages of the cell cycle.

Interphase

Iu.terpll.lm is the stage during which the cell grows, develops into a mature, unctioning
cell, duplicates the DNA in its nucleus, and prepares for division. Interphase is divided
into three stages as shown in Figure 4: G, 5, and G, also called Gap 1, synthesis, and
Gap 2. When these activities are completed, the cell begins mitosis.

Gap 1(G)) The first stage of interphase, G, is the period immediately after a cell
divides. During G, a cell is growing, carrving out normal cell functions, and preparing
to replicate DMNA. Some cells, such as muscle and nerve cells, exit the cell cycle at this
point and do not divide again.

Synthesis (5) The second stage of interphase, 5, is the period when a cell copies its
DMNA in preparation for cell division.

Gap 2 (G,) The G, stage follows the S stage and is the period when the cell prepares
for the division of its nucleus. A protein that makes microtubules for cell division is
synithesized at this time. During \Gz the cell also takes inventory and makes sure it is
ready to continue with mitosis.

G,—Gap 2; cell
S—synihesis; prepares for mitosis

DA Is replicated

Mitosis

Cytokinesis

G,—Gap 1; cell grows and
peripems nommal functions

Fbur!l The cell cyde involves three stages—interphase, milosis, and cytokinesis. Intenphase is divided
inbo three subsiages.

Hypothesize why cyfokinesis represents the smolles! amaunt of time that o cell spends i the cell cycie.
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Mitosis

Mitosis (mi TOH sus) is the stage of the cell cycle during which the cell’s mucleus and
nuclear material divide. During mitosis, the cell’s replicated genetic material separates
and the cell prepares to split into two cells. The key activity of mitosis is the accurate
separation of the cell’s replicated DINA. This enables the cell’s genetic information to
pass into the new cells intact, resulting in two daughter cells that are genetically identi-
cal. In multicellular organisms, the process of mitosis increases the number of cells as a
voung organism grows o its adult size.

Organisms also use mitosis to replace damaged cells. Recall the last time you were
accidentally cut. The body’s process of healing the cut involves generating new skin
cells. These new cells are produced by your existing skin cells. Under the scab, the
existing skin cells divided by mitosis and cytokinesis to create mew skin cells that filled
the gap in the skin caused by the injury. Mitosis is also important for maintaining
chromosome number in organisms that undergo asexual reproduction.

E Get It?

Explain the role of mitosis in the processes of growth and repair.

The stages of mitosis

Mitosis is divided into four stages: prophase, metaphase, anaphase, and telophase. The
stages occur in the same order during each mitotic division.

Prophase The first and longest of the four stages is
called prophase. In this stage, the cell’s chromatin
condenses to form chromosomes. At this point,
each chromosome is a single structure containing
the genetic material that was replicated during
interphase.

In prophase, the chromosomes are shaped like an
X, as shown in Figure 5. Each half of this X is called
a sister chromatid. Sister chromatids are structures

that contain identical copies of DMA. SES aguiicaficn: st
Figure 5 Chromosomes in prophase are
The structure at the center of the chromosome actually sister chromatids that are

where the sister chromatids are attached is called atiached at the cenfromere.

the centromere. A centromere is important because

it ensures that a complete copy of the replicated DMNA will become part of the daughter
cells at the end of the cell cycle.

Locate prophase in the cell cycle diagram illustrated in Figure 6 on the next page, and
note the position of the sister chromatids in the nucleus. As vou continoe to read about
the stages of mitosis in this lesson, refer to Figure & to follow the chromatids through
mietaphase, anaphase, and telophase. Use the diagram to track the changes that oocur
as the cell moves through the cell cycle.

wwr Aref oS yral S eree e
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Figure 6 Visualizing the Cell Cycle

The cell cycle begins with imterphase. Mitosis follows, ocourring in four stages—prophase,
metaphase, anaphase, and telophase. Mitosis is followed by cytokinesis, then the cell oycle
repeats with each new cell.

s Flazma membrane

Cytakines Mucleolus
Huclau

Plant cells: Cell plate forms, pEEE

dividing daughter cells Cytoplasm

Animal cells: Cleavage
furrow forms at eqguator of
cell and pinches inward
until cell divides in two

Interphase

« Cell grows and carries
out normal cell processes

+ DA, replicates

Diawghter

nucleus and Condensad
nucleolus

Prophase
« Muclear membrane
+ Chromosomes reach poles disintegrates.
of cell + Mucleclus disappears
« Muclear ervelope reforms « Chromiosomes condense
= Mucleolus reappears + Spindle apparatus begins
« Chromosomes decondense to form between the poles

Anaphase
Microtubules shorten,
maoving chromosomes to

opposite poles
Metaphase

Chromaosomes attach to
spindle apparatus and
aligm along eguator of cell
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As prophase continues, the nuceolus starts o disappear. Microtubule structures called
spmdleﬁbersfnminmeqmﬂasm]namnmlmusandnmstpmﬁsue{h centrinles
migrate to the ends, or poles, of the cell. Coming out of the centrioles are aster fibers,
which have a starlike appearance. The whole structure, including the spindle fibers,
centrioles, and aster fibers, is called the spindle apparatus and is shown in Figure 7.
The spindle apparatus is important in moving and organizing the chromosomes before
cell division. Centrisles are not part of the spindle apparatus in plant cells.

Eﬁaﬂt‘?

Summarize the role of the spindle apparatus during cell division.

chromatids

Spindle fibers

Figure 7 In animal cells, the spind|e apparaius is made of spandbe fibers, cendriobes, and asier fibers.
Mear the end of prophase, the nuclear envelope disappears. The spindle fibers attach to
the sister chromatids of each chromosome on both sides of the centromere and then

attach to opposite pnlesaf the cell. This arrangement ensures that each new cell
receives one complete copy of the DNA.

Metaphase During the second stage of mitosis, metaphase, the sister chromatids are
pulled by motor proteins along the spindle apparatus toward the center of the cell and
theg.rlimupmthemiddh_are@amr,nl'thenel],nsshnwnml’ig]mﬁ_h{etnphm is
one of the shortest stages of mitosis, but when completed successfully, it ensures that

the new cells receive the correct chromosomes.

Asters radiating Sister chromatids
from centrosome at equator

ndle fibers
connecting to
Ccentromers

LI Pl g it s 000

e

Flgure 8 In metaphase, the chromosomes align along the equator of the cell.
Infer wity the chromosomes align aloag the equatar.
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Anaphase The chromatids are pulled apart during anaphase, which results in the
separation of replicated DMNA. In anaphase, microtubules of the spindle apparatus
shorten, which pulls at the centromeres. The sister chromatids separate into two
identical chromosomes. At the end of anaphase, the microtubules, with the help of
motor proteins, move the chromosomes toward the poles of the cell.

Telophase The last stage of mitosis is called telophase. Telophase is the stage of
mitosis during which the chromosomes arrive at the poles of the cell and begin to relax,
or decondense. As shown in Figure 9, two new nuclei are formed, each with a complete
set of DMNA. Two new nuclear membranes begin to form and the nuclecli reappear.
Structures used for mitosis are recycled by the cell to build parts of the cytoskeleton.

:
i
2
B
2
=

Figure 9 By the end of ielophase, the cell has compleied the waork of duplicating the genetic material and
dividing it inbo two “packages.” but the cell has not completely divided.

Cytokinesis

Toward the end of mitosis, the cell begins cytokinesis (si toh kih MNEE sis) by which a
cell’s cvtoplasm divides. This results in two cells with identical nuclei. In animal cells,
cytokinesis is accomplished by using microfilaments to constrict, or pinch, the cyto-
plasm, as shown in Figure 10. The area where constriction occurs is called the furrow.

Plant cells have a rigid cell wall. Instead of pinching in half, a new structure called a cell
plate forms between the two daughter nuclei. Cell walls then form on either side of the
cell plate. Once this new wall is complete, there are two genetically identical cells.

LA Poda i i . 3500

Figure 10 Lett: In animal cells, cytokinesis begins with a furrow that pinches the cell and eventually splits
the two cells apart. Right: Plant celis build a cedl plate that divides the cell inka the two dasghiter celis.
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Cell Cycle Regulation

Cells have specific instructions for carrying out and completing the cell cycle. Although
the cell cvcle has a system of quality control checkpoints, it is a complex process that
sometimes fails.

The role of cycling Inmany cars, it takes a key turning in the ignition to signal the
engine o start. Similarly, the cell cycle in eukarvotic cells is driven by a combination of
twio substances that signal the cellular reproduction processes. Proteins called cyr]mu
bind to enzymes called cyclin-dependent kinases (CDEs) in the stages of interphase
and mitosis ko initiate the various activities that take place in the cell cycle. Different
cyclin/CDK combinations control different activities at different stages in the cell cycle.

In I.l'mﬂ!]l stage of interphase, the combination of cyclin with CDK signals the start of
the cell cvcle. Different cyeling/COE combinations signal other activities, including DMNA
replication, protein synthesis, and nuclear division throughout the cell cycle. The same
cyclin/CDK combination also signals the end of the cell cycle.

E Get It?

Summarize the role of cyclins.

Quality control checkpoints The cell cycle has built-in checkpoints that monitor the
cycle and can stop it if something goes wrong. For example, a checkpoint near the end
of the G, stage monitors for DMNA damage and can stop the cycle before it enters the 5
stage of interphase. There are other quality control checkpoints during the 5 stage and
after DNA replication in the G, stage. Spindle checkpoints also have been identified in
muitosis. If a failure of the spindle fibers is detected, the cycle can be stopped before
cytokinesis. Figure 11 shows the location of key checkpoints in the cell cvele.

Has all DMNA
s the DA I:.:_-:n replicated?
replicating GO :
comrectly?
Yes.

Are chromosomes
properly attached

o spindles?
Is the DMA Yo
damaged?
Ma.

Figure 1 Signaling modecules made of a cyclin bound to a CDK kick off the cell cycle and drive it throwgh
mitsks. Checkpaints manitor the cell oycle for emors and can stop the cycle if an error ooours.
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Apoptosis

Mot every cell is destined to survive. Some cells go through a process called apoptosis
{a pup TOH sus), or programmed cell death. Cells going through apoptosis actually
shrink and shrivel in a controlled process. All animal cells appear to have a “death
program” that can be activated. One example of apoptosis occurs during the develop-
ment of the human hand and foot. When the hands and feet begin to develop, cells
occupy the spaces between the fingers and toes. Normally, this tissue undergoes apop-
tosis, with the cells shriveling and dying at the appropriate time so that the webbing is
not present in the mature organism.

An example of apoptosis in plants is the lecalized death of cells that results in leaves
falling from trees during autumn. Apoptosis also occurs in cells that are damaged
beyond repair, including cells with DMA damage that could lead to cancer. Apoptosis
can help to protect organisms from developing cancerous growths.

Abnormal cell cycle: cancer

When cells do not respond to the normal cell cycle control mechanisms, a condition
called cancer can result. Cancer is the uncontrolled growth and division of cells—a
failure in the regulation of the cell cvele.
When unchecked, cancer cells can kill an
organism by crowding out normal cells,
resulting in the loss of tissue function.
Cancer cells spend less time in interphase
than do normal cells, which means cancer
cells grow and divide unrestrained as long
as they are supplied with essential nutrients.
Figure 12 shows how cancer cells can
intrude on normal cells.

Causes of cancer Cancer does nob just
occur in aweak organism. In fact, cancer Figure 12 Cancer cells often have an abnonmal, imegular shape
OCCUES in many he-ajlh}r, active, .a:u:l}'nung comgared to normal celis. In This image some cancer cells are
annismE_ The changﬁ that occur in the entering wessels, which might caemy them io another part of the body.
regulation of cell growth and division of This is cne way cancer can spread from ane body part to another.
cancer cells are due to mutations or changes

in the segments of DNA that control the production of proteins, including proteins that

regulate the cell cvcle. Often, the genetic change or damage that occurs is repaired. But if

the repair systems [ail, cancer can result. Various environmental factors can affect the

occurrence of cancer cells. Substances and agents that are known to cause CATCET are

called carcinogens (kar SIHnuh junz).

(E53 CROSSCUTTING CONCEPTS
Systems and Systems Madels Develop a physical Oecupational Health and Salety Specialist
model o fustrate the cell opce. Your moded does Do you alwenys have your eyes out for salety hazards? Do you ke the

not need ta show each step in mitosis, but it showld idaa of being responsile for protecting people from hami? Oomspational
ustrate the role of the cell opde in producing and health and sabety spacialists work 1o ensure people are sale whils they
mainizining complex organisms. What are the waiic. They inspect workplaces to ensune safety requiations. are
Emitations of your moded? How could you mprove followed. Waorkplace mdiabion and chemical hazards can be

your mode!? CEFCIMOQENIC.
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Although not all cancers can be prevented, avoiding known carcinogens can help
reduce the risk of cancer. A governmental agency called the Food and Drug Administra-
tion (FDA) works to make sure that food and drink are safe. The FDA requires labels
and warnings for products that might be carcinogens. Laws help protect people from
exposure bo cancer-causing chemicals in the workplace. Avoiding tobacco of all kinds,
even secondhand smoke and smokeless tobacoo, can reduce the risk of cancer.

Some radiation, such as ultraviolet radiation from the Sumn, is impessible to avoid
completely. There is a connection between the amount of ultraviolet radiation to which
a person is expoesed and the risk of developing skin cancer. Sunscreen is recommended
for evervone who is exposed to the Sun. Other forms of radiation, such as X-rays, are
used for medical purposes, such as to view a broken bone or to check for cavities in
teeth. To protect against exposure, vou might have worn a heavy lead apron when an
X-ray was taken.

Cancer genetics More than one change in DNA is required to change an abnormal
cell imto a cancer cell. Over time, there might be many changes in DNA. This might
explain why the risk of cancer increases with age. An individual who inherits one or
more changes from a parent is at a higher risk for developing cancer than someone who
does mot inheril these changes.

\& Check Your Progress

Summary Demonstrate Understanding

+ The cell cycle is the process of 1. Relate cell size to cell functions, and explain why cell
cellular reproduction. size is limited.

+ The cell spends the majority of 2. Summarize the primary stages of the cell cycle.
its lifetime in interphase. 3. Explain why mitosis alone does not produce daughter

+ Mitosis is the process by which calls.
the duplicated DMA is divided. 4. Describe the events of each stage of mitosis.

+ The stages of mitosis include 5. Describe how cyclins control the cell cycle.
prophase, m:;aphase, 6. Explain how the cancer cell cycle is different from a
anaphase, and telophase. ————

+« The cell cycle of eukaryotic
cells is regulated by cyclins. Explain Your Thinking

« Checkpoints occur during most 7. Hypothesize what might happen if a drug that stopped
of the stages of the cell cycle microtubule mowvement but did not affect cytokinesis
to ensure that the cell divides was applied to a cell.
accurately. 2. LA Connection | If a plant cell completes the cell

« Apoptosis is a programmed cell cycle in 24 hours, how many cells will be produced in a
death. weak?

« Cancer is the uncontrolled
growth and division of cells.

ILEAMRNSMART Goonine tofollow your personalized leaming path to review, practice,
and reinforce your undersianding.
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LESSON 2

MEIOSIS AND SEXUAL REPRODUCTION

FOCUS QUESTION

What are the stages of meiosis, and how does meiosis
provide genetic variation?

Chromosome Numbers

Each student in your class has characteristics passed on to them by their parents. Each
characteristic, such as hair color, is called a trait. All cells contain genetic information in
the form of DMNA molecules. The instructions for each trait are located on chromo-
somes, which are found in the nuclews of cells. The DNA on chromosomes is arranged
in regions called genes that code for the formation of proteins, which carry out
most of the work of cells. Each chromosome consists of hundreds of genes, each
gene plaving a role in determining the characteristics and functions of the cell.

i

Flgure 13 Homalogous chromasomes camy genes bor amy given trait at the same
A pair |:rf homologous Iocation. The genes that code for earlobe type might not code for the exact same
ChFCMOSOMmes type of eariobe.

Capayright; M o sw 1| Dckic i oy

I.::] 23D THINEING O<l Discipiinany Core ideas G Crosscutting Concepls ZEM Science & Engineering Practices

COLLECT EVIDENCE INVESTIGATE

IIELHEW'SEIEMEM| 2 GO ONLINE o find these activities and mare resources.

to recond the evidence you {pnmhm: Madeling the Carbon Cycle

colledt as you complete the H5-L51-4. Use a model bo lilusirate the rebe of cellular division [mitosis) and differentiation
readings and activites in his in producing and malmaining complex organisms.

lessan.
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Homologous chromosomes

Human body cells have 46 chromosomes. Each parent contributes 23 chromosomes,
resulting in 23 pairs of chromoesomes. The chromosomes that make up a pair, one
chromosome from each parent, are called homologous chromosomes. As shown in
Figure 13 on the previous page, homologous chromosomes in body cells have the same
length and the same centromere position, and they carry genes that control the same traits.

Haploid and diploid cells

In order to maintain the same chromosome number from generation o generation, an
organism produces gametes, which are sex cells that have half the number of chromo-
somes. Although the number of chromoesomes varies from one species to another, in
humans each gamete contains 23 chromosomes. The symbol n can be used to represent
the number of chromosomes in a gamete. A cell with 1 number of chromosomes is
called a haploid cell. Haploid comes from the Greek word faploos, meaning simngle.

The process by which one haploid gamete combines with another haploid gamete is
called fertilization. As a result of fertilization, the cell now will contain a total of 2n
chromosomes—i chromosomes from the female parent plus n chromosomes from the
male parent. A cell that contains 2n number of chromosomes is called a diploid cell.

Motice that n also describes the number of pairs of chromosomes in an organism. When
twio human gametes combine, 23 pairs of homologous chromosomes are formed.

Sex determination

Each cell in your body, except for gametes, contains 46 chromosomes, or 23 pairs of
chromosomes. One pair of these chromosomes, the sex chromosomes, determines an
individual's sex. There are bwo tvpes of sex chromosomes—X and Y. Individuals with
two X chromosomes are genetically classified as female, and individuals with an X and a
¥ chromosome are genetically classified as male. The other 22 pairs of chromosomes are
called autosomes. The offspring’s sex is determined by the combination of sex chromo-
somes in the egg and sperm cell, as showmn in Figure 14.

Fhl.ll!“ Lett: [he individual on the ket has an X chromosome and a Y chromosome. This indisvidual s
male. Right: The individual om the Aght has two X chromosomes. This individual is female.

iy i W Corae 1l ikt i L e Pkl i 5 ived i G o 1 | i
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Meiosis |

Gametes are formed during a process called meiosis, which is a type of cell division that
reduces the number of chromesomes; therefore, it is referred to as a reduction division.
Meinsis ocours in the reproductive structures of organisms that reproduce sexually,
forming haploid gametes or spores.

While mitosis maintains the chromosome number during cellular reproduction and in
organisms that reproduce asexually, meiosis reduces the chromosome number by half
through the separation of homaologous chromosomes. A cell with Zn number of
chromosomes will have gametes with n number of chromosomes after meiosis, as
illustrated in Figure 15. Meiosis involves two consecutive cell divisions called meiosis |
and meinsis 11

femak gamele
hapisid] @

Figure 15 The sexual life cycle in animals imvalves mesosis, which produces gametes. When gametes
combine in fertilization, the number of chromaosomes is restared.

Describe wiof hoppens to the number of Chomasomes ouring melosis

STEM CAREER Connection

Medical Scentist

Medical scheniists study different tissues and systems in the human body. Their work
helps to advance ow knowledge and improve human health. Medical scientists who
specialize in fertilzation and the early stages. of life are cabed embryol ogists.
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Interphase

Eecall that the cell cvcle includes interphase prior o the
four stages of mitosis. Cells that undergo meiosis rather
than mitosis also go through interphase as part of the
cell cycle. Cells in interphase carry oul various metabolic
processes, including the replication of DNA and the
synithesis of proteins.

Cantromere

Prophase |

As a cell enters prophase [, the replicated chromosomes
become visible. As in mitosis, the replicated chromo-
somes consist of bwo sister chromatids. As the homolo- Sicter
gous chromosomes condense, they begin to form pairs chromatids
in a process called symapsis. The homaologous chromo-

somes are held tightly together along their lengths, as

illustrated in Figure 16.

E Get It?

Distinguish between homologous chromosomes
and sister chromatids.

& pair of homologous
chiomaosomes

Figure 16 [he homologous dhromao-
somes are physically bound together

d a .’ .
Muotice that in Figure 17 the red and green chromosomes tring synapsis in prophase

have exchanged segments. This exchange ocours during
synapsis. Crossing owver is a process during which
chromosomal segments are exchanged between a pair of
homologous chromosomes. Crossing over is a process
that increases genetic variation.

As prophase | continues, centrioles move to the cell’s
opposite poles. Spindle fibers form and bind to the sister
chromatids at the centromere.

V) 4

Flgue 17 The results of Crossing ower are meéw combinations of gemes.
Determine wiiich chromobios exchongaed genedic matarim.

Coprrinfd AaCr e H Frbmatam
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Metaphase |

In the next phase of meiosis, the pairs of homologous chromosemes line up at the equator
of the cell, as illustrated in Figure 18 on the next page. In medosis, the spindle fibers attach
to the centromere of each homaologous chromosome. Recall that during metaphase in
mitosis, the individual chromosomes, which consist of two sister chromatids, line up at the
cell's equator. During metaphase [ of meiosis, the homolegous chromosomes line up as pairs
at the cell's equator. This is an important distinction between mitosis and meiosis.

Anaphase |

Dwring anaphase [, the homologous chromosomes separate, as shown in Figure 18. Each
member of the pair is guided by spindle fibers and moves toward opposite poles of the
cell. The chromosome number is reduced from 2n to r when the homologous chromao-
somes separate. Recall that in mitosis, the sister chromatids split during anaphase. During
meiosis anaphase | each homelogous chromosome still consists of bwo sister chromatids.

