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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? 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 wiill revisit your claim and
about how oxygen drives life collect evidence to support explain your reasoning at the
on Earth. Explain your your claim. Record your end of the module.
reasoning. evidence as youw mowve

throwgh the module.

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

Wiiuges sl Elapmpempinruiey
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LESSOM 2: Explore & Explain: LESSOM 4: Explore & Explain:
Chemical Reactions Macromaolecules
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LESSON 1

MATTER

FOCUS QUESTION
What makes up everything around us?

Atoms

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

The structure of an atom

An atom is 50 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 (7). Electrons are negatively charged particles (¢) found outside the nucleus.
Electrons constantly move around an atom’s nuclews in energy levels. The structure of
an atom 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.

MNucleus Figure 1 Hydrogen has only
Nucleus 8 s (p*) ane proton and one eleciron.

1 proton (p*) a Eeutmns ?m} Oxygen has eight profons,

0 neutrons (%) eight newtrens, and eight
elecirons. The elecirons move
around the nuckeus in two
enengy levels [shawn as the

=1 electron darker shaded rings).
— E electrons .
(=7 e Iner the number of profons i
Hydrogen atom an aluminum oiom, wivd has
- 13 electrons.
Oxygen atom

Mk tion

':1_,1 30 THIMKING DO Disciplinary Core idoas 8 Crosscutting Concepts SEF Science & Engineering Practices

COLLECT EVIDENCE INVESTIGATE
'|_E'u5eynur5clen:e Joumal to VGO OMLIME to find these activities and mane resounces.
record the evidence you collect 2= | 5 Reylsit the Encounter the Phenomenon Guestion
o complete the readings and What infarmation from this lesson can help you answer the Module question?
activilies in this lesson.
ldentify Cross Cutting Concepts
Create a table of the crasscutling concepls and il in examples you find as your read.
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In the fifth century e.c., Greek philosophers Leucippus and
Dernocritus first proposed the idea that all matter is made up of tiny, indivisible parti-
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 not 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 100 known elements, 92 of which occur 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 onest and
Living v. Nonliving Matter lwing organisms vary in theis abundance.
Living things are compased primarily of theee

I Crgante: WO Earths Dot | opananis; carhon, hydrogen, and oxygen.
Interpret  What s fhe most mbaadant efemeal in
Meing things?

Percent of relative abundance
2 M B 5 £

o
I
]
o
=
g
]
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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 element.
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 symbol
for hydrogen, C is the chemical symbol 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 ORIGING [{E3 CROSSCUTTING CONCEPTS
atam Energy and Matter The element carbon (s sometimes called “the stuff of Bfe”
Cioemes from the Greek wond mlomas, Using evidence from Figure 2, write a paragraph that supports this siatement.

meaning not aiisible.
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Figure 3 The periodic table of the elements onganizes all of the known elements. Examine the biologists
guide to the periodic able 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 symbaol of each element are shown in its Bock.

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
prnpuﬁﬁafﬂa‘nﬂmthathnwnﬂ}\!lbaendixwemdnrimhni

EEHH?

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

ACADEMIC WOCABULARY

saparated from other substances
An element is solmted when if i
saparafed fram afher substances.

Copyrigt © M Crameitll ok tion
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Carbon-12 Carbon-13 Carbon-14
nucleus nucleus nucleus
Figured Carbon-12 and carboe-13 occur naturally in living and nanliving things. ANl Eving things also contain
a small amaunt of casbon-14

Compare fhe simioniies ood differeaces of Eolopes.

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 neutrons 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.

Hadioactive 1sotopes

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. Iso-
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. Scen-
tists know the hali-life, or the amount of time it
takes for half of carbon-14 to decay, so they can
calculate the age of an object by finding how
much carbon-14 remains in the sample. Other

radipactive isotopes have medical uses, as Figure 5 Radioaciive isotopes are used o help doctors
shown in Figure 5. diagnose disease, and locate and treat ceriain types 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, 0. Sodium chloride (Na(l) is the compound commaonly 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
samie 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 sirnpler 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, vou cannot pass water
through a filter and separate the hydrogen from the oxyvgen, bul a process called elec-
trolysis, illustrated in Figure 7, can break water down into hydrogen gas and oxygen gas.

Figure 7 Elactrolyss
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Chemical Bonds

Compournds 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 chermical bonds. Electrons travel around the nucleus of an atom in areas called
energy levels, as illustrated in Figure §. 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 o two electrons. The second energy level can hold up o eight
electrons.

Muclewus Figure 8 Electrons mowe constantly within the enengy
lesels sumrounding the nuclews.

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 newtral; 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 Al
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 ouler energy
level empty. When it gives away this one negative charge, the neutral sodium atom
becomes a positively charged sodium ion (Ma*). Similarly, chlorine has seven electrons
in its puter energy level. It can accept an electron. When a neatral 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 fonic 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 C17 to produce MaCl (sodium chloride). Substances
formed by ionic bonds are called ionic compounds.

lomic bond
——
e [ e -
+
P " o s - s - s
@@ @) (L@
" '. " ‘I- " '. .I '-
e e
Ma atome Mp* Clatam: 17 p* Ha'ion: Mp* 1 on: 17p*
Ne 17e e Be
Sodium atom 4+  Chiorine atom - Sodium ion + Chiaride ion
Ma + Cl MaCl

Figure ® To form bons, sodiem donates an ebectron, and chiorine gains an electron. An jonic band foems
when the oppasitely changed ions come dose togethes.

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 you o see, taste, 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 ions can carry an electric current. Most ionic
compounds, such as sodium chloride {table salt), are crystalline at room temperature. lonic com-
pounds generally have higher melting points than do molecular compounds formed by covalent
bonds, which are described on the next page.

N0 Be= T 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 ionic 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.

ﬁﬁetﬂ?

Compare ionic solids and liguids.

Copyright O MW Cramelill Dol e
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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 type 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 outermaost energy level, and oxvgen (O}
has six. Because the outermost energy level of oxyvgen is the second level, which can
hold wp to eight electrons, oxygen has a strong tendency to fill the energy level by
sharing the electrons from the two nearby hvdrogen atoms. Hydrogen does not com-
pletely give up the electrons; it also has a strong tendency to share electrons with
oxygen to fill its owtermost energy level. Two covalent bonds form, which creates water,
shown in Figure 11.

Figure 90 |n water (H,0), two hydrogen atoms each share

-I' - 'I- one aleciron with ona oy En abom. Bacause the Corygen
aiom needs two elecirons io il its ouber EI'IEI'Q"'|E"|'\E|. it
EP“‘ forms bwe covalent bomds, one with each I'rr‘l'.'ll'lfagEl'l atom.
gn"
B
'-‘ ¥
LY \/ &gt
Cowvalent
Viater bend
molecule

Figure 11 Many compaunds in Bving
things, swsch as water, are held togethes by
covalent bonds.

Imfer Wiy is it imporimat for paople wha
shidy hisbogy #o undersimog charmcteris-
tics af covalent 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 molecules. 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 Ll L3 L L L
. :
® : @ ¢ : @
¢ 3 » 2
-
'. .' L X3 L X ]
Single bond Double bornd Triple bond
H; o, N,
Figure 12 A single bond has ane pair of shared electrons, a double bond has bwo pairs, and a tripbe band
has three pairs.
Compare and contrast the different fpes of covadant bands.
\E Check Your Progress

Summary Demonstrate Understanding
+ Elements are pure substances 1. Diagram Sodium has 1l protons and 11 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 monaxide (CO) an atom or is it not?

element that have a different Why or why not?

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

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

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

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

LEARMNSMART S Goonline to follow your personalized leaming path to review, practice,

and reinforce your understanding.

Coqyrigha @ A Craorbill Frhaation
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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. Rust is a result of a chemical change called a chemical reaction. A
chemical reaction is the process by which atoms or groups of aloms 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 oxvgen (0} in the air reacted with iron (Fe). Clues that a chemical
reaction has laken place include production of heat or light, and the formation of a new
gas, liquid, 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.

by T S o 4 oy | i ;i) Pl b rd i vy T8l Lt i

Figure 13 After a chemical change, sisch as rusting, a new substance is farmed. During a physical change,
such as water boding, the chemical makewp of the water is not aiered.

Frhmal

1:1{3D-'|'H|HK'*E OCi Bisciplinary Core ideas 0L Erossoutting Concepis SEF Schence & Engineering Bractices:

COLLECT EVIDEMNCE INVESTIGATE
[_Eumwwki!mmmlm QGO OMLUIME to find these activities and more resources.
recodd the evidence you collect as a BioLab: What factors affect an enzyme reaction?
e e s Plan and carry out an investigation 1o determing the cause and efect of an enryme reaction.
activities in this lesson. —
'Uﬁ ‘Wirtual Investigation: Model Ecosystems

Use a model to determine the effects of substrate concentration and pH on the rate of an
enzyme-conbrobed 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, cherical 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 armow. 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
dioxide and water.

CH. O +0,—-00,+HO
Glucose and oxygen react L
form carbon dicecide and water.

Balanced equations In chemical 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 element on the reactant side rust 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.

C H.O

JHO, + 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 hvdrogen atoms, and eighteen oxygen atoms 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.

EE&tﬂ?

Explain why chemical equations must be balanced.

ACADEMIC VOCABULARY
coetficlent

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

Copyright © M Cranr il ohaaihn
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EERE=3 Connection ] A sugar cookie is made with four, 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 cannet undergo chemical reactions without an input of energy.

Activation energy

The minimum amount of energy needed for reactants to form products in a chemical
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 occurs between the substances in the candle wick and the oxygen in the air. In this
example, once the reaction begins, no further input of energy is needed. and the candle
continwes o burn on its owr.

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 energy 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 energy.

Energy Diagram

[

Activation

X, |

Energy

Product

Reaction progress

Fgure 34 The flame of the match provides activat

reaction oees off ener thie dname af Bead and o
SLHON QeSS Ol ENneTdy L L a 3l ok 110G
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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 showmn 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
-
H4Y
E ;E | Products
=
) N =,
Product [ S ——
> Reaction prog -
Reaction progress .

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

Compare ihe energy of the products and he reachonrs in ihe fwo grophs.

In every chemical reaction, there is a change in energy caused by the making and
breaking of chemical bonds as reactants form products. Cellular respiration, an exothermmic
reaction, maintains vour body temperature despite ongeing 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 far first
aid gets cobd due to an endathemic
reaction.

Copyright O W Cramlill Dobaatn Mt Ppadoss
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Enzymes

All living 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:ﬂlljﬂisasuhﬁtanrefhatlnwerﬁtheacﬁvaﬁunenﬂg}rneedsdmmachemica]
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 bicchemical reactions. This speeds up the rate of chemical
reactions in biological processes. Enzymes are essential to many life processes and are,
therefore, essential for life.

Compare the progress of the reactions described in Figure 17 to 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 a5 a biological
catalyst, the reaction occwrs at a rate that is
sl o cedls.

Compare the oclivalion enengy of the reachian
without on enzyme i the acthation energy of the
reachion with o enzyme.

Energy

An enzyme’s name describes what it does. For example, armylase is an important
enzyme found in saliva. Digestion of foeod begins in the mouth when amyvlase 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 to one reaction. Lipase breaks down fats in food, and protease breaks down

proteins.
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Follow the steps shown in Figure 18 to find out more about how an enzyme works. The
reactants that bind o 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.

Enzvmes 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 emergy 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.

Eﬁetﬂ?

Describe how enzymes affect biochemical reactions.
Substrate

R - o
3-)-

Substrate EH!‘FHHHHIM Product

HQHM 18 Substrates infleract with enzymes at specific places called active sites. Only substrates with a
specilic shape cam bind to the active site of an enzyme. Dnce the substrates bind, the aclive site changes
chape and forms the enzyme-subsirate complex. The substrates react toform products. The products are
then released.

ACADEMIC VOCABULARY EE3 CROSSCUTTING CONCEPTS

specitic Energy and Matter The l@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

Subsinmtes bind at specific locolions an | evidence from a sciendific expariment would support this idea. Work with a

EnZymes partner o7 small group to design an experiment that might produsce this kind of
evidence,

Copyright © M Cranr il ohaaihn
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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 a1 an optimal temperature close o 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 temperature 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 enzyvme’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 ower 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 egual number of 4+ B — AB.
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.

+ Emzymes are biological cata- Explain Your Thinking
tysts that lower the activation 0 MATH Far 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+__ 0,
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.

ILEARKNSMART Goonline to follow your personalized leaming path to review, practice,
and reinforce youwr understanding.
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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
atom bo attract electrons. If the nocbeus of the atom has a weak attraction for the
electron, it will donate the electron to an atom with a stronger altraction. 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.

Folarity 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
oppositely charged regions. Water is a polar
melecule, as shown in Figure 19. MNotice that it

L] L]
. e . has a slightly negative end and two slightly
positive ends.
& i
L ] L]
. q.-'
L ] [ ]
) Figure 19 Water molecules have a bent shape, and
\H\‘\.._E"El_h_ﬂ'.'-"// elecirons are not shared equally between hydiogen and
positive ancygen. This results in a molecule with oppasitely
Water ends charged regions.
molecule Summarize the structure of o warter malscmle.

Mk tion

':1_,1 30 THIMKING DO Disciplinary Core idoas 0 Crosscutting Concepts SEF Science & Engineering Practices

COLLECT EVIDEMCE INVESTIGATE
'|_E'u5eynur5clen:e Joumal to VGO OMLIME to find these activities and mane resounces.

record the evidence you collect as & BiolLah: How much vitamin C are you getting?

o complete the readings and Plan and carry oul an investigation to determine the proportion of witamin C in various
activities im this lesson. beverages.

Biolab: What substances or salutions act as buffers?
Plan and casry oul an nvestigation to determine the cause and eflect of buffers on Edng
Tissie.
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Van der Waals forces

You know that magnets have poles and that the poles of
magnels 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 molecules. 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 between different molecules
are the cause of intermolecular forces. A compound’s
chemical properties are determined primarily by its
chemical structure. Similarly, a compound’s phvsical
characteristics, such as its boiling point and melting
point, are determined by its intermolecular forces. The
strength of the electrostatic attraction depends on the
size of the molecule, its shape, and its ability bo attract
electrons.

Although van der Waals forces are not as sirong 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™ unlike a covalent bond,
which is more like a molecular “knol.” 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 Sceniists have determined that
geckos can cimb smooth surfaces because of
van der Waals forces betwesn the hairike
strsctures on their ioes and the surface they
are climing.

Figure 21 Dee o the attractive forces between
waler molecues, the surface of water supports a
waler sirider.
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Hydrogen bonds

Earlier, you discovered that water molecules are formed by covalent bonds that link two
hydrogen (H) atoms o one oxvgen (O} 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. In water, the electrons spend more time near the oxygen
atom’s nucleus than they do near the hydrogen atoms” nuclei. Figore 22 shows that
there is an unequal distribution of electrons in a water molecule. This, along with the
bent shape of water molecules, results in the ocvgen 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 oppositelv charged region of another polar
malecule, a weak electrostatic attraction resulls. In water, the electrostatic atiraction is
called a hydrogen bond. A hydrogen bond is a weak interaction involving a hydrogen
atom and a fluorine, oxvgen, or nitrogen atom from a different molecule. Hydrogen
bonding is a strong tvpe of van der Waals force. [t is important to remember the differ-
ence between covalent bonds, which are the strong chemical bonds within a water
malecule, and hydrogen bonds, which are the weaker attractions formed bebween
different water molecules.

EGH_ It?

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

H Figure 22 In waler, an elecirostatic
| atiraction is called a hydrogen bond,

H—O

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 enwironment for life.

ACADEMIC WOCABULARY

interaction

areciprocal effect or action

A hydrogen boad i the result of dferoctions hedwesn moms i oiffereal
MOMACIES.

Copyright © M Cranr il ohaaihn
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Figure 23 Visualizing Hydrogen Bonding

Hydrogen Bonding

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

Adhesion

Water i adhesive—it forms hydrogen
bonds with molecules on ether
surlaces. Capillary action is the resull of
adiesion, rt-."r'l'ﬂ'l:.l wialer can ravel up
the stems of plants. Water trévels up the
paper, and camies the dye 1o the maddle
gless via adhesion,

"

Capilary action in glass lubas s, darecerrstrating adPesion

Cohesion

Water is cohesive—Ine molecules are
attracted to each other becsuse of
hydrogen bonds. The positive polarity of
the Fydragen atam g attracted 1o the
negative polarity of the oxygen atoms.
Thig attraction creates surace tension,
which causes water to form droglets and
allows insacts and leavas 1o rast on the
surface of a body of water,

Wates steidar Do O GEaSS

lce Floats

liE'Jiﬂ walar baocameas more dense ag
it cools 1o 4°C. Yel, ice & less dense
than liguid wales. As & resull, nulrients
in bodies of water mix because of
changes in walss density during
spring and Tall Alse, fish can survive in
winter becauss ice Moa

continue io e 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 o form a new prod-
uck. You create a mixtare. A mixture is a combination of
bwo or more substances in which each substance retains its
individual characteristics and properties

Homogeneous mixtures

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

In a solution, there are two components: a solvent and a
solute. A salvent is a substance in which another substance is
dissolved. A solute is the substance that is dissolved in the
sobvent. In the drink mis, water is the solvent, and the powder
is the solate. A mixture of salt and water is another example of
a solution because the solute (zalt) dissolves completely in the
solvent (water). Saliva moistens vour 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
hetercgenecus mixture. In a heterogeneous mixture, the
components remain distinct; you can tell what they are
individually. Compare the mixture of sand and water to the
solution of salt and water next to it in Figure 25. Sand and
waler form a tvpe of heterogeneous mixture called a sus-
pension. Over time, the particles in a suspension settle o
the botbom.

EE&tﬂ?

Distinguish between solutions and suspensions.

ACADEMIC WOCABULARY

suspend
1o ke froen falling of sinking
A sienger threod swspended the spiger from ihe weh

e

Figure 24 The drink mix forms a homoge-
neous mixture in water. The particles of the
solute [drink mix) are dissobved and spread
throughout the sobent (water).

Figure 235 Sand and water form a heteroge-
neoLs mikture; you can see both the liguid and
the solid. The homogensous mixture of salt
and water is a liguid; you cannot see the salt

Copyright © M Cranr il ohaathn (ko oo oore! Clowr e s (i Al Remekomry
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Colloids A colloid is a heterogeneous mixture in which the [ :
particles do not settle oul. You are probably familiar with many ﬂ
colloids, including 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 mf:eﬁ"i::i;l;:em'}gmm“s
as 70 percent water, can be a container for a variety of solu-

tions. When a substance that contains hyvdrogen is dissolved in

water, the substance might release a hydregen ion (H") because

it is attracted o the negatively charged oxygen 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 jons (OH") when they are dissolved in water
are called bases. Sodium hydrosdde (NaOH) is a common base that breaks apart in
water W release sodium ions (Na®) and hydroxide ions (OH-). The more hvdroxide ions
a substance releases, the more basic the solution becomes.

Arids and bases are key substances in biology. Many of the foods and beverages that we
eal and drink are acidic, and the substances in the stomach that break down the food,
called gastric juices, are highly acidic.

Substance with HY ion

® &
© o

Substance with OH™ ion

Acidic solution

Basic solution

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

Enviranmental Science and Protection Techniclan

Are you interested in making sure that peaple wark and live in a clean and safe
enviranmend? Environmental science and profection technicians take samples

from the environment and analyze them in a laboratory. They use the resulis to
help science and business professionals meet emdironmental safety standards.
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Figure 28 The pH scalke is
USE0 I BdeCate e
redative strength of acids
and hases

||
Pure water

HELUTRAL

pH and buffers Scientists have a method to measure how acidic or basic a solution is.
The measure of concentration of H" in a solution is called pH. As shown in Figure 28,
pure water is 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 to contral H™ levels. [ vou'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

Summary Demonstrate Understanding

« Water is a polar molecule. 1. Describe one way in which water helps maintain

+ Solutions are homogeneous homeostasis in an organism.
mizitures formed when a solute 2. Relate the structure of water to its ability to act as a
is dissolved in a sohvent. sohvent.

« Water's properties contribute to 3. Draw a pH scale and label water (H_0), hydrochloric
Earth’s suitability for life. acid (HCI), and sodivm hydroxide (MaOH] in their

« Acids are substances that general areas on the scale.
release hydrogen ions into 4. Compare and contrast solutions and suspensions.
solutions. Bases are sub- Give examples of each.
stances that release hydroxide
ions into solutions. Explain Your Thinking

+» pH is a measure of the concen- 5. Explain how baking soda (NaHCO,) is basic. Describe
tration of hydrogen ions in a the effect of baking soda on the H* ion concentration
solution. of stomach contents with pH 4.

6. Predict If you add hydrochloric acid (HCI) to water,
wihat effect would this have on the H* ion concentra-
tion? On the pH?

Copyrighd O M Cramlill Dbt

LEARKMNSMAIRT S Goonline to foliow your personalized leaming path to review, practice,
and reinforce your understanding.
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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,
sciertists 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 ko each other, which resulis 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 Eranched molecules Ring molecules

Figure 29 Life is based on carbon compounds. The habf-filled outer energy level of carbon, shown in the
image on the |eft, allows jor the inmation of straight chain, branched, and ring molecules.

Frhmalum

1'“:,' 3D THINKING DCI Disciplinary Core Ideas €00 Erossoutting Concepts 3E7 Science & Engineering Eracti
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COLLECT EVIDEMCE INVESTIGATE

@mwuiﬁzmmmlm QGO OMLUIME to find these activiies and more resources.

e o Aeplying Practices: Exploring Macromolecules

e e s HES-L51-6. Canstruct and revise an explanation based on evdence lor how carbon,

activilies in this leszon. hydrogen, and axygen frem sugar maletules may combine with ather elements to foim
aming ackds andiar olher large carbon-based molecubes.
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Macromolecules

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‘ﬂﬂ'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
nucheic acids.

EE&tﬂ?

Use an analegy to describe macromolecules.

Table 1 Summary of Biclogical Macromolecules

Group | Example | Function

+  Store eneqgy

Carbohydrates + Provide structural support

+ Store enengy

Liplds « Provide bammiers

Mucleic Acids information

+ Transport substances

= Speed reactions
Proteins - Provide structural support

+ Conired cell growth

+ Store and communicate genetic

Copyright © M Craerhill Tohaatin (00 Loy 5 e rige S ooron Gl i () S0 armes Whirre ! Coran/ Ciorln
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Carbohydrates

Compournds composed of carbon, hydrogen, and oygen in a ratio of one oxvgen and
two hwdrogen 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_C) units in a chain. Einlngi:'.aJl_'.'-im]:rurtant 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 rele 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 30, 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 CH30H CH;OH

AN R r:'ﬁ;_q\g

D¢ WA W N WA

Lo Eob A

Giucose jmonosaccharide) Maltose [disaccharide) Glycogen |polysaccharide)

Figure 30 Glucose is a monosaccharide. Maltose is a disaccharide composed of two glucose mobacules.
Giycogen is a ianched polysacchamde made rom glucose monomess.

In addition to their roles as energy sources, carbohydrates have other important fune-
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-conlaining polysaccharide 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 cellose in plant cells provides the structural suppart for trees to stand in a forest.
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Lipids

Another important group of biological macromolecules is the lipid group. l.qiin are
molecules made mostly of carbon and hydrogen 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 (tri GLIH suh rid) is a fat
if it is solid at room temperature and an oil 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 tailis a
chain of carbon atorms bonded 1o 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
hawve at least one double bond between carbon atoms 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 polyunsaturated 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 waler. This characteristic is
important becanse it allows lipids to serve as barriers in bindogical membranes.

Steroids Another important category of lipids is the steroid group. Steroids include
substances such as cholesterol 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 bebween carbon aloms; oleic ackd has one double bond.
Phospholipids have a polar head and two nonpolar tais.

Polar
phosphate
head

MNonpolar
L fatty acid
tails

Copyright O MW Cramelill Dol e
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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 com-
pounds that are made of carbon, nitrogen, oxygen, hydrogen, and sometimes sulfur. All
aming acids share the same general structure.

Amino acid 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,J, a carboxyl group
{(—~COOH), 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 amino acids. Several covalent bonds called peptide
bonds join amino acids together to 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.

Pegptide bond
Variable e,
side chain H R-| H Rz
Aming ", |
aroup HsM—C— C—0H carbayl H—C—f —N—C—C—0H
| group ~ I
Hydrogen H 1O H H H O
atom
Amino acid Dipeptide

Figure 33 Left: The general structure of an amino acid has four groups around a central carbon. Right: The
peptide bond in a protein happens s a resull of a chemical reaction.

Inlerprel wiich offher malecivg 5 o prodoct when o pepiide bond fems.

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,
communicate signals within a cell and between cells, speed up chemical reactions, and

control cell growth.

E Get It?

Describe What are the primary functions of proteins?

[EE3 cROSSCUTTING CONCEPTS WORD ORIGINS
Energy and Matter Mine of the 20 amina acids are essential, which means our polymes
bodes canmat make them. Using evidence from the text of other sources, poly- prefin; from Greek, meaning

consinuct an explanation about how the atoms found in essential aming adds get | My
iniz 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 fiolds.
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.

Heldix

Figure 34 The shape of a protein depends on the inferactions amang the amino acdds. Hydrogen bonds
hedp the protein hold its shape.

Mucleic acids

The fourth group of biological macromolecules are mucleic acids. Nucleic acids are
complex macromalecules that store and transmit genetic information. There are two
tvpes of nucleic acids found in living organisms: deosyribonucleic (dee AHK sih rib oh
noo klay ihk) acid (DNA) and ribonucleic {rib oh oo KLAY ihk) acid (RINA).

Nucleic acids are made of smaller repeating subunits composed of carbon, nitrogen,
owvgen, 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.

Copyrigha O My Cram il Tokmation
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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 o 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.

'ﬂ

R R “*‘*"-’LA,,

Thres phosphate
groups Hitroge -
containing
base

Mucleotide MNucleic acid

Figure 35 Left: DMA nuceotides contain the sugar deoxyribose. RMA nucleotides contain the sugar ribase.
Right: Huclentides are poined together by bonds between their sugar group and phasphate group.

|E Check Your Progress

Summary Demonstrate Understanding

« Carbon compounds are the 1 Explain 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 small carbon their functions.
compounds into polymers. 3. Identify the components of carbohydrates.

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

. :‘-'.epndeb;nds join amino acids Explain Your Thinking

= Cliaine: oo rusclersliches Fommm 5. Summarize Given the large number of proteins in the
nucleic acids. body, explain wiy 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.

LEARKSMAIIRTS Goonline tofollow your personalized leaming path to review, praciice,
and reinforce your understanding.
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SCIENCE & SOCIETY

Balancing Your Plate

Most people would agree that eating well

is essential to good health. Defining what it
means to eat well, howewver, is no easy task. For
example, what is the oplimal proportion of fat.
protein, and carbobnydrates in the human diet?
Scientists who study nutrition have imsestigated
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, however, and low-fat diets have
other disadvantages, such as poor absorption
of fat-soluble vitamins.

Recently. an increasing number of studies
have focused 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.

Daoctars disagree about the amounts of tal, protein, and
carbohydrates that the average adull diet shawld contain.

altermative metabolic process that your body
uses when it does not have access to glucose.
Az 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 conirol of epilepsy. But there
are concerns associated 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 cut on low-fat and low-carb
diets. By understanding how to critically
evaluate dlaims about a diet plan’s benefits
and drawbacks, people can make better
decisions about what they eat.

Copyright O W& Cramelill Dobamatnn Plaosir Diven P ikes Plas M linsy Sk Prado
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STUDY GUIDE

L) GO ONLINE to study with your Science Notebook.

Lesson 1 MATTER = glom
+ Aboms consist of protons, neutrons, and electrons. : “‘E:s
* Elements are pure substances made up of only one kind of atom, - nuinon
* lsotopes are forms of the same element that have a different » electon
number of neatrons. . d-em:nt
» Compounds are substances with unigque properties that are T Ll
formed when elements combine. " aw‘d
» Elements can form covalent and ionic bonds. - o Band
= cowvalent bond
= molecule
Lesson 2 CHEMICAL REACTHOMS - chemical reaction
* Balanced chemical equations mast show an equal number of Jhau
abiormes for each element on both sides. : A a
+ Activation energy is the enengy required to begin a reactson. « catalyst
+ Catalysts are substances that alter chemical reactions. = efIyme
* Enzvmes are biological catalvsts that lower the activation energy » substrate
of biochemical reactions. Pl
* Factors such as pH and temperature affect enzyme activity.
Lesson 3 WATER AND ITS SOLUTIONS = polar molecule
. 3 = van der Waals forces
Wall:i is a polar molecule. - - - hyd =T
+ Solutions are homogeneous mixtures formed when a solute is . i
dizgsolved in a solvent. - Sbilica
* Water's properties contribute to Earth’s suitability for life. = solvent
+ Acsds are substances that release hydrogen ions intoe solutions. " :;:";‘l
Bases are substances that release hydroxide ions into solutions. -
+ pH is a measure of the concentration of hydrogen ions in a . pH
:-’I.Ill.ll:i.ul'l. = Buffer
Lesson 4 THE BUILDING BLOCKS OF LIFE = macromalecule
. Ea.rbun compounds are the basic building blocks of lving : palymer -
OTEANdSmS. = lipid
* Biologreal macromolecules are formed by joining small carbon « protein
compounds info polymers. - amino acid
* There are four types of biological macromolecules. = nucleic acid
= nucleotide

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

=/ 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? 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.

G0 FURTHER £ Effect of pH
33 Data Analysis Lab f 20 "]
. &0 i e
How do pH and temperature affect protease activity? ﬁ a0 -
-
Proteases are enzymes that break down protein. Bacterial g 0
proteases are often used in detergents to help remowve stains E 0 4 B ) 0 12

such as egqg, grass, blood, and sweat from clothes.

Data and Observations A protease from a newly isolated strain

of bacteria was studied over a range of pH values and E Effect of Temperature

temperatures. ‘E a0 |

(&) Analyze and Interpret Data @ 40

1. Identify the range of pH values and temperatures used in ; ig
the experiment. 3 20 30 40 50 G0 F0 B0 90 00

2. Summarize the results of the two graphs. Temperature ("C)

3. Claim, E\le:lEl'lcE. Reasoning If a Iaundry.detergent |5.basu: “Deta oitained from: Adimseayana, et sl 2003,
and Teqguines hot water to be most effective, would this Purification and partial characterization of thenmces table
protease be useful? Explain. serime alkaline profease from a newly isclated Socilus

suhhilis PE-TL AAPS PhormEciTech 4 article 56.

Copyright O W& Craalill Dibidian iran breson daey 5w b Aedn
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CELLULAR STRUCTURE
AND FUNCTION
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CELLULAR STRUCTURE AND FUNCTION

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

Q

Ask Questions

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

Claim, Evidence, Reasoning

Make Your Claim se your Collect Evidence Use the Explain Your Reasoning vou
CER chart to make a daim lessons in 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

reasoning. throwgh the module.

iy £ Ak S gyl ey B Wkl | rarvirmy, 0 e B S ity P b Ly Gy s s

QGD OMLINE to access your CER chart and explore resources that can help you collect
evidence.

Coqurighi € M Crdarbill Erhmal

LESSOM 1: Explore & Explain: LESSOM 4: Explore & Explain:
Cell Discovery and Cell Theory  Controlling Cell Activities
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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 so 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 pak 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
Hiooke's work that we have the term cell. A eell is the basic
structural and functional unit of all living organisms.

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

Infer whar pow think Hooke would hove
SEaM if hese were Mamng ceds.

Continuous investigations by these scientists and many others,
along with the development of new technologies, led to mew
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.

okt Uil Pl b P it il B g Gl iy s i

—_——

L8 3D THINKEING 01 Desciplinary Core ideas 280 Crossoutting Concepis SEF Schence & Engineering Bractices:

COLLECT EVIDEMCE INVESTIGATE
Elﬂewuﬂmhmlm QGO OMLUIME to find these activiies and more resources.
recortl the evidence you colectas | oo Quick Investigation: Discover Cells
e e s Communicate the structures of cells ohtaned in a micoscope.
activities in this [esson.

Review the News

Dbtain infarmation from & cument news story about ool discovery. Evaluate your source and
communicate your findings to your class.

Copyeighi € M
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1830-1855

Figure 2
Microscopes in Focus

The invention of microscopes, improvements
1o the instruments, and new MiCroscope
techniques have led to the development of the
cell theory and a better understanding of cells.

Copyright € M Cramebill Frbmatiom
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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 year later, another German scientist, Theodor
Schwann, reported that animal tissues also consisted of individual cells. Prussian
physician Rudolph ¥irchow proposed in 1855 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 more 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 o their daughter cells.

E Get It?

Explain Can cells appear spontaneoushy without genetic material from previous
cefls?

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 stroctures 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 eptical 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). Scientists often stain cells when
using a light microscope because cells are so tiny, thin, and translucent. Scientists have
developed technigues 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). Objects cause light to scatter, which blurs images. The maximum magnifi-
cation without blurring is around 1000=_

Cytolechralogisl

D you have a keen eye for detal and B 1o solve puzses? Cytotechnalogists act as
disease detectves by analyzing cell and tisswe samples, ofien in a medical setting.
Thee infoemation frcen a cyiobechnologist's report can be wsed by a pathol ogist ar
doctod 1o diagnase and treat disease.

Copyright © M Cranr il ohaaihn
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MNon-optical microscopes

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

at thin slices of cells. This tvpe of eleciron microscope is called a ransmission

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.

ﬁ Get It?

Compare and comtrast 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
“funnel” 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 aof a silicon chip surface.
Each protrusion is a single
silicon atorm.

Figure 3 The scanning tunneling microscope [STM)
pronides images, such as mhis silicon chip surlace

Compare and contrast the sruciovres and fwachons
of a 57M fo those of oifher [ypes of micrascopes.

ST agrafication: unavailable

ACADEMIC WOCABULARY

enable

1 make possiblie

The devalopment of the 5TM has enablag scientists fo moke fhvee-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 varipus shapes and sizes. You also might infer that cells
differ based on the functions they perform for an organism. However, all cells have at
least one physical trait in commaon: they all have a structure called a plasma membrane.
A plasma membrane, shown in Figure 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 lunctions 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
prokarvotic (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 vou 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.

Flasma membrane Flasma membrane

Figure 4 The prokaryotic cell on the |eft is smaler and appears less complex than the eukaryotic cell on the
right. The prakaryotic cell has besn enlanged for the purpese of comparing each cell's intemal stnschares.

WORD ORIGINS =5 CROSSCUTTING CONCEPTS
eukaryatic Structure and Function An analogy i 3 comparisan af two things that can help
prokaryatic to explain @ concept. A cell's genetic matenial provides instructions for making

e predis; from Greek, meaning e what the cell needs. An analogy for this genetic material, then, might be a
pro- prefix; from Gresk, meaning before | recipe. Using evidence fram the text, decide on something that could serve as an
kenry from Geeek, meaning nuckeus analkogy for the plasma membrane. Jusiify your analogy in a short paragraph.

Copright & M Craselill Echsabion (1iMe Crmy-Hll Echss o i )i Michard O o ' W Craee Hll Echs slion
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Eukaryotic cells are defined as cells with a nucleus and other organelles that are bound
by membranes. The nucleus is a central organelle that contains the cell's genetic mate-
rial in the form of DMA. Multicellular organisms made up of eukarvotic cells are called
eukaryotes. Some unicellular organisms, such as some yeast, also are eukaryoles.

Pruk.nrjrnl'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 prokaryolic cells. Thus, they are called prokarvotes. Many scien-
tists think that prokaryotes are similar to the first organisms that lived on Earth.

Eﬁetrﬁ'

Compare and comtrast eukanyotic and prokaryotic cells.

Crrigin of cell diversity

Scientists continue o investigate why there are two types of cells. The answer might be
that eukaryotic cells evolved from prokaryotic cells millions of yvears ago. According to
the endosymbiont theory, a symbiotic relationship involving one prokaryotic cell living
inzside 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.

\2 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: prokarnyatic cells and 4. Differentiate the plasma membrane and the
eukaryotic cells. organelies.