Telophase |

The homologous chromosomes, consisting of two sister chromatids, reach the cell’s
opposite poles. Each pole contains only one member of the original pair of homologous
chromosomes. Motice in Figure 18 that each chromosome still consists of two sister
chromatids joined at the centromere. The sister chromatids might not be identical
because crossing over might have ocourred during symapsis in prophase 1

During telophase [, cytokinesis usually occurs, forming a furrow by pinching in animal
cells and by forming a cell plate in plant cells. Following cytokinesis, the cells may go
into interphase again before the second set of divisions. Howewver, the DNA is not
replicated again during this interphase. In some species, the chromosomes uncoil, the
nuclear membrane reappears, and nuclei re-form during telophase [

Meiosis |l

Meinsis is only halfway completed at the end of meiosis L During prophase [1, a second set of
phases begins as the spindle apparatus forms and the chromosomes condense. During
metaphase I, the chromosomes are positioned at the equator by the spindle fibers. During
mitosis metaphase, a diploid number of chromosomes Line up at the equator. During meiosis
metaphase Il, a haploid number of chromosomes line up at the equator. During anaphasze I1,
the sister chromatids are pulled apart at the centromere by the spindle fibers. The sister
chromatids move toward the opposite poles. The chromosomes reach the poles during
telophase [I, and the nuclear membrane and nuclei reform. At the end of melosis [I, cytokine-
sis porurs, resulting in four haploid cells, each with n number of chromosomes, as illustrated

in Figure 18.

(E=3 CROSSCUTTING CONCEPTS

Cause and Effect Choose an inherited human trait. Think about the genetic
varkation im that trait. Write 8 summary paragraph to explain how Crossing aver
resulls in increased genetic variatbon in the trait. Use evidence from the ted in your
SUMImArY.
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Figure 18 Visualizing Meiosis

Follow along the stages of meiosis | and meiosis I, beginning with interphase
at the left.

© Metaphase I
» Cemtromeres of
chromasomes line up
randomly at e
equator of each cell

© telophase 1l

+ Four nuciei form around '@'Fmdu:‘h
chromosomes. « Four celks have fomed.
= Spindies break down. « Each ruchews contains a
» Ll divide. haploid member of

i om ovomes.
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The Importance of Meiosis

Table 1 shows a comparison of mitosis and meiosis. Recall that mitosis consists of only
one set of division phases and produces two identical diploid daughter cells. Meiosis,
however, consists of two sets of divisions and produces four haploid daughter cells that
are ol identical. Meiosis is important because it results in genetic variation.

Table 1 Mitosis and Meiosis

Omne division oocurs during mitasis.

Two sets of divisions oocur during mebosis: mesosis
I and meiosis 1L

DMA replication occurs during interphase.

DA replication oocurs once before medosis L

Synapsis of homologous chromosomes does not
OCCLUE

Synapsis of homologous Chromosomes oCours
during prophase L

Two identical cells are formed per cell cycle.

Four haploid cells () are formed per cell cycle.

The daughter cells are genetically identical.

The daughter cells are not genetically identical
because of crossing over.

Mitosis ocours only in body cells.

Meiosis occurs only in reproductive cells.

Mitosis is imvobeed in growth and repain.

Meiosis is invohed in the production of gametes
and providing genetic variation in crganisms.

Daughvier celis of mitosts

I!h.#l:ﬁnlﬁl
Chromosomes do mot
sister chromatids separate mqhzll
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Meiosis provides variation

Pairs of homologous chromosomes line up at the equator during
prophase I. How the chromosomes line up at the equator is a
random process that results in gametes with different combina-
tions of chromosomes, such as the ones in Figure 19. Depending
on how the chromosomes line up at the equator, hugnn'u!te-s
with four different combinations of chromosomes can result.
This independent assortment of alleles that eccurs during gamete
formation is a source of genetic variation. Notice that the first
possibility shows which chromaosomes were on the same side of
the equator and therefore traveled together. Different combina-
tions of chromosomes were lined up on the same side of the
equator to produce the gametes in the second possibility. Genetic
variation is preduced by crossing over and by the independent,
random assortment of alleles during gamete formation.

Sexual Reproduction v. Asexual
Reproduction

Some organisms reproduce by asexual reproduction, some organ-
isms reproduce by sexual reproduction, and still other organisms
reproduction. During asexual reproduction, chromosome number
is maintained by mitosis. The organism inherits all of its chromio-
somes from a single parent. The new individual is genetically
identical to its parent. Bacteria reproduce asesaually, whereas rmost
protists reproduce both asexually and sexually, depending on
environmental conditions. Most plants and many of the more
simple animals can reproduce both asexually and sexually, com-
pared to more advanced animals that can reproduce only sexually.

Sely

Mhsices
l:ml'n.nrsl
Possibility 1 Paosgibility 3

sr .:r

Pessibility 4

Possibility 2
sy. .j]lr

Patential types of haploid gametes
Figure 19 The order in which the
hamalogous pairs line up explains how
a variety of sex cells can be produced.

Dwuring sexual reproduction, chromosome number is maintained by meiosis.
Why do some species reproduce sexually while others reproduce asexually? Eecent
studies with fruit flies have shown that the rate of accumulation of beneficial mutations

15 I'.nslerwhenspaciﬁ reprisduce sexually than when they reproduce asexually. In other
words, when reproduction occurs sexually, the beneficial genes multiply faster over time

than they do when reproduction is asexual.

Eﬁaﬂﬂ

Compare and contrast sexual and asexual reproduction.

Telomeres

Scientists have found that chromosomes end in protective caps called telomeres.
Telomere caps consist of DMNA associated with proteins. The cap serves a protective
function for the structure of the chromosome. Scientists have discovered that telomeres

also might be involved in both aging and cancer.

Eiynyringhd B Corame il | Evhm ati o
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Raryotypes

The study of genetic material does mot involve the study of genes alone. Scientists also
study whole chromosomes by using images of chromosomes stained during metaphase.
The staining bands identify or mark identical places on homologous chromosomes.
During metaphase of mitosis, each chromosome has condensed greatly and consists of
twio sister chromatids. The pairs of homologous chromosomes are arranged in decreas-
ing size to produce a micrograph called a karyotype (KER ee uh tipe). Karyotvpes of a
human female and a human male, shown in Figore 20, each have 23 pairs of chromo-
somes: 22 autosomes and nonmatching sex chromosomes. Females will have hwio

X chromosomes while males will have one X chromosome and one Y chromosome.

o 0w
;3 " u a; ﬂﬂ ﬂ;

Figure 20 Ka
Distinguish

MNondisjunction

During cell division, the chromosomes separate, with one of each of the sister chroma-
tids going to opposite poles of the cell. Therefore, each new cell has the correct number
of chromosomes. Cell division during which sister chromatids fail to separate properly,
which does happen occasionally, is called nondisjunction.

If nondisjunction eccurs during meiosis | or meiosis [I, the resulting gametes will not
have the correct number of chromosomes, as shown in Figure 21 on the next page.
When one of these gametes fertilizes another gamete, the resulting offspring will not
have the correct number of chromosomes. Figure 21 shows that nondisjunction can
resull in extra copies of a certain chromosome or only one copy of a particular chromo-
some in the offspring. Having a set of three chromosomes of one kind is called trisormy
(TRl 50 me). Having only one of a particular type of chromosome is called monosomy
(MAH nuh some). Nondisjunction can ocour in any organism in which gametes are
produced through meiosis. In humans, alterations of chromaosome numbers are associ-
ated with serious human disorders, which are often are fatal.



Figure 21 Visualizing Nondisjunction
Gametes with abnormal numbers of chromosomes can result from nondisjunction during meiosis. The
arange chromosomes come from one parent, and the blue chromosomes come from the other parent.

MNondisjunction in meiosis | MNondisjunction in meiosis Il
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Autosomes Autosomes are chromosomes that are mot sex chromosomes. Humans
have 22 pairs of autosomes. Down syndrome, Patau Syndrome, and Edward's syndrome
are all examples of nondisjunction in autosomes.

One of the earliest known human chromosomal disorders is Down syndrome. It is the
result of an extra chromosome 21, shown in Figure 22 Therefore, Down symdrome often
is called trisomy X1 Many individuals with Down syndrome can live 60 or more yvears.
The characteristics of Down syndrome include distinctive facial features, short stature,
heart defects, and mental disability, as shown in Figure 22. The frequency of children
born with Down syndrome in the United States is approximately one out of 300.

A
3

g
4-5
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il e | [ I F—
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Figure 22 & person with Down syndrome has distinctive features and will have a karyotype that shows
three copées of chromosome number 21

Sex chromosomes Mondisjunction occurs in both autosomes and sex chromosomes.
Some of the results of nondisjunction in human sex chromosomes are listed in Table 2.
An individual with Turner’s syndrome has only one sex chromosome. This condition
results from fertilization with a gamete that had no sex chromosome. An individual
with Klinefelter's svndrome has three sex chromosomes. This condition results from
fertilization with a gamete that had two sex chromosomes.

Table 2 Nondisjunction in Sex Chromosomes

Genotype |

X

y-

.
L 4

syndrome

Example I |
Genetically :?muﬂe Mo Genetically | Male with | No Results in
Phenotype | classified Tumer phenotypic | classified Klinefetter's | phenotypic death
as female s affect a5 male syndrome | affect
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Cellular Differentiation and Stem Cells

In multicellular organisms, individual cells grow and then divide via mitosis, thereby
allowing the organism to grow. The organism begins as a single cell (fertilized egg) that
divides successively to produce many cells, with each parent cell passing identical
genetic material (bwo variants of each chromosome pair) to both daughter cells. Cellular
division and differentiation produce and maintain a complex organism, composed of
tissue and organ systems that work together to meet the needs of the whole organism.
Cellular differentiation is the process by which an unspecialized cell develops into a
specialized cell with a defined structure and function.

The majority of cells in a multicellular organism are designed for a specialized function.
For instance, during development some cells are signaled to become skin cells. Certain
cells, called stem cells, have the ability to undergo cell differentiation. Stem cells are a
type of cell that can be directed to become a specialized cell. There are two basic types
of stemn cells: embryonic stem cells and adult stem cells.

Embryonic stem cells

After a sperm fertilizes an egg, the resulting mass of cells divides repeatedly until there
are about 100-150 cells. These cells have not become specialized and are called embry-
onic stem cells. During embryonic development, cell differentiation is vital as it results
in the production of all of the different tvpes of cells and subsequent tissues and organs
in an animal’s body.

As development continues, the DNA in specific embryonic stem cells receives signals to
produce RNA which commits those cells to become specialized cells. As the embryo
continues to divide, the cells specialize into various tissues, organs, and organ systems,
as illustrated in Figure 24, on the next page. If separated, each embryvonic stem cell has
all of the DMNA needed to develop into a wide variety of specialized cells. Scientists,
such as the one shown below in Figure 23, are aware that embryonic stem cell research
is controversial because of ethical concerns about the source of the cells.

Fl-gue 23 Sdentists work with stem cells inaking for new treatments for diseases
such as cancer, Alzheimer's disease and Paridnson’s disease.

o | i Larraa Pt LY g fodimdom b
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Figure 24 Visualizing Stem Cells

Because stem cells are not locked into becoming one particular type of cell,
they might be the key to curing many medical conditions and genetic defects.

Explain how stem cells could be used to cure nerve daomoge.

Embryocnic Stem Cells
Stem cell Blastocyst
Merwe cell
Muscle cell
Blocd cell
Adult Stem Cells

Fat cells
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Adult stem cells

The second type of stern cells are called adult stem cells shown in Figure 24 on the
previous page. As adults, animals have stem cells that can differentiate into the specific
type of cells they are surrounded by. Stem cells are found in various tissues in the body
and might be used to maintain and repair the same kind of tissue in which they are
found. The term “adult stem cells” might be somewhat misleading because even a
newhborn has adult stern cells. Like embryonic stem cells, certain kinds of adult stem
cells also might be able to develop into different kinds of cells, providing new Ereatments
fior many diseases and conditions. Research with adult stem cells is much less controversial
because the adult stem cells can be obtained with the consent of their donors. Scientists
are trying to find ways to grow stem cells in cell cultures and manipulate them to
generate specific cell tvpes. For example, stemn cells might be used to repair cardiac
tissue after a heart attack, bo restore vision in diseased or injured eyes, to treat diseases
such as diabetes, or to repair spinal cells to reverse paralysis caused by injury.

E Get It?

Describe some ways that adult stem cells can be used to treat conditions that
result from injury or illness.

|E Check Your Progress

Summary Demonstrate Understanding

+ DMA replication takes place 1. Explain how the structure of DMA determines the
only once during meiosis, and structure of proteins which carry out most of the work
it results in four haploid of cells.
gametes. 2. Assess how meiosis contributes to genetic variation,

+ Meiosis consists of two sets of while mitosis does not.
divisions. 3. Nlustrate how nondisjunction occurs during meiosis.

« Meiosis produces genetic 4_ Summarize the role differentiation plays in the produc-
variation in gametes. tion and maintenance of a complex organism_

+ Mondisjunction results in 5. Describe a possible application for stem cells.
gametes with an abnormal
number of chromasomes. Explain Your Thinking

+ Cellular differentiation is the 6. Compare and contrast mitosis and meiosis by creating
process by which an unspecial- a Wenn diagram.
ized cell develops into a 7. [LELICTER Connection | Conduct research on the
specialized cell with a defined conseguences of nondisjunction other than trisomy 21.
structure and function. Write a paragraph about your findings.

ILEARKMSMART' Goonline tofollow your personalized leaming path to review, practice,
and reinforce your understanding.
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SCIENTIFIC BREAKTHROUGHS

Cancer and Aging Research Enters

New TERRA-tory

Cell division is wital to a living organism’s
ability to grow and reproduce. Scientists hawve
discowvered that telomeres, the protective
caps at the end of chromosomes, are
essential for cell division during mitosis and
meiosis. Mew evidence indicates that the RMA
transcribed from telomeres might play a role
in aging and cancer.

Telomeres and TERRA

Vital genetic information would be lost during
cell division if it were not for telomeres, which
shorten every time a cell divides. When
telomeres become too short, the cell stops
dividing and is often destroyed.

Cancer is essentially uncontrolled cell
division. Many conditions associated with
aging imyalve cells that stop dividing too
soon. Scientists know telomeres play a role
in cancer and aging, but they are still learming
about the mechanisms imwolved.

Researchers are studying telomeric repeat-
containing RMNA molecules (TERRA), which
are transcribed from telomeres. TERRA bind
to the ends of very short telomeres, sending
signals that these telomeres should be
repaired so that cell division can continue.

@ DEVELOP AMODEL TO ILLUSTRATE

Research how TERRA is transcribed from
telomeres. Develop a model to illustrate this
Process.

TERRA s transcribed from tebomeres that ane on the ends
of cheomosomes.

Telomeres are repaired by the enzyme
telomerase. TERRA regulate telomerase
activity, causing the cell to make more or less of
the enzyme. Less enzyme means less telomere
repair, which means the cell will eventually stop
dividing. Drugs that regulate TERRA in some
cancer cells can be used to stop their division.

Aging-related conditions are caused by too
little cell division. Evidence suggests TERRA
can have an effect opposite of the way they
act on cancer cells by preventing telomeres
from shortening too soon, and instead
promaoting cell division.

Sgientists think that a greater understanding
of TERRA will lead to positive developments
in the treatment of cancer and aging-related
conditions.




STUDY GUIDE

BGC.'I OMLIME to study with your Science Motebook.

Lessan 1 CELLULAR REFRODUCTION = chromatin
= chromosol
* The cell evele is the process of eellular reproduction. . “L;nm:
* The cell spends the majority of its lifetime in interphase. - cell cycle
+ Mitosis is the process by which the duplicated DMA i divided. » interphase
* The stages of mitosis include prophase, metaphase, anaphase, : proplass
and telophase. » siter chromatid
* The cell evele of eukarvotic cells is regulated by eyelins. e~
+ Checkpoints oceur during most of the stages of the cell eyele to = spindle apparatus
ensure that the cell divides accurately. = metaphase
o - anaphase
ﬁpuplufasua.prwnulteﬂdﬂﬂ!. o L .
+ Cancer is the uncontrolled growth and division of eells. « cytokinesis
= eyclin
= gyclin-dependent kinase
= apoplosis
= cancer
= carcinogen
Lesson 2 MEKDSIS AND SEXUAL REPRODUCTION - gEne
+ DMNA replication takes place only once during medosis, and it : :;g che
results in four haploid gametes. . haploid
« Meiosis consists of two sets of divisions. = fertilization
+ Meiosis produces genetic variation in gametes. = diploid
+ Mondisjunction results m gametes with an abnormal number of : e :hr;-:nm
chromosomes. - meiosis
+ Cellular differentzation is the process by which an unspecialized - crossing ower
cell develops into a specialized cell with a defined structure and - telomere
function. = karyatype
+ Stem cells are unspecialized cells that can develop into specialized - nondsjunction
cells with the proper signals. " '::"lu:lihm
» SiEm
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7. THREE-DIMENSIOMAL THINKING

\2/ Module Wrap-Up

REVISIT THE PHENOMEMNON

Why do some of these cells
look so different from each
other?

Claim, Evidence, Reasoning
Explain Your Reasoning Revisit the claim you made when you encountered the
phenomenon. Summarize the evidence you gathered from your imeestigations and

research and finalize your Summary Table. Does your evidence support your claim? i not,
revise your claim. Explain why your evidence supports your claim.

STEM UNIT PROJECT
Mow that you™we completed the module, revisit your STEM wnit project. You will
apply your evidence from this module and complete your project.

GO FURTHER Matar Protein Effect
on Cell Division

E3D Data Analysis Lab . .
How do motor proteins affect cell division? L] =" thal canmot

T make Kar3p
Many scientists think that motor proteins play an important = s i
role in the movement of chromosomes in both mitosis and -E, 1% 4902 = :x?:mmm
meiosis. = -

5 =T
To test this hypothesis, researchers have produced yeast that E‘ 1% 104 Wali
cannot make the motor protein called Kar3p. They have also 2 / L’
produced yeast that cannot make the motor protein called [ 4 | —
Cikip, which mamy think moderates the function of Kar3p. Ly« j06 |
The results of their experiment are shown in the graph to the o 2 24 3G 48
right. Hours in mebosis medium

*Drata oblained from: Shanks, et al. 2001, The Kard
MHITZE and Interpret Data Interacting profein Cikip plays a critical role in passage
theough meiosis | in Soochoroamyces cerewsion

1. Claim, Evidence Determine whether Ciklp or Kar3p seems R ————

to be important for yeast meiosis. Explain.
2. Reasoning Conclude whether all motor proteins seem to
play a vital role in meiosis. Explain.
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INTRODUCTION TO PLANTS

ENCOUNTER THE PHENOMENON
Why are these trees shaped
this way?

Ask Questions

Do you hawve other guestions about the phenomenon? if so, add them to the driving
question board.

Claim, Evidence, Reasoning

Make Your Claim Use your Collect Evidence Use the Explain Your Reasoning You
CER chart to make a claim lessons im this module to wiill revisit your claim and
about why the trees are collect evidence to support explain your reasoning at the
shaped this way. Explain your wour claim. Record your end of the module.
reasoning. evidence as you move

through the module.

B‘GD OMUME to access your CER chart and explore resources that can
help you collect evidence.

ey

LESSOM t Explore & Explain: LESSOM 2: Explore & Explain:
Plant Evolution and Adaptations  Plant Cells
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LESSON 1
PLANT EVOLUTION AND DIVERSITY

FOCUS QUESTION
How did plants adapt to survive on land?

Plant Evolution

Flants are vital to our survival. The oxvgen we breathe, the food we eat, and many of
the things that make our lives comfortable, such as clothing, furniture, and our homes,
come from or are parts of plants. Biologists describe plants as multicellular eukaryotes
with tissues and organs that have specialized structures and flunctions. For exammple,
most plants have photosynthetic tisswes, and
organs that anchor them in soil or to an object
or another plant. However, does this descrip-
tion apply to ancient plants?

Rexall that
Earth is about 4.6 billion years old. Can vou
imagine ancient Earth without land plants?
That was the case until about 400 million
vears ago, when primitive land planits
appeared. However, fossil evidence from
about 50 million vears ago indicates that the
shallow waters of ancient Earth were filled
with a variety of organisms—archaea, bacteria,
algae and other protists, and animals, such as
sponges, corals, and worms.

There is strong evidence, including biochemical
and fossil evidence, that multicellular land

ANGICSPETMS

plants and present-day green algae share a Common ancestor
common ancestor, as diagrammed in the Figure 1 This evolutionary tres shows the relationship of
evolutionary tree in Figure 1. ancient freshwater green algae io preseni-day plants.

Tkl

'::J 30D THINKING B¢l Disciplinary Core Ideas C2C Erosscutting Concepts SZF Science & Engineering Practices

COLLECT EVIDENCE INVESTIHGATE

|E use your Science Josmaltn | VGO ONLINE to find these activities and mare ressurces.

recard the evidence you collect as &. Quick Investigation: Compare Plant Cuticles

you complete the readings and Analyze and interpret data to determine patterns of cuticke thickness of different plants.

activities im this lesson.
I aMIm:mwmm&m
Use a moded 1o determine patterns amang missing gen s of wild and mutant plants.
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This common ancestor might have been able to survive perieds of drought. Through
natural selection, drought-resistant adaptations in that ancestor, such as protected
embryos and other survival characteristics, might have passed to fulure generations.
When scientists compare present-day plants and present-day green algae, thev find the
following common characteristics:

* cell walls composed of cellulose

= cell division that includes the formation of a cell plate

* the same type of chlorophyll used in photosynthesis

* zimilar genes for ribosomal RNA

* bood stored as starch

* the same types of enzymes in cellular vesicles

Plant Adaptations to Land Environments

While living on land might seem advantageous for many organisms, there are chal-
lenges for land organisms that aquatic organisms do not face. Over time, plants that
inhabited land developed adaptations that helped them survive limited water resources
as well as other environmental factors.