Explain Your Thinking

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

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

LEARKMNSMAIRT S Goonline to foliow your personalized leaming path to review, practice,
and reinforce your understanding.
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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

Muost of the molecules in the plasma membrane are lipids.
Lipids are large molecules that are composed of glycerol and three fatty acids. If a
phosphate group replaces a fatty acid, a phospholipid forms. A phospholipid {fahs foh
LIH pid) is a molecule that has a glycerol backbone, bwo 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 to exist in the watery environmernt.

QUTEHE L Membrams

the cell %
Carbohydrate prokein

chain

Cholesterol

Transport
protein
Monpolar
Phospholipid tails
bilayer Palar Inside the cell

heads

Fgure’s The phospholipid bilayer looks like a sandwich, with the polar heads facing the outside and the
nonpolar 13ils fading the inside.

l::lm'n-lm OCi Bisciplinary Core ideas 260 Erossoutting Concepts. SEF Schence & Engineering Bractices:

COLLECT EVIDEMCE INVESTIGATE

@mwukﬁ-m&mmlm QGO OMLUIME to find these activiies and more resources.

record the evidence you collect as (7 ldentify Cross Cutting Concepts

e e s Create a table of the crasseutting concests and fill in examplos you find a5 you read.

activities in this [esson.

Review the News
Dbtain infarmation from & cument news story about the plasma membrane. Evaluate your
source and communicate your findings to your class.

Mk tion

Copyright O A&
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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
i= altracted 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 falty 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 to the
waler 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 nonpa-
lar middle. Therefore, the plasma membrane can separate the environment inside the
cell from the environment outside the cell.

Eﬁetﬂ?

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-
brane, proteins called receptors transmit signals to the inside of the cell. Proteins at the
inner surface anchor the plasma membrane o 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 fluidity of
the plasma membrane. It is an important substance for maintaining homeostasis in a cell.
Other substances in the membrane, such as carbohydrates attached to proteins, stick

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

SCIEMCE USAGE V. COMMOMN USAGE STUDY TIP

polar Question Sesskan Wark with a partner
Science usmge: completely opposite and ask each other questions about
Witer and phaspholipias ore polar molecuies becmuse they hove positively- the plasma membrane. Discuss each
chivged ands and negrtively chivped emds. other's answers. Ask &5 many
Commen usage: relating to Earth's Morth or South Pole questions as you think of while iaking
Polar bears ive in the regian near the Novih Pole. 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. Al 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

Maonpolar
tai groups

Cholesterc] molecule

Polar head groups

Fgures The flukd masaic model refers. to a plasma membrane with substances that cam 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 struc-
tures that is primarily responsible for homeostasis is the plasma membrane.

The plasma membrane is a thin, flexible 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 to separate them
from the watery environments in which they exist.

compenent Siahility and Change People with the disease cystic fibrosis (CF) have a problem

a part or canstituedt of with the transport protein that hedgs water to exit through the membirane of (ung

The companents of the phasma cells. This waler is necessary to keap the layer of mucws in the lungs thin. Using

RS TTAEFOE OE WY COMSINT b, evidence from the fesxt, predict how the mueos in the lungs of pecple with CF
changes &5 a result. Relate your prediction to the function of the plasma
membrane.

Copright @ M Craselill Echss 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 mot 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 much of these substances enter and
leave a cell relies on the structure of the plasma membrane.

*, Plasma
membrane Ouiside
the cell

Water Inside
the cell

Figure 7 Lelt: The fish net sefectively captures fish while allowing water and other debeis 1o pass throwgh
Right: Simiarly, the plasma membrane (s selective for substandes entering and leaving the cell.

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. membrane 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 describing another
biological mosaic.

LEARKMNSMAIRT S Goonline to follow your personalized leaming path to review, practice,
and reinforce your understanding.
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LESSON 3

CELLULAR TRANSPORT

FOCUS QUESTION
What processes enable substances to mowve 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 @ Five-minute time |lapse @ Ten-minute time lapse

1- H_J -r u
Flgure 8 Diffusion causes the inks to mowve from high-ink concentration to |ow-ink concentration
unitil the color become evenly blended in the water.

Eclsca fion

—_——

L8 3D THINKEING 01 Desciplinary Core ideas 280 Crossoutting Concepis SEF Schence & Engineering Bractices:

COLLECT EVIDEMCE INVESTIGATE
El&ewuiﬁzmhmlm QGO OMLUIME to find these activiies and more resources.
e ¥ Aeplying Practices: Investigate Osmosis

you complete the readings and H5-L51-3. Plan and conduct an mvestigation to previte evidence that leedback mehanicis
aciiilies in this lesson. malritain homeostasis.

Comrigi &M
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Given more time, the ink particles continue bo mix and, in this case, continue ko 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 ne further change in
concentration will oocur. This condition, in which there is continuous movement but no
overall change, is called dynamic equilibrium.

One of the key characteristics of diffusion is the rate al which diffusion takes place.
Three main factors affect the rate of diffusion: concentration, lemperature, and
pressure. When concentration is high, diffusion occurs 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,
a5 shown in Figure 9{A}, but most other substances cannol. Another form of transport,
called facilitated diffusion, uses transport proteins 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 iransport protein, called a carrier protein, also can help substances diffuse
across the plasma membrane. Carrier proteins change shape as the diffusion process
continues to help move the partide through the membrane, as illusirated in Figure WC).

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 input.

Outside

the cell
Plasma
Mambiana

Inside

the cell

Dritfhcaaceh ool wwirbiad Facilaned diffusion Faez litaned ciffusion
by Chane] prolens by CanTial pictEinG
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Figure 9 Although waler
maves freely throwgh the
plasma membeane (L), other
subsiances cannal pass
throwgh the phosphalipid
bilarger on their own. Channel
proteins (B] and carrier
protesns (L) are kinds ot
transport probeins that heldp
lons and small molecules
mave aross the membane
in & process called faclated
dithusion




- Inspire Biology, Student Edition

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, to pass through.
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. In other words, a more concentrated solution has more
solute than a less concentrated solution.

Examine Figore 10, which shows a U-shaped tube containing solutions with different
sugar concentrations separated by a selectively permeable membrane. YWhat will hap-
pen if the solvent {water) can pass through the membrane but the solute (sugar) canmnot?

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 to diffuse until dynamic equilibrium cccurs—the concentration of the
solutions is the same on both sides. Motice in Figure 10 that the result is an increase in
solution level on the right side. During dymamic equilibrinm, water molecules continue
to diffuse back and forth across the membrane. But, the concentrations on each side no
longer change.

Eﬁaﬂt‘i’

Compare and contrast diffusion and osmosis.

Before osmasis After osmosis Figure 10 Bedore asmesis, he sugar
Conoentration & greater an the right side.
ANer osmosis, the concentrations ane the
same on baoth sides. Water malecules
COtinue 1o move acrass the membrane.

Mame the term for he pheaosmenan
show n this figure.

Salaclrely perabia = Wiater molecule
S & Sugar mobecule
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Cells in an isotonic solution

Whemn a cell is in a solution that has the same concentration of water and solutes—ions,
sugars, proteins, and other substances—as its cytoplasm, 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. Most 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 in a
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 net 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 hvpotonic, the plasma mermbrane might
be unable to withstand this pressure, and the cell might burst

Because they have a rigid cell wall that supports 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, shiowmn 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.
Dwring osmaosis, 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 soluticn 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.

Eamm

Compare and contrast the three types of solutions.

A (3 CROSSCUTTING COMCEPTS

concerntration Stabality and Change Both freshwater and saltwater fish must maintain a

the amaunt of & companent in a gheen redatively consistent amaunt of wates in their bodies. Predict what each type of
aned or wolume fish musi do to maintain water homeosiass, and why. Use evidence from the text
The canceatration of salf i the 1o jusiify your predicticns.
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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

Memibra ne

Figure T2 Carrier probein

Ma' /K ATPase pump

Insidea

Inside

The sodiurm-potassium ATPase pump, shown in Figure 13, is an active transport pump
found im the plasma membrare of animal cells.
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The pump maintains the level of sodiem 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 jons 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 yet 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. Recall, 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 tvpe of transport shown in Figure 14
occurs in some plant tisswes. Sugar moves by coupled transport into plant tissues. These
tissues carry the sugar to parts of the plant where it is stored until needed.

, Figure # Substances “piggy-back™ their
Outside the cell wiary o of cut of & cell by cowpling with

2Ma* B . another substance that wses an adtive
[ I ] fransport pump.

Describee Mow caupled fronsport cma help o

[l fo maimimdg enangy homessiass.

Ma" K" |

|
pUrmip

T

Inside the cell

E Get It?

Compare and contrast active and passive transport across the plasma
membrane.

pemy s pny e i N T e
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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.

O A Cranelill Dihmation

C o i
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Endocytosis Exocytosis

Inside the call Intide the call

Figure 15 Lef: Lange sulistances can enter a cefl b

The substance shown on the left in Figure 15 is engulfed and enclosed by a portion of
the cells plasma membrane. The membrame 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 exocytosis to 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 o
interact with its environment while maintaining homeostasis.

\& Check Your Progress

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.
e 4. Contrast how facilitated diffusion s different from
Cells must maintain homeosta- active transport.
sis in all types of solutions,
including isotonic, hypotonic, Explain Your Thinking
and hypertonic. 5. Describe Some organisms that normally live in pond
Some large molecules are wiater 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.
ENOCYIOSIS. 6. Summarize the role of the phospholipid bilayer in
cellular transport in living cells.
LEARKMNSMAIRT S Goonline to foliow your personalized leaming path to review, practice,

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 profein 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 lunction. You can
compare a cell's organelles to a factory’s offices,
assembly lines, loading docks, and other important
areas that keep the factory funclioning. 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 is a semifluid material called l:jtnpll.m.
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.

Fckaatin o msbonleis ia V50 iuky’ Cal Ly | rmigpm

1:1{3D-'|'H|HK'*E OCi Bisciplinary Core ideas 6L Erossoutting Concepis SEF Schence & Engineering Bractices:

COLLECT EVIDEMCE INVESTIGATE

[_Eumwwki!mmmlm QGO OMLUIME to find these activiies and more resources.
recodd the evidence you collect as 2 Virtual Investigation: Communities and Ecosystems
e e s Use & model to illustrate the structures of a cell.

activites in this lesson.
Identify Cross Cutting Concepts
Create a table of the crosscutting 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 prokanyotic cell. Some
ocrganelles are found only in plant cells; others are found only in animal cells.
Prokarnyotic cells do not have membrane-bound organelles.
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Components of the cytoskeleton

Al one time, scientists thought that cell organelles floated in a sea of cvtoplasm. More
recently. cell biologists 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 movemnent 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. Microfilaments are thin protein threads
that help give the cell shape and enable the entire cell or parts of the cell to move.
Microtubules and microfilaments rapidly assemble and disassemble and slide past one
another. This allows cells and organelles to move.

E Get It?

Summarize the structure and function of the cytoskeleton.

WORD ORIGIN STEM CAREER Connection
cytoplasm Sehence loumnalist
cytos keleton If it sometimes jeeks like scientists speak their own language, that's becauss, in a

cpte— prelix from Greek, meaning cell | way, they do! Sciendisis often communicate to each oiher using words specific to
their field of study. A science journalist’s job is to present sciendific information in
away that's easy for the general public to grasp. This might be by writing

newspaper amickes, medical pamphiets, press rebeases, o even adventisements.

Copright @ M Craselill Echss bion
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Centricles

Groups of microtubules form another structure called a centriole (SEN 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 microtubules and play a role in cell division

Cell appendages

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

Magrdeaton unaadativ Color-Erduncid TES: 000

Figure 20 The hairlike structures in the photomicrograph are cilia, and the tail-ike sirsc-
tures are flagella. Both structures function in cell movement. Cilia are also found on c2lls that
do nat move.

Infer where in the body of an animal ciliz might be foood.
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Microtubule configuration Cilia and flagella are composed of microtubules arranged
ina ¥+ 2 configuration, in which nine pairs of microtubules surround two single
microtubules. Cells with flagella typically have one or two flagella.
F'rul:.n.r}‘allcﬂlmuidﬂagel]amntnm cytoplasm and are enclosed by the plasma mem-
brane. These 5m1:mreﬂmmui£afmmplu proteins. While both structures are used
fior 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 allow plants
to stand at various heights—from blades of grass to California redwood trees. Plant cell
walls are made of a carbohvdeate called cellulose, which gives the cell walls their
inflexible characteristic.

Figure 21 The illustration shows plant cells and their cell walls. Compare ths to the phatomicragraph
showing cell walls of adjacent plant cells,

Prokaryote cell wall Prokaryvotes, 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 peptidoglycan, which is a combination
of disaccharides and peptide fr.qmenu. All prokaryotes have peptideglyvcan in their cell

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

Copright @ M Craselill Echsaiion Moy Pibeing'E o Catiy | magen
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Controlling Cell Activities

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

The nucleus

The nuclews, shown in Figure 22, is the cell’s managing structure. [t contains most of
the cell’s DMNA, which stores information used to make proteins for cell growth, func-
tion, and reproduction. Within the nucleus is the site of ribosome production called the
nucleolus.

The nuclews is surrounded by a double membrane called the nucear 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 to protein, is spread throughout the
nucheus.

Eﬁet It?

Describe the role of the nucleus.

Mucleus

Mucleolus

Muclear
envelope

Chromatin

Muclear pore

Fgure X2 [he nuclewss of a cell 5 a three-gimensional shape.

ACADEMIC VOCABULARY

Erle

locatan

The nudeolus is ihe site of ribasome procucion
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Processing Energy

Mitochondria

Cells have energy generators called mitochondria (mi tuh KAHM 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

Yo

!

Ciuter Inner
membrans membrane

Figure 23 Mibochondria make energy available to the cedl

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 compariments called thylakoids. This structure relates to their
function—trapping energy from sunlight in a pigment called chlorophyil. 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

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 manufac-
ture proteins is called the ribosome. Ribosomes are made of two components—RNA 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 moved out and used by other cells. Some ribosomes float freely in the cvtoplasmm,
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 PLAZ 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 lunctions can take 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 mo 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-aniuancid TEM Mig nificalion: uskrses
Smooth endoplasmic reficulum

Fgure 25 Ribosomes are simple struchures made of RMA and protedn that may be attached to the
surface of the rough endoplasmic rethoum. They kook like bumps on the endoplasmic reticulim.
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Processing, lransporting, 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 reticulurm, 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 oulside the cell.
Vesiche leaving

the Golgi apparatus

Golgi apparatus ’ . A - _#‘ ;}

Coiir-snhanced TEM b sgrilic siion: &8, D0
Figure 26 Flatbened stacks of membranes make up the Golbgl apparatus. )

Vesicles

Vacuoles A factory needs a place to store materials and waste products. Similardy,
cells have membrane-bound vesicles called vacunoles for tlemporary storage of materials
within the cytoplasm. A vacoole, such as the plant vacuole shown in Figure 27, is a sac
used to store food, enzvmes, and other materials needed by a cell. Some vacusles store
waste products. In contrast to 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 hawve lange membrane-bound storage compariments called vacuales.
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Lysosome

Figure 2B Lysosomes coniain digestive enzymes that can break down the wasies contained in
valiales.

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 lysosome prevents the digestive
enzymes inside from destroving the cell. Lysosomes can fuse with vacuoles and dis-
pense their enzymes into the vacuoles. These enzymes digest the wastes inside.

EG-&{ It?

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. Notice that plant cells contain 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 vacuoles. If they do, vacusles in animal cells are
miuch 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 partner or small group, make a list
adifference af materials that you might uSe 1o build a moded cell. The madel should ndude
A distine tion between panr cels ong at least three of the arganelies listed in Table 1. Each material should reflect the
o CENS IS har plovd cedts function of the organelle. (For example, you might choase to represent the:
contmin chiaroplzsts. mitochondria of the cell with batteries )
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Table 1 Summary of Cell Structures

Cell Structure | Example | Function Cell Type
An inflaxible barrier that id rt and Plant cels, fung|
Cell wall " rier That provides support a cefls, and some
protects the plant cell
prokaryotes
Centrioles ' Owganelles that occur in pairs and are import- | Animal cells and
ant for cell division most paotist cells
A double-membrane organelle with thylakoids
) Plant cells and
Chlaroplasis containing chlorophyl where photosynthesis
some protist cells
takes place
; 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 eukangotic cells
Endoplasmic & highty folded membrane that is the site of
) All eukaryotic cells
reticulum protein synthesis
P Some animal cells,
Flagella Projections that aid in locomotion and feeding | prokargotes, and
some plant cells
«| A flattened stack of tubular membranes that
Galgl apparatus » | modifies proteins and packages them for All eukaryotic cells
) - distribution outside the oell
A vesicle that contains digestive enzymes for Animel cells and
Lysosome m‘m the breakdown of excess or wom-out cellular | L calla
substances I
Mitaehandria A memb nd organedle that All eukaryotic cells
enefgy available to the rest of the cell
The 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- Al cells
membrane ment of substances into and aut of the cell
Ribosome . Chganelle that is the site of protein synthesis All cells
" Plant cells—ane
A A membrane-bound vesicle for the temporary large; rarely animal
storage of materials
celis—a few small

Copright @ M Craselill Echuss bion
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Organelles at work

With a hasic understanding of the structures
found within a cell, it becomes easier o envision
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 1o
another genetic molecule called RNA. Then RINA
and ribosomes, which hawve been manufactured
in the nucleolus, leave the nucleus through the
pores of the nuclear membrane. Together, KNA
and ribosomes manufacture proteins. Each
profein 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 proteins.

ﬁsetrt?

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. It
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 proteins, enzymes in
particular, to digest food and waste. Mitochon-
dria use enzymes as they produce a usable form
of emergy 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

Comyrigha @ A Crame il Drhaation

Summary Demonstrate Understanding
« Eukaryotic cells contain mem- 1. ldentify the role of the nucleus in a eukanyotic cell.
brane-bound organelles in the 2. Summarize the role of the endoplasmic reticulum.
fm’ I_ that pe cell 3. Create a flowchart comparing the parts of a cell to an
cHens. _ automobile production line.
: Hm_ are-_tl‘uesrtesu‘f 4. Compare and contrast the structures found in plant
e 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. Hypothesize how lysosomes would be involved in
wihile other organelles are changing a caterpillar into a butterfly.
unique to either plant cells or 6. [ECILTER Connection | Categorize the structures and

animal cells.

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

then draw a concept map illustrating your ocrganization.

LEARMSMART S Goonline to folow your personalized learming path to review, practice,
and reinforce your understanding.
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NATURE OF SCIENCE

Mitochondria:
More Than Just a
Powerhouse

#ck a biology student to state the function
of cell mitochondria, and they will probablhy
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 hawve in a cell

Mitochandra's many functions

Scientists hawve known of the existence of
mitochondna for well over 100 years. Sall, it
took more than &0 years of rigorous study
and debate before the scentific community
was confident in the connection between
mitochondria and cell energy. In 1857, a

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

This was not the end of research on the
mitochondria. In the 1960s, sdentists
discowered that mitechondria, ke nudei,
housed DA molecules. By the late 1980s,
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 SCIENTIFC
e INFORMATION

Using digital or print resources, gather

information about one way mitochondria might

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

Colarind-Erhanced SEP;H 20
Dedects in the mitochon deial DNA found i heart c2lls have
been inked to some fomms of heart disease.

the mitochondrion's most important role? What

other functions might mitochondria hawe? Could

discovering these functions help scientists cure
or freat diseases?

Today, scientists think that mitochondria play
a rale in autism, aging. and other conditions.
Scientists have also discovered that
mitochondria are essential for the formation
of new red blood cells and even play a vital
part in gene expression. By not accepting
that an important 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.”

w5 Lo o b v WL a8 P e Ly s

Coqarighi 1€ My Cramebll Erhmal
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STUDY GUIDE

a G0 OMLINE to study with your Science Motebook.

Copright © M Crasstill Echs bion

Lesson 1 CELL DISCOVERY AND THEORY = cell
* Microsoopes have been wied as tools For scientific study since » coll theary
the Late 15005, e
+ Seentsts use different types of microscopes to study cells. » eukargotic cell
+ The cell theory summarizes three principles. » nuclews
+ There are two broad groups of cell types: prokarvotic cells and » prokaryotic cell
eukaryotic cells.
* Eukaryotic cells each contain a nucleus and organelles.
Lesson 2 THE PLASMA MEMBRANE . phaspholipid bikayer
. ; - = ftransport profein
“wp]as:amrnﬁnemrmdeupufh\ulﬂ}usdplusphhp] .
= se|ectve permeability
» Chalesterol and transport proteins aid in the function of the
plasema membrane.
» The fluid mosaic model describes the plasma membrane.
* Selective permeability is the property of the plasma membrane
that allows it to control what enters and leaves the cell.
Lessonm 3 CELLULAR TRANSPORT = diffusion
» Cells maintain homeostasis using passive and active transpart. : :_h‘“m"r'hh_mm
» Concentration, temperature, and pressure affect the rate of —

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

» Eotonic solution
= hypotonic solution

including isotonic, hypotonie, and hypertonic. " I'rm:rtnn'l: =olution
*» Some large molecules are moved into and out of the cell using Lo ms:ul
endocyvinsis and exocviosis. . o
Lesson 4 STRUCTURES AND ORGAMELLES = cytoplasm
* Eukaryotic cells contain membrane-bound organelles in the " crbns_kzle‘lnrl
evtoplasm that perform cell functions. : P =
* Ribosomes are the sites of protein synthesis. « flagelism
» Mitochondria are the powerhouses of cells. « el wall
* PMant and animal cells contain many of the same o * nucieoks -
while other organelles are unigue to either plant cells or animal . ——
cells. = chioroplast
» ribosome
» endoplasmic neticulum
= Golgi apparatus
« wacuole

« kysasome
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. THREE-DIMENSIONAL THINKING

2/ Module Wrap-Up

REVISIT THE PHENOMENOMN

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 investigations and
research and finalize your Summary Table. Does your evidence support your claim? F 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. Youw will
summarize your evidence and apply it to the project.

GO FURTHER

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

& stroke occours when a blood clot blocks the flow of
oxygen-containing blood in a portion of the brain. Nerve
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 mowvement of calcium
ions imto and out of nerve cells. When cells contain excess .
calcium, homeostasis is disrupted. Herve wﬂ.mpgmm
SCEss Calckim

it ol

(&3 analyze and Interpret Data
1. Interpret how the glutamate flood destroys the calcium

pump.
2. Claim, Evidence, Reasoning What would happen if Ca™'
lewvels were lowered in the nerve cell during a stroke?

“Dala cbtaimed from: (hoi, DW. 3005 Neurodegenera
tion: cedlular defences destroyed. Noture 433 B96~G98

Copprifd O W Craac il Dobaatha O Tiva b agpe s Maie y
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INTRODUCTION TO PLANTS

ENCOUNTER THE PHENOMENON
Why are these trees shaped
this way?

Ask Questions

Do you hawe other guestions about the phenomenon? f 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 wiill revisit your claim and
about why the trees are collect evidence to support explain your reasoning at the
shaped this way. Explain your your claim. Record your end of the module.
reasoning. evidence as youw mowve

throwgh 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 oxyvgen 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 functions. For example,
most plants have photosynthetic tissues, and
organs that anchor them in soil or to an object
or another plant. However, does this descrip-
tion apply to ancient planis?

A== = Connection | Recall 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 planis
appeared. However, fossil evidence from
about 5(d) 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

8NGOS PETIMS

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

Mk tion

'::,J 30D THINKING o0l Disciplinary Core Ideas C€E Erosscutting Concepts SEF Science & Engineering Practices

COLLECT EVIDENCE INVESTHGATE

| use your Science Joumaltn | YGO ONLINE to find these activities and mare ressurces.

record the evidence you collect as Eff Quick Investigation: Compare Plant Cuticles

o complete the readings and Anadyze and interpret data to determine patterns of cuticke tickness of different plans.

activities im this lesson.
= &mlhuuﬂpﬁm: Biotechnology Knocking Out Genes
Use a model 1o defesmine patterns amang missing genes of wild and mutant plants.

Copyrige O M
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This common ancestor might have been able to survive periods of drought. Through
natural selection, drought-resistant adaptations in that ancestor, such as protected
embryos and other survival characteristics, might have passed to future generations.
When scientists compare present-day plants and present-day green algae, they 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 photosynithesis

* similar genes for ribosomal RNA

+ bpod 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. Owver 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 fany
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. Fals and waxes are lipids and are
insoluble in water. Because of this, the cuticle helps prevent the evaporation of water
from plant tisswes and can also act as a barrier W invading microorganisms.

Leaf imterior

P agn i ot an: unersailabde

Figure 2 The cuticle is produced by the outer layer of cells. Plants in dry environments aften have a thick wasy layer over
Ehe cuticle.

Inler whol odvmaiage s woxy laper provides o phamds i oy emdrommenis.
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Stomata

Like algae, most plants carry on photosynithe-
sis, which produces glucose and oxygen from
carbon dioxide and water. The exchange of
gases between plant tissues and the environ-
ment is necessary for photosynthesis o ocour.
If the cuticle reduces water loss, it also might
prevent the exchange of gases between a plant
and its environment. Stomata isingular, stoma)
are openings in the outer cell laver 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 socur in some
green stems, plant leaves usually are the sites of
photosynithesis and are where most 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 osmosis
or diffusion. However, vascular tissue enables
faster movement of substances than by osmuosis
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
plants and lack specialized transpaort tissues.
Vascular tissues alse provide structure and
support. The presence of thickened cell walls in
some vascular tissue provides additiomnal
support. Therefore, vascular plants can grow
larger than nonvascular plants can

WORD ORMGING

LM Bacndcabon. unevadsble

Figure 3 Sinimata are COmMmon on the lower surfades of
mast planis’ leawes.

Describe fhe fuachian of stomata in plands

Figure 4 Vascular plants have many shapes and sizes.
Identify the plants hat yow recognize

EGH It?

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

(EE3 cROSSCUTTING COMCEPTS

cuticle Patterms Lksing the ivtemet or other approved sowces, do research on one type

from the Latin diminutive word
cuitick, Meaning skin

Environments.

af flowesing plant that ives in the desert, and one that ives inthe raintorest.
Uksing evidence from your research, create a presentation that shows how both
planis hawe adaptations that help them to live successtully in two different land

Copyright O M Cranlill Dokt (P00 irsbara’ Bow ke My, (b0 it o Doswrar sl 0075 haiter aom b oo
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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 waterproofl protective coverings. However, the gametophyvtes of
those land plants must have a film of water covering them for sperm bo swim to 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 why water is a limiting factor for some land plants.

Seeds Embryo

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 enwvironmental 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 survive harsh environmental
conditions.

Diversity of Plants

Orwver time, plant adaptations resulted in a diversity of plant characteristics. Botanists
use these characteristics o 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 common practice to deop the —a from the
divizion name and add —es. For example, members of Division Bryophyta are called
bryophyvtes (BRI uh fites).

The plant divisions can be placed in two groups—the nonvascular plants and the vasou-
lar plants, eleven of which are illustrated in Figore 6 on the next page. In Figure 6,
notice how the vascular and nonvascular plants evolved from a commaon plant ancestor.

Morwascular plants {mosses, liverworts, and hornworts) lack specialized transport
tissues. Vascular plants have specialized transport tissues. Vascular plants are divided
into bwo smaller groups—plants that do not produce 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,
Sl A making them angrosperms.

A—

conifers

b M5t vascular, seeded plants are known
a% gy mnosperms, meaning “naked
seeds.” Most gymnosperms have seeds
that are found inside cones.

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

seed plants

:
!

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

nonvascular plants

common ancestor
Figure &

Visualizing Phylogenetic Trees

They tell us the proposed phylogeny or evalutionary history of a species ar a group.
Follow along to see the avolutionary relationships of the divisions of plants.
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Monvascular plants

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

evolved along with green algae from a commaon
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 nomvascular
plants for nutrient transport and reproduction.
Because they lack vascular tissue, they do not
have true roots, stemns, or leaves,

Study Table 1 to learn more about the
characteristics of the three divisions of
nonvascular plants.

Inspare Biclogy %12 Student Edition

LT

Comimesn ancesior

Figure 7 Embryo profediion is a
charactenistic of nomvasoular amd
vascular plants.

Table 1 Characteristics of Nonvascular Plants

Division Bryophyta

» Includes maosses

+ Produce rootlike, multicellular
rhizoéds for support,
anchorage, and absorption of
water and minerals

» Substances move by osmosis
and diffusion

+ Sphognum and other plants
together form peat, which is
important for fued and in
gardening

+ Successful in harsh
ENironments

Division Anthocerophyta
« Smallest division of

nomvasoular plants

Includes honmsoarts

“Homs" are actually
sporophytes

Substances move by 0smosis
and diffusion

Each cell of the gametophyie
and sporophyte has one large
chioroplast

Often found in a mutualistic
relationship with
cyanobacteria

Diwvision Hepaticophyta

« Includes liverworts

+ Mamed for their appearance
and use as medicine & long
time ago

« Found in many habitais,
including tropical and arctic

+ Substances mowe by osmosis
and diffusion

+ Hewve unicelluar rhizosds

« DMA analysis suggests
livensons 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
mame for a club moss identifies it as a manss, it is
nol 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.

e

ambifyn

(Comenon ancesion

Figure 8 Seedless vascular plants produce
spores in strobili instead of seeds.

Table 2 Characteristics of Seedless Vascular Plants

Division Lycophyta

Includes club mosses (are not tnee mMosses)
Descendants of the oldest vascular planis
Ancient Lycophytas were up to 30m tall; their
remains are part of the coal we use for fuel
Sporophyte generation is dominant

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

Division Pterophyta

« Includes ferns and harsetails

- [Dominant sporophyie generation leaflike
frands)

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

Treelike ferms were dominant during the
Carboniferows period; their remains are alss
much of the coal we used today

Horsetails produce spores in strobili at the tips
of reproductive stems

B

B

B

CHran P iyre b i) e S8k ety g
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Vascular seed plants

Vascular seed plants produce seeds, as shown
in Figure 9. Each seed usually contains a timy
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 sporophyvite 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 sporophyvte
generation for their survival. Unlike the other
plants discussed so far, most seed plants do not
require water for fertilization. This adapiation
enables seed plants to thrive in areas where
waber is scarce.

e
—

Mt

Comimson amcastar

Figure 3 The evolulionany tree shows that the
development of cones was an eailier evolution-
airy adaptathon tham fowers in seed plants.

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

+ Resembide palm trees

» Liwe in the tropics and
subtropics

- Can lve as long as
15002000 years

- Welwitschio has only
twio leaves and &

- Only one species is large storage rool

native to the United - Eptedro is the only
States genus fownd i the
United States

Division Gnetophyta | Division Ginkophyta

« Represenied by only

one species, Ginkgo
ko

Male and female
tfrees; females
produce bad smelling
berries
Pollution-resistant,
and grow well in
urbyan areas

Division

Coniferophyta
» Includes pines, firs,

and redwoods

- Economically

importart

« Adapiations include

needielike leaves o
Consene modsiure
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Flowering seed plants The flowering plants,
division Anthophyta, form the lirgest and most
diverse group of plants on Earth today.
Anthophytes, also known as angiosperms,
produce fowers and develop seeds that are part
of a fruil. Colyledons, or “seed leaves,” are part of
the seed along with the plant embryo. Monocols
hawe one seed leal. Dicots and eudicots have two
seed leaves and are further classified based on the
structure of their pollen. About 75 percent of
anthophytes are endicots. Monooots are the
second largest group and include palms, lilies,
omions, and grasses.

Flowers are the organs of reproduction in
anthophytes. The pistil is the female reproduc-
tive organ. At the base of the pistil is the ovary.
Inside the ovary are the ovules. Ovules 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

\E Check Your Progress

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

Pollen 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 sweet nectar, as well
as pollen, which provides pollinators with food.

Following fertilization, a fruil 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. Crher flowering plants develop dry
fruits, such as peanuts, walnuts, or sunflowers.
Fruits also can help disperse seeds.

Summary Demonstrate Understanding

« Algae were the ancestors of 1. ldentify 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-

+ Momascular plants transport tioms of vascular and nonvascular plants.
substances by diffusion and 4. Compare and contrast a gymnosperm and an

osmosis, are small, and grow
near water.

Seedless vascular plants are
adapted to drier conditions,
and have a dominate sporo-
phyte generation.

Vascular seed plants include
nonflowering and flowering
groups.

Flowrers are the reproductive
organ im some seed plants.

AngIosperm.

Explain Your Thinking

5. Assess the importance of a plant’s vascular tissue to its
ability to live on land.

6. Apply what you know about osmosis and diffusion to
suggest wihy nomascular plants usually are small.

LEARKMNSMAIRT S Goonline to foliow your personalized leaming path to review, practice,

and reinforce your understanding.
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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 out a specific function. Three
types of plant cells form most plant tissues. Table 4 shows each of these cells and

their fumctions.

Table 4 Plant Cells and Functions

« Stlorage

« Photosynthesis

« (Zas emchange

« Protection

« Tissue repair and replacement

Parenchyma

= Support
« Transport of materials

Collenchyma

« Suppaort for surrounding tissues
« Provides flexibility for plant

Selerenchyma « Tissue repair and replacemsent
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Plant Tissues

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

Apical meristem

! o
Sramrd LA Magnificalion . ursnnailabl e

Ciork cambium ‘Vascular cambéum

Root apical meristem
Boat cap (% S LM Magailcabon: 25w

Figure 10 Most phant growth results from the produwction of cells by merisiematic tissues. Sems and rools
increase i kength maostly due to the production of oells by apical merisiems. A plant’s vascular cambeum is a
different kind of meristematic fisswe. Cambium produces cells that increase root and siem diameders.
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Dermal tissue—the epidermis

The layer of 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 [atty substance
that forms the cuticle. The cuticle helps reduce water
loss from plants and it prevents bacteria and other
dizease-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
stems produce hairlike projections called trichomses
{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 take in a greater volume of materials.

8
j
:
g

Figure 11 The surface of  leaf is composed of
tightly-paciked epidermal cells that help protect
the plant and prevent wales loss. Stomata apen
and close to allow gases in and oul.

Figure 12 Epidermal adapiations help plants sunive. Left The tiny glamds at the tig of a rchome can Contain inac
substamces. Kight= Root hairs are fragile extensions of rool epidenmal cells thal increase the rool’s surface anred.

Explain frow Doth of these odmpiations are considerad o be survivi mechamsms,

WORD ORIGINS 29 CROSSCUTTING CONCEPTS

trichome Systems and System Models Using evidence from the test, construct a concepd
from the Greek wond frickfvme, meaning | map that shows how the tissues that make up each plant organ (root, stem, and

ot of hoir leaf] wark together.

LM Magnificaticn unavallibe
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Vascular tissues

In a plant, the physiological processes of transporting water, food, and dissolved
substances is the main function of two types of vascular tissse—xylem and phloem.

Xylem Water that contains dissolved minerals enters a plant through its roots. The
waler with dissolved minerals is transported throughout a plant within a system of
wylem that flows continuously from the roots to the leaves. Xylem (Z1 lum) is the
waler-carrving vascular tissue composed of specialized cells called vessel elements
and tracheids (tray KEY ihdz). At maturity, each vessel element and tracheid consists
of just its cell wall. This lack of cyvtoplasm 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 sirand. Unlike some mature vessel elements,
mature tracheids 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, xvlem consists of tracheids and
vessels. Because vessels are more efficient 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 dissolved
sugars and other organic compounds throughout a plant. Recall that xylem 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
uzed for transport, there are sclereids and fibers associated with the phloem. These
sturdy sclerenchyma cells provide support for the plant.

Wessel
essel
element alement

F |- Tracheid

- N

Figure 13 Tracheids and vesse elements are the comndcting oslls of the Kylem.