Cuticle

An adaptation found on most above ground plant parts, shown in Figure 2, is a faity
coating called the cuticle on the outer surface of their cells. Wax can also be a compo-
nent of the cuticle, giving it a grayish appearance. Fats and waxes are lipids and are
insoluble in water. Because of this, the cuticle helps prevent the evaporation of water
from plant tissues and can also act as a barrier W invading microorganisms.

Leaf imterior

Pl agn s ot an: unansailablg

Figure 2 The culicle is produced by the outer layer of cells. Plants in dry environments aften hase a thick waxy |ayer over
the cuticle.

Infer whot odvraioge Bws woxy layer prowdes fo plams & oy envirommenrs.
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Stomata

Like algae, most plants carry on photosynthe-
sis, which produces glucose and oxcygen from
carbon dioxide and water. The exchange of
gases between plant tissues and the environ-
ment is necessary for photosynthesis W occur.
If the cuticle reduces water loss, it also might
prevent the exchange of gases between a plant
and its environment. Stomata (singular, stoma)
are openings in the outer cell layer of leaves
and some stems, as shown in Figure 3. They are
adaptations that enable the exchange of gases
even with the presence of a cuticle on a plant.
Although photosynthesis can oocur in some
green stems, plant leaves usually are the sites of
photosymithesis and are where mos? stomata are
found.

Vascular tissues

Another plant adaptation to land environments
is vascular tissue—specialized transport tissue.
Recall that many substances slowly move into
and out of cells and from cell to cell by csmosis
or diffusion. However, vascular tissue enables
faster movement of substances than by osmosis
and diffusion, and over greater distances.
Flants with vascular Hssue are called vascular
plants, like those in Figure 4. In other plants,
substances slowly move from cell to cell by
osmosis and diffusion. These are nonvascular
pants and lack specialized transport tissues.
Vascular tissues also provide structure and
support. The presence of thickened cell walls in
some vascular tissue provides additional
support. Therefore, vascular plants can grow
larger than nonvascular plants can

WORD ORIGING

LM Magnideabion. unevalskle

Figure 3 Siomata are Ccommon on the lower surlaces ol
meost plants’ leawes.

Describe the funchion of shomala in plams

Figure 4 Vascular plants have many shapes and sizes.
Identify the plants that you recogize

Eﬁm It?

Explain wiy vascular tissue is advanta-
geous for land plants.

(9 cROSSCUTTING COMCEPTS

cutiche Patterms Lising he imtermet or other approved sowrces, do reseanch on one type

from the Latin diminutive wond
CHticTa, Meaning skin

envircnments.

of fiowesing plant tat kses in the desedt, and one that ives in the rainforest.
Ltsing evidence from your reseasch, create a presentation that shows how both
planis have adaptations that help them to live successtully in two difierent land

o (P et S b ey (bl kit of P Caabd 0055 Pt alis b iioes
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Reproductive strategies

A spore is a haploid cell capable of producing an organism. Some land plants reproduce
by spores that have waterprool protective coverings. However, the gametophytes of
those land plants must have a film of water covering them for sperm bo swim o eggs.
Water is a limiting factor in the environments of these plants. Seed plants have
adaptations that enable a sperm to reach an egg without the presence of water.

Eﬁet It?

Explain winy water is a limiting factor for some land plants.

Seeds Embryn

The evolution of the seed was another important
adaptation that helped ensure the success of some
vascular plants. A seed, as shown in Figure 5, is a
plant structure that contains an embryo, contains
nutrients for the embryo, and is covered with a
protective coat. These features enable seeds o
survive harsh environmental conditions and then
sprout when favorable conditions exist. Seeds also
can have different structural adaptations that help Sead coat
scatter them.

Figure 5 The seed coat profecis the
embryo—ihe new sporophyte
generation.

EGH It?

Describe the characteristics that enable seeds to sunvive harsh emvironmental
conditions.

Diversity of Plants

Owver time, plant adaptations resulted in a diversity of plant characteristics. Botanisis
use these characteristics to classify all plants of Kingdom Plantae into divisions. Recall
that ether kingdoms, except for bacteria, are divided into phyla, not divisions. When
referring to members of a division, it is commaon practice by drop the —a from the
division name and add -e¢s. For example, members of Division Brvophyta are called
bryophytes (BRI ub fites).

The plant divisions can be placed in two groups—the norwascolar plants and the vascu-

lar plants, eleven of which are illustrated in Figure 6 on the next page. In Figure 6,
notice how the vascular and nonvascular plants evolved from a common plant ancestor.

Momwascular plants {mosses, liverworts, and hormworts) lack specialized transport
tissues. Vascular plants have specialized transport tisswes. Vascular plants are divided
into two smaller groups—plants that do not produece seeds (ferns, horsetails, and club
mosses) and plants that produce seeds (angiosperms and gymnosperms).
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When reading a phylogenetic tree, the lineage is read from the
bottom up. Make sure to start at the bottom!

anthophytes Q ? Anthophytes are the only vascular,

seeded plants that produce a flower,
Al i making them angrospernms.

conifers ‘_ , ‘(_

gretophytes }-—’:‘: b M35t vaScUlar, seeded plants are known
a5 gy mnaosperms, meaning “naked
seeds.” Most gymnosperms have seeds
that are found inside cones.

gifikgoes

At this point, vascular plants can be
clazsified as nonseed or seed plants.

w
el
B
=
2,
o
@
-1
1]

One way to classify the divisions of the
plant kingdom is by nonvascular or

) A

vascular plants.

nonvascular plants

common ancestor
Figure &

Visualizing Phylogenetic Trees

They tell us the proposed phylogeny or evolutionary history of a species ar a group.
Fallow along to see the evalutionary relationships of the dvisions of plants.
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Monvascular plants

MNorvascular plants, as shown in Figure 7, make
up one of the four major groups of plants that

evolved along with green algae from a common
ancestor. In general, nonvascular plants usually

are small, which enables most materials to move
within them easily. These plants often are found

growing in damp, shady areas—environments
that provide the water needed by nonvascular
plants for nutrient transport and reproduction.
Because they lack vascular tissue, they do mot
have true roots, stems, or leaves.

Study Table 1 1o learn more about the
characteristics of the three divisions of
nomnwvascular plants.

Inspire Biclogy 912 Student Edition

LT

COImirsn ancesibor

Figure 7 Embryo prodeciion is a
characteristic of nomasoular and

vascular plants.

Table 1 Characteristics of Nonvascular Plants

"

-

@

@

Division Bryophyta

Inchudes mosses

Produce rootlike, mulkicellular
rhizodds for support,
anchorage, and absorption of
wiater and minerals
Substances mowe by osmosis
and diffusion

Sphegnum and ather plants
together form peat, which is
important for fued and in
gardening

Successful in harsh
EVIronments

Diwvision Anthocerophyta
+ Smallest division of

normvasoular plants

Includes hormawarts

“Homs" are actually
sporophytes

Substances move by osmosis
and diffusion

Each cell of the gameiophyte
and sporophyte has one large
chioroplast

Often found in a mutualstic
relationship with
cyanobacteria

Division Hepaticophyta

» Includes liverworts

» Mamed for their appearance
and use as medicine a long
time ago

+ Found in many habitats,
including tropical and arctic

» Substances move by osmosis
and diffusion

» Hewe unicellular rhizosds

- DMA analysis suggests
liverwons are the most
primitive land plant
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Seedless vascular plants

Club mosses and ferns make up the seedless
vascular plant group. Although the common
name for a club moess identifies it as a moss, it is
not a true moss. As indicated in Figure 8, this
plant group is one of the three plant groups
with vascular tissues. Seedless vascular plants
exhibit a great diversity of form and size. An
adaptation seen in some seedless vascular plant
sporophytes is the strobilus (STROH bih lus)
{plural, strobili). A strobilus is a compact cluster
of spore-bearing structures. If a spore carried by
the wind lands in a favorable environment, it
can grow to form a gametophyte.

Study Table 2 to learn more about the
characteristics of the divisions of seedless
vascular plants.

ey

ambifyn

(Comemnon ancesion

Figure 8 Seedless vasoular plants produce
spofes im strobili instead of seeds.

Table 2 Characteristics of Seedless Vascular Plants

Division Lycophyta

Includes club mosses (are not thee mosses)

+ Descendants of the oldest vascular plants
Ancient Lycophytes were up to 30m tall their
remains are part of the coal we use for fuel
Sporophyie generation is dominant

Many are epiphytes, plants that live anchored to
another plant. Some draw modsture right from
the air

Division Pterophyta

« Includes ferns and horsetails

- Dominant sporophyie generation (leaflike
frands)

Fems have a thick, underground stem that is
used io store food

Treelike fems were dominant during the
Carboniferows period, their remains are also
much of the coal we used today

Horsetails produce spares in strobili at the tips
of reproductive stems

CHpan P Lyrs b i) gbmrrd V8 bonk ety rmaeps
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Vascular seed plants

Vascular seed plants produce seeds, as shown
in Figure 9. Each seed usually contains a tiny
sporophyte surrounded by protective tissue.
Seeds have one or more cotyledons (kah tuh
LEE dunzj—structures that either store food or
help absorb food for the tiny sporophyte.

The sporophyvie is dominant in seed plants and
produces spores. These spores divide by meiosis
w0 both male and female gametophytes. Both
gametophytes are dependent on the sporophyte
generation for their survival. Unlike the other
plants discussed so far, most seed plants do not
require water for fertilization. This adaptation
enables seed plants to thrive in areas where
waber is scance.

e
-

Comimson amncestsr

Figure 3 The evolulionany tree shows that the
development of cones was an earlier evalution-
ary adaptation tham fhowers in seed planis.

MNonflowering seed plants A seed is a reproductive structure that contains a
sporophyte embryo and a food supply (called the endosperm) that are enclosed in a
protective coating. The food supply nourishes the voung plant during the first stages of
growth. Like spores, seeds can survive harsh conditions. The seed develops into the
sporophyte generation of the plant. Table 3 shows the characteristics of the groups of

nonflowering seed plants.

Table 3 Characteristics of Nonflowering Seed Plants

Division

Cycadophyta

+ Resemble palm trees

» Liwe in the tropics and
subtropics

+ Oy one species is

Division Gnetophyta

- Can lve as long as
15002000 years

« Welwitschio has only
twio leaves and &
large storage root

Diwvision Ginkophyta | Division

« Represented by only Coniferophyta
one species, GINKGS | . Includes pines. firs,
bitoba and redwoods

Male and femnale
trees; females

- Economically
important

native to the United
States

- Epiedra is the only
genus found in the
United States

produce bad smelling
berries
Pollution-resistant,
and grow well in
urban areas

» Adaptations include
needielike keaves to
Cofsenve modsiure
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Flowering seed plants The fowering plants,
division Anthophyta, form the largest and maost
diverse group of plants on Earth today.
Anthophytes, also known as angiosperms,
produce fowers and develop seeds that are part
of a fruit. Cotyledons, or “seed leaves,” are part of
the seed along with the plant embrye. Monocots
hawe one seed leal. Dicots and eudicots have two
seed leaves and are lurther classified based on the
structure of their pollen. About 75 percent of
anthophytes are eudicots. Monocols are the
second largest group and include palms, lilies,
onions, and grasses.

Flowers are the organs of reproduction in
anthophvtes. The pistil is the female reproduc-
tive organ. At the base of the pistil is the ovary.
Inside the ovary are the ovules. Owvules contain
the female gametophyte. A female gamete—an
egg cell-forms in each ovule. The stamen is the
male reproductive organ of a flower. Pollen

\& Check Your Progress

grains that form inside the anther eventually
contain male gametes called sperm. In seed
plants, the sperm develop inside of the thick-
coated pollen grains.

Follen is an important structural adaptation
that has enabled seed plants to live in diverse
land habitats. Pollination is the transfer of
pollen grains from the anther to the stigma of
the pistil. It can be transferred by wind, insects,
birds, and even bats. Some flowers have color-
ful or perfumed petals that attract pollinators.
Flowers also can contain sweel nectar, as well
as pollen, which provides pollinators with food.

Following fertilization, a fruit with seeds can
develop. Fruits help protect seeds until they are
mature. Some flowering plants develop fleshy
fruits, such as apples, melons, tomatoes, or
squash. Other flowering plants develop dry
fruits, such as peanuts, walnuts, or sunflowers.
Fruits also can help disperse seeds.

Summary Demonstrate Understanding
« Mlgae were the ancestors of 1. Identify adaptations that make it possible for plants to
modem land plants. survive on land.
+ Plants alternate between a 2. Differentiate between a gametophyte and a
sporophyte and gametophyte sporophyte.
generation. 3. Compare the sporophyte and gametophyte genera-
+ Momwascular plants transport tions of vascular and nonvascular plants.
substances by diffusion and 4. Compare and contrast a gymnosperm and an
osmosis, are small, and grow angiosperm.
near water.
+ Seedless vascular plants are Explain Your Thinking
adapted to drier conditions, 5. Assess the importance of a plant’s wvascular tissue to its
and have a dominate sporo- ability to live on land.
phyte generation. 6. Apply what you know about osmosis and diffusion to
« Vascular seed plants include suggest why nomascular plants usually are small.
nonflowering and flowering
gQroups.

+ Flowers are the reproductive
organ in some seed plants.

LEARKMNSMART S Goonline to follow your personalized leaming path to review, practce,
and reinforce your undersianding.

Copyrisht € M Crasetl Dok tion
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LESSON 2
PLANT STRUCTURE AND FUNCTION

FOCUS QUESTION
What are the structures and functions of plant cells and tissues?

Plant Cells

You can identify a typical plant cell by the presence of a cell wall, a large central
vacusle, and chloroplasts. However, there are many different tvpes of plant cells—each
with one or more adaptations that enable it to carry oul a specific function. Three
types of plant cells form most plant tissues. Table 4 shows each of these cells and

their lunctions.

Table 4 Plant Cells and Functions

+ Storage

« Photosynihesis

« (Zas exchange

« Protection

« Tissue repair and replacement

Parenchyma

+ Support
« Transport of materials

Collenchyma

« Support for surrcunding tissues
« Provides flexibility for plant

Sclerenchyma « Tissue repair and replacement
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1, 13D THINKING Dol Dusciplinary Care Ideas 20 Crosscutting Concepts

E

¢ COLLECT EVIDENCE INVESTIGATE

%@mwui&mmmlm 2 GO OMLIME to find these activities and more resources.
e o Applying Practices: Hierarchical Organization in Plants

i e e s HS-151-2. Develap and use a madal ta illustrate the hierarchical arganization of interacting

activitles in this leszon. gyslems that provide specilic lunchions within multicelular organsms.
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Plant Tissues

Eemernber that a tissue is a group of cells that work together to perform a function.
Depending on its function, a plant tissue can be composed of one or many tvpes of
cells. There are four different tissue tvpes found in plants— meristematic (mer uh stem
AH tihk), shown in Figore 10, dermal, vascular, and ground

Apical meristem

Sramrid LM Mag nificalion. urdrealable

Coak cambium ‘Vascular cambésum

Root apical meristem
Boat cap (% Cxaurvind LM Magrilicaton: 25x

Figure 30 Most phant growth results from the produwction of cells by merisiematic tissues. Siems and rools
increase in lengih maostly due (o the production of cells by apical merisiems. & plant’s vasoular cambaum is a
different kind of meristematic Gsswe. Cambium produces cells that increase root and siem diameders.
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Dermal tissue—the epidermis

The layer aof cells that makes up the outer covering on a
plant is dermal tissue, also called the epidermis. Cells
of the epidermis resemble pieces of a jigsaw puzzle
with interlocking ridges and dips, as shown in Figure
11. Most epidermal cells can secrete a fatty substance
that forms the cuticle. The cuticle helps reduce water
loss from plants and it prevents bacteria and other
disease-causing organisms from entering a plant.

Stomata Flants can have several adaptations of their
epidermis, such as stomata—small openings through
which gases pass. The two cells that form a stoma are

guard cells. Changes in the shapes of guard cells
open and close the stomata, as shown in Figure 11.

Trichomes Some epidermal cells on leaves and
stemis produce hairlike projections called trichomes
({TEI kohmz), shown in Figure 12. Trichomes can
give leaves a fuzzy appearance and can help protect
the plant from insect and animal predators.

Root haires Some roots have root hairs. Root hairs, as
shown in Figure 12, increase a rool’s surface area and
enable the root to Lake in a greater volume of materials.

"
g
3
H

Figure 11 The surface of a lead s composed of
tightly-packed epidesmal cells that help protect
the plant and prevent water |oss. Stomala apen
and close to allow gases in and oul.

Figure 12 Epadeimal adapiations help plants sunsive. Left: The tiny glamds at the tip of a irchame can oontain inwc
substances. Kight= Rool hairs are fragile extensions of rood epidermal cedls that increase the rool's surface area.

Explain fow Doth of fhese odopiations are consigered o be surnaan mechamsms.

WORD ORIGINS {29 CROSSCUTTING CONCEPTS

trichome Systems and System Models Using evidence from the text, construct a concept
from the Greek word trickime, meaning | map that shows hiw the tissues that make up each plant organ (Foot, stem, and

et of hoir lead) wark together.

LM Magnificaticr unavallabis
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Vascular tissues

In a plamt, the physiological processes of transporting water, food, and dissolved
substances is the main function of two types of vascular tissee—xyvlem and phloerm.

Xylem Water that contains dissolved minerals enters a plant through its roots. The
walter with dissolved minerals is transported throughout a plant within a system of
xylem that flows continuonsly from the roots to the leaves. Xylem (Z1 lum) is the
water-carrving vascular tissue composed of specialized cells called vessel elemenits
and tracheids (tray KEY ihdz). At maturity, each vessel element and tracheid consists
of just its cell wall. This lack of cvtoplasm at maturity allows water to flow freely
through these cells.

Vessel elements are tubular cells that are stacked end-to-end, forming strands of xylem
called vessels. Vessel elements are open at each end with barlike strips across the
openings. In some plants, mature vessel elements lose their end walls. This enables the
free movernent of water and dissolved substances from one vessel element to another.

Tracheids are long, cylindrical cells with pitted ends, shown in Figure 13. The cells are
found end-to-end and form a tubelike strand. Unlike some matwre vessel elements,
mature iracheids have end walls. For this reason, tracheids are less efficient than vessel
elements at transporting materials.

In gymnosperms, or nonflowering seed plants, xylem is composed almost entirely

of tracheids. However, in flowering seed plants, xylem consists of tracheids and
vessels. Because vessels are more elficient at transporting water and materials,
scientists propose that this might explain why flowering plants inhabit many different
environments.

Phloem The main food-carrying tissue is phloem (FLOH em). It transports dissobved
sugars and other organic compounds throughout a plant. Recall that xvlem only trans-
ports materials away from the roots. Phloem, however, transports substances from the
leaves and stems to the roots and from the roots to the leaves and stems. Although not
used for transport, there are sclereids and fibers associated with the phloem. These
sturdy sclerenchyma cells provide support for the plant.

Vessel
Vessel
element alement
| |- Tracheid

- N

Figare 13 Tracheids and vesse elements are the oomdwcting cells of the xylem.
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Phloem consists of two types of cells, sieve tube members

and companion cells, as shown in Figure 14. Each sieve

tube member contains cytoplasm but lacks a nuclews and
ribosomees when it is mature. Mext to sieve tube members

are companion cells, each with a nucleus. In Aowering

plants, structures called sieve plates are at the end of the

sieve hube members. Mucleus

Ground tissue The category for plant tissues that are not
meristernatic tisswes, dermal tissues, or vascular tissues is
ground tissue. Ground tissues consist of parenchyma,
collenchyma, and sclerenchyma cells and have diverse
functions, including photosynithesis, storage. and support.

Companion
ol
Roots

The structure of a root is ilustrated in Figure 15. The tip of
a root is covered by the root cap. It consists of parenchyma
cells that help protect root tissues. The laver below the
epidermal laver is the cortex. It is composed of ground Figure 14 Natice the openings in the sieve
tissues that are involved in transport and storage. At the inner  Plates between the sieve-lube members.
boundary of the cortex is a layer of cells called the endodermis. Encircling each cell of

the endodermis is a waterprool strip called a Casparian strip. This strip creates a barrier

that forces water and dissolved minerals to pass through endodermal cells rather than

around them. The layer of cells directly next to the endodermis toward the center of the

root is called the pu'k_pr_h. It is the tissue that produces lateral roots. In most eudicots,

and some monocots, a vascular cambium develops from part of the pericycle.

Emdlosderrmis with
Casparian strip

Coqurighi € My Crameisll Erbugtam

Fgure 15 [he strsciune of a plant’s roots enables the entry and movement of water and dissolved minerals into
the plant.
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Types of roots

The two major types of rool systems are taproots and fibrons roots. A taproot system
consists of a thick root with few smaller, lateral-branching roots. Some plants, such as
radishes, beets, and carrots, as shown below in Table 5, store food in the parenchyma
cells of a taproot. Cither taproots, like those of poison ivy plants, grow deep into the soil
toward available water. Table 5 shows types of root systems and their adaptations.

Table 5 Root Systems and Adaptations

R . -

Fumnetian = Anchors plant = Anchors plant = Anchaors plant
» Food and water storage | - Rapsd water storage

Modified roocts—pneumatophores Adventiious—prop roots

Exarmple

Fumnetion - Supplies oggen to submernged roots = Supporis plant stems

Stems

While vou might know that asparagus spears are stems, vou might be surprised to learn
that there are many tvpes of plant stems. Some stems, like asparagus, are soft, flexible,
and green due to the presence of chloroplasts, and therefore can perform photosynthe-
sis. These stems are called herbacecus (hur BAY shus). Most annual plants have this
tvpe of stem. Palms and bamboos have rigid, fibrous stems. Trees, shrubs, and many
perennials have sturdy, woody stems that do not carry on photosynthesis. Some older
plants have stems that are covered with bark. This tough, corky tissue can protect the
stem from physical darmage and insect invasion. Some trees even have survived a forest
fire with minimal damage because of the bark that covers their trunks.

s {0 i/ Pk kGt brnagerg (. hard Bubery Stk

w50 rgrare Publis hirg e v O S0Eva o ohemon W Cr e H I B abic

Copiel gt @ B Cran- 1l Dbl
e | (h Pl Wi P Ly b



Inspire Biclogy 912 Student Edition

Copyright € By Crambill Exhmation §)5 wake Prol o/ Ph cload s 5t by e agees; 8000 S WPl i A 1 - Pl iy (00 o § Ut i/ Pratioy apheee's Chidoe RF Gty s

S s P el (A | Ml e’ Shasdtont oo com

o karmy; (H L W

i

o W1 PSR CEC0) P

Stem structure and function

The main function of a plant’s stem is support of a plant’s leaves
and reproductive structures. Vascular tissues in stems transport
walber and dissolved substances throughout the plant and
provide support. These tissues are arranged in bundles, or

groups, that are surrounded by parenchyma cells.

[T k== = 3 Connection | Cells produced by the apical

Annual ring

meristem result in an increase in the length of the stem. As the

plant grows taller, the stem diameter increases. The increase in
stem diameter in woody plants is due to the production of cells

Figure 16 An annual growth ring forms
im the stem of 8 woddy plant when
growth resumes after a period of Bitle o

by the vascular cambium. The production of xylem and phloem o growth.

throughout the vear can produce annual growth rings. The age inler how the amowar of owmiohie
of a tree can be estimated by counting the annual growth rings moisiure might affect the width of an

at the base of its trunk, like those shown in Figure 16.

Types of stems

anmam growth ring

Sterns are plant organs and all stems have adaptations that help plants survive, as
shown in Table 6. In some plants, these adaptations enable stems to store excess food,
and in other plants, they help withstand drought, cold, or heat.

Table 6 Types of Stems

Fumctbon

Example

Fumctbon

m
Example | !.'I : I

White potate

» Food storage « Food storage
+ Asexual reproduction

Marciss s

+ Food storage

A 1-.
"'.‘"i'-

Spider plamt
« Bzesxual reproduction

+ Food storage
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Blade

Leaf Tissue (

Upper
epidermal
cell

Palisade

mesophyll
cell

Alr space

Vascular
bundle

cell Cuticle Stoma
Figure 17 The diffrent tissues af leaves illustrate the relationship between stricture and function.

Leaves

There are many shapes and colors of leaves, and their arrangements on plants are different for
different species. Also, the sizes of leaves can range from as large as 2 m in diameter to less than
1 mm in length. In a growing season, the number of leaves that a plant can produce varies from a
few, such as for a daffodil, to hundreds of thousands produced by a mature hardwood tree.

Leaf structure

Leaves are plant organs. Leaf structure, shown in Figure 17, is well-adapted for its main function—
photosynithesis. Most leaves have a flattened portion called the blade that has a relatively large
surface area. Depending on the plant species, the blade might be attached to the stem by a stalk
called a petiole (PET ee ohl). The petiole’s vascular tissue connects the stem’s vascular tissues to the
leaf's vascular tissue or veins.

The internal structure of most leaves is well-adapted for photosynthesis. Figure 17 shows tightly
packed cells directly below a leal’s upper epidermis. This location has the maximum exposure to
light, and therefore, most photosynthesis takes place in these column-shaped cells. They contain
many chloroplasts and make up the tissue called the palisade mesophyll imehz uh fihl), or palisade
laver. Below the palisade mesophyll is ltm-jpmg-unﬂ]ﬂ, consisting of irregularly-shaped,
loosely packed cells with spaces surrounding them. Oxyvgen, carbon dioxide, and waler vapor niove
through the spaces in the spongy mesophyil. In most plants, water travels from the roots up through
the stems and into the leaves, replacing the water used in photosymthesis and lost from the plant by
evaporation. Water evaporates from the inside of a leafl to the pulside through stomata in a process
called transpiration that helps pull the water column upward.

Copyright O M Craac 0l Tkl
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Types of leaves

Some people can use differences in the size, shape, color, and texture of leaves to help
them identify types of plants. Some leaves are simple, which means the leaf blade is not
divided into smaller parts. Compound leaves have leaf blades that are divided into two
or mere smaller parts called leaflets, as shown in Table 7.

Table 7 Types of Leaves

Leaf WVenation Leaf Arrangement

Simple Palmate

e . -

Parallel

Compound

Plant Responses

A plant response that causes movement that is not dependent on the direction of the
stimulus is a nastic response. It is not a growth response, is reversible, and can be
repeated. An example of a nastic response is the closing of a Venus flytrap’s leaves.
Movement of water in the leaves in response to an insect causes the leaves to snap shut.

STEM CAREER Connection (3 CROSSCUTTING CONCEPTS
Soil and Plamt Sclentists Energy and Matter Lsing evidence from the test,

Life an Ezrth degiends on plants. Sod and plant scentists do research | draw a flow chart that shows. how beaves take in the
tolearm as misch about these sscential crganisms &5 possible. Their | mafier used in pholosynthesis and release waste.

work influences a huge variety of fields, including ageiculbure,
landscaping, and sschitectune.
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What do yvou notice about the plants in Table 8 These are examples of tropisms. A
tropism (TROH pih zum) is a plant’s growth response 1o an external stirmulus. If
resulting plant growth is toward the stimulus, it is called a positive tropism. If the
resulting plant growth is away from the stimualus, it is called a negative tropism.

Table 8 Plant Tropisms

Stimulus: Light Stirmulus: Grandty Stirmubus: Mechanical
Respornse: Respomse: Response:
= Growth toweard light sounce » Fasitive downward growth » [srowth towsand point of
« Megative upward growth contact
I& Check Your Progress
Summary Demonstrate Understanding
« The structure of plant cells and 1. Compare and contrast the types of plant cells.
tissues are related to their 2. Explain how a plant tissue's structure is related to its
function. function.
» There are several different 3. Summarize the primary functions of each plant organ.

types of plant tissues—meriste-
matic, dermal, vascular, and

4. Describe three plant tropisms.

ground tissues. Explain Your Thinking
« The three main organs of a 5. Create a table that summarizes the structures and
plant are roots, stems, and functions of the different plant tissues.
leaves. 6. Evaluate why the role of stomata in a plant is
« Mastic plant responses are not important.
dependent on the direction of
the stimulus; tropisms are

responses to stimuli from a
specific direction.

LEARNMNSMARTS Goonline to follow your personalized leaming path to review, practce,
and reinforce your understanding.
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LESSON 3

PLANT REPRODUCTION

FOCUS QUESTION
How do plants reproduce?

Vegetative Reproduction

Recall that reproduction without the joining of an egg and a sperm is called asexual
reproduction. Vegetative m]lnﬁﬂnn is a form of asexual reproduction in which new
plants grow from parts of an existing plant, as shown in Figure 18. The new plants are
clones of the original plant. Their genetic makeups are identical to the original plant.

There are several advantages of vegetative reproduction. It usually is a faster way

to grow plants than from a spore or a seed. Remember that an organism produced
sexually will have a combination of features from its parents. However, plants produced
vegelatively are more uniform than those that result from sexual reproduction. Some
fruits do not produce seeds, and vegetative reproduction is the only way 1o reproduce.

FIgurH! Gemmae [JE mes]
Cnips. ar S|:I|-35"I Cups contain
small peECEs o liverveodd
tissue. I kmickesd foom or
sglashed out of the cup, they
can grow infe plants,

Imfer the genatic mokau of
ihe new [vervos.

Fubmatnw Dl R bbow' Ot T i i 1 | i

1:::[ 32D THINKING OCi Bisciplinary Core ideas G Crossoutting Concepls SEF Schence & Engineering Bractices.

=
¢ COLLECT EVIDENCE INVESTIGATE
E@mwukﬁmmmlm i) GO DNLIME to find these activities and MOfe resournes.

< record the evidence you collect as
you comglete the readings and Quick Investigation: Compare Flower Struciures

acthvltles i this |asson. Cairy outl an mvestigation to detenmine siruciunes that vary in plamnts.
(207 1dentity Crosscutting Concepts
Create a table of the crosscutting comcepts and fill in examples you find as you read.
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Alternations of Generations

Recall that the life cycles of some organisms include an alternation of generations—a
haploid gametophyte generation and a diploid sporophyte generation. The gametophyte
generation produces gametes—sperm and eggs. Some plants produce sperm and eggs
on separate gametophytes, while others produce them on one gametophvte. When a
sperm fertilizes an egg, a diploid zygote forms that can undergo countless mitotic cell
divisions to form a multicellular sporophyte. The sporophyte generation produces
spores that can grow to form the next gametophyte generation.

Depending on the type of plant, one generation is dominant over the other. The domi-
nant generation is usually larger and accounts for more time in the plant’s life cycle.
Most of the plants you see—houseplants, grasses, garden plants, and trees—are the
diploid sporophyte generation for those plants. During plant evolution, the trend was
from dominant gametophytes o dominant sporophytes that contain vascular tissue.

The life cvcle of a plant includes an alternation of generations that has a diploid (2n)
sporophyte stage, and a haploid {n) gametophyte stage. As shown in Figure 19, the
sporophvte stage produces haploid spores that divide by mitosis and cell division and
form the gametophyte generation. Depending on the plant species, the size of a
gametophyte can be tiny or a larger structure. In the plant kingdom, there is an
evolutionary trend for smaller gametophytes as plants become more complex.

Sporophyte
Cell divisians
Ceises " M Diploid cells oceur
(2m)
Festilization [ 5]
foames. zygote Eﬂﬁmp
2m)
Meicsis foms
Male gammetem Spores m
= G
Mature gametaphyle
Cel divsions
R e
I-hplnﬂmiceh

Figure 19 The form of the sporophyie jorange) and
gametophyte (bue) s different for every plant speches.
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Flower Structure

Vivid orange, deep purple, ghostly white, fragrant, rancid, spectacular, and
inconspicuous—these all are terms that can be used to describe flowers. The colors,
shapes, and sizes of flowers are determined by each species” genetic makeup. It is
important to remember that flowers can vary in structure and form from species to
species. In each, though, the flower has one main function—to ensure that the plant
reproduces successiully.

Flower organs

Flowers have several organs. Some organs provide support or protection, while others
can be involved directly in reproduction. In general, flowers have four organs—sepals,
petals, stamens, and one or more pistils, illustrated in Figure 20. Sepals protect the
flower bud and can look like small leaves or even resemble the flower’s petals. Petals
usually are colorful structures that can both attract pollinators and provide them with
a landing platforny. Sepals and petals, if present, are attached to a flower stalk, called
a peduncle.

Most flowers have several stamens—the male reproductive organs. A stamen is com-
posed of two parts—the filament and the anther.

The filament, or stalk, supports the anther. Inside the anther are cells that undergo
meiosis and then mitotic cell divisions, forming pollen grains. Two sperm eventually
form inside each pollen grain. Each sperm cell will eventually fertilize a different
structure inside the female reproductive organ.

The female reproductive organ of [

a flower is the pistil. In the |
center of a flower is one or more
pistils. A pistil nsually has three
parts—the stigma, the style, and
the ovary.

The stigma is the tip of the pistil
and is where pollination occurs.
The style is the part that connects
the stigma to the ovary that
contains ome or more ovales. A
female gametophyte develops in
each ovule, and an egg forms
inside each female gametophyte.

E Get It?

Explain How do petals help flowers to reproduce?

Figure 20 The typical fower has four organs—sepals, petals, stamens, and
one ar mare pistits.
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Flower adaptations

Structural differences Flowers that have sepals, petals, stamens, and one or maore
pistils are called complete flowers. If a flower is missing one or more of these organs, it
is an incomplete flower. Other descriptive terms relating to flower organs are perfect
and imperfect. Flowers that have both stamens and pistils are called perfect flowers.
An imperfect flower has either functional stamens or pistils, not both.

The number of each flower organ varies from species o species. However, the number
of flower organs distinguishes eudicots from monocots as shown in Figure 21, When
the petal number for a flower is a multiple of four or five, the plant usually is a eudicot.
The number of other organs—the sepals, pistils, and stamens—is often the same multiple
of four or five. Monocots generally have flower organs in multiples of three.

Figure 21 Some plants can be kMentified as either a ewdicod (|edt] or monocod (right) by their fhowers.

Pollination mechanisms Different anthophyte species have flowers of distinctive
sizes, shapes, colors, and petal arrangements. Many of these adaptations relate to
pollination. Self-pollinating flowers can pollinate themselves or another flower on the
same plant. Cross-pollinated flowers receive pollen from another plant. Some flowers
must be cross-pollinated, often by animals.

As shown in Figure 22 on the next page, many animal-pollinated flowers are brightly
colored, have strong scents, or produce a sweet liquid called nectar. When small animals
move between flowers searching for nectar, they can carry pollen from one flower o
another flower. Flowers that lack showy or fragrant floral parts usually are wind-polli-
nated. They produce huge amounts of lightweight pollen. This helps to ensure that
some pollen grains will land on the stigma of a flower of the same species. Also, the
stamens of wind-pollinated flowers often hang below the petals, exposing them to the
wind. The stigma of a wind-pollinated flower is often large, which helps to ensure that a
pollen grain might land om it

stigma Systems and System Models Use evidence from the
Science usage: the tip of a flower's pistl where polination 00Curs | pext i sketch @ mode of a typecal flowes. Labed each
The stigma of mo inis’s pishil hes three povts. Commoa uSage: 3 part of the flower. Then write a few senfences that
mark of shame of discredit eaplain how each part you labeled helps the plant

A crimingl record offen is o sigma for oo indkiduo! inyng io reproduce.
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Figure 22 Visualizing Pollination

Flowers have several adaptations that ensure pollination. Pollen might be carried by
the wind or by animals. While feeding, an animal can become covered with pollen
and can transfer the pollen to the next flower it visits.

Wind disperses
lightweight sak polien
that can cause allergic
reactions for manmy
people. Tassels hang
down and can wawve in
tihe wind.

Hummingbirds are attracted to red
flowers. The hummingbird’s long beak
reaches nectar at the base of this flower.
Some yeliow and orange pigments
reflect light in ranges invisible to the
hurman eye. Even so, the markings are
hi visible to bees and other insects.

As night falls, heavy scents and pale
colors make it easier for moths to locate
certain flowers.

The carrion flower
has a rancid odor
thiat atiracts fiy
and beatie
pollinators.

Mectar producing flowers often attract
insect podlinators as they seek food.
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Flowering Plants

The fowering plants, division Anthophyta, form the largest and most diverse group of
plants on Earth today. They provide much of the food eaten by humans. Anthophytes,
also known as angiosperms, produce flowers and develop seeds that are part of a fruit.

Seed and fruit development

The sporophyvte begins as a
zygote, or a 2n cell. Numer-
ous cell divisions produce a
cluster of cells that eventually
develops into an elongated
embryo with one cotyledon
in monocots or wo cotyle-
dons in endicots. The 3n cell
formed as a result of double

fertilization undergoes cell Monocat Eudicot

divigiona. A tisse called the Figure 23 Seeds of monocots ditfer from those of sudicols.

-d'ﬂf::’r;E“":tﬁh TPEIE) ey e eosiryo's bact source de eoch hpe of seed.

divisions and provides nourishment for the embryvo. Initially, these cell divisions ocour
rapidly without cell wall formation. As the endosperm matures, cell walls form. In some
monocols, the emdosperm is the major component of the seed and makes up most of
the seed's mass. For example, the coconut palm is a monocol. The liquid inside a fresh
coconut is liquid endosperm—cells without cell walls. In eudicots, the cotvledons absork
most of the endosperm tissue as the seed matures. Therefore, the cotvledons of eudicot
seeds provide much of the nourishment for the embryo. Examples of eudicot and
monocol seeds are shown in Figure 23,

As the endosperm matures, the outside layers of the ovule harden and form a protective
tissue called the seed coat. You might notice the seed coats of beans or peas when vou
eat them. The seed coat is the thin, cuter covering that often comes off or loosens as
seeds are cooked.

Have you ever eaten a tomato or cucumber and noticed the number of seeds inside?
Depending on the plant, the ovary can contain one ovule or hundreds. As the ovale
develops into a seed, changes occur in the ovary that lead to the formation of a fruit.

Fruits form primarily from the ovary wall. In some cases, the fruit consists of the ovary
wall and other flower organs. For example, the seeds of the apple are within the core
that develops from the ovary. The juicy tissue that we eal develops from other flower
parts.

Besides the apple, other fruits, such as peaches and oranges, are fleshy, while some are
dry and hard, such as walnuts and grains. Study Table 9 on the next page to learn about
tvpes of fruit.

B cet i

Compare and contrast the formation of a seed and a fruit.

Copyright O M Craac 0l Tkl
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Table 8 Types of Fruit

Fruit Type Examples of Flower and Fruit Description

Simple fleshy frults Simple fleshy fruits can
contain one of more seeds.
Apples, peaches, grapes,
ofanges, lomatoes, and
pumpkins are simple fleshy
fruits.

Aggregate fruits form from
flowers with multiple female
organs that fuse as the fruits
ripen. Strawberres, raspher-
ries, and blackbermies ane
examples of aggregate fruits.

Aggregate frults

Multiple fruits Muitipie fruits form from many
flowers that fuse as the fruits
ripen. Figs, pineapples,
mulberries, and osage
ofanges are examples of

miultiple fruits.

' o + .-"'"
r A et Ty,
¥ e ® B
] o
Diry fruits " When mature, these fruits are
dry. Exarmples of dry fruits
& - include pods, nuts, and grains.

Seed dispersal

e Whel chory " o g Sk i o b o

Fruits both protect and help to disperse seeds. Dispersal of seeds away from the parent
plant eliminates the need for offspring to compete for resources with the parent plant.
Fruils that are attractive to animals can be transported great distances away from the
parent plant. Animals that gather and bury or store fruits usually do not recover all of
them, so the seeds might sprout. Some of the animals, such as deer, bears, and birds,
consume fruits. The seeds pass through their digestive tracts undamaged and then are
deposited on the ground along with the animals® wastes. Some seeds have structural
modifications that enable them to be transported by water, animals, or wind.
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Sseed germination

When the embryo in a seed starts o grow, the process is called germination, as shown
in Figure 24 There are a number of factors that affect germination, including the
presence of either water or oxygen (or both), and temperature. Most seeds have an
optimum temperature for germination. For example, some seeds can germinate when

s0il is cool, but others need warmer soils.

Figure 24 Germination occurs
when he embryd Stars i grow.
Infer wdty these seads ave af

aranf cimmac aff perrrsaeion
Sredil SIDMES OF QeI

Cermination begins when a seed absorbs water, either as a liquid or gas. As cells take in
waler, the seed swells; this can break the seed coat. Water also transports materials to
the growing regions of the seed.

Within the seed, digestive enzymes help start the breakdown of stored food. This
broken-down foed and oxvgen are the raw materials for cellular respiration, which
results in the release of energy for growth.

The first part of the embryo to appear outside the seed is a structure called the radicle
that starts absorbing water and nutrients from its environment. The radicle, as shown in
Figure 25 on the next page, will develop into the plant’s root. The hypocotyl is the
region of the stem nearest the seed and, in many plants, it is the first part of the seed-
ling to appear above the soil.

In some endicots, as the hypocotyl grows, it pulls the cotvledons and the embryonic
leaves out of the soil. Photosynthesis begins as soon as the seedling’s cells that contain
chloroplasts are above ground and exposed two light. In monocots, seedling growth is
slightly different because the cotyledon usually stays in the ground when the stem
emerges from the soil.

E Get It?

Explain how the structures showmn in Figure 24 help plants to reproduce success-
fully on land.
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Seed coat

Monocot  Eudicot

First leaves

First leaf
S

Monocot  Eudicot

Cotyledons

Monocot  Eudicot

Fgure 25 Seed germination differs im monocots and eudioots

Some seeds can survive harsh environmental conditions, such as drowght and cold.
Other seeds germinate soon after dispersal and still others can germinate after long
periods. Some maple seeds must germinate within two weeks after dispersal or they
will not germinate at all. Most seeds produced at the end of a growing season enter
dormancy, a period of little or no growth. Dormancy is an adaptation that increases the
survival rate of seeds exposed to harsh conditions. The length of dormancy varies from
species to species.

|E Check Your Progress

Summary

®

Vegetative reproduction is
asexual reproduction.

The life cycles of plants invohe

the alternation of generations.
A typical flower has sepals,
petals, stamens, and pistils.
Fowers can be perfect or
imperiect. and complete or
incomplete.

Some flower modifications
distinguish monocots from
eudicots.

Meodifications make flowers
more attractive to pollinators.
Seeds provide nutrition and
protection for the embryo,
while fruits help protect and
disperse seeds.
Ervircnmental conditions
affect seed germination.

Demonstrate Understanding

1. Describe the stages of altermation of generations.

2. ldentify advantages of wvegetative reproduction.