B
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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 nucleus and

ribosomes when it is mature. Next o sieve tube members

are companion cells, each with a nuclews. In flowering

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

sieve lube members. Mucleus

Ground tissue The category for plant lissues that are not
meristernatic tissues, 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
cell

Roots

The structure of a root is illustrated 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 laver of cells called the endodermis. Encircling each cell of

the endodermis is a waterproofl 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 mext o the endodermis toward the center of the

root is called the pu'i:!nh. It is the tissue that produces lateral roots. In most eudicots,

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

Endodermis with
Casparian strip

Coqurighi € My Cramebill Erhualim

Fgure 15 [he stneschare of a plant’s roots enalbles the entry and movement of waler and dissolved minerals inba
the plaint.
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Types of roots

The two major types of root systems are taproots and fibrous 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 . -

Functban » Anchors plant + Anchors plant = Anchors plant
» Food and water stofage | - Rapid water storage

Modified roocts—pneumatophores Adventiious—prop roots

Example

Funcibon - Supplies oopgen to submerged roots - Supporis plant stems

Stems

While vou might know that asparagus spears are stems, vou might be surprised to leamn
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 herbaceous (hur BAY shus). Maost annual plants have this
tvpe of stem. Palms and bamboos have rigid, fibrous stems. Trees, shrubs, and mamy
perennials have sturdy, woody stems that do not carry on photosynithesis. Some alder
plants have stems that are covered with bark. This tough, corky tissue can protect the
stem from physical damage and insect invasion. Some trees even have survived a forest
fire with minimal damage because of the bark that covers their trunks.

e i O soni! Mo k- Cathy b ager (b0 had Bubery Sh dtemiock
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Stem structure and function

The main function of a plant’s stem is support of a plant’s leaves

and reproductive structures. Vascolar 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.

EARTH SCIENCE Cells produced by the apical
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
by the vascular cambium. The production of xylem and phloem
throughout the vear can produce annual growth rings. The age
of a tree can be estimated by counting the annual growth rings
at the base of its trunk, like those shown in Figure 16,

Types of stems

Annual ring

Figume 16 An annual growth ring fonms
im the stesm of & woody plaint when
growth resumes after a period of Bike or
o growth.

Inler how e amowal of ovaiobie
muaisiure might affect the width of an
o growth ring

Stemns are plant organs and all sterns have adaptations that help plants survive, as
shown in Table 6. In some planits, these adaptations enable stems to store excess food,

and in other plants, they help withstand drought, cold, or heat.

Table 6 Types of Stems

White potates

Funcibon « Food storage + Food storage

Example

Fumncibon + Food storage I Food storege

« Asexual reproduction

Spider plant
« Bzesxual reproduction
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Blade

.

Leaf Tissue

Upper
epidermal
cell

Palisade

mesaphyl
cedl

Al space

s cular
bundle

cell Stoma
Figure 17 The different fissues of keaves illustrate the relationship betwesn structure and functicn.

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 o the stem by a stalk
called a petiole (FET ee ohl). The petiole’s vascular lissue 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 tighthy
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 (mehz uh fihl), or palisade
layer. Below the palisade mesophyll is the spongy mesophyll, consisting of irregularhy-shaped,
loosely packed cells with spaces surrounding them. Oxygen, carbon dioxide, and water vapor move
through the spaces im the spongy mesophyil. In most plants, water travels from the roots up throogh
the stems and into the leaves, replacing the water used in photosynithesis and lost from the plant by
evaporation. Water evaporates from the inside of a leaf to the putside through stomata in a process
called transpiration that helps pull the water colummn upward.

Copyright O MW Cramelill Dol e
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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 Venation Leaf Arrangement

Simple Palmate

e . -

Compouwnd

Parallel

Plant Responses

A plant response that causes movement that is not dependent on the direction of the
stimulus is a mastic response. I 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 (ZZ3 CROSSCUTTING CONCEPTS

Soil and Plamt Scientists Emergy and Matter Using evidence from the text,
Life on Ezrth depends on plants. Soil and plant scentists do research | Oraw a flow chart that shows how keaves take in the
tolearn as misch about these sssential crganisms &5 passible. Their | maiier used in pholosynthesis and release waste.
work influences a huge varkety of fields, including agricultuee,
landscaping, and architecture.
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What do vou notice about the plants in Table 87 These are examples of tropisms. A
tropism (TROH pih zum) is a plant’s growth response o an external stimulus. 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

Stbmulus: Light Stirmulus: Grendty Stirmubus: Mechanical
Respanse: Responge: Responsea:
» Growth toward light source » Positive downward growth » Growth towand point of
- Megative upward growth contact
\& 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 differant 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.

LEARKMNSMAIRT S Goonline to foliow your personalized leaming path 1o review, practice,
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. 'ﬁegetnhwre]mlﬁﬂnn is a form of asexual reproduction in which new
plants grow from parts of an existing plant, as shown in Figure 1B. 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 planis than from a spore or a seed. Remember that an organism produced
sexually will have a combination of features from its parents. However, plants proeduced
vegetatively are more uniform than those that result from sexual reproduction. Some
fruits do not produce seeds, and vegetative reproduction is the only way to reproduce.

FIgurH! Gemmae [JE mes]
CLips or S|:l|-a5"| Cups contain
small peBEs o livervwod
tissuie. I ki kesd from or
colashed out of the cup, they
can grow info plants.
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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 sporophyie generation. The gametophyte
generation produces gametes—sperm and eggs. Some plants produce sperm and eggs
on separate gametophytes, while others produce them on one gametophyvte. When a
sperm fertilizes an egg, a diploid zyvgote 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 accounits 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 gametophvtes o dominant sporophytes that contain vascolar tissoe.

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
sporophyvte 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 disisions
e Diploid cells occur
(2m)
Festilization wthre
s Tygote E:Ip;ﬁyemp
(2m)
Meiosis forms
Male gm"ﬁ'* Spares
(ega)
Fperm
Mature gametaphyte
Cel divsi
o Vi it
l-hpllllﬁaelu

Figure 19 The form of the sporoghyie forange) and
gametophyte [Hue) is different for every plant species.
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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 [lowers are determined by each species” genetic makeup. It is
important to rememnber that flowers can vary in structure and form from species bo
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 beth attract pellinators and provide them with
a landing platform. 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 lhe]isll. In the
center of a flower is one or more
pistils. A pistil usually has three
parts—the stigma, the style, and
the ovary.

The stigrna is the tip of the pistl
and is where pollination ocours.
The style is the part that connects
the stigma to the ovary that
contains one or more ovules. 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 flower has fowr argans—sepals, petals, stamens, and
@Ne of mare pistils.
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Flower adaptations

Structural differences Flowers that have sepals, petals, stamens, and one or more
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 W species. However, the number
of flower organs distinguishes endicots 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 ather argans—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 Scme plants can be identified as either a ewdicod {lett] or monocod {right) by their flowers.

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 fower to
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 stignmia of a wind-pollinated Aower is often large, which helps to ensure that a
pollen grain might land on it

stigma Systems and System Models Usa evidence fram the
Science usage: the tip of a flawer's pistil where palination 0CCWS | text to sketch @ model of a typecal flower. Label each
The stigma of ma ins's pistil hes three povis. Common wsage: a part of the flower. Then wiite a few senlenceas that
mask of shame of discredit eaplain how each par you labeled helps the plant

A criminal record offen is o stigma for oo indhiduo! Bying io reproduce.

FeeTter Sociely
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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 cowered with pollen
and can transfer the pollen to the next flower it visits.

Wind disperses
lightwelght cak palien
that can cause allergic
reactions for many
people. Tassels hang
down and can wave in
the wind.

Hummingbirds are atiracted to red
flowers. The hummingbird’s long beak
reaches nectar at the base of this flower.
Some yellow and orange pigments.
reflect light in ramges imvisible to the
human eye. Even so, the markings are
hi wvizible to bees and other insects.

As night falls, heavy scents and pale

colors make it easier for moths to locate The carrion flower

certain flowers. has & rancid odor
that atiracts fly
and beetie
pollinators.

Mectar producing flowers often atiract
insect pollinators 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 o wo cotyle-
dons in eudicots. The 3n cell
formed as a result of double

fertilization undergoes cell Monocot Eudicot

clivigiona. A tissue called fhe Figune 23 Seeds of monocots differ from those of eudicots.

mﬁarﬁtﬁhm] ) Identity the ambryo’s food source i each iype of sead.

divisions and provides nourishment for the embryo. Initially, these cell divisions oocur
rapidly without cell wall formation. As the endosperm matures, cell walls forny. 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 monocot. The liquid inside a fresh
coconut is liquid endosperm—cells without cell walls. In eudicots, the cotvledons absorb
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 endicot and
monocol seeds are shown in Figure 23,

As the endosperm matures, the outside layers of the ovale 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, outer covering that often comes off or loosens as
seeds are cooked.

Have you ever eaten a tomato or cocumber 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 ccour 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 eat develops from other fower
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 fruil.

& et

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

Seed Coat

Cotyledon

Copyright O MW Cramelill Dol e
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Table 8 Types of Fruit

Fruit Type Examples of Flower and Fruit Description

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

Aggreqgate fruits form from
flowers with multiple female
organs that fuse as the fruits
ripen. Sirawberries, raspber-
ries, and blackberries are
examples of aggregate fruits.

Aggregate frults

Mubtiple fruits Muitiple fruits form from many
flowers that fuse as the fruits
ripen. Figs, pineapples,
mulberries, and osage
ofanges are examples of

miultiple fruits.

Diry fruits " When mature, these fruits are
dry. Examples of dry fruits
include pods, muts, and grains.

Seed dispersal

o Wl chory " hlorss g Sk i ko orw
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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
R 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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seed germination

When the embryo in a seed starts to 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 15 conl, but others need warmer soils.

Figure 24 Germination ocours
whien the embiyo Starts b grow
Infer wity these seaas ave at

differen' sioges of germinolion

Germination 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 enzyvmes 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 oulside 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 hyvpocotyl 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 o light. In monocots, seedling growth is
slightly different because the cotvledon usually stays in the ground when the stem
emerges from the soil.

E Get It?

Explain how the structures shown in Figure 24 help plants to reproduce success-
fully on land.

arw by Gty rmangry
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Seed coat

Monocot  Eudicot

Fgure 25 Seed germination differs in monooots and eudicots

First leaves

Monocot  Eudicot

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 involee

the alternation of generations.
A typical flower has sepals,
petals, stamens, and pistils.

Some flower modifications
distinguish monocots from
eudicots.

Meodifications make flowers
miore attractive to pollinators.
Seeds provide nutrition and
protection for the embryo,
while fruits help protect and
disperse seeds.
Emvircnmental conditions
affect seed germination.

Demonstrate Understanding

1. Describe the stages of alternation of generations.

2. ldentify advantages of vegetative reproduction.

3. Explain how each of the four organs of a typical flower
work together to help a plant reproduce.

4. Describe 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. (LT 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?

ILEARRKMNSMAIIRT S Goonline tofollow your personalized leaming path to review, practice,

and reinforce youwr understanding.
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ENGINEERING & TECHNOLOGY

Tending a wegetable 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 astronawts aboard the
Internotional Space Station {I55). These
astromauts can be in space for more than 300
days. The lomg missions pose a problem—lack
of fresh food. The solution? Grow fruits and
vegetables in outer space.

To accomplish this task, scientists developed
the Vegetable Production System (Weggie).

a plant growth system designed for use

im puter space. Veggie provides the right
amoumnt of light and nutrients for seeds. It also
provides a means to anchor plant rocts in the
microgravity of space.

eqggie'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 giant

leap for humankind—this marked the first time:
that people ate fresh food not grown on Earth.

COMMUNICATE SCIENTIFIC AMD
TECHMICAL INFORMATION
Conduct further research about the Veggie

system used on the [S5. Create a manual
about how the technology works.

Would you eat space spinach? Schenlists are using
technology like this to simelate conditions cn other
planets.

Providing fresh food to the Earth-orbiting 155
is @ major accomplishment. But MASA hopes
to someday send crewed missions to Mars.
The missions will imvolve 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
regalith, a rocky material that covers most
of Mars. Preliminary results are promising,
although astronauts would have to add
fertilizers and remowe 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.

Copyright O W& Cramlill Dobaaten Flios A S awls Cadfen
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STUDY GUIDE

L) GO ONLINE to study with your Science Notebook.

Lesson 1 PLANT EVOLUTION AMD DIVERSITY » stomata

+ Algae were the ancestors of modern land plants.

Plants alternate between a sporophyte and gametophyte

« vascular tissue
« vascular plant
« neorvasoular plant

gEnmerakaon. e
+ Momvasoular plants transport substances by diffusion and = strobilus
oamosis, are small, and grow near wates. = cotyledon
+ Seadless vascular plants are adapted to drier conditions, and have
a deminate sporophvte generation.
Vascular seed plants include nonflowering and flowering groups.
* Flowers are the reproductive organ in some seed plants.
Lesson 2 PLANT STRUCTURE AND FUNCTION - epidenmis
* The structure of plant cells and tissues are related to their = el call
fumctson. . ¥ et
* There are several different tvpes of plant meristernatic, R
dermal, vascular, and ground tisswes. « phloem
* The three main organs of a plant ane roots, stems, and leaves. c ‘Hh‘_’*mmm
+ Mastic plant responses are not dependent on the direction of the R e ol
L ) R R § » ground tisswe
stimulus; tropisms are responses to stimuli from a specific - ol i
direction. p—
» endodermis
. Fu:-ande
v petiole
« palisade mesophydl
+ spangy mesophyll
« tramspiration
v mAstic nesponse
= tropsm
Lesson 3 PLANT REPRODUCTION U———
+ Vegetative reproduction is asexual reproduction. « sepal
- The life cycles of plants involve the alternation of generations. - petal
i + Atypical flower has sepals, petals, stamens, and one or mone it
=r pistils, « endospem
ki * Flowers can be perfect or imperfect, and complete or incomplete. « seed coat
f + Some flower modifications dstingush monooots from eudicots. = 'Q'E'T“im'ﬁ“”
'E‘ + Modifications make flowers more attractive to pollinators. : Ficls .
= + Seeds provide nutrition and protection for the embryo, while « dormancy

fruits help protect and disperse seeds.

+ Environmental conditions affect seed germmation.
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. THREE-DIMENSIONAL THINKING ! ﬂ‘ <
2/ Module Wrap-Up - <

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? I not,
rewise 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

33 Data Analysis Lab
How does Nostoc benefit a hormwort?

Cyanobacteria, usually species of Nostoc, form mutuwalistic
relationships with a few vensworts and the majority of
hormworis.

Data and Observations Nostoc colonies appear as dark spois
within gametophyte tissue, as shown in the photo.

Mmm and Interpret Data “Diata obtained from: Costa, J-L., et &l 3001,
) . . . Gemetic diversity of Nostoc symbionts

1. Claim, Evidence, Reasoning Hypothesize about the benefitis) endophytically associmied with twa bryophyte
the cyanobacteria receive from the hormwort. speces. Apol Emic Microtiol 67: 43934796

2. Design an experiment to test your hypothesis.

Copyright O W& Cramelill Dobiatamn i1 vy b i Sed bers loskc i e od ¥ ol or
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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

Dio 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 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. | wour claim. Record your end of the module.

Explain your reasoning. evidence as you mowve

through the module.

DGD OMNLIME to access your CER chart and explore resources that can
help you collect evidence.

\

LESSOM 1: Explore & Explain: LESSOM 2: Explore & Explain:
The Integumentary System: The Skeletal System: How
How Skin Works Bones Waork

oy ghit Wi - Hll Echss bion H i Caba b hdtsmios ko
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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) svstem is the organ system that covers
and protects the body. Skin is the main organ of the integumentary svstem and is
compaosed of four types of lissues: 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 two main layers 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 o 30 cells thick, or about as thick as a sheet of paper. The
outer layers of epidermal cells contain keratin (EER uh tun), a protein that

waterproafs and protects the
Hair shaft
5 : Froe nane

cells and tissues that lie Canal
underneath. These dead, outer apglary \ pore
cells are constantly shed. SabatEoLE

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

| Epidermis

joined together for specific purpases.
Summarize who! fypes of fsspes i
ke o the skl Fuj' lissue

cells can be lost each month. %
Flgure 1 5kin is an organ because it - ] L Subcutaneous I
consicts of different types of tiesues - y . layer E

| J3DTHINKING  o° Disciplinary Core ideas

COLLECT EVIDENCE INVESTIGATE

| use your Science Joumal 1o L) GO ONLINE to find these activilies and more resounces.
record the evidence you collect as & Quick Investigation: Examine Skin
yiou complete the readings and Carry out an investigation i determine struciures of skin.

ctivities in this |esson.
[59 |dentify Cross Cutting Concepts
Create a table of the crosscutting concepts and fll in ecamples you find as you read.
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The inner layer of the epidermis contains cells that continually are
dividing by mitosis to replace cells that are lost or die. Some cells in
the inner layer 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 also influences the color of
a person’s skin. A suntan results when melanin is produced in
response W 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 pictured here
times thicker than the epidermis. The dermis consists of connective  feed on dead skin cells—a majos
tissue, a type of tissue that prevents the skin from tearing and companent of dust.

also enables the skin to return to its normal state after being

stretched. This laver contains other structures including nerve cells, muscle fibers,

sweal glands, oil glands, and hair follicles. Beneath the dermis is the subrutaneous

layer, a laver of connective tissue that stores fat and helps the body retain heat.

Eea It?

Describe the hierarchical structure and erganization 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 qil, 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, backhead, or acne—an inflamma-
tion of the sebaceous glands.

Figure 3 Hairs grow out of hair follcles, struciures
faund inthe 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 nail divide, older dead cells are
compacted and pushed out. Mails grow about 0.5
o 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 o
shrink and pull away from nails and hair. This
miakes both appear konger.

Functions of the
Integumentary System

Skin serves several important functions includ-
ing regulation of body temperature, production
of vitarin 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
temiperature, the person sweals. As sweal
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.

Motice 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 much 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 subculaneous
layer instead of hair to keep warm.

Vitamin production

Skin also responds to exposure to uliravicdet
light rays from the Sun by preducing vitamin .
Vitamin ¥ increases absorption of calcium into
the Hoodstiream and is essential for proper
bone formation. Many food products, such as
miilk and orange juice, are now fortified with
vitamin .

Fig-ured- Miscles i the skin cause the hair of some
mamimals to stand on end, and Cause 'g-'.'ll:lEuE bumg@s™ on
human skin.

Relate w.ﬁﬂféﬁ'n’.‘l'ﬂ*mEl'.‘."DJ{hEﬂglE'E p."l.'lﬂ.'.lflé' 'QII.'IDSE'

Dumps

Protection and senses

Intact skin prevents the entry of microorganisms
and other foreign substances. Skin helps main-
tain body temperature by preventing excessive
water loss. Melanin in the skin protects against
ultraviclet ravs. Information about changes in
the environment, 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 a 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.

w S b ot by b g
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Blood clots form a scab to dose the wound, and cells beneath the scab multiply and fill
in the wound. Al 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

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.