3. Explain how each of the four organs of a typical flower
work together to help a plant reproduce.

4. Descoribe traits of a typical monocot flower and a
typical eudicot flower.

Explain Your Thinking

5. Compare and contrast the germination of monocot
and eudicot seeds.

6. Assess the importance of pollinators for imperfect
flowers.

7. LA Connection | As many as three million seeds
can form inside an orchid pod. What is the percentage
of germination, if all three million seeds are planted
and 1,860,000 germinate?

ILEARKNSMAIIRTS Goonline to follow your personalized leaming path to review, practice,

and reinfonce your understanding.



ENGINEERING & TECHNOLOGY

Tending a vegetable garden on another
planet may seem like a scene from a
science fiction movie, but scientists hope to
make “space farming” a reality in the near
future. MASA scientists and engineers are
developing new kinds of technology to study
and grow plants in outer space.

More veggies, please!

Can you imagine eating prepackaged food

for hundreds of days in a row? Until recenthy,
that was the fate of astronauts aboard the
Internotional Space Station {i55). These
astronauts can be in space for more than 300
days. The lomg missions pose a problem—lack
of fresh food. The solution? Grow fruits and
vegeiables in outer space.

To accomplish this task, scientists developed
the Vegetable Production System (WVeggie).

a plant growth system designed for use

im outer space. Veggie provides the right
amaoumnt of light and nutrients for seeds. It also
provides a means to anchor plant roots in the
microgravity of space.

Weggie's first salad greens were harvested in

20M4, and soon its crops were deemed safe
for the astromauts aboard the 1S5, The salad
was one small meal for humans, but a giamt
leap for humankind—this marked the first time
that people ate fresh food not grown on Earth.

COMMUNICATE SCIENTIFIC AND
TECHMICAL INFORMATION
Conduct further research about the Veggie

system used on the IS5. Create a manual
about how the technology works.

Would you eat space spinach? Scentists are using
technology like this to simulate conditions. on ofher
planets.

Providing fresh food to the Earth-orbiting 155
is a major accomplishment. But MASA hopes
to someday send crewed missions to Mars.
The missions will imsobee years of space travel
and exploration. What can be done to ensure
that astronauts have a supply of fresh food?

Scientists are tackling that problem by
recreating conditions found on Mars here
on Earth. They are growing crops in artificial
regolith, a rocky material that covers most
of Mars. Preliminary results are promising,
glthough astromauts would have to add
fertilizers and remove some toxic chemicals
for the food to be safe to eat.

Scientists hope that, by using new types of
technology, they will be able to meet the
challenge of growing plants in space.

Copyrigfd O M Craac il Dobaates PAES A Se awls Caif
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STUDY GUIDE

L) GO ONLINE to study with your Science Notebook.

Lesson 1 PLANT EVOLUTION AND DIVERSITY
+ Algae were the ancestors of modern land plants.
Plants alternate between a sporophyte and gametophyhe

» stomata

« vascular tissue

« vascular plant

» norvasoular plant

gEmeTakion. - Bkl
+ Momvasoular plants transport substances by diffusion and « strobilus
oamosis, ane small, and grow near water. = cotyledon
+ Seadless vascular plants are adapted to drier conditions, and have
a deminate sporophyvte generation.
* Wascular seed plants include nonflowering and flowering groups.
* Flowers are the reproductive organ in some seed plants.
Lesson 2 PLANT STRUCTURE AMD FUNCTION - epidenmis
* The structure of plant cells and tissues are related to their . ﬁ:“‘
fumctsomn. . ! ele
= There are several different tvpes of plant tissues—meristematic, - it
dermal, vascular, and ground tisswes. « phloem
= The three main organs of a plant are roots, stems, and leaves. = ‘Hn‘_’*mmbﬂ
= Mastic plant responses are not dependent on the direction of the R ol
x N g B , » ground tissee
stimulus; tropisms are responses to stimuli from a specific - ool cip
direction. ——
» endodermis
- peicyce
» petioke
« palisade mesophyll
+ spongy mesophyll
= tramspiration
» nastic esponse
= tropsm
Lesson 3 PLANT REPRODUCTION - vaguisiive neproduuction
= Vegetative reproduction is asexual reproduction. = sepal
= The life cycles of plants involve the alternation of generations. - petal
= A typical flower has sepals, petals, stamens, and one or more pissil
pistils, » endospem
* Flowers can be perfect or imperfect, and complete or incomplete. « seed coat
= Some flower modifications dstinguzsh monocots from ewdicots. = 'BE'T“i“‘ﬁ“'”
= Modifications make flowers more attractive to pollinators. : ral icks .
= Seeds provide nutritson and protection for the embryo, while « dormancy

frugts help protect and disperse sesds.
= Enwironmental condstions affect seed germimation.
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.2/ Module Wrap-Up - 4

REVISIT THE PHENOMENON

Why are these trees
shaped this way?

@& Claim, Evidence, Reasoning

Explain your Reasoning Revisit the daim you made when you encountered the
phenomenon. Summarize the evidence you gathered from your investigations and
research and finalize your Summary Table. Does your evidence support your claim? If not,
revise your claim. Explain why your evidence supports your claim.

STEM UNIT PROJECT
Mow that you've completed the module, revisit your STEM unit project. You will
summarize your evidence and apply it to the project.

GO FURTHER

Data Analysis Lab
How does Nostoc benefit a hormwort?

Cyanobacteria, usually species of Nostoc, form mutwalistic
relationships with a few verworts and the majority of
hornworts.

Data and Observations Mostoc colonies appear as dark spofs
within gametopiyte tissue, as shown in the photo.

o ) Py Fob e D s i ¥ Bl o

Malyze and Interpret Data “Diata obtained frome Costa, J-L., et sl 2001,

5 2. . . Gemetic diversity of Nostoc symbionts
1. Claim, Evidence, Reasoning Hypothesize about the benefit(s) endaphylically assotisted with hwa beyophyte

the cyanobacteria receive from the hornwort. species. Appl Emdr Microtiol 67 4353-4396.
2. Design an experiment to test your hypothesis.

Copyrigd @ M Coasetil Dikiad
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INTEGUMENTARY, SKELETAL, AND
MUSCULAR SYSTEMS

ENCOUNTER THE PHENOMENON
How does the climber keep
herself from falling off the cliff?

& Ask Questions

Do you hawve other guestions about the phenomenon? if so, add them to the driving
question board.

Claim, Evidence, Reasoning

Make Your Claim Use your Collect Evidence Use the Explain Your Reasoning You
CER chart to make a claim lessons in this module to will rewisit your claim and
about how the climber keeps collect evidence to support explain your reasoning at the
herself from falling off the cliff. | your claim. Record your end of the module.

Explain your reasoning. evidence as you move

through the module.

QGD OMNLIME to access your CER chart and explore resources that can
help you collect evidence.

A\

LESSOM 1: Explore & Explain: LESSON 2 Explore & Explain:
The Integumentary System: The Skeletal System: How
How Skin Works Bones Work

<



LESSON 1
THE INTEGUMENTARY SYSTEM

FOCUS QUESTION .

What are the structures and functions of the
integumentary system?

The Structure of Skin

The integumentary {ihn TEG yuh MEN tuh ree) system is the organ system that covers
and protects the body. Skin is the main organ of the integumentary system and is
composed of four tvpes of tissues: epithelial tissue, connective tissue, muscle tissue,
and nerve tissue. Epithelial tissue covers body surfaces, and connective tissue provides
support and protection. Muscle tissue is involved in body movement. Nerve tissue
forms the body's communication network.

The epidermis

Eefer to Figure 1, which illustrates the twio main lavers of skin as seen through a micro-
scope. The outer superficial layer of skin is the epidermis. The epidermis consists of
epithelial cells and is about 10 to 30 cells thick, or about as thick as a sheet of paper. The
outer layers of epidermal cells contain keratin (KER uh tun), a protein that

waterproofs and protects the

cells and tissues that lie o Hair shaft S —
underneath. These dead, outer apillary \ pore
cells are constantly shed. o 1 Epidermis

Figure 2 on the next page
shows that some of the dust in

a house are dead skin cells. As
much as an entire layer of skin

joined tegether for specific purpases.
Summarize who! fypes of fisspes ]
ke go the sk F.Ht'_.' liss s

cells can be lost each month. %
Flgure 1 5kin ks an organ because it o ] L Subcutaneous T
consists of different types of tissues < - i laryer E

1:-:1 3D THIMNKING OC Disciplinary Cone Ideas SEP Srience & Engineering Practices

COLLECT EVIDENCE INVESTIGATE

| use your Science Joumal 1o ) GO ORNLINE to find these activilies and more resournces.
recard e vigence you cullect 3= | & Quick Investigation: Examine Skin

you Compiete the readings and Carry out an investigation io determine structures of skin.

activities in this |esson.
(559 dentity Cross Cutting Concepts
Create a table of the crosscutting concepts and fll in examples you find as you read.
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The inner laver of the epidermis contains cells that continually are
dividing by mitosis to replace cells that are lost or die. Some cells in
the inner laver of the epidermis provide protection from harmful
ultraviolet radiation by making a pigment called melanin. Melanin
is a pigment that absorbs light energy. This protects deeper cells
from the damaging effects of ultraviolet rays of sunlight. The
amount of melanin that is produced alse influences the color of
a person’s skin. A suntan results when melanin is produced in
response o exposure to the ultraviolet radiation in sunlight.

The dermis

Directly beneath the epidermis is the dermis, the second layer
of skin. The thickness of the dermis varies but usually is 15-40 Figure 2 The dust mite piciured here
times thicker than the epidermis. The dermis consists of connective  feed on dead skin cells—a majos
tissue, a type of lissue that prevents the skin from tearing and companent of dust.

also enables the skin to return to its normal state after being

stretched. This layer contains other structures including nerve cells, muscle fibers,

sweal glands, oil glands, and hair follicles. Beneath the dermis is the subcutaneous

layer, a laver of connective tissue that stores fat and helps the body retain heal.

EGH It?

Describe the hierarchical structure and organization of the skin.

Hair and nails

Hair, fingernails, and toenails also are parts of the integumentary system. Both hair and
nails contain keratin and develop from epithelial cells. Hair cells grow out of narrow
cavities in the dermis called hair follicles. Cells at the base of a hair follicle divide and
push cells away from the follicle, causing hair to grow.

Hair follicles usually have sebaceous or oil glands associated with them, as shown in
Figure 3. Sebaceous glands lubricate skin and hair. When sebaceous glands produce too
much oil, the follicles can become blocked. il dirt, and bacteria can become trapped
in the follicles and erupt and spread to surrounding areas. The trapped material can
close the opening of a follicle, causing a whitehead, blackhead, or acne—an inflamma-
tion of the sebaceous glands.

Figure 3 Hairs grow outof hair follcles, structures
faund in the dermis.
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Fingernails and toenails grow from specialized
epithelial cells at the base of each nail. As cells at
the base of a mail divide, older dead cells are
compacted and pushed out. Mails grow about 0.5
to 1.2 mm per day. You might have heard that
nails and hair continue to grow for several days
after death. This is a myth; cells surrounding the
niail and hair cells dehydrate causing the cells 1o
shrink and pull away from nails and hair. This
miakes both appear longer.

Functions of the
Integumentary System

5kin serves several important functions inclod-
ing regulation of body temperature, production
of vitamin D, protection, and perceplion of
one’s surroundings.

Temperature regulation

What happens when a person is working outside
on a hot summer dav? In order to regulate body
temperature, the person sweats. As sweat
evaporates it absorbs body heat, thereby cooling
the body. What happens to skin when a person
gets cold or frightened? “Goose bumps™ are
caused by the contraction of muscle cells in the
dermis. In other mammals, when these muscles
contract, the hair {fur) stands on end.

Mtice the frightened cat in Figure 4. The cat
appears larger, perhaps as a way o scare off
enemies. This also is a mechanism for trapping
air, which insulates or warms the mammal.
Humans do not have as nich hair as most other
miarnmals, but “goose bumps” are caused by the
same type of muscles that make a cat’s fur stand
on end. Humans rely on fat in the subcutaneous
layer instead of hair to keep warm.

Vitamin production

5kin also responds to exposure to ultraviclet
light rays from the Sun by proeducing vitamin D
Vitamin D increases absorption of calcium into
the bocdstream and is essential for proper
bone formation. Many foed products, such as
miilk and orange juice, are now fortified with
vitamin .

Fi-g-ure4 Muscles i the skin cause the hair of some
mamimals o stand on end, and Cause 'g-'.'ll:lEuE bunnps™ on
human skin.

Relate w.l'uilu'-E'I'."r'.'."l."ﬂl'."JEl'Z"."l:".lC."Q."lglE'E ,G‘."I.'Iﬂ.'.lflé' -QII.'IDSE'

Dimos

Protection and senses

Intact skin prevents the entry of microorganisms
and other foreign substances. Skin helps main-
tain body temperature by preventing excessive
waber loss. Melanin in the skin protects against
ultraviclet rays. Information about changes in
the enwironment, such as pain, pressure, and
temperature changes, is relaved to the brain.

Eﬁet It?

Identify the functions of the skin and which
layer of skin is associated with each
function.

Damage to the Skin

Skin has the remarkable ability to repair itself.
Without a repair mechanism, the body would
be subject to invasion by microbes through
breaks in the skin.

Cuts and scrapes

Sometimes, as in the case of 2 minor scrape,
only the epidermis is injured. Cells deep in the
epidermis divide to replace the lost or injured
cells. When the injury is deep, blood vessels
might be injured, resulting in bleeding. Blood
flows out of the wound and a clot is formed.

oyl g WeiCor v M B Bk oy Febesgra phie S Bl by bn s
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Blood clots form a scab to close the wound, and cells beneath the scab multiply and fill
in the wound. At the same time, infection-fighting white blood cells will help get rid of
any bacteria that might have entered the wound.

Effects of the Sun and burns

Ciopyright M Craer Hll ks sl on

As people age, the elasticity of their skin decreases and they start to get wrinkles.
Exposure to ultraviolet rays from the Sun accelerates this process and can result in
burning of the skin and other damage.

LR Connection | Burns, whether cansed by the Sun, heat, or chemicals, usually
are classified according to their severity. The types of burns are summarized in Table 1.
First-degree burns generally are mild and involve only cells in the epidermis. A burn
that Misters or leaves a scar is a second-degree burn and involves damage 1o both the
epidermis and dermis. Third-degree burns are the most severe. Muscle tissue and nerve
cells in both the epidermis and dermis might be destroved, and skin function is lost.
Healthy skin might have to be transplanted from another place on the body in order to
restore the protective layer of the body.

Eﬁet It?

Conftrast the three types of burns.

Table 1 Classification of Burns

Severity of burn

Cells. in the epidermis are injured | - Redness and swelling
Fiest-degeen and may die. « Mild pain
Cells deeper in the epidermis - Blisters
Second-degree die. Cells in the dermis are  Pain
Injured and may die.
« Skin function kst
Cells. in the epidermis and dermis | - Healthy skin needs to be
Third-degree die. Merve cells and muscle cells transplanted
are injured. » Mo pain because of nerse cell
damage
ACADEMIC VOCABULARY (53 CROSSCUTTING CONCEPTS
Function Dermatologist Systems and System Models Work with &
action, purpose Physicians that specialize in hedping partnes to design a model of the integu-
One function of the skin is fo pratect | Peonle take care of thesr skin are mentary system. Define the system and
the bady. dermatologists. They treat skin discuss how the modsl provides & tool for
conditions ranging from acne to skin -~ | ynderstanding the system.
Cancer.
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Figure 5 Warning signs of skin cancer
include ovious changes to wais or males,
or moles that are imegularly shaped, varled
in oolod, of larger than the diameter of 8
pencil.

Skin cancer

Exposure to ultraviolet radiation, whether it is from the Sun
or from artificial sources such as tanning beds, is recognized
as an important risk factor for the development of skin
cancer. Ultraviolet radiation can damage the DNA in skin
cells, causing those cells to grow and divide uncontrollably.
When this happens, skin cancer results. Refer to Figure 5 to
see some warning signs of skin cancer.

5Skin cancer is the most common cancer in the United
States. There are two categories of skin cancer: melanoma
and nonmelanoma. Melanoma is the deadliest form of skin
cancer. Melanoma begins in melanocytes, the cells that
produce the pigment melanin. Melanoma can spread to
internal organs and the lymphatic system.

Ways to reduce your risk of developing skin cancer include
avoiding prolonged exposure to the Sun, especially between
10 am. and 4 p.m. when the Sun’s rays are the strongest.
Other preventative measures include wearing protective
clothing or sunscreen with a sun protection factor (SFF)

of at least 15.

|E Check Your Progress

Summary

+ The skin is the major organ of
the integumentary system.

+« Maintaining homeostasis is one
function of the integumentary
system.

+ There are four types of tissue
in the integumentary system.

+ Hair, fingernails, and toenails
develop from epithelial cells.

+ Burns are classified according

to the sewverity of the damage
to skin tissues.

Demonstrate Understanding

1. Relate the components of cells in skin to their function.

2. Summarize the types of tissues in the integumentary
system and their functions.

3. Generalize different ways the integumentary system
helps a human survive.

4. Sequence the steps of skin repair in response to a cut.

. Compare effects of first-degree, second-degree, and

third-degree burns.

Explain Your Thinking

6. Ewaluate the labels of two skin creams to compare
howe they claim to benefit the skin.

7. ITA"P Connection | To determine how long an SPF
will protect a person from burning in the Sun, multiphy
the amount of time the person can spend in the Sum
before starting to burn by the SPF rating. If an indiid-
val who usually burns in 10 mins uses a product with
an SPF of 15, how long will the protection last?

ILEARKMSMAIRT S Goonline tofallow your personalized leaming path to review, practice,
and reinforoe your understanding.

Kapeyright, BaiCarioe bl | E vl i (1) Plitsorsid Carmar Do o (RGO O, P, PAara &/ 5 v Phadin il o sy
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LESSON 2

THE SKELETAL SYSTEM

FOCUS QUESTION
What are the structures and functions of the skeletal system?

Structure of the Skeletal System

Motice all the bones in the adult skeleton pictured in Figure 6. If vou counted them, yvou
wiould find that there are 206 bones. The human skeleton consists of two divisions—the
axial skeleton and the appendicular skeleton. The axial skeleton includes the skull, the
vertebral column, the ribs, and the sternum. The appendicular skeleton includes the
bones of the shoulders, arms, hands, hips, legs, and feet.

Skeletal system
1
| |
Axial skeleton [80) Appendicular skeleton {126)
| Skml'alil/ll'f | cvice @y |
[F et

bones (29) A Scapula [2)

Humerus (2}

Ribs (24) | /s Radius (2) Upper
Carpal bones [16) limbs (&0}
Vertebral Metacarpal bones (10)
column (26) Phalanges (28)
Pelvic girdle [2)

i Femur (2) ]
3 Patella (2) Flgme & The aal
B ;';i::é] P skedatan ncludes the
5 L = bones of the head, back,
i | Tarsal bones (14) Wmbs (60) 4 chest Bones in the
E I Metatarsal bones (10) appendicular skeleton ane
2 Phalanges redated i movement of the

limibs.

I.::] 3D THINKING O<l Discipiinany Core ideas G Crosscutting Concepls ZEM Science & Engineering Practices

COLLECT EVIDENCE INVESTIGATE
'Ememklm:emmalm 2 GO ONLINE o find these aciivities and mare rSsources.

record the evidence you collect as | —, ) )
you complete the readings and ﬂjﬂhl.ﬂ:: Forensies: How can skeletons help you solve a “crime™?

P —— Plan and carry out an imvestigation to determine if the structure of a bane can tell which
animal it came from.

e Ciuick Investigation: Examine Bone Attachments
Carry out an imvestigation to detemmine structures of the skebetal system.
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Compact and spongy bone

Bone is a connective tissue that has many shapes and sizes. Bones are classified as long,
short, flat, or irregular. Refer to Figure 6 on the previous page. Arm and leg bones are
examples of long bones, and wrist bones are examples of short bones. Flat bones make
up the skull. Facial bones and vertebrae are irregular bones.

The outer lavers of all bones are composed of compact bone. Cl:q).:llﬂu is dense and
strong; it provides strength and protection. Running the length of compact bones are
tube-like structures called osteons, or Haversian systems, which contain blood vessels and
nerves. The blood vessels provide oxvgen and nutrients o ostescybes—living bone cells.
The centers of bones can differ greatly, as illustrated in Figure 7. As the name suggests,
Whlm is less dense and has many cavities that contain bone marrow. Spongy bone
is found in the center of short or flat bones and at the end of long bones. Spongy bone is
surrounded by compact bone and does not contain Haversian systems.

There are two types of bone marrow—red and vellow. Red and white blood cells and
platelets are produced in red bone marrow. Red bone marrow is found in the humerus
bone of the arm, the femur bone of the leg, the sternum and ribs, the vertebrae, and the
pelvis. The cavities of an infant’s bones are composed of red marrow. Children’s bones
have more red marrow than adult bones. Yellow bone marrow, found in many other
bones, consists of stored fal. The body can convert vellow bone marrow to red bone
marrow in cases of extremne blood loss or anemia.

Formation of bone

The skeletons of embryos are compaosed of cartilage. During fetal development, cells in
fietal cartilage develop into bone-forming cells called ostesblasts. The formation of bone
from osteoblasts is called ossification. Except for the tp of the nose, outer ears, discs
between vertebrae, and the lining of movable joints, the human adult skeleton is all
bone. (Osteoblasts also are the cells responsible for the growth and repair of bones.

Compact Marrow Spongy bone
bone cavity

- — Cartilage

i ﬁ'a._
Fef;meum

Osteocyte
Figure 7 Bone ks either compact bone or spongy bone.
Classify how spongy bone ood compoct bone differ in locolion and function.

o Hewr Cadenmvewr S o e e
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Remodeling of bone

Bones constantly are being remodeled, which
involves replacing old cells with new cells. This
process is continual throughout life and is
important in the growth of an individual. Cells
called osteaclasts break down bone cells, which
are then replaced bv new bone tissue.

Repair of bone

Fractures are common bone injuries. When a
bone breaks but dees not come through the
skim, it is called a simple fracture. A compound
fracture is one in which the bone protrudes
through the skin. When a bone is fractured,
repair begins immediately. Figure 8 illustrates
the repair of a broken bone.

Fracture Upon injury, endorphins, chemicals
produced in the brain that help to relieve pain,
flood the area of the injury o reduce pain
temporarily. The injured area becomes
inflamed, or swollen. Within about eight hours,
a blood clot forms between the broken ends of
the bone and new bone begins to form. The
release of endorphins and formation of the
bloed clot are examples of how feedback
mechanisms help the body respond to changes
in homeostasis. The tissues in the body send
commumnication signals that help the body
maintain homeosstasis. The fracture repair
begins with a soft callus, or mass, of cartilage
forming at the location of the break. This tissue
iz weak, so the broken bone muost remain in

Place.
EGH it?

Describe the feedback mechanisms
invoheed in responding to a broken bone.

Callus formation About three weeks later,
osteoblasts form a callus made of spongy bone
that surrounds the fracture. The spongy bone
is then replaced by compact bone. Ostenclasts
remiove the spongy bone while ostecblasts
preduce stronger, compact bone. Splints, casts,
and sometimes traction can ensure that the
broken bone remains in place until the
compact bone tissue has formed.

Remodeling Bones require different amounts
of time to heal. Age, nutrition, location, and
severity of the break are all factors. A lack of
calcium in a person’s diet will slow down bone
repair. Bones of younger people usually heal
more quickly than bones of older people. For
example, a fracture might take only four to six
weeks to be repaired in a toddler, but it might
take six months in an adult.

Compact bone

Callus formation
Connective tissue

Healed fracture

Figure 8 Hone repair requires several steps. First, a mass
of clofied blood forms in the space befween the brosn
bames. Then connective tissue fills the space of the broken
bane. Eventually, osteobiasis produce new bone tissue.
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Joints

Joints occur where two or more bones meet. They can be classified according to the move-
ment they allow and the shapes of their parts. Table 2 identifies five kinds of joints: ball-and-
socket, pivot, hinge, gliding, and sutures. Study Table 2 to identify the type of movernent that
each kind of joint allows and also the bones involved in each example.

Mot all joints are movable. The joints between some skull bones, called sutures, are ficed.
They are joined together by fibrous tissue. At birth, however, skull bones are not all fused
together. This flexibility helps avoid damage to the brain during birth. They become fused by
the time a baby is about three months old. Gliding joints, like those found in the wrists and
ankles have limited movement. Other joints, such as the hinge joint of the elbow and knee,
and the pivot joint in the lower arm and neck, allow back-and-forth movement and twisting.

The ball-and-socket joints of the hips and shoulders have the widest range of motion.
The bones of joints are held together by tough bands of connective tissue called I:gu.u!ﬂn.

Table 2 Some Joints of the Skeletal System

ETGER T il Ball-and-Socket Pivot Hinge Gliding Sutures.
\ f
Example J ——

Drescription In & ball-amd- The primany In a himge joint, Gliding joints Sutures are joints
Socketl jointk, the mowvement at a e COnfwes allow side-to-side | in the skull that
balHike surface of | pivot joint is surface of one and back-and- are not movabile.
one bone fits into 8 | rotation. One bone fits into the | forth movement. | There are 22
cuplke depression | example of a phvot | concave surface | The jednts in bones inan adult
of another bone. | joint is the elbow | of another bone. | wrists and ankies | skull. All skul
The joints of the joint, wherne two Elbows and knees | are gliding joints. | bones except the
hips and shoulders | bones of the are hinge joints. | The joints of Iowet jaw bone
are ball-and-socket | lower arm meet. | They allow vertebrae also are | are joined at
joirts. They alliow a | This joint allows & | back-and-farth qliding jodrits. SUTUFEs.
person i swing person o twist mowement like
thesir armis and the kower arm. that of a door
legs. hirigpe.

ET3 CROSSCUTTING CONCEPTS

Systems and Systems Models Consider a model of pant of the skeletal system.
What system components does the model help you study® Weite a paragraph

describing the usefulness of the model.

Copyright M Crase il | Echs i on
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Osteoarthritis

The ends of bones in movable joints, such as the knee, are
covered by cartilage, which serves as a cushion and allows
smooth movement of the joint. Ostecarthritis {ahs tee oh ar
THEI tus) is a painful condition that affects joints and resulis
from the deterioration of the cartilage. It is a very comman
condition in knees and hips and also affects the neck and back.
(steparthritis affects about ten percent of Americans and the
frequency increases with age. A young person who has a joint
injury is at risk to develop ostecarthritis later in life.

Rheumatoid arthrtis

Rheumatoid (reo MAH toyd) arthritis is another form of arthri-
tis that affects joints. Eheumatoid arthritis is not the result of

cartilage deterioration or of wear and tear on the joint. Affected ~ Figure 3 Rheumatoid arihiitis can cause

joints lose strength and function and are inflamed, swollen, and 733 08 JURGIR Sret Samcion ans

painful. Joints can become deformed, as shown in Figure 9. MRS SEWESE .

Campane how meumoeiosd arfifnilis
differs from the maore common

Bursitis
asfasarthifis.

Shoulders and knees also have fluid-filled sacs called bursae

that surround these joints. Bursae decrease friction and act as a

cushion between bones and tendons, which attach muscle bo bone. Bursitis is an imflam-
mation of the bursae and can reduce joint movernent and cause pain and swelling.
“Tennis elbow” is a form of bursitis. Treatment involves resting the affected joint.

Sprains

A sprain involves damage to the ligamenits that hold joints together. It is caused when a joint
is twisted or overstretched and usually causes the joint to swell and be tender and painful.

Functions of the Skeletal System

You might think that the only purpose of a skeleton is to serve as a framework o
support the body. The bones of the legs, pelvis, and the vertebral column hold wp the
body. The mandible supports the teeth, and almost all bones support muscles. Many
soft organs are directly or indirectly supported by nearby bones.

The skeletal system serves other functions besides support, as shown in Table 3 on the
next page. The skull protects the brain, vertebrae protect the spinal cord, and the rib
cage protects the heart, lungs, and other organs.

The outer lavers of bone tissue also protect the bone marrow found inside bones. In
addition to forming red bloed cells and white blood cells, red bone marrow forms
platelets, which are imvolved in blood clotting. Red blood cells are produced at the rate
of more than two million per second.

Until a person reaches about seven years of age, all bone marrow is red bone marrow.
Themn, fat tisswe replaces some red marrow and gives the marrow a vellowish appearance,
which gives it its name. Fal is an important source of energy.
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Bones are reservoirs for the storage of minerals such as calcium and phosphorus. When
blood calcium levels are too low, calcium is released from bones. When blood calcium
levels are high, excess calcium is stored in bone tissue. Through this system of feedback
and response, the skeletal system helps to maintain homeostasis in the body.

Bones that have muscles attached to them allow movement of the body. For example, as
muscles pull on the bones of the arms and legs, they cause movement. Muscles that are
attached to your ribs allow vou to breathe normally.

Table 3 Functions of the Skeletal System

Function

Drescription
= Legs, pelis, and vertebral column hold up the body

Formation of blood cells

Reservalr

Support = Mandible supports the testh
= Almiost all bones support musches
= Skull protects the braim
Protection = Vertebrae protect the spinal codumn

+ Rib cage protects the heart, lungs, and other organs

« Fed bone mamrow prnduces. red blood cells, white blood celis,
and platelats

= Stores calcium and phosphorus

Mowvement

« Aftached muscles pull on bones of arms and legs
- Diaphragm allows normal breathing

\E Check Your Progress

Summary

+ The human skeleton consists of
two divisions.

+ Most bones are composed of
two different types of tissue.

+ Bones are being remodeled
constanthy

+ Bones work in conjunction with
muscles.

+ The skeleton has several
important functions.

Demonstrate Understanding

1. ldentify and describe the functions of the axial skele-
ton and the appendicular skeleton.

2. Compare the compositions of red bone marrow and
yellow bone marrow.

3. Compare the body's mechanism for repairing a frac-
twred bone with the original development of bone.

4. Construct a classification scheme for all of the bones
shiown in Figure 6.

Explain Your Thinking

5. Consider what the result might be if ostecblast and
osteoclast cells did not function properly both in a
developing fetus and in an adult.

6. Distinguish between compact and spongy bone based
on appearance, kecation, and function.

ILEARKMSMART Goonline to follow your personalized learning path to review. practice,
and reinforce your understanding.

Copmright. MaCrane HE Erbatam
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LESSON 3

THE MUSCULAR SYSTEM

FOCUS QUESTION
What are the structures and functions of the muscular system?

Three Types of Muscles

A muscle consists of groups of fibers or muscle cells that are bound together. These
specialized cells help the body perform essential functions of life. Figure 10 shows the
three types of muscle. Muscles are classified according to their structure and function.

Smooth muscle

Many hollow internal organs such as the stomach, intestines, and bladder are lined with
smooth muscle. Smooth muscle is called involontary muscle because it is not controlled
consciously. For example, food moves through the digestive tract because of the action
of smooth muscles that line the esophagus, stomach, and intestines. Smooth muscle
does not appear siriated, and each cell has one nucleus.

Muclewus
Mucleus
Mucleus
Striation Striation

Smooth muscle Cardiac muscle Skebetal musce

Cogmpright By Cramp bl B b omy

Fbur! 10 [he three types of musoe cells are smooth muscle, cardac musce, and skedetal muscle.

}:J 3D THINKING DCl Disciplinary Cone ideas o Crossoutting Concepts SEM ESripnce & Engineering Practices

1'\.

COLLECT EVIDEMNCE INVESTIGATE

EUEynwﬁdm:eJnmln DGO ONLINE to find these activities and mode resounces.

record the evidence you collect as & BioLab: How lang can yeu last?

e m?ﬁ“’;"wa“ Flan and carmy out &n investigation to determine i the structures and functions of muscles
TRaliE - wark together on a task.

Wirtual imncestigation: Muscle Stimulation

lUise & moded to determine the effect of stimulaticn on muscles.
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Cardiac muscle

The involuntary muscle present only in the heart is called cardiac muscle. Cardiac
muscle cells are arranged in a network, or web, that allows the heart muscle to contract
efficiently and rhythmically. This arrangement gives strength to the heart. Cardiac
muscle is striped, or striated, with light and dark bands of cells with many nuclei. Cells
usually have one nucleus and are connected by gap junctions.

Skeletal muscle

Most of the muscles in the body are skeletal muscles. Skeletal moscles are muscles
attached to bomes by tendons and when tightened, or contracted, cause movement.
Skeletal muscles are voluntary muscles that are consciously controlled to move bones.
Tendons, which are tough bands of connective tissue, connect muscles to bones. Under
a microscope, skeletal muscles also appear striated.

Eam It?

Describe how the three types of muscle cells support essential functions of life.

Skeletal Muscle Contraction

Muost skelbetal mgscles are arranged in opposing. or antagonistic pairs. Figure 11 illustrates
miuscles that you use to raise vour arm and opposing muscles that you use 1o lower vour
arm. Skebatal mscle is arranged into fibers, which are fused muscle cells. Muscle fibers
consist of many smaller units called myofibrils. Myofibrils consist of even smaller units,
miyosin and actin, which are protein filaments. Myofibrils are arranged in sections called
sarcomeres. A sarcomere is the functional unit of a muscle and the part of the musde that
contracts as illustrated in Figure 12 on the next page. The striations of skeletal muscles are
a result of the sarcomeres, which run Z line bo Z line. Z lines are where actin filaments
attach within a myofibril. The overlap of actin and myosin filaments results in a dark band
called the A band. The M line consists of only rmyvosin filaments. The arrangement of the
components of a sarcormere causes a muscle W shorten and then relax.

Sliding filament theory

The sliding filament theory is also illustrated in Figure 12. This theory states that once a
nerve signal reaches a muscle, the actin filaments slide toward one another, causing the
miuscle to contract. Notice that the myosin filaments do not move. There are many
skeletal muscles involved in a simple motion.

Relaxing
triceps

Figure 11 Skeletal musches are arranged in antagonistic pairs.

Copsright MaCrase il IE d i on
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Figure 12 Visualizing Muscle Contraction

A muscle fiber is made of myofibrils. The protein filaments actin and myosin form
myofibrils.

Mucleus of muscle cell

Mitochondria

= Muscle fiber

The functional unit of M fine:

the myafibril is the
sarcomere. Myofibrils

Myosin
are made of myosin
and actin filaments. ﬁ:ﬁ”“
Zline' A pand
Actin
Sarcomere filaments
{thin}
Relaxed Contracting Fully contracted
In response 1@ & nerve signal, The sliding filament theary
cross bridges are formed explains that muscles contract
betwesn myosin and actin. ATF when actin filamenis slide
I used to change the positian of toward one anather.
the cross bridge, which causes
Sarcomers the movement of actin filameants.
Z line A band

RN
Ay

Ll

LY

LK ]

Movement of actin fllament g



When the nerve impulse reaches
the muscle, calcium is released into the myofibrils causing the
miyosin and actin to attach o each other. The actin filanvenits are
pulled toward the center of the sarcomere, resulting in muscle
contraction. ATF is necessary for this step of muscle contrac-
tion. As the muscle relaxes, the filaments return into their

original positions.

Energy for muscle contraction

Figure 13 Crossing the finish line is a All muscle cells metabolize aerobically and anaerobically. When
O i CneT sufficient oxygen is available, aerobic cellular respiration occurs
Expdaln why noxmol hressrilagy i in muscle cells. Recall that the cellular respiration process
impartant fter iniense exercise. provides ATF for energy. After a period of intense exercise,

muscles might not get encugh oxvgen to sustain cellular respira-
tion, limiting the amount of ATP that is available. Muscles, like those of the athlete in Figure 13,
then must rely on the anaerobic process of lactic acid fermentation for energy. During exercise, lactic
acid builds up in muscle cells, causing fatigue. Excess lactic acid enters the bloodstream and this
stimulates rapid breathing. After resting for a short time, adequate amounts of oxygen are restored
and lactic acid is broken down.

You probably have seen a dead animal along the side of the road. When an animal dies, rigor mortis
sets in. Rigor mortis is a state of prolonged muscular contraction. ATF is required to punp the
calcium back out of the myofibrils, which causes the muscles to relax. In rigor mortis, the dead
animal cannot produce ATE, so the calcium remains in the myofibrils and the muscle remains
contracted. After 24 hours, cells and tissues begin degrading and the muscle fibers cannol remain
contracted.

Eﬁet Itz

Summanze how the integumentary, skeletal, and muscular systems work together to enable
the runner in Figure 13 to finish the race.

Skeletal Muscle Strength

Different people may have different tvpes of athletic abilities. For example, many people do not
develop the physiques of champion bodybuilders, no matter how often they work out in the weight
room. In another case, a person might be the fastest sprinter on the track team, but she quickly
becomes fatigued in a long-distance race. What might be the reason for these differences? The reason
im both cases is the ratio of slow-twitch muscle fibers to fast-bwitch muscle fibers. Both slow-bwitch
and fast-twitch fibers are present in every person’s muscles, but the relative amounts of each may
differ from person o person.

[F59 cCROSSCUTTING CONCEPTS STEM CAREER Connection
Structure and Function Create a poster fo present a detailed examination of the | MBssage Therapist

properties and structure of skeletal muscles. Describe how wnderstanding the Athiletes use massage therapy to help
struscture of the musches reveals thedr function. relax muscles and rebease lactic acid

that builds up during iraining or
competition. Massage therapists must
harve & tharosgh understanding af
anabomy and plhysiclogy.

ko Cait 1y T

Copryvight MCras 1 ok
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Slow-twitch muscles

Muscles vary in the speeds at which they contract. Slow-twitch
muscles contract more slowly than fast-bwitch muscle fibers.
Slow-twitch miuscle fibers have more endurance than fast-twitch
muscle fibers. The body of the triathletes in Figure 14 have
many slow-twitch fibers. These kinds of muscle fibers function
well in long-distance running or swimming because they resist
fatigue more than fast-twitch muscle fibers. Slow-twitch muscle
fibers have many mitochondria needed for cellular respiration.
They also contain myoglobin, a respiratory maolecule that stores
oxvgen and serves as an oxygen reserve. Myoglobin causes the
muscles to have a dark appearance.

Fast-twitch muscles

Fast-twitch muscle fibers fatigue easily but provide great
strength for rapid, short movements. Fast-twitch muscle fibers
are adapted for strength. They function well in exercises requir-

Figure 34 [riathietes have a high

ing short bursts of energy such as sprinting or weightlifling. as propartion of show-twitch muscle fibers
illustrated in Figure 14. Fast-twitch fibers are lighter in color Weight lifiers have a high propartion of
because they lack myoglobin. Because they have fewer mito- fast-twitch muscle fibers.

chondria, they rely on anaerobic metabolism, which causes a
buildup of lactic acid. This causes these muscles to fatigue easily.

|& Check Your Progress

Summary Demaonstrate Understanding
+ There are three types of 1. Construct a chart that lists similarities and differences
muscle tissue. amaong the three types of muscles.
« Skeletal muscles are arranged 2. Explain why aerobic respiration occurs before lactic
in antzgonistic pairs that work acid fermentation im most muscles.
opposite to each other. 3. Compare the role of mitochondria in show-twitch and
+« Smooth muscles line mamy fast-twitch muscle fibers.
internal organs.
+ Cardiac muscle is present only bl L
il i hesat 4. Infer Wild turkeys hawve a higher ratio of dark meat
) {muscle] to white meat than farm-raised turkeys. Wiy
: ‘;‘::t':"ﬁ?;cdlls mEdEbDI'zE does this allow wild turkeys to fly longer distances than
acvobically an domesticated turkeys?
anaerobicalhy.

L WRITING Wrrite an essay about how
structure and function are related in the context of

muscles.

LEARNMSMAIIRT Goonline to follow your personalized leaming path to review, practice,
and reinforce your understanding.



ENGINEERING & TECHNOLOGY

New Sunscreens on the Horizon

-

For thousands of years, people have been
applying substances to their skin to protect
themselves from the harmiul effects of ultravi-
olet (UW]) radiation in sunlight. Mass-produced
madern sunscreens have been available
since the mid-1200s, and the technology is
constantly improwing. Like many technological
ideas, ideas for new sunscreen ingredients
can emerge from inguiry into nature.

Mature Inspires Sunscreen Technologies

Mamy animals are exposed to sunlight for
hours each day without suffering UV damage:
or developing skin cancer. Researchers
recently discovered that many fish,
amphibians, reptiles, and birds produce a
substance called gadusol that protects them
from UV radiation.

Mammals do not produce gadusol. But
researchers can use yeast to produce large
quantities of it. The substance is being
investigated as a potential sunscreen
ingredient.

Humans produce melanin, a substance that
protects owr skin, eyes, and other tissues from
UV radiation. Some researchers recenthy
developed nanoparticles that mimic the
behavior of the structures that produce and

COMMUMICATE TECHMICAL
INFORMATION
Conduct research to find out more about the
DM, film sunscreen. Make 8 brochure to
communicate to health professionals the
benefits of the film as a wound dressing.

Many animals, including this American alligator, produce
gadusol, which prodects their skin from UV radiation.

store melanin in cells. The nanoparticles were
developed with the goal of helping peocple
with conditions such as albinism but could
one day find wider applications in sunscreens.

One problem with sunscreens is that they
wear off or wash off and must be reapplied.
Developed as a new type of dressing for
wrounds, DA film sunscreen is a coating
that can be applied to the skin. Researchers
discovered that the strands of the DINA film
separated, unraveled, and formed new bonds
when exposed to UV radiation. The new
structure absorbs and scatters UV radiation
better than the original. Because its structure
is imtegral to its U'-blocking function, the
film would not work well as a sunscreen
ingredient.

Copryright: Mc Crass Hll Eche i on Caniels 5 vk Shadiartoe koo om
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STUDY GUIDE

QGD OMNLIME to study with your Science Motebook.
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Lessan 1 THE INTEGUMENTARY SYSTEM « epidermis
* The skin is the major organ of the integumentary system. Tl
» Maintaining homeostasis is one function of the integumentary - dermi
system. « lhair follicle
* There are four types of tissue in the ntegumentary svstem. » sehaceows gland
* Hair. fingernails, and toenails develop from epithelial cells.
* Burns are classified according to the severity of the damage to
skin tssues,
Lesson 2 THE SKELETAL SYSTEM » auial skeleion
= The human skeleton consists of bwo divisions, - Appeniculer slelebon
» compact bome
* Most bones are composed of two different types of tssue. . osteocyte
+ Bomes are being remodeled constanthy. = Spongy bone

= Bones work in conjunction with muscles,
+ The skeleton has several important functions.

red bone mamow

« yelow bone marmow

« ostechlast
» ossification
» sleociast
« Byament
Lessan 3 THE MUSCULAR SYSTEM = smooth musde
* There are three types of muscle tissue. Edi-:rt::::::h
+ Skeletal muscles are arranged in antagonistic pairs that work « skebetal muscle
opposite to each other. = volmtary muscle
+ Smooth muscles ine many internal organs. c tl"'d'“"'_
+ Cardiac muscle is present only in the heart. : .bnl
+ All musche cells metabolize both aerobically and - duiry
anaerobically. = Sarcomens
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. THREE-DIMENSIONAL THINKING

-+ Module Wrap-Up

REVISIT THE PHEMOMENON

How does the climber
keep herself from falling
off the cliff?