HEALTH Burns, whether caused 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 bisters or leaves a scar is a second-degree burn and involves damage to 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?

Contrast the three types of burns.

Table 1 Classification of Burns

verity of burn

Cells in the epidermis are injured | - Redness and swelling
Flest-degeen and may die. - Mild pain
Cells deeper in the epidermis - Blisters
Second-degrese die. Cells in the dermis are  Pain
injured and may die.
» Skin function lost
Cells in the epidermis and dermis | - Healthy skin needs to be
Third-degree die. Mere cells and muscle cells transplanted
are injured. » Mo pain because of nene cell
damage
ACADEMIC VOCABULARY (53 CROSSCUTTING CONCEPTS
Function Dermatodogist Systems and System Models Work with a
action, purpose Physicians that specialize in hedping partnes to design a model of the intagu-
One function of the skin is fo profect | PeODIE take care of thesr skin are mentary system. Define the systam and
the bady. dermatologists. They treat skin discuss how the model provides a feal for
conditions ranging from acne to skin - | ynderstanding the system.
Cancer.
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Figure 5 ‘Warning signs of skin cancer
imcude olvious changes bo warns or males,
or moles that are imegularly shaped, varied
im calo, of larger than the diameter of 2
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. Uliraviolet 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.

Skin 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.

|& 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 severity 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. Ewvaluate the labels of two skin creams to compare
o they claim to benefit the skin.

7. TR Connection | To determine how long an SPF
will protect a person from burming in the Sun, multiply
the amount of time the person can spend in the Sun
before starting to burn by the SPF rating. If an indiid-
ual who usually burns in 10 mins uses a product with
an SPF of 15, how long will the protection last?

ILEARBMSMART S Goonline tofollow your personalized leaming path to review, practice,
and reinforce your understanding.
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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, vou
winuld 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) 5 Appendicular skeleton (126)

Clavicle (2)
Scapula (2)

I Skutl and /|";f
assocated
bones (28}

Humerus (2)

Sternum (1) Ulna (2)
Ribs (24) |/ Radius (2) Upper
Carpal bones (16) limbs (&0}
Vertebral Metacarpal bones [10)
column (26) Phalanges [28)
Pelbvic girdle [2)

3 Patella (2) Flgwre & The adal
B ;"I?EIEE%] P skedeton includes the
5 i = bones of the head, back,
i | Tarsal bones (14) Bmbs (60} 4 chest Bones in the
E { Metatarsal bones (10) appendicular skeleton ane
e Phalanges redated i movement of the

limibs.

I:-:] 3D THINKING O<i Disciplinary Core ideas GOC Erozscutting Concepts ZEM Science & Engineering Bractices

COLLECT EVIDENCE INVESTIGATE
'E'usemlklmcemmlm 2 G0 OMLINE i find these acivities and maore resources.

record the evidence you collect as i -
you comglete the readings and BloLab: Forensics: How can skeletons help you solve a “crime™?

I —— Plan and canry out an imvestigation to determine if the structure of 2 bane can il which
animal it came from.

o= Ciuick Investigation: Examine Bone Attachments
Carry out an irvestigation to determine structures of the skebstal system.
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Compact and spongy bone

Bone is a connective tisswe 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. Clq-:lluu is dense and
strong; it provides strength and protection. Running the length of compact bones are
tubelike structures called osteons, or Haversian systems, which contain blood vessels and
nerves. The blood vessels provide oxvgen and nutrients o ostescytes—living bone cells.
The centers of bones can differ greatly, as illustrated in Figure 7. As the name suggests,
qungll.t 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 systerms.

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 ko red bone
marrow in cases of extreme blood loss or anemia.

Formation of bone

The skeletons of embryos are composed of cartilage. During fetal development, cells in
fietal cartilage develop into bone-forming cells called osteoblasts. The formation of bone
from ostenblasts is called ossification. Except for the tip 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
bome cawity

- — Cartilage

i Fefgs;eum -

Osteocyte
Flgure 7 Bone is either compact bone or spongy bane.
Classify how spongy bone and compoct booe differ in locofion and function.
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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 osteoclasts 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 does 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 to reduce pain
temporarily. The injured area becomies
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
communication signals that help the body
mairntain homeostasis. The fracture repair
begins with a soft callus, or mass, of cartilage
forming at the location of the break. This tissue
is weak, so the broken bone must remain in

Place.
E Get It?

Describe the feedback mechanisms
invoheed in responding to a broken bone.

Callus formation About three weeks later,
ostenblasts 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 osteoblasts
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, mutrition, 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 B Hone repair requires several steps. First, a mass
of clofted blood horms in the space between the Droken
bames. Then connective tissue fills the space of the: broken
bane. Eventually, osteobiasis produce new bone tissue.
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Joints

Joints oocur where two or more bones meet. They can be classified according o 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 movemnent 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 subures, are fived.
They are joined together by fibrous tissue. At birth, however, skull bones are not all fused
together. This fexibility 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 Igu.u!ﬂl.

Table 2 Some Joints of the Skeletal System

(PTG ER T il Ball-and-Socket Piwot Himge Gliding Sutures
\ f
Example J ——

Drescription In & ball-amd- The primany In a himge joint, Gliding joints Sutures are joints
Socket joint, the movement at a thie Comwes allow side-to-side | in the skull that
balHike surface of | pivot joint is surface of ane and back-and- are not movable.
one bone fits into a | rotation. One bone fits into the | forth movement. | There ane 22
cuplke depression | example of a phwot | concave surface | The jodnts in bones inan adult
of another bone. | joint is the elbow | of another bone. | wrists and ankles | skull. Al skull
The joints of the joint, where tao Elbows and knees | are gliding jeints. | bones except the
hips and shoulders | bones of the are hinge joints. | The joints of lowier jaw bone
afe ball-and-socket | lower amm meet | They allow wvertebrae also are | are joined at
joimt=s. They aliw & | This joint allows & | back-and-forth gliding jodrits. SUTLIFES.
persan o swing person to twist movement like
thezir aamis and the blower arm. that of a door
legs. hinge.

ETE CROSSCUTTING CONCEPTS

Systems and Systems Models Consider a moded of pant of the skeletal system.
What system components does the model help you study? Write a parageraph

describing the usefulmness of the model

Copayright: MeCrass il | Eche 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. Osteoarthritis (ahs tee oh ar
THEI tus) is a painiul condition that affects joints and results
from the deterioration of the cartilage. It is a very common
condition in knees and hips and also affects the neck and back.
Osteparthritis 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 arthritis

Rheumatoid {roo 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 Bheumaioid arthritis can cause

joints lose strength and function and are inflamed, swollen, and 033 08 TR mnekimctin pus

painful. Joints can become deformed, as shown in Figure 9. MUK SEVESE: pa.

Compane how meumelosd or ihnilis
differs from the more Common

Bursitis
asfasarthifs.

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 to bone. Bursitis is an inflam:-
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 ligaments that hold joints together. It is caused whemn 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 1o
support the body. The bones of the legs, pelvis, and the vertebral column hold up 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 irvolved 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.
Them, fat tissue replaces some red marrow and gives the marrow a yellowish appearance,
which gives it its name. Fat 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, calcum 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 bodv. For example, as
muscles pull om 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, pebis, and vertebral column hobd up the body

Formation of blood cells

Resenvalr

Support = Mandible suppaorts the testh
= Almost all bones support muscles
= Skull protects the brain
Protection = Vertebrae protect the spinal codumn

+ Rib cage protects the heart, lungs, and other organs

« Fed bone marrow P[I:rdIJCEE. red blood cells, white blood cells,
and platelats

= Stores. calcium and phosphorus

Movement

« Afttached 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. Identify and describe the functions of the axial skele-
ton and the appendicular skeleton.

2. Compare the compaositions of red bone marrow and
yellow bone marrow.

3. Compare the body's mechanism for repairing a frac-
tured bone with the original development of bone.

4. Construct a classification scheme for all of the bones
shown in Figure 6.

Explain Your Thinking

5. Consider what the result might be if osteoblast 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, location, and function.

ILEARRKMSMAMIRT Goonline o follow your personalized leamning path to review, practice,
and reinforce your understanding.

Cogmrigd MaCranr HE Ebailim
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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 involuntary muscle because it is not controlled
consciously. For example, fooed moves through the digestive tract because of the action

of smooth muscles that line the esophagus, stomach, and intestines. Smooth muscle
does not appear striated, and each cell has one nucleus.

Mucleus
Mutleus
Mucleus
Striation Striation

Smooth mauscle Candiac muscle Skebetal musde

Copsright B Crase 15| ok dli on

FHHPE 10 The three types of musde cells are smooth muscle, Cardis. musde, and skedetal muscle.

1::3 3D THINKIMNG OC1 Disciplinary Core ideas o6 Crossoutting Concepts SET Srience & Engineering Practices

COLLECT EVIDENCE INVESTIGATE

lﬁ'ug-ey'nwﬁdm:ehmln D) GO ONLINE to find these activities and mofe resountes.

record the evidence you collect as & BioLab: How long can you last?

o mﬂr readings and Plan and carry out an investigation to determine if the structures and functions of muscles
rasis = wark togethes on a task.

Virtual imvestigation: Muscle Stimulation

Uise a mided to determine the effect of stimulation on muscles.




Inspare Biclogy, Student Edition

Cardiac muscle

The involuntary muscle present only in the heart is called cardiac muscle. Cardiac
mu=cle 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 mnscles are muscles
altached to bones by tendons and when tightened, or contracted, cause movement.
Skeletal muscles are voluntary mmscles 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.

El’.‘:‘et It?

Describe how the three types of muscle cells support essential functions of life.

Skeletal Muscle Contraction

Most skeletal muscles are arranged in opposing, or antagonistic pairs. Figure 11 illustrates
miuscles that you use to raise vour arm and opposing muscles that you use to lower vour
arm. Skebatal muscle is arranged into fibers, which are fused muscle cells. Muscle fibers
consist of many smaller units called myofibrils. Myofibrils consist of even smaller units,
myosin 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 muscle that
contracts as illustrated in Figure 12 on the next page. The siriations of skeletal muscles are
a result of the sarcomeres, which run £ line to 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 ryosin 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 McCrase HllIE di s on
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Copry . Bl oy boll Exbmat iy

Figure 12 Visualizing Muscle Contraction

A muscle fiber is made of myofibrils. The protein filaments actin and myosin form

myofibrils.

Mucleus of muscle cell

The functional wnit of
the myafibril is the
sarcomere. Myofibrils
are made of myosin
and actin filaments.

2 line A& band

Sarcomere

Relaxed Contracting

In response to & nerve signal,
cross bridges are farmed
between myosin and actin. ATP
I= used to change the position of
the erass bridge, which causes

. the movement of actin filaments.
Z line * A band

Movement of actin fllament g

Mitochondria

b= Muscle fiber

Myosin
filaments
(thick)

Actin
filaments

{thiin)

Fully contracted

The sliding filament theary
explains that muscles contract
when actin filaments slide
tenward ane anather.
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When the nerve impulse reaches
the muscle, calcium is released into the myofibrils causing the
mivosin and actin to attach to each other. The actin filaments are
pulled toward the center of the sarcomere, resulting in muscle
contraction. ATT 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
SRS e CnET sufficient oxcygen is available, aerobic cellular respiration occurs
Explaln why normol hreotslog i in muscle cells. Recall that the cellular respiration process
impartant after 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 ATF 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 bloedstream 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 punyp the
calcium back out of the myvofibrils, which causes the muscles to relax. In rigor mortis, the dead
animal cannot produce ATE, so the calcium remains in the myvofibrils and the muscle remains
contracted. After 24 hours, cells and tissues begin degrading and the muscle fibers cannol remain
contracted.

Eﬁﬂ itz

Summanze how the imtegumentary, skeletal, and muscoular systems work together to enable
the runner in Figure 13 to finish the race.

Skeletal Muscle Strength

Different people may have different types 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
in both cases is the ratio of slow-twitch muscle fibers to fast-twitch muscle fibers. Both slow-twitch
and fast-twitch fibers are present in every person’s muscles, but the relative amounts of each may
differ from persan o person.

59 cCROSSCUTTING COMCEPTS STEM CAREER Connecthon
Structure and Function Create a poster to present a detalled examination of the | Massage Therapist

praperties and structure of skeletal muscles. Describe how understanding the Afhiletes use massage therapy to help
structure of the musches reveals thedr function. relax muscles and redease lactic acid

that builds up during iraining or
competition. Massage therapists must
have & thonosgh understanding af
anabony and piysiclogy.

T

I naakora Cat 1y T
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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 muscle 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
fatigune more than fast-twitch muscle fibers. Slow-twitch muscle
fibers have many mitochondria needed for cellular respiration.
They also contain myoglobin, a respiratory molecule 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#4 Triathietes have a high

ing short bursts of energy such as sprinting or weightlifting, as proportion of skov-twitch musce 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- tast-twitch muscle filiers.

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. among the three types of muscles.

+ Skeletal muscles are arranged 2. Explain why aerobic respiration occurs before lactic
in antagonistic pairs that work acid fermentation in most muscles.
opposite to each other. 3. Compare the role of mitochondria in slow-twitch and

+ Smooth muscles line mamy fast-twitch muscle fibers.

internal organs.

Explain Your Thinking

+ Cardiac muscle is present only
4. Infer Wild turkeys have a higher ratio of dark meat

in the heart.
) {muscle) to white meat than farm-raised turkeys. Wiy
: ‘;‘::‘t':"ﬁdeh'_:ﬂlf mEdI.Ebulle does this allow wild turkeys to fly longer distances than
sevabically an domesticated turkeys?
anaerobicalhy.

L WRITING Wrrite an essay about how
structure and function are related in the context of
muscles.

LEARNMNSMAIIRT Goonline to follow your personalized leaming path to review, practice,
and reinforce your understanding.
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ENGINEERING & TECHNOLOGY

New Sunscreens on the Horizon

-

For thousands of years, people have been
applying substances to their skin to protect
themselves from the harmiful effects of uliravi-
olet (UV) 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 UN radiation.

Mammails 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 recently
developed nanoparticles that mimic the
behawior of the structures that produce and

COMMUMICATE TECHNICAL
INFORMATIOMN
Conduct research to find out more about the
DM film sunscreen. Make a brochure to
communicate to health professionals the
benefits of the film as a wound dressing.

Many animals, including this Amesican alligator, produce
gadusol, which prodects thesr skin from UV radiation.

store melanin in cells. The nanoparticles were
developed with the goal of helping people
with conditions such as albinism but could

one day find wider applications im 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
discowvered that the strands of the DMNA 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 UV-blocking function, the
film would not work well as a sunscreen
ingredient.

Copryright: M Crase Hll Eche i on Clandels S bmvk) Sedinriee koo o
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STUDY GUIDE

5 GO ONLINE to study with your Science Notebook.

Copyright Me Crase Hil | Echs i on

Lessan 1 THE INTEGUMENTARY SYSTEM « epidermis
= The skin is the major organ of the integumentary system. : Er;ﬁl;
= Maintaining homeostasis is one function of the integumentary - dermiz
system. « lhair fallicle
= There are four types of tissue in the integumentary system. » sehaceouws gland
= Hair. fingernails, and toenails develop from epithelial cells.
= Burns are dassified according to the severity of the damage to
skin tssues,
Lesson 2 THE SKELETAL SYSTEM » il skeleton
= The human skeleton consists of bwo divisions. - Bppeniculer sialekin
« compact bone
* Muost bones are composed of two different types of tissue. » ostencyte
+ Bomes are being remodeled constanthy. = spongy bone
= Bones work in conjunction with muscles. : mdlu:h::nmmm
* The skeleton has several mportant functions. o Eorrar
» ossification
» Oosleociast
= Byament
Lesson 3 THE MUSCULAR SYSTEM = =miooth musde
* There are three types of muscle tissue. mdiﬂﬂrh
+ Skeletal musches are arranged in antagonistic pairs that work . seebetal muscle
opposite to each other. = voluntary muscle
+ Smooth muscles ine many internal organs. = tendon )
+ Cardiac muscle is present only in the heart. . .bnl
+ All muscle cells metabolize both aerobically and - SE
anaerobically. = SArCOMEns
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. THREE-DIMENSIONAL THINKING

=/ Module Wrap-Up

REVISIT THE PHENOMENON

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 fimnalize 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 wnit 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 Muscle 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 fieg) The Foa
of a muscle and staining the cells with a dye called Biceps femaoris Flexes the &7
ATPase stain. Fast-twitch muscle fibers with a high fieg) leg
amount of ATP activity stain dark brown. Deeltoid Lifts the 52
[Shoulder) arm
(&= Analyze and Interpret Data Stemocleidomas- | Moves 35
1. Claim, Evidence, Reasoning Explain why a muscle toidews (neck] the head
such as the soleus has more slow-twitch muscle Ovbiculars ocull | Closes 15
fibers tham a muscle such as the orbioularis oculi. [tace) the eyelid
2. Classify muscles by giving examples of muscles “Data adapted feom: Lamb, DR 1984, Physinlogy of
that have a high proportion of fast-twitch muscle Exercize New fork: Macmillan Co

fibers.

Copryright Merase Fl | Eche i on Creg Eppemon' Sttent ckoon
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ENCOUNTER THE PHENOMENON

If you step on several toy blocks,
it's going to hurt. Why is this
response a good thing? <

<

Ask Questions

Do you have 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 daim lessons in 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

- TEeasoning. through the module.

: 'EBGD OMLINE to access your CER chart and explore resources that can

-T".' help you collect evidence.

z

L

z =]

: I

) | )

\

LESSOM 1: Explore & Explain: LESSOM 2: Explore & Explain:
The Mervous System: How Organization of the Mervous
MNerves Work System
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LESSON 1
STRUCTURE OF THE NERVOUS SYSTEM

FOCUS QUESTION
What are the structures and functions of a neuron?

Meurons

When vou stub vour toe, vou know right away what happened. How does vour brain get
the message so quickly? Electricity and chemistry are both involved in getting messages
to vour brain. Meurons are specialized cells that help vou gather information about vour
environment, interpret the information, and react o it Neurons make up an enormaous
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
parts of & newran: the den-
drites, & cell body, and an axoan.
Mewrons are highly specialized
cells that are organized to form
Comphex networks.

Eclsca fion

——

1, 1 3D THINKING DCi Bisciplinary Core Ideas 800 Crosscutting Concepts SEF Science & Englneering Practices

COLLECT EVIDEMNCE INVESTIGATE E
@mwuiﬁzmmmlm QGO OMLUIME to find these activities and more resources. %
recodd the evidence you collect as 2 BioLab: How do neural pathways develop and become more efficient? 4
e e s Plan and carry out an investigation to determine the effect leaming strategies have on a

activities in this lesson. nesural circusit

i.};g. Quick Investigation: Investigate the Blink Reflex
Cairy oul an mvestigation to determine the effect stimuli have on the blink reflea
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Copright @ M Crastill Echss bion

Figure 2 A simple refles involves 3 Sensony newon,
an internewran, and a matar neuran. INkeMeUrons can
also carmy impulses to the brain

Explain how o refizs might he complated bafare the
Bririn inferprets the event

There are three kinds of neurons: sensory Neurons, inlermeurons, and molor Neurons.
Sensory neurons send impulses from receplors in the skin and sense organs o the
brain and spinal cord. Sensory neurons signal interneurons, which are found in the
spinal cord and brain_ Interneurons carry the impulse to motor nearons, which carry
impulses away from the brain and spinal cord o 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 neuron. Notice
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 touch or a loud 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. Motice
that there are more sodinrm bons (Ma') outside the cell than inside the cell. The reverse is
true for potassium ions (K'j—there are more potassium jons inside the cell than cutside
the cell.

- o Mat K Ha'  Ma :ﬂﬂl
-‘ K Mar K- K=
e B R

Figure 3 The distribution of Na* and K* ions, and the presence of negatively changed protein molecules in
the cytoplasm, keep the inside of the cell mone negatively changed than the outside when a neuron is at rest.
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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 sodinm-potassium pump, actively transport sodium ions
out of the cell and potassium jons into the cell.

For every two potassium ions pumped into a nearon, three sodium ions are pumiped out.
This maintains an unequal distribution of positively charged ions, resulting 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 potential 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 meuron 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. Potassium 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 ason.
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Figure 4 Follow as an action potential moves along an axon from beft to right. Motice what happens io the
Ma* and B and how this changes the relative electrical charges inside and ouwtside the newran.
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Figure 5 A nerve impulse moves irom node 1o node along myelinated axons.

Explain whal happens af @ nmoge whea o impulke moves aieng o myeinaiad o

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 membrane 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
exarnple, an axon that is not covered with myelin may conduct an impulse at a spead of
only 10 my's. An axon that is covered with
myelin can conduct impulses at speeds of up to
150 my's.

)
™

In the human body, there are neurons that have
myelin, and neurons that do not have myelin.
Neurons with myelin carry impulses that are
associated with sharp pain; neurons that lack
mvelin 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 receptors in the skin woukd send impukies 1o
shown in Figure &, which kind of neurons the brain if a person’s finger were to be cut by the shap
would be involved? spimes an this cactus.

Eﬁetﬁ?

Explain the relationship of a threshold to an action potential.
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Channel Systems and System Models Study Figure 4 and Figure 5.
Scfence usmge: 8 path alomg which infomation in the foem of | Using evidence from these tao figures, wile an analogy
ions. or molecules passes that helps to explain how the parts of a nerve work together
Nerve impolses move 05 chamiels open i e phasma i comduct an impulse.

membrane,

Commen usage: the deeper part of a rfiver, harbar, of strait

Lawge ships move taugh o havbar chmane.
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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 neurotransmitter that signals the fibers of
the muscle to contract.

Muscle fiber

A neurotransmitter called
acetylcholine (ACh) is
released from the axon of a
miotor newrom.

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 trawvels along the
muscle fiber and leads toa
series of events that will
cause the muscle to contract.

Muscle

Copright @ M Craselill Echuss 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 neursiransmitters fuse
with the plasma membrane and release a
neurctransmitter by exocytosis. When a
Moo neuron synapses with a muscle
cell, as illustrated in Figure 7 on the Last
page. the released neurotransmitter
crosses the symapse and causes a muscle
o contract.

A neurotransmitter is a chemical 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 nearotransmitters are taken up by the transport
proteins in the membane of the nearon and used again. Figure 8 shows that a single
NeUron can communicate with many other neurons.

Flgurﬂ! A simgle neuron an hawe multiple connections with
obher newons.

|E Check Your Progress

Summary Demonstrate Understanding
+ There are three major parts 1. Relate the structure of a neuwron 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* ions across the plasma
charge and is called an action membrane of a neuron.
potential.
+ Meurons use chemicals and plaln r111_hl|ing I )
electricity to relay impulses. 4. Plan an experimeant that meurobiologists could use to

show that an action potential travels faster along a
myelinated axon than along a nonmyelinated axon.
5. IR Connection | The sciatic nerve extends from
the bower spinal cord to the foot. If a person’s sciatic
nerve is 0514 m in length and the speed of an action
potential is 107 m's, how long will it take for a nerve
impulse to trawvel the full distance of this nerve?

LEARMSMART S Goonline to follow your personalized learming path to review, practice,
and reinforce your understanding.
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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 (PS5 consists of the sensory neurons and motor neurons that carry informa-
tion o and from the CHS.

The function of the CIN5 is the coordination of all the bedy’s activities. It relays mes-
sages, processes information, and analyzes responses. When sensory Neurons Carey
information about the environment to the spinal cord, imerneurons might respond via
a reflex arc, or they might relay this information to the brain. Some brain internearons
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 cenfral 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
ceniter of the body. Refer o Figure 9 on the next page to learn about important events
that hawve 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 treat patients with pain or uncontrollable tremors. Approximately 1,000
beams of ultrasound pass through the skull and are focused on a specific area of tissue.

Mk tion

——

Lo} 3D THINKING 01 Desciplinary Core ideas €00 Erossoutting Concepts 3E7 Science & Engineering Eracti

COLLECT EVIDEMNCE INVESTIGATE

@mwuiﬁzmmmlm QGO OMLUIME to find these activiies and more resources.

record the evidence you collect as | (F59 jdentify Cress Cutting Concepts

e e s Create a table of the crasseutting concests and fill in examplos you find a5 you read.

activites in this lesson.
© Revisit the Encounter the Phenomenon Question
What information from this lesson can hellp you answer the Module guestion?
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Figure 9
Brainstorm
For thousands of years, scientists have

studied the brain and investigated ways to
treal neurological diseases.

Copyright € M Crdme bl Exhmalam
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Refer to Figure 10. The cerebrum (suh EEE brum) is the largest part of the brain and is
divided into 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.

Fgure 10 Top: A photogragh of 8 human brain shaws distnct
serthons. Botlam: The major sections of the beain are the
cerebnum, the cerebelium, and the brain stem.

Deseribe Me position of he cershrim A7 redation B he cerebedim.

Copyright O W Cranlill Dobaainn Cheil e Dikal! B8 Cran- 10 Dokt
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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 bood pressure. The pons relavs signals between the cerebrum and the cerebellum.
The pons also helps control the rate of breathing. Have vou ever felt a gagzing sensation
when yvour doctor put a tongue depressor in your mouth? The medulla oblongata
contains 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 hypothalamuos (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 to 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 you hear the word nerpe, you 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
pwi-way streets. Information travels to and from the
brain through these sensory and motor neurons.

Figure 11 Thirty-one pairs of spinal nerves extend from
the spinal cosd.

Differentiate mourons and nenves.
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Refer to Figure 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. Neurons in the peripheral nervous system can be classified
further as being either part of the somatic nervous system or part of the autonomic
NErvous system.

The somatic nervous system

Merves in the somatic nervous system relay information from external sensory receplors
1o the central mervous system. Somatic motor 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 to a change in the environment. Reflexes do not require con-
scious thought and are involuntary. Most signals in reflexes go only to the spinal cord
and net 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 yvour heart was pounding. This type of reaction is the result of the action of the
autonemic nervous system. 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, vour body responds with what is known as a fight-or-flight response.
When everything is calm, vour body rests and digests.

iﬁﬁet It?

Explain why the nervous system is essential to the human body.

MNervous System

Figure 12 Each divizion of the nenous
system functions in the control of the bedy
and the communecation within the body.

Copyright O MW Cramelill Dol e
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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 |
| Lung Bronchial muscle relased Bronchial muscle confracted |
| Small Imtestine Muscle contractions reduced Digestion increased |

There are two branches of the autonomic nervous system, and
they act together. The symipathetic nervons system is most active in times of emergency
or stress, when the heart rate and breathing rate increase. The parasympathetic ner-
vous system is most active when the body is relaxed. It counterbalances the effects of
the sympathetic system and restores the body to 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 nemnvous system has two 1. Compare the structures of the central nervous system
major divisions: the central wiith the structures of the peripheral nernvous system,
nenwous 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 nenvous system and the autonomic nervous
up the central nervous system. system.

« The somatic nervous system 3. Explain Which part of the nervous system is invaolved
and the autonomic nervous in a fight-or-flight response? Why is such a response
system make up the peripheral important?

Nenous system.
in Your Thinki
+ The sympathetic nervous Expla ) ng
farn and the 4. Hypothesize what types of tests a researcher could
thetic nervous system are perform to check whether different sections of the
brarsches oF Hhe oo brain were functioning.
NEenous system. 5. Create a model that demonstrates how information flows

between the peripheral and central nervaus systems.

6. LT Connection | Write a short story that

describes a situation involving the heart when the

sympathetic and parasympathetic nervous systems
work together to maintain homeostasis.

LEAMRMNSMART S Goonline o follow your personalized learming 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 Laste,
smeedl, hear, see, and touch, and to
detect meotion and temperature.

Oifactony nemve
Tl.re senses of laste .a:l.d smell are Oifactory bul
stimulated by chermnicals and often
function together. Specialized recep- mm
tors located high in the nose respond to
chemicals in the air and send the Smell particles
information to the olfactory bulb in the Taste particles
brain. Taste buds are areas of special-
ized chemical receptors on the wongue
that detect the tastes of sweel, sour,
salty, and bitter. These receptors detect
the different combinations of chernicals
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 your nose.
You will find that your food loses much
of its flavor.

F|ngE 13 The receptors of 13ste and smell funcion logether and are
stimulated in similar ways. Food is ofien smelled as it i tasted.

Eclsca fion

1.:}3-D THINEING OCi Bisciplinary Core ideas 0L Erossoutting Concepis SEF Schence & Engineering Bractices:

COLLECT EVIDEMNCE INVESTIGATE E
[ﬁmwwkﬁmmmlm QGO OMLUIME to find these activiies and more resources. %
recodd the evidence you collect as Quick Investigation: Investigate Adaptations to Darkness 4
e e s Carry out an investigation to determine the structures in the eye tat adapt to low kght.

activities in this lesson.
Review the Mews

Obtain infarmation from & cument news story about human senses. Evaluabe your source and
communicate your findings to your class.
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Sight

Figure 14 shows the path of light as it travels through the eve. Light first enters the eve
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 eye. 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 mumerous receplor 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 1o the brain. These receplors send action potentials to the brain via
the newrons in the optic nerve. The brain then interprets the specific combination of
signals received from the retina and forms a visual image.

Figure #4 Light travels throwgh the cormea

and the pupd o the lens, which focuses the
image on the retina. Rods and canes in the

retina send informaticn 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 at a sporting event, specialized
receptors in the ear can detect both the volume and the highness and lowness of
sounds. How can vou stand on one foot without falling over? Canals in the inner ear are
responsible for your sense of balance, or equilibrium. Receptors in the inner ear send
messages to your brain about the position of vour body and help you balance on one
foot, even when your eves are closed.

CROSSCUTTING CONCEPTS ACADEMIC VOCABULARY
Systems and System Models Goggles and salety glasses are important pieces of lab Interpret

equipment. Lising evidence and tesmes from the model shown in Flgure 9, construct an | 1o explain or el the meaning of
explanation about why it s Important to protect the lens of the eye. Owr senses heip us Mferpret our
BIRATOVIMTEL.
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Ear canal

I I T
Quber ear Middle ear Inner ear

Figure 15 Sound waves cause the tympanwm bo vibrale, and the vibrations traved through the banes. of the
middle ear to the cochlea. Hair cells in the cochlea generate nerve impulses, which are sent to the brain
through the auditnry nerve.

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 oval window, a membrane that separates the middle ear from the inner ear, lo move
back and forth. In the inner ear, a snail-shaped structure called the eochlea (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 auditory nerve and transmitting them to the brain.

Eﬁet It?

Summarize how each sense organ detects changes in the environment.

Balance

The inner 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 limed with hair cells. When the position of your 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 MW Cramelill Dol e
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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 receptors—some

that respond to light touches and others that
respond to heavy pressure. Motice that receplors 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. (her

receptors in the skin send signals when hair is moved.

Dristribution 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 receplors that respond to heavy pressure. Pain
receplors are simple, consisting of free nerve endings
that are found in all tissues of the body except the

Recipiny thai Recepion hat  Rxacapiod That detecs
deincis ight towch  dedacis coid bdwy prassere

Fgure 76 Many types of recepbors are fowund in the
ckin. A person cam tell if an object is hot or cold,
Shadp of Smooth_

brain. Pain receptors respond to external stimili, such as extreme hot or cold lempera-
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
wiork 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. Analyze the importance of the kind of receptors found
hearing and balance. in the fingers.

+ The skin has many types of 4. Explain why it might be difficult to taste when you have
SEnNsory 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.

&. Develop a hypothesis as to why people who have lost
their sense of sight still experience sight occasionally.
People who once could hear occasionally experience
sound. Why might these phenomena occur?

LEARKMSMART Goonline to follow your persenalized leaming path to review, practice,
and reinforce your understanding.
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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, matural 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 overthe-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 neurctransmitter that is released inko
a symapse.

= A drug can block a receptor site on a dendrite, preventing a neurstransmitter from
binding

* A drug can prevent a neurctransmitter from leaving a synapse.

= A drug can imitate a neurotransmitter.

Table 2 Some Common Drugs

Alcohol Caffeine Prescription Drugs | Cwer-the-Counter Drugs

T Ty

coffes, tea, antibiotics, pain cigarettes,

b, wine aspinn, cold medications
soda, chocolate | medications Al cigars

1:1[3D-'|'H|"K"ﬂ; OCi Bisciplinary Core ideas 6L Erossoutting Concepis SEF Schence & Engineering Bractices:

COLLECT EVIDEMCE INVESTIGATE
@mwukﬁmmmlm QGO OMLUIME to find these activiies and more resources.

record the evidence you collect as () Identify Cross Cutting Concepts
e e s Create a table of the crasseutting concests and fill in examplos you find a5 you read.
activites in this lesson.

Review the News
Dbtain infarmation from & cument news story about the effects of drugs on the human body.
Evaluaie your source and communicate your findings to your class.
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Figure 17 Dopamine crosses the gap from ane neuron and binds to receiver sites, o receptors, an the
membrane of another neurcn. This ooours at & synapse.

Many drugs that affect the nervous system influence the level of a neurotransmitter
called dopamine. Dopamine (IHH poh meen) is a neurotransmitter found in the brain
that is involved with the control of body movements and other functions. Dopamine
also is strongly involved with feelings of pleasure or reward. Dopamine normally is
removed from a synapse by being reabsorbed by the nearon that released if, 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 mmuﬂpmmilymmmmnnﬂmml
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 chocolate.
Examiples of these are shown in Figure 18. Caffeine works by binding to adenosine
receptors on neurcns 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 (adrenaline)
levels in the body, giving a quick burst of energy that scon wears off.

Depressants

Drugs that tend to slow down the central nervous system are d![ﬂ'ﬁ!ﬂlﬂtﬂ. 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.

Aleahol Alcohol is a depressant. It affects the central nervous system and is one of the
meost widely abused drugs in the world today. It is produced by the fermentation of grains
and fruits. Akcohol is known b affect at keast four different neurotransmitters, resulting in a
feeling of relaxation and shuggishness. Shori-term alcohod use impairs judgment,
coordination, and reaction time. Long-term effects of alcohod 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 fumes 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 inboxication,
as well as nausea and vomiting.
Death can oocur. Long-termy
exposure 1o inhalants can cause
memory boss, hearing loss, vision

problems, peripheral nerve

F|gllt 18 These are many common Smolant dregs, such as ooties, i8a, 00C0a,

damage, and brain damage. and chocolate.

STEM CAREER Connection WORD DRIGINS

Addection Counselar dopamine

Addiction counselors waork with patients that are addicted depa— refers bo an aming acid

to drnugs like opioids and aloohol and their familes. They —amine refers to a derivative of ammaonia
teach clients how the brain responds to addictive sub-
stances, and peovice them with the support needed to
combat their addiction.

Copright © M Craselill Echsabion Laurs S il 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 nawssea. Abuse of
amphetarmines 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 temmperature, called hvperthermia, and comvulsions can result from 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. It can take a year or longer for users of methamphetamine—
the strongest tvpe of amphetamine—to recover after quitting the drug.

Marijuana is the most-used illegal drug in the United States. The active chemical in
marijuana is tetrahydrocannabinol, or THC. Smoking marijuana quickly gets THC into
the bloodstream, where it is carried to the brain. THC binds to receplors on neursns in
the brain, which produces the effect of intense pleasure. These receplors 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 neurotran=smitter.

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 because 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 imvolved with most types of
physiological 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 up a tolerance
to the drug. As a result, 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 paychological. An individual with a psychological 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
physiclogically dependent on a drug experience
serious withdrawal symptoms without it. It is
very difficult for dependent users to quit on
their own. 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 amd
physiclogically dependent on a drug try to quit.

The best way to avoid an addiction is never to
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 o direct people
1o the resources they need to get help, as

Figure 19 Lounseling often is necessarny i break

addiction.
illustrated in Figure 19.
Eﬁ( Get It?
Explain the best way to avoid addiction.
\& Check Your Progress
Summary Demonstrate Understanding
+ [Drugs can affect the nervous 1 Descrnibe four ways that drugs can influence the
system in four ways. nenvouws system.
+ Common substances such as 2. Compare the actions of cocaine, amphetamines, and
caffeine and alcohol are con- nicotine on the nervous system.
sidered drugs. 3. Explain why the effects of stimulants and depressants
+ Manmy addictive drugs increase do not necessarily counteract each other.
levels of dopamine. 4. Infer why students who abuse amphetamines are likely
+ [Drug 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?