Claim, Evidence, Reasoning

Explain your Reasoning Revisit the claim you made when you encountered the
phenomenon. Summarize the evidence you gathered from your investigations and
research and finalize youwr Summary Table. Does your evidence support your claim? i not,
revise your claim. Explain why your evidence supports your claim.

STEM UNIT PROJECT
Mow that you've completed the module, revisit your STEM unit project. You will
summarize your evidence and apply it to the project.

GO FURTHER
Data Analysis Lab —
How is the percentage of slow-twitch muscle related Action Slow
to action of a muscle? Twitch
The proportion of slow-twitch to fast-twitch muscle Soleus Elevates &7
fibers can be determined by removing a small piece fleg) The foa
of a muscle and staining the cells with a dye called Biceps femaris Flexes the &7
ATPase stain. Fast-twitch muscle fibers with a high feg) leg
amount of ATP activity stain dark brown. Deitoid Lifts the 52
(Shoulder) arm
Analyze and Interpret Data Stemocleidomas- | Mowves 35
1. Claim, Evidence, Reasoning Explain why a muscle toidews (neck) the head
such as the soleus has more slow-twitch muscle Ovbicularis ooull Closes =
fibers than a muscle such as the orbicularis oculi. (face) the eyelid
2_Classify muscles by giving examples of muscdles “Diata adapted from: Lamb, DR 1984, Physiology of
that have a high proportion of fast-twitch muscle Exeveize New Yor: Macmillan Co

fibers.

Copsyright Mai_raee Hil | Ech o i on oo Eppomon' Shdtend ok oo






- Inspire Biclogy, Student Edition
L]

NERVOUS SYSTEM <

-




inspire Biclogy 512 Student Edition

ENCOUNTER THE PHENOMENON

If you step on several toy blocks,
it's going to hurt. Why is this
response a good thing? 4

<

& Ask Questions

Cio you have other guestions about the phenomenon? i 5o, add them to the driving
question board.

Claim, Evidence, Reasoning

Make your Claim Use your Collect Evidence Use the Explain your Reasoning You
CER chart to make a daim lessons im this module to wiill revisit your claim and
about why a response when collect evidence to support explain your reasoning at the
stepping on toy blocks s a your claim. Record your end of the module.
good thing. Explain your evidence as you move

: TEasoning. through the module.

: IEa'lﬁliill OMLINE to access your CER chart and explore resources that can

-T".' help you collect evidence.

£

L

z =]

E -\\

) )

.

LESSOM 1: Explore & Explain: LESSOM 2: Explore & Explain:
The Nerwous System: How Organization of the Nervous
Merves Work System



LESSON 1
STRUCTURE OF THE NERVOUS SYSTEM

FOCUS QUESTION
What are the structures and functions of a neuron?

Meurons

When vou stub your toe, vou know right away what happened. How does your brain get
the message so quickly? Electricity and chemistry are both involved in getting messages
to vour brain. Neurons are specialized cells that help vou gather information about your
environment, interpret the information, and react to it Neurons make up an enormous
communication network in your body called the nervous system.

Figure 1 shows that a neuron consists of three main regions: the dendrites, a cell body.
and an axon. Dendrites receive signals called impulses from other neurons and conduct
the impulses to the cell body. Each neuron contains several dendrites. The nucleus of
the neuron and many of the cell organelles are found in the cell body. Lastly, an axon
carries the nerve impulse from the cell body to other neurons and muscles.

Eﬁet It?

Relate dendrites, axons, and cell bodies.

Figure 1 There are theee main
paris of a newran: the den-
drifes, a cell body, and an axoa.
Mewrons are highly specialized
cells that are oeganized to form
coenplex networks.

Bk biori

—

1, 13D THINKING Dol Dusciplinary Care Ideas £0f Crosscutting Concepts 3E7 Sciance & Engineering Pract

COLLECT EVIDENCE INVESTIGATE E
Elﬁewuiﬁzmmmlm GO OMLIME to find these activities and mofe resources. %
recoad the evidence you collect as 2 BioLab: How do neural pathways develop and become more efficient? d
i e e s Plan and carry out an investigation 10 determine the effect leaming strategies have on a

activities in this lesson. nearal circult

.a. Giuick Investigation: Investigate the Blink Reflex
Carry out an mvestigation to determine the effect stimuli have on the blink reflex.
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L ] Sy rananen

Miatar reuren

Figure 2 A& simple refles nvolves 3 SENsory newon,
an internewran, and a matar neuren. INEeMeursns can
alsn carmy impulses to the brain

Explain how o refizs might he complated bafore the
bredn infesprets the event

There are three kinds of neurons: sensory Newrons, intermeurons, and molor Renrons.
Sensory neurons send impulses from receptors in the skin and sense organs o the
brain and spinal cord. Sensory nearons signal interneurons, which are found in the
spinal cord and brain_ Interneurons carry the impulse to motor neurons, which carry
impulses away from the brain and spinal cord W0 a gland or muscle, which results in a
response. Refer to Figure 2 to follow the path of an impulse for a simple involuntary
reflex. The nerve impulse completes what is called a reflex arc. A reflex arc is a nerve
pathway that consists of a sensory neuron, an interneuron, and a motor newron. MNotice
that the brain is not involved. A reflex arc is a basic structure of the nervous system.

A Nerve Impulse

PHYSICS A nerve impulse is an electrical charge traveling the length of
a meuron. An impulse results from a stimulus, such as a ooch or a lond bang, which
causes a person bo react.

A neuron at rest

The neuron in Figure 3 is at rest, which means it is not conducting an impulse. MNotice
that there are more sodiurm ions (Ma') outside the cell than inside the cell. The reverse is
true for potassium jons (K'j—there are more potassium ions inside the cell than cutside
the cell.

i
-. Ma* HIII' H: H.I+ HI-I' Ma”
1 I | I
K+ Mar® K K
-
Kt Ma* L K"
| I (] L
1 I I I
Ma+ Ma* E+ H.+ H.-l- mi-
Dutside

Figure 3 The distribution of Na* and K* ions, and the presence of negatively charged protein molecules in
the cytoplasm, keep the inside of the cell more negatively charged than the outside when a neuron is at rest.



- Inspire Biclogy, Studert Edition

Recall that ions tend to diffuse across the plasma membrane from an area of high
concentration of ions to an area of low concentration of ions. Proteins found in the
plasma membrane work to counteract the diffusion of the sodium ions and polassium
ions. These proteins, called the sodium-potassium pump, actively transport sodium ions
out of the cell and potassium ions into the cell.

For every two potassium ions pumped into a neuaron, three sodium ions are pumiped out.
This maintains an unequal distribution of positively charged ions, resulling in a positive
charge outside the neuron and a negatively charged cytoplasm inside the neuron.

An action potential

Another name for a nerve impulse is an action pnﬂi.ll. The minimum stimulus o
cause an action polential to be produced is a threshold. However, a stronger stimulus
does not generale a stronger action potential. Action potentials are described as being
“all or nothing,” meaning that a nerve impulse is either strong enough o travel along
the neurcn or it is not strong enough.

When a stimulus reaches the threshold, channels in the plasma membrane open.
Sodium ions rapidly move into the cvtoplasm of the neuron through these channels,
causing a temporary reversal in electrical charges. The inside of the cell then has a
positive charge, which causes other channels to open. Polassium ions leave the cell
through these channels, restoring a positive charge outside the cell. Figure 4 shows that
this change in charge moves like a wave along the length of the avon.

Action potential e

-[= + * * + + +

==+ + % + + +

cell
K- v IP.nﬂ'mflmpuae
*lE === + o+ +
m+
- i = = = RH'IJngpnl:!nﬂnl .
A |
| A . ™ . [ ——
In
4 Na"] [K°] [K7] ]E.u
e T M= | -
+ + + k==
+ + + + * + + + Ouiside
- = - ~I-[+lsl+ MNa-] Na-] K] cel
Ma-
= = = =|= [Sisl*

+ + + +be =[=]=-
[.

Figure 4 Follow as an action potential moves along an ason trom befi to righi. Motioe what happens o the
Ma* and K™ and how this changes the relative electrical charges inside and outside the newan.

Copright © M CrassBl Echs bion
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Speed of an action potential

The speed of an action potential varies. Many axons have a covering of a lipid called
myelin, which forms an insulating laver, called a sheath, around the axon. The myelin
sheath has many gaps, called nodes, along the length of the axon, as shown in Figure 5.
Sodium ions and potassium ions cannot diffuse through myelin, but they can reach the
plasma mernbrane al these nodes. This allows the action potential to jump from node o
node, greatly increasing the speed of the impulse as it travels the length of the axon. For
examnple, an axon that is not covered with myelin may conduct an impulse at a speed of
only 10 my/s. An axon that is covered with
myelin can conduct impulses at speeds of up to
150 my's.

-
LR

In the human body, there are neurons that have
myelin, and neurons that do not have myelin.
MNeurons with myelin carry impulses that are
associated with sharp pain; neurons that lack
nwelin carry impulses associated with dull,
throbbing pain. The action potentials in these
neurons travel much more slowly than they

do in neurons with myelin. If vou were to
accidentally cut your finger on the cactus Spines g0 6 pain recaptors in the skin woukd send Impukses 1o
shown in Figure &, which kind of neurons the brain if a person’s finger were to be cut by the sharp
winuld be involved? sgimes an this cacius.

Eﬁetﬂ?

Explain the relationship of a threshold to an action potential.

ALY -
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SCIEWCE USAGE v. COMMON USAGE (95 CROSSCUTTING CONCEPTS

Channel Systems and System Models Study Figure 4 and Figure 5.
Sectence usage: 3 path along which information inthe fomaof | Using evidence from these tao figures, wile an analogy
ions. or molecules passes ihat helps to explain how the parts of 2 nerve woek together
Nense impalses move 0 chandels open i the phasma i conduct an impulse.

membrone.

Common usage: the deeper part of a river, harbar, of strait

Large ships move Bwawgh o havbar choane!,
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Figure 7 Visualizing An Action Potential

To cause the voluntary contraction of a muscle, a signal from the brain creates an
action potential in a motor newron. This action potential travels along the motor
meuron, which leads to the release of a neurctransmitter that signals the fibers of
the muscle to contract.

Muscle fiber

A neurotransmitter called
acetylcholine (ACh) is
released from the axon of a
miotor neuron.

2. ACh binds to receptors on a
skeletal musde, which results.
in sodium ions (Ma®) entering
the musde. This produces an
action potential. The action
potential travels along the
muscle fiber and leads to a
series of events that will
cause the muscle to contract.

Muscle

Copright © M CrassBl Echs bion
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The synapse

A small gap exists between the axon of
one neuron and the dendrite of another
neuron. This gap is called a synapse (SIH
naps). When an action potential reaches
the end of an axon, small sacs called
vesicles carrying neuroiransmitters fuse
with the plasma membrane and release a
neurctransmitter by exocytosis. When a
Molor Neuron synapses with a muscle
cell, as illustrated in Figure 7 on the Last
page, the released neurotransmitter
crosses the synapse and causes a muscle
o contract.

A neurotransmitter is a chemnical that diffuses across a
synapse and binds to receptors on the dendrite of a neighboring neuron. This causes
channels to open on the neighboring cell and creates a new action potential. Once a
neurctransmitter has been released into a synapse, it does not remain there for long.
Depending on the newrotransmitter, it might simply diffuse away from the synapse, or
enzymes might break it down. Some neurctransmitters are taken up by the transport
proteins in the membane of the nearon and used again. Figure § shows that a single
Neuron can communicate with many other neurons.

Fblll‘fﬂ & simgle neunon can hawe multiple oonnections with
other newrons.

|E Check Your Progress

Summary Demonstrate Understanding
+ There are three major parts 1. Relate the structure of a neuron to its function.
of a neuron. 2. Describe how the structures of the nervous system are
« There are three basic types organized in a hierarchy.
of neurons. 3. Infer why energy is necessary to counteract the
+ A nerve impulse is an electric diffusion of Ma* and K* ons across the plasma
charge and is called an action membrane of a newron.
potential
+ Meurons use chemicals and plain ‘I’nur111_hhing I _
electricity to relay impulses. 4. Plan an experiment that neurcbiclogists could use to

show that an action potential fravels faster along a
myelinated axon than along a nonmyelinated axon.
M MATH The sciatic nerve extends from
the lower spinal cord to the foot. If a person’s sciatic
nere is 0914 m in length and the speed of an action
potential is 107 mis, how long will it take for a nerve
impulse to travel the full distance of this nerve?

LEARMSMMAMRT Goonline to follow your personalized leaming path to review, practice,
and reinforce your undersianding.



LESSON 2
ORGANIZATION OF THE NERVOUS SYSTEM

FOCUS QUESTION
What are the major differences in the divisions of the
nervous system?

The Central Nervous System

The nervous system consists of two major divisions. The interneurons of the brain and
the spinal cord make up the central nervous system (CN5). The peripheral nervous
system (N5 consists of the sensory neurons and motor neurons that carry informa-
tion o and from the CH5.

The function of the CIN5 is the coordination of all the body’s activities. It relays mes-
sages, processes information, and analyzes responses. When sensory NeWnons Carry
information about the environment to the spinal cord, interneurons might respond via
a reflex arc, or they might relay this information to the brain. Some brain interneurons
send a message by way of the spinal cord to motor neurons, and the body responds.
Other neurons in the brain might store the information.

E Get It?

Describe the function of the central nervous system.

The brain

Crer 100 billion reurons are found in the brain. Because the brain maintains homeostasis
and is involved with almost all of the body's activities, it is sometimes called the control
center of the body. Refer to Figure 9 on the next page to learn about important events
that have led to understanding of the functions of the brain. For example, four thousand
vears ago surgeons drilled holes in people’s skulls in an effort to reduce pressure on the
brain after a head injury or to release “bad humaors™ from the heads of people who had a
meental illness. Fast forward to 1981, and the first mediciation used to treat depression is
available with a presciption. The noninvasive brain surgery first performed in 2009 has
been used to treal patients with pain or uncontrollable remors. Approximately 1,000
beams of ultrasound pass through the skull and are focused on a specific area of tissue.

Tkl

—

1, 13D THINKING Dol Dusciplinary Care Ideas 20 Crosscutting Concepts 3E7 Sciance & Engineering Pract

COLLECT EVIDENCE INVESTIGATE

Emwuiﬁzmmmlm DGO OMLIMNE to find these activities and mofe resources.

recond the evidence you collect as | (53 jdentify Cross Cutting Concepts

i e e s Create a table af the crossoutting concepts and fill in examples you find as you read.

activities in this |esson.
' Revisit the Encounter the Phenomenon Question
‘What information from this lesson can help you answer the Module guestion?

Copvrisle © Mk
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Figure 9
Brainstorm
For thousands of years, scientists have

studied the brain and imsestigated ways 1o
freal neurological diseases.

Copyright € M Cram bl Frhmation
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Refer to Figure 10. The cerebrum (suh REE brum) is the largest part of the brain and is
divided imto two halves called hemispheres. The two hemispheres are not independent
of each other; they are connected by a bundle of nerves. The cerebrum carries out
thought processes involved with learning, memory, language, speech, voluntary body
movements, and sensory perception. Most of these higher thought processes occur near
the surface of the brain. The folds and grooves on the surface of the cerebrum, as shown
in Figure 10, increase its surface area and allow more complicated thought processes.

Eﬁet It?

Explain the importance of the folds and grooves on the surface of the cerebrum.

Figure 10 Top: A photograph of & human brain shaws distnct
sertions. Botlam: The majos sections of the beain are the
cerebnum, the cerebelium, and the brain stem.

Describe Me posilion of the carsham i reimion & the cerebedium.

Copyright O M Craac il Dobastes ©heil o Dok l! B Coan- 10 Dok e
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The cerebellum controls balance, posture, and coordination, and is located at the back
of the brain. The cerebellum is responsible for the smooth and coordinated movement
of skeletal muscles and is also involved with motor skills, such as plaving the piano or
riding a bike.

The brain stem connects the brain to the spinal cord and is made up of two regions
called the medulla oblongata and the pons. The medulla oblongata relays signals
between the brain and the spinal cord. It also helps control breathing rate, heart rate,
and blood pressure. The pons relays signals between the cerebrum and the cerebellum.
The pons alse helps control the rate of breathing. Have vou ever felt a gagging sensation
when vour doctor put a tongue depressor in your mouth? The medulla oblongata
centains the interneurons responsible for the swallowing, gagging. vomiting. coughing,
and sneezing reflexes.

Located between the brain stem and the cerebrum, the hypothalamus is essential for
maintaining homenstasis. The hypothalamms (hi poh THA luh mus) regulates body
temperature, thirst, appetite, and water balance. It also partially regulates blood pres-
sure, sleep, aggression, fear, and sexual behavior. It is about the size of a fingernail and
performs more functions than any other brain region of comparable size.

The spinal cord

The spinal cord is a nerve column that extends from the brain to the lower back. It is
protected by the vertebrae. Spinal nerves extend from the spinal cord to parts of the
body and connect them bo the central nervous system. Reflexes are processed in the
spinal cord.

Iﬁﬁe’tﬂ?

Explain the importance of the central nervous system in the human body.

The Peripheral Nervous
System

When vou hear the word meroe, vou might initially
think of a neuron. However, a nerve is a bundle of
axons. Many nerves contain both sensory and motor
neurons. For example, there are 12 cranial nerves that
lead to and from the brain and 31 spinal nerves (and
their branches) that lead to and from the spinal cord,
as shown in Figure 11. You could think of nerves as
twi-way streets. Information travels to and from the
brain through these sensory and motor neurons.

Figure 1 Thirty-one pairs of spinal nerves extend from
the spinal cosd.

Differentiate newrons and nenves.
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Refer to Figore 12 as you read about the peripheral nervous system. This system
includes all neurons that are not part of the central nervous system, including sensory
neurons and motor neurons. Meurons in the peripheral mervous system can be classified
further as being either part of the somatic nervous systemn or part of the autonomic
NEFVOUS system.

The somatic nervous system

Merves in the somatic nervous system relay information from external sensory receplors
1o the central nervows system. Somatic molor nerves relay information from the central
nervous system bo skeletal muscles. Usually, this is voluntary. However, not all reactions
of the central nervous system are voluntary. Some responses are the result of a reflex,
which is a fast response o a change in the environment. REeflexes do not require con-
scious thought and are involuntary. Most signals in reflexes go only to the spinal cord
and not to the brain. Remember the example of someone putting their hand near a hot
stove burner? Refer to Figure 2 in Lesson 1, and note that the illustrated reflex is part of
the somatic nervous system.

The autonomic nervous system

Eemember the last time you had a scary dream? You might have awakened and realized
that vour heart was pounding. This type of reaction is the result of the action of the
autonemic nervous systemn. The aulonomic nervous system carries impulses from the
central nervous system to the heart and other internal organs. The body responds
involuntarily, not under conscious control. The autonomic nervous system is important
in two different kinds of situations. ¥When you have a nightmare or find vourself in a
scary situation, your body responds with what is known as a Dight-or-flight response.
When everything is calm, your body rests and digests.

Eﬁet It?

Explain why the nervous system is essential to the human body.

Mervous System

Figure 12 Each divizion of the nemous
system functions in the control of the bedy
and the communecation within the body.

Copyright O M Craac 0l Tkl
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Table 1 The Autonomic Nervous System

Structure Sympathetic Stimulation Parasympathetic Stimulation
Irts {eye muscle) Pupd dilation Pupil constriction
| Heart Heart rate and force increased | Heart rate and force decreased |
| Lunmg Bronchial muscle relaxed I Bronchial muscle confracted |
| Smiall Intestine Muscle contractions reduced Digestion increased |

There are two branches of the autonomic nervous systemn, and
they act together. The sympathetic nervous system is most active in times of emergency
or stress, when the heart rate and breathing rate increase. The parasympathetic mer-
vous system is most active when the body is relaxed. It counterbalances the effects of
the sympathetic system and restores the body o a resting state after a stressful experi-
ence. Table 1 compares and contrasts the two systems. Both the sympathetic and
parasympathetic systems relay impulses to the same organs, but the overall response
depends on the intensities of the opposing signals.

\E Check Your Progress

Summary Demonstrate Understanding

+ The nervous system has two 1. Compare the structures of the cenfral nervous system
major divisions: the central with the structures of the peripheral nernvous system,
nenous system and the and explain their relationships.
peripheral nervous system. 2. Assess the similarities and differences between the

+ The brain and spinal cord make somatic nervous system and the autonomic nervous
up the central nervous system. system.

« The somatic nervous system 3. Explain Which part of the nervous system is invokved
and the autonomic nervous im & fight-or-flight response? Why is such a response
system make up the peripheral important?

NEnous system.
» The sympathetic Explain ‘lfnuTThthg
4 and the 4. Hypothesize what types of tests a researcher could
thetic nervous system are FIEI'_‘DI'mtﬂ El‘EEﬁI‘. wllleﬂmr different sections of the
Fararyches of fhe oo brain were functioning.
MEnous system. 5. Create a mode| that demonstrates how information flows

between the peripheral and central nervous systems.

6. ELIUTTP Connection | Write a short story that

describes a situation involving the heart when the

sympathetic and parasympathetic nernvous systems
wiork together to maintain homeostasis.

LEAMRMNSMAMRT S Goonlineio follow your personalized leaming path to review, practice,
and reinforce your understanding.
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FOCUS QUESTION
What are the different sensory structures and what are

each of them able to detect?

Taste and Smell

Specialized neurons in your body called
sensory receptors enable vou o taste,
smeedl, hear, sea, and touch, and to
detect maotion and temperature.

The senses of taste and smell are
stimulated by chemicals and often

function together. Specialized recep-

tors located high in the nose respond to

chemicals in the air and send the

information to the olfactory bulb in the

brain. Taste buds are areas of special-
ized chemical receplors on the longue
that detect the tastes of sweel, sour,

salty, and bitter. These receptors detect
the different combinations of chemnicals

in food and send this information to
another part of the brain.

The receptors associated with taste and

smell are shown in Figure 13. Signals
from these receptors work together to
create a combined effect in the brain.
Try eating while holding vour nose.

You will find that your food loses much

of its flavor.

\_ 13D THINKING 0O Disciplinary Core Idess

COLLECT EVIDENCE

[_E Lize your Science Jpumal o
record the evidence you collect as
you complete the readings and
activities in this |esson.

INVESTIGATE

GO OMLIMNE to find these activities and mofe resources.
Guick Investigation: Investigate Adapiations to Darkness

Oifactony neme
Oifactory bulh

Otfaciory
Nerve receabars

Smel particles
Taste pasticles

F|gllt 13 The recepiors of 1aste and smell funchon iogether and are
stimuslated in similar ways. Food is ofien smelled as it & tasted.

Bk biori

SCé Crossoutting Concepds 3B Science & Engineering Practices

Copright © M

Carry oul an imvestigation to determine the structures in the eye that adapt to |ow Eght.

Review the News

Dbtain infarmation from a cerent news story about human senses. Evaluate your source and
communicate your findings to your dass.
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Sight

Figure 14 shows the path of light as it travels through the eve. Light first enters the eyve
through a transparent, vet durable, laver of cells called the cornea. The cornea helps o
focus the light through an opening called the pupil. The size of the pupil is regulated by
muscles in the iris—the colored part of the eve. Behind the iris is the lens, which inverts
the image and projects it onto the retina. The image travels through the vitreous humor,
which is a colordess, gelatinlike liquid between the lens and the retina. The retina
contains numerous receptor cells called rods and cones. Rods are light-sensitive cells
that are excited by low levels of light. Cones function in bright light and provide infor-
mation about color to the brain. These receptors send action potentials to the brain via
the neurons in the optic nerve. The brain then interprets the specific combination of
signals received from the retina and forms a visual image.

Figure 44 Light travels throwgh the cormea

and the pupd o the lens, which focuses the
image on the retina. Rods and canes in the

redina send information to the brain through
the optic nerve.

Hearing and Balance

Hearing and balance are the two major functions of the ear. From a soft sound, such as
whispering, to a loud sound, such as a crowd cheering al a sporting event, specialized
receplors in the ear can detect both the volume and the highness and lowness of
sounds. How can yvou stand on one foot without falling over? Canals in the inner ear are
responsible for your sense of balance, or equilibrium. Eeceptors in the inner ear send
messages Lo your brain about the position of vour body and help vou balance on one
foot, even when your eves are closed.

CROSSCUTTING COMCEPTS ACADEMIC VOCABULARY
Systems and Sysiem Models Goggles and salety glasses are important pieces of lab Imterpret

equipment. Lising evidence and temes fram the moded shown in Figure W, construct an - | o explain or 2 the meaning of
explanation about why it ts Important to protect the lens of the eye. O senses hedp us Mferpret ooy
SATIVITEL




Ear canal

I I T
Quter ear Middle ear Inner ear

Figure 15 Sound waves cause the fympanwm to vibrate, and the vibrations traved through the banes of the
middle ear to the cochlea. Hair cells in the cochlea generate nerve impalses, which are sent 1o the brain
through the audilnny nefve.

Hearing

Vibrations called sound waves cause particles in the air to vibrate. Figure 15 illustrates
the path of sound waves as they travel through the ear.

Sound waves enter the auditory, or ear, canal and cause a
membrane, called the eardrum or tvmpanum, at the end of the ear canal to vibrate.
These vibrations travel through three bones in the middle ear: the malleus (also called
the hammer), the incus (anwvil), and the stapes (stirrup). As the stapes vibrates, it causes
the owal window, a membrane that separates the middle ear from the inner ear, o move
back and forth. In the inner ear, a snail-shaped structure called the cochlea (KOH klee
uhj is filled with fluid and lined with tiny hair cells. Vibrations cause the fluid inside the
cochlea to move like a wave against the hair cells. The hairs cells respond by generating
nerve impulses in the awditory nerve and transmitting them to the brain.

Eﬁet It?

Summarize how each sense organ detects changes in the environment.

Balance

The inmer ear also contains organs for balance, including three semicircular canals.
Semicircular canals transmit information about body position and balance to the brain.
The three canals are positioned at right angles to one another, and they are fluid-filled
and lined with hair cells. When the position of vour head changes, fluid within the
semicircular canals moves. This causes the hair cells to bend, which in turn sends nerve
impulses to the brain. The brain then is able to determine vour position and whether
vour body is still or in motion.

Copyright O M Craac 0l Tkl
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Touch

Many types of sensory receptors that respond to
temperature, pressure, and pain are found in the
epidermis and dermis lavers of the skin. Figure 16
illustrates the different types of receplors—some

that respond to light touches and others that
respond to heavy pressure. MNotice that receptors that
respond to light touches are just below the surface of
the skin. Receptors that respond to deep pressure or
vibrations are further below the skin's surface. Other

receptors in the skin send signals when hair is moved.

Dhistribution of receptors is not uniform in all areas of
the body. The tips of the fingers have many receplors
that detect light towch. The soles of the feet have
many receptors that respond o heavy pressure. Pain
receplors are simiple, consisting of free nerve endings
that are found in all tissues of the body except the

Retipins thai Recepion hat  Ruaoapiod that detecs
Oeincs ight iouch  deliecis cold bdwy pranser

Figure 96 Many types of recepbors are found in the
skin_ & person can tell if an object is hat or cold,
sharp of smaoth.

brain. Pain receptors respond to external stimili, such as extreme hot or cold tempera-
tures, as well as o internal stimuli, such as chemicals released by injured cells, making
the area more sensitive to painful stimulation. The brain constantly receives signals

from these receptors and responds appropriately.

|E Check Your Progress

Summary Demonstrate Understanding

« The senses of taste and smell 1. Diagram the route of a sound wave from the auditory
work together. canal until it causes a nerve impulse to be generated.

+ The eye has two types of 2. Predict what might be the result if the cornea was
receptors. damaged.

« The ear is involved in both 3. Amalyze the importance of the kind of receptors found
hearing and balance. im the fingers.

+ The skin has many types of 4. Explain why it might be difficult to taste when you have
SENsOry receptors. a cold and your nasal passages are dogged.

Explain Your Thinking

5. Construct an experiment to test the idea that certain
areas of the tongue are taste-specific.

&. Dewelop a hypothesis as to why people who hawve lost
their sense of sight still experience sight occasionally.
People who once could hear occasionally experience
sound. Why might these phenomena occur?

LEARKNSMAMRT Goonline to follow your personalized keaming path to review, practice,
and reinforce your undersianding.
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LESSON 4

EFFECTS OF DRUGS

FOCUS QUESTION
How can drugs affect the nervous system?

How Drugs Work

A drug is a substance, natural or artificial, that alters the function of the body. There are

many types of drugs, some of which are illustrated in Table 2. Drugs range from pre-

scriptions such as antibiotics, which fight bacterial infections, to over-the-counter pain

relievers. There are also illegal drugs, such as cocaine and heroin, which can cause

addiction and death. Common substances such as caffeine, nicotine, and alcohol are

also drugs. Drugs affect a person’s body in many different ways. Drugs that affect the

nervous system work in one or more of the following ways:

* A drug can cause an increase in the amount of a neurstransmitter that is released into
a symapse.

* A drug can block a receptor site on a dendrite, preventing a neurstransmitter from
binding.

* A drug can prevent a neurclransmitter from leaving a synapse.

= A drug can imitate a neurotransmitter.

Table 2 Some Common Drugs

Alcohol Caffeine Prescription Drugs | Cwer-the-Counter Drugs

o, 0 ey ol Pl ol i sy | i | D M

. Il -

¥

coffee A

beer, wine -, antiblatics, pain aspirin, cokd medications cigaretes, ES
! soda, chocolate | medications pirin, cigars it

i3

H

=

1:::[ 32D THINKING OCi Bisciplinary Core ideas G Crossoutting Concepls SEF Schence & Engineering Bractices:

23
COLLECT EVIDEMNCE INVESTIGATE ;;
[_Emwuk‘emmmlm DGO OMLIME to find these activities and mofe resources. EE
recond the evidence you colect a5 | o) Jdentity Crass Cutting Concepts o
i e e s Create a table af the crossoutting concepts and fill in examples you find as you read.

activities in this |esson.

Review the Mews
Dbtain infarmation from a cuerent news story about the effects of drugs on the human body.
Evaluaie your source and communécate your findings to your class.
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Figure 17 Dopamine crasses the gap from ane neuron and binds to receiver sites, of recegtors, on the
membrane of another neuron. This ooours at a synapse.

Many drugs that affect the nervous system influence the level of a neurotransmitter
called dopamine. Dopamine (DOH puh meen) is a neurotransmitter found in the brain
that is involved with the control of body movements and other functicns. Dopamine
also is strongly involved with feelings of pleasure or reward. Dopamine normally is
removed from a synapse by being reabsorbed by the neuron that released it, as illus-
trated in Figure 17.

Classes of Commonly Abused Drugs

Drrug abuse does not necessarily involve the use of illegal drugs. Any use of a drug for
reasons other than legitimate medical purposes, whether deliberate or unintentional,
can be considered abuse of that drug,

Stimulants

Drrugs that hmeasealatﬁsandph}rsi:alacﬁﬁlymmﬁgurelﬂnnﬂﬁml
page indicates some common stimulants.

Micotine Micotine in cigarette and cigar smoke increases the amount of dopamine
released into a synapse. Nicotine also constricts blood vessels, raising blood pressure
and causing the heart to work harder than normal Cigarette smoking has been linked
to about 90 percent of all lung cancer cases.
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Caffeine The most commonly used, and often abused, stimulant is caffeine. Caffeine
is found in coffee. tea, some soft drinks, and even some foods such as chocolabe.
Examples of these are shown in Figure 18. Caffeine works by binding to adenosine
receptors on neurons in the brain. Adenosine skows down neural activity, causing
drowsiness. When caffeine binds to these receptors, it has the opposite effect. It makes
users feel awake and alert. Caffeine also temporarily raises epinephrine (adrenaling)
levels in the body, giving a quick burst of energy that seon wears off.

Depressants

Drugs that tend to slow down the central nervous system are d!pmuntﬂ. These drugs
can lower blood pressure, interrupt breathing, and slow the heart rate. Depreszanis can
relieve anxiety, but they also can cause the noticeable effect of sedation.

Aleohol Alcohol is a depressant. It affects the central nervouws system and is one of the
meost widely abused drugs in the world today. It is produced by the fermentation of grains
and fruits. Alcohol is known bo affect at keast four different neurctransmitters, resulting in a
feeling of relaxation and shiggishmess. Short-term aloohol wse impairs judgment,
coordination, and reaction time. Long-term effects of akeohol abuse include a reduction in
brain mass, liver damage, stomach and intestinal ulcers, and high blood pressure.
Consumption of alcohol during pregnancy is the cause of fetal alcohol syndrome, which can
result in damage o a baby's

brain and nervous systerm.

Inhalants Inhalants are
chernical fumees that have an
influence on the nervous system.
Exposure to inhalants might be
accidental as a result of poor
ventilation. Inhalants generally
work by acting as a depressant
on the central nervous system.
Inhalamts might produce a
short-term effect of intoxication,
as well as nausea and vomiting.
Death can oocur. Long-term
exposure o inhalants can cause
memory boss, hearing loss, vision
problems, peripheral nerve

Flgll! 18 There are many commaon shmulant drsgs, such as codfee, 183, 0008,

damage, and brain damage. and chocolate.

STEM CAREER Connection WORD ORIGINS

Addection Counselar dopamine

Addicticn counselors waork with patients that are addicted dapa— refers to an aming acid

to drnugs like opioids and alcohod and their familes. They —amime refers to a derivative of ammaonia
teach clients how the beain responds to addictive sub-
stances, and paowicle them with the support needed 1o
combat thedr addiction.

Copright © M Crassil Echabion Laurs S in
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llegal drugs Amphetamines and cocaine both increase dopamine levels, and both
prevent dopamine from being reabsorbed, so it remains in the synapses. This
ultimately increases the levels of dopamine in the brain, which results in a feeling of
pleasure and well-being.

The use of cocaine and amphetamines has short-term and long-term effects. Cocaine
abuse might result in disturbances in heart rhythm, heart attacks, chest pain, respira-
tory failure, strokes, seizures, headaches, abdominal pain, and nausea. Abuse of
amphetamnines might result in rapid heart rate, irregular heartbeat, increased blood
pressure, and irreversible, stroke-producing damage to small blood vessels in the brain.
Elevated body termperature, called hvperthermia, and convulsions can result fronm an
amphetamine or cocaine overdose, and if not treated immediately, this can result in
death. Abusers also can experience episodes of violent behavior, paranoia, anxiety,
confusion, and insomnia. [t can take a year or longer for users of methamphetamine—
the strongest tvpe of amphetamine—to recover after quilting the drug.

Marijuana is the most-used illegal drug in the United States. The active chemical in
marijuana is tetrahydrocannabinel, or THC. Smoking marijuana quickly gets THC into
the bloodstream, where it is carried to the brain. THC binds to receplors on neurans in
the brain, which produces the effect of intense pleasure. These receptors are found on
neurons associated with many body activities. Short-term effects of marijuana use
include problems with memory and learning, loss of coordination, increased heart rate,
anxiety, paranoia, and panic attacks. Long-term smoking of marijuana might also cause
lung cancer.

@E&tﬂ?

Explain the function of a neurotransmitter.

Tolerance and Addiction

Tolerance occurs when a person needs more and more of the same drug to get the same
effect. The dosage needs to increase becawse the body becomes less responsive to the
drug. Drug tolerance can lead to addiction.

Addiction

The psychological and physiological dependence on a drug is addiction. Current
research suggests that the neurstransmitter dopamine is imeolved with most tvpes of
phyvsiological addiction. Recall that dopamine normally is removed from a synapse as it
is reabsorbed by the neuron that released it. However, certain drugs prevent that
reabsorption, which results in an increase of dopamine in the brain. A person addicted
to drugs derives pleasure from increased levels of dopamine and builds wp a tolerance
to the drug. As a resull, the person takes more of the drug. When people who are
addicted try to quit, the levels of dopamine decrease, making it difficult to resist going
back to the drug.

Addictions can also be psychological. An individual with a psvchological dependence
on a drug such as marijuana has a strong desire to use the drug for emotional reasons.

Both physiological and psychological dependence can affect emotional and physical
health. Both types are strong, making it difficult to quit a drug.
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Treatment

People who are either psychologically or
physiclogicallv dependent on a drug experience
serious withdrawal symptoms without it. It is
very difficult for dependent users to quit on
their owmn. They might be able to quit for short
periods of time, but they are likely to use the
drug again. Medical supervision is necessary
when people who are psychologically and
physiclogically dependent on a drug try to quit.

o w

The best way to avoid an addiction is never o
use drugs in the first place, even when pres-
sured to use them. Encourage people who
abuse drugs to seek treatment for drug depen-
dency. Physicians, nurses, counselors, clergy.
and social workers are trained to direct people
o the resources they need to get help, as

Figure 19 Counseling often is necessany i break

addiction.
illustrated in Figure 19.
Eﬁ( Get It?
Explain the best way to avoid addiction.
\& Check Your Progress
Summary Demonstrate Understanding
+ [Dwugs can affect the nervous 1 Descrnibe four ways that drugs can influence the
system in four ways. nenvous system.
+ Common substances such as 2. Compare the actions of cocaine, amphetamines, and
caffeine and alcohaol are con- nicotine on the nervous system.
siderad drugs. 3. Explain why the effects of stimulants and depressants
+ Mamy addictive drugs increase do not necessarily counteract each other.
levals of dopamine. 4. Infer why students who abuse amphetamines are likely
+ [Dwug abuse has many negative to experience failing grades.
Consequences. 5. Discuss how, on a cellular level, a person can become
+ M person can become psycho- addicted to a drug.
logically and physiologically
addicted to drugs. Explain Your Thinking

6. Design an experiment Drugs affect people in different
ways and at different rates. How would you design an
experiment to determine the rate at which a drug
reaches different body tissues?

ILEARRKNSMAIIRT Goonline to follow your personalized leaming path to review, practice,
and reinfonce your understanding.
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ENGINEERING & TECHNOLOGY

Lending a (Virtual) Hand
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People hawve long wondered if it is possible
to develop computers that have artificial
imtelligence (Al). “Superintelligent’ machines
that can truly think for themsehes—usually
in the form of robots that look like humans—
have been the focus of many science fiction
nowvels and movies. We may not yet have
androids that can walk the dog for ws, but
today's limited &l has many uses, including
functioning as assistants for older adults and
for people who have disabilities.

Machine learning and deep learning

In recent years, scientists and engineers
have developed what is known as “machine
learning” (ML) Computers with this type of
Al have software that uses algorthms to
“learn” the likes and dislikes of users and to
make predictions about what those people
want or need. “Deep learing” (DL) improves
on machine learning by delving deeply into
pattern recognition. it is used in image and
woice recognition applications.

Virtual assistant (Vi) applications use ML
and DL. Some Vilis can be operated with
woice only, and so they are helpful to people
wihio hawe maobility issues and to people who
are visually impaired. Was can be used to
order groceries, set a thermostat, pay bills,
and operate appliances, among many other

[ COMMUNICATE SCIEMTIFIC
’j INFORMATION

Research Al applications that use image
and wvoice recognition. Choose one and
create a presentation that explains how it

works and how it can assist people with
disabilities.

Virtual assistants can perfonm tasks for people who have
disabilities.

tasks. Image recognition applications are
useful for people who are visually impaired.
For example, there are now smartiphones
enabled with image and woice recognition
with interfaces that can be operated with just
a person's voice or towch.

Image and voice recognition are also used

in applications for people who are hearing
impaired. One application captures the motions
of a person using American Sign Language
(ASL) and translates them into both tesd and
speech for a heanng person. it also translates
the hearing person's spoken words into tesxt.

In the future, limited &l will likeby provide even
mare assistance for people who are disabled.
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STUDY GUIDE

B‘GD OMLIME to study with your Science Motebook.

Lezson 1 STRUCTURE OF THE NERVOUS SYSTEM * mewon
* There are three major parts of a neuron. . :Tht
* There are three basic tvpes of neurons. R
+ A nerve impulse is an electric charge and is called an action = meflex anc
potential. = action potential
+ Meurons use chemicals and electricity to relay impulses, + threshold
. mymapse
= newotansmitier
Lesson 2 DRGANIZATION OF THE NERVOLUS SYSTEM = central nervows system
= The nervous system has two major divisions: the central nervous - pl:rl:p::ml HRSLRES: ES
svstern and the peripheral nervous system, : &L‘uml .
* The brain and spinal cord make up the central nervous system. . pans
= The somatic nervous system and the autonomic nervous system = hypothalamus

make up the peripheral nervous svstem.
The sympathetic nervous system and the parasympathetic

= somatic nenvous system
= AUADKoMIC NErvous Sysbem

T system are branches of the autonomic nervous system. : mmrmm
Lessan 3 THE SEMSES - taste bud
= The senses of taste and smell work together. : :::1&
= The eve has two types of receptors. . rod
= The ear is imvolved in both hearing and balance. - cone
M » cochlea

The skin has many tvpes of sensery recepbors.

semicincular canal

Lesson 4 EFFECTS OF DRUGS

Drugs can affect the nervous system in four ways.

Commaon substances such as caffeine and aleshol are considened
drugs.

Many addsctive drugs merease levels of dopamine.

Drug abuse has many negative consequences.

A person can become psychologically and physiologically addicted

o drugs.

. ﬂw
= dopamine

stimulant

= depressant
« folerance
= addiction

Cogyriiha O M Craac il ikastion
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#=. THREE-DIMENSIONAL THINKING L s 1‘ <
2/ Module Wrap-Up -\

-

REVISIT THE PHENOMENON

If you step on several toy
blocks, it's going to hurt.
Why is this response a
good thing?

&3 Claim, Evidence, Reasoning

Explain your Reasoning Revisit the daim you made when you encountered the
phenomenon. Summarize the evidence you gathered from your investigations and
research and finalize your Summary Table. Does your evidence support your claim? If not,
revise your claim. Explain why your evidence supports your claim.

STEM UNIT PROJECT
MNow that you've completed the module, revisit your STEM unit project. You will
summarize your evidence and apply it to the project.

G0 FURTHER Effects of Alcohol Dependence
on Memory Retention

Data Analysis Lab &

Can the effects of alcohol use be observed? 0 - mmmContsl [ Akshol Depondant

Two groups of students, ages 15-16, were given memony

tasks to perform. Group 1 included individuals that were s a5%[

dependent on alcohol. Group 2 were nondrinkers, the 2

control. The images indicate typical results of comparing .E wE

students from each group. The graph shows the difference i

im retention rate between the two groups when processing E BEEL

verbal information and nomverbal information.

Malym and Interpret Data

1. Claim, Evidence Describe the difference in retention rate mt____
in both testing categories between people whio are Verbal Morvestal
dependent on alcohol and nondrinkers. infpmealion ki fion

2. Reasoning Analyze what long-term consequences might *Data obtained from: Brown, S.A_ et al. 2000
result from drinking as a teen. Base your answer on these Neurocogmitive functioning of adolescents: effects of
results. protracied akcohol use. Aicobolm: Clinicol and

Expermentod Reseorch. 14364 -TH.
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