ILEARKMSMAIIRT S Goonline tofollow your personalized leaming path to review, practice,
and reinforce youwr understanding.

Copright © M CrasHll Echasbion dbasokak 75 lock Ca 0y | s
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ENGINEERING & TECHNOLOGY

Lending a (Virtual) Hand

Copright @ M Crashill Echsaiion |revelbsiiarc oo lams S bodk P hei o

People hawve long wondered if it is possible
to develop computers that hawve artificial
intelligence (Al). “Superintelligent” machines
that cam truly think for themsehes—usually
in the form of robots that look like humans—
have been the focus of many science fiction
novels and movies. We may not yet hawve
androids that can walk the dog for us, but
today's limited Al has many uses, including
functioning as assistants for older adults and
for people who have disabilities.

Machine learning and deep learning

Im recent years, scientists and engineers
hawve developed what is known as “machine
learning” (ML) Computers with this type of
Al have software that uses algonthms to
“learn” the likes and dislikes of users and to
make predictions about what those people
want or need. “Deep leaming” (DL) improves
on machine learning by delving deeply into
pattern recognition. It is used in image and
woice recognition applications.

Wirtwal assistant (Vi) applications use ML
and DL. Some Vilis can be operated with
woice only, and so they are helpful to people
wiho hawve 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

. COMMUMICATE SCIENTIFIC
@ INFORMATIOMN

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 perform tasks jor pecale who have
disabilities.

tasks. Image recognition applications are
useful for people who are visually impaired.
For example, there are now smariphones
enabled with image and woice recognition
with interfaces that can be operated with just
a person's voice or touch.

Image and woice recognition are also used

in applications for people who are hearing
impaired. One application captures the motions
of a person using American Sign Language
{(#5L) and translates them into both text and
speech for a hearing person. it also franslates
thie hearing person’s spoken words into text.

In the future, limited Al will likely provide even
mare assistance for people who are disabled.
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STUDY GUIDE

) GO ONLINE to study with your Science Notebook.

Lezson 1 STRUCTURE OF THE MERVOUS SYSTEM = mewon
* There are three major parts of a neuron. ) :Tht
* There are three basse tvpes of aeurons. -
+ A nerve impulse is an electric charge and is called an action = mneflex arc
potential. = action potential
» Meurons use chemicals and electricity to relay impulies. + thweshold
- mymapse
= newotransmitier
Lesson 2 ORGAMIZATION OF THE MERVOLUS SYSTEM = central nervous system

* The nervous system has bwo major divisions: the central nervous

sysbern and the peripheral nervous system.
The brain and spinal cord make up the central nervous system.

* The somatic nervous svstem and the autonomic nerveus system

make up the peripheral nervows system.

* The sympathetic nervous system and the parasympathetic

peripheral nervous system
cerebrum

medulla obdongata

pores

hypothalamus

somatic nenvous system
aulonomic nervous. system

TErvias svsbem are branches of the autonemic nervous sysbem. : mmrmm
Lessan 3 THE SEMSES = taste bud
* The senses of taste and smell work. together. : ::'m
* The eve has two types of receptors. —
* The ear is involved in both hearing and balance. - cone
W = oochlea

The skin has many tvpes of sensory recephors.

semicincular canal

Lesson 4 EFFECTS OF DRUGS

* Drrugs can affect the nervous system in four ways.
» Commaon substances such as caffeine and aleohol are consideraed

drugs.

+ Many addictive drugs merease levels of dopamine.

+ Drrug abuse has many negative consequences.
+ A person can become psychologically and physiologically addicted

o drugs.

drug
dopamine
stimulant
depressant
ftolerance
addiction

Copyright © M Cranrhill Tkt
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.. THREE-DIMENSIONAL THINKING | ]< <
2/ Module Wrap-Up e

o -

REVISIT THE PHENOMENON

If you step on several toy
blocks, it's going to hurt.
Why is this response a
good thing?

@& Claim, Evidence, Reasoning

Explain your Reasoning Rewvisit the claim 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 Effects of Alcohol Dependence

€33 Data Analysis Lab on Memary "

Can the effects of alcohol use be observed? W00% = BN Conbol I Akohal Dependant

Two groups of students, ages 15-16, were given memory

tasks to perform. Group 1 included individuals that were i

dependent on alcohol. Group 2 were nondrinkers, the

control. The images indicate typical results of comparing i

students from each group. The graph shows the difference

im retention rate between the two groups when processing B

verbal information and nomverbal information.

Analyze and Interpret Data

1. Claim, Evidence Describe the difference in retention rate T___—_
in both testing categories between people who are Werbal Morvertal
dependent on alcohol and nondrinkers. infpimealion nfpmiafion

2. Reasoning Analyze what long-term consequences might *Diata abtsined from: Brown, 54, et al. 2000,
result from drinking as a teen. Base your answer on these Neurccognitive functioning of adolescents: effects of
results. protracied alcohol use. Aicobolm: Clinicol and

Expermentol Reseorch. 14364 -TH.
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CIRCULATORY, RESPIRATORY, AND
EXCRETORY SYSTEMS

ENCOUNTER THE PHENOMENON
What is the woman’s body doing
in response to lifting? Why? <

&3 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 Lse your Collect Evidence Use the Explain Your Reasoning vou
CER chart to make a caim lessons in this module to wiill revisit your claim and
about what the woman's body | collect evidence to support explain your reasoning at the
is doing in response to lifting your claim. Record your end of the module.

and why. Explain your evidence as you move

TEeasoning. through the module.

BGD OMLIME to access your CER chart and explore resources that can
help you collect evidence.

Copyright € By Cranbill Frhmation §f ieivn i Gy B Craor 1l Dokl i

LESS0OM 1: Explore & Explain: LESSOMN 3: Explore & Explain:
The Circulatory System: Blood The Excretorny System: How
Vessels and Blood Components  Kidneys Work
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LESSON 1
CIRCULATORY SYSTEM

FOCUS QUESTION
How does exercise, such as lifting weights, positively
affect the circulatory system?

Blood Vessels

Highways have lanes that separate traffic. They also have
access ramps that take vehicles o and from roads. Similarly,
the body has a network of channels—the blood vessels. Blood
vessels circulate blood throughout the body and help keep the
blood flowing to and from the heart.

As illustrated in Figure 1, the three major blood vessels are
arteries, capillaries, and veins. Figure 2, on the next page,
shows that Greek physician Praxagoras first observed the three
types of blood vessels. Other discoveries and medical advances
are shown in Figure 2, including the establishment of the first
blood banks for bleod transfusions and the successful implan-
tation of the first artificial heart.

Arteries

Oxvgen-rich blood, or cocvgenated blood, is carried away from
the heart in large blood vessels called arteries. These sirong,
thick-walled vessels are elastic and durable. They are capable of

withstanding high pressures exerted by blood as it is pumped OE
ndothelism

by the heart. As shown in Figure 1, arteries are composed of

three layers: an outer laver of connective tissue, a middle layer

of smooth muscle, and an inner layer of endothelial tissue. The Capillary

endothelial layer of the artery is thicker than that of the othey ~ Figure1 The free major biood vessets
blood vessels. The endothelial layer of arteries needs to be ';:;ﬁ;:::]’am e, e,
thicker because blood is under higher pressure when it is i

; . Predict &y what process do you fink
pumped from the heart into the arteries. sl cross the walls of copilires?

Mk tion

——

1, 1 3D THINKING DCi Bisciplinary Core Ideas 800 Crosscutting Concepts SEF Science & Englneering Practices

=
COLLECT EVIDEMCE INVESTIGATE @
Emwuiﬁzmmmlm QGO OMLIME to find these activities and mane resounces. g
e Quick Investigation: Investigate Blood Pressure -
e e s Carry aut an investigation to determine the effects of exercise an hlood pressure.

activities in this lesson.
&2 Virtual Investigation: Blood Pressure

Use a model to detenmine the cause of hypertension.
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1967-1969

Figure 2
From Cadavers to
Artificial Hearts

The human ciroulatary system has been
studied for thousands of years, leading to
great advances in medical technolodgy.

Copyright € M Cramebill Frbmatiom
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Capillaries

Arteries branch into smaller vessels called arterioles, which become smaller in diameter
as they grow farther away from the main vessel. The smallest branches are capillaries.
Capillaries are microscopic blood vessels where the exchange of important substances
and wastes occurs. Capillary walls are only one cell thick, as illustrated in Figure 1. This
permils the easy exchange of materials between the bloed and body cells through the
process of diffusion. Capillaries are so small that red blood cells move single-file
through these vessels.

The diameter of blood vessels changes in response to the needs of the body. For exam-
ple, when you are exercising, muscle capillaries expand, or dilate. This increases blood
flow to working muscles, which brings more ooovgen to cells and removes exira wasles
from cells.

Veins

After blood moves through the tiny capillaries, it enters the larger vessels called
venules, and then enters the largest blood vessels, called veins. Veins carry oxygen-poor
blood, or decoygenated blood, back to the heart. The endothelial walls of veins are
much thinner than the walls of arteries. The pressure of the blood decreases when the
blood flows through capillaries before it enters the veins. By the time blood flows into
the veins, the heart's original pushing force has less effect on making the blood move.
50 how does the blood keep moving? Many veins are located near skeletal muscles, and
the contraction of these muscles helps keep the blood moving. Larger veins in the body
also have flaps of tissue called valves, such as the one in Figure 3, which prevent blood
from flowing backward. Lastly, breathing movements exert a squeezing pressure against
veins in the chest, forcing blood back to the heart.

E Get It?

Describe the differences in structure among arteries, capillaries. and veins.

Figure 3 Blood cinculates throughout the
body inside bood vessels.
Hypothesize how body fempsanmtune oml
be reguiated by the diometer of blaod
vEsSe(s

The Heart

The heart is a muscular organ that is about as large as your fist and is located at the
center of your chest. This hollow organ pumps blood throughout the body. The heart
performs two pumping functions at the same time. The heart pumps oxvgenated blood

to the body, and it pumps deoxygenated blood to the lungs.

Copyright O MW Cramelill Dol e
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Structure of the heart

Recall that the heart is made of cardiac muscle. It is capable of conducting electrical
impulses for muscular contractions. The heart is divided into four compartments called
chambers, as illustrated in Figure 4. The two chambers in the top half of the heart, the
right atrium and the left atrium (plural, atria), receive blood that is returning to the
heart. Below the atria are the right and left ventricles, which pump blood away from the
heart.

A strong muscular wall separates the left side of the heart from the right side of the
heart. The right and left atria have thinner muscular walls and do less work than the
ventricles. Motice the valves in Figure 4 that separate the atria from the venitricles and
keep blood flowing in one direction. Valves, such as the aortic valve shown in a opened
position in Figure 4, are also located between each ventricle and the large blood vessels
that carry blood away from the heart.

- F
f::-lnp:ma hm To body

Aortie valee in an
Le=ft opened position
pulmaonary
WEINS
Mitral valve
Aortic vahwe
Lesft
wventricke
Inferiar To body
e v From body o
Figure 4 The arrows map the path of blood as it drculates through the heart.
Diagram ihe poth of biood thiowugh the heart.
STEM CAREER Connection [E=39 CROSSCUTTIMNG COMCEPTS
Cardiovascular Invasive Specialists Sysbems and System Modets Review the indormation abowt

the functions of the diferent blood vessels Work with a
partner to develop a model, such as a flow chast, to explain
e role played by each type of vessel.

These technologists help physicians determine whethsr
patients have stneciural or electrical heart problems or
blocked vessets. They assist with cardiac catherization, a
procedisne that involves guiding a fube through a patient’s
blood wessels into their heart. They also help prepare
patients for other candiovascular interventions.
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How the heart beats

The heart acts in bwo rmain phases. In the first phase, the atria
fill with blood. The atria contract, filling the ventricles with
blood. In the second phase, the veniricles contract to pump
blood out of the heart, into the lungs, and forward into the body.

The heart works in a regular rhwthom. A group of cells located in
the right atrium, called the pacemaker or sinoatrial (SA) node,
send out signals that tell the heart muscle to contract. The 5A
node receives internal stimuli about the body’s coovgen needs,
and then it responds by adjusting the heart rate. The signal
initiated by the 5A node causes both atria to contract. Then the
signal travels to another area in the heart called the atrioventric-
ular (AV) node, as illustrated in Figore 5. The signal moves

through fibers, causing both ventricles to contract. This two-step  Atrioventricular (AV) node 5

contraction makes up one complete heartbeat.

Figure 5 The S& node initiates the
Eﬁe‘t ? contraction of the heart, which spreads
Compare and contrast the SA node and the AV node. SRR Eno st e e SO . Tiee A
node transmils the signal throwgh
Pulse The heart pulses about 70 times each minute. If you excitable fibers that stimulate both
touch the inside of your wrist just below your thumb, you can westricles.

feel the artery in yvour wrist rise and fall. This pulse is the
alternating expansion and relaxation of the
artery wall caused by the contraction of the left
ventricle. The number of limes the artery in
vour wrist pulses is the number of times your
heart beats.

Blood pressure Blood pressure is a measure
of how much pressure is exerted against the
vessel walls by the blood. Blood-pressure
readings can provide information about the
condition of arteries. The contraction of the
heart, or systole (SIS b lee), canses blood
pressure o rise to its highest point, and the
relaxation of the heart, or diastole {di AS tuh
lee), brings blood pressure down Lo its lowest
point. The ideal normal blood-pressure reading
for a healthy adult is 120 (systolic pressure)/30 {diastolic pressure). Blood pressure is
measured using an instrument called a sphyvgmomanometer (sfig moh muh NOM i ter),
like the one shown in Figure & When reading the results, the top number is the systolic
pressure and the number underneath that is the diastolic pressure.

Figure 6 A sphygmomanameter measures the biood
PrESSINE in an artery.

Determine Whot is this parson’s bivog pressune? is it
nomma? Explmin.

Copyright O W& Cranelill Dobiainn @ irsviiobo™ haid i o b oors

High blood pressure can develop over a period of many years, and many people do not
experience symptoms. However, damage to blood vessels and the heart still occur. High
blood pressure that remains untreated can lead to an increased risk of heart attack and
stroke. Treatment for high blood pressure includes lifestyle changes such as exercising,
eating a healthy diet, and maintaining a healthy weight_ If needed, medication is
prescribed to help lower blood pressure.
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Blood flow in the body

1f you follow the fow of blood shown
in Figure 7, vou will notice that it flows
in two loops. First, the blood travels
from the heart to the lungs and back
to the heart. Then, the blood is
pumped in another loop from the
heart through the body and back. The
right side of the heart pumps deoxy-
genated blood to the lungs, and the
left side of the heart pumps oxygen-
ated blood to the rest of the body.

To the lungs and back When blood
from the body flows into the right
atrium, it has a low concentration of
oxygen but a high concentration of
carbon dioxide. The blood flows from
the right atrium into the right
veniricle and is pumped into the
pulmonary arteries that lead to the

Figure 7 Blood fow throwgh ihe body consists of twa lungs, as shown in Figure 7.
ditferant circilatory lops. B )

Eventually, blood flows into capillaries
in the lungs that are in close contact with the air that enters the lungs. The air in the
lungs has a greater concentration of cxygen than the blood in the capillaries does, so
oxvgen diffuses from the lungs into the blood. At the same time, carbon diovide diffuses
in the opposite direction—from the blood into the airspace in the lungs. Oxygenated
blood flows to the left atrium of the heart to be pumped out to the body.

To the body and back The second loop begins as the blood moves from the left
atrium into the left ventricke. As shown in Figure 7, the left ventricle then pumps the
blood into the largest artery in the body called the aorta. Eventually, blood flows into
the capillaries that branch throughout the bedy. The capillaries are in chose contact
with body cells. Oxvgen is released from the bood into the body cells by diffusion, and
carbon dioxide moves from the cells to the blood by diffusion. The deoxygenated blood
then flows back to the right atrium through veins.

Functions of the Circulatory System

g The circulatory system is the body's transport system. Blood carries important sub-

; stances, such as oxygen and nutrients, to all parts of the body. It carries waste products,

5 such as carbon dioxide, away from body cells. The blood also carries disease-fighting

“ materials produced by the immune system. The blood contains cell fragments and
proteins for blood clotting. The heart pumps bood through blood vessels. The lym-
phatic system is considered part of the circulatory and immune systems. All of these
components work together o maintain homeostasis in the body. Finally, the circulatory
system distributes heat throughout the body 1o help regulate body temperature.

ol Fibmalnm
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Blood Components

Blood is the fluid of life because it transports important substances throughout the
body. Blood is made up of a liquid medium called plasma, red blood cells, platelets, and

white blood cells.

Plasma

The clear, vellowish fluid portion of blood is the plasma, shown
in Figure §. More than 50 percent of bood is plasma. Ninety
percent of plasma is water, and nearly 10 percent is dissolved
materials. Plasma carries the broken-down products of digested
food, such as glucose and fats. Flasma alse transports vitamins,
minerals, and chemical messengers including hormenes that
signal body activities, such as the uptake of glucose by the cells.
In addition, waste products from the cells are carried away by
plasma.

There are three groups of plasma proteins that give plasma its
vellow color. One group helps o regulate the amount of water in
blood. The second group, produced by white blood cells, helps
fight disease. The third group helps to form blood clots.

E Get It?

Explain the functions of plasma.

Red blood cells

The red blood cells carry oxygen bo all of the body's cells. Red
blood cells resemble discs with pinched-in centers, as shown in
Figure 9. Eecall that red blood cells develop in the marrow—the
center portion of large bones. Red blood cells have no nuclei and
live for only about 120 days.

Eed blood cells mostly consist of an iron-containing protein
called hemoglobin. Hemoglobin chemically binds with oxvgen
molecules and carries oxygen to the body's cells. Red blood cells
also carry carbon dioxide away from cells to the lungs, where it
is exhaled.

Because hemoglobin is an ironcontaining protein, eating foods
that are high in iron is an important part of keeping red blood
cells healthy. Foods that contain iron include dark green leafy
vegetables, such as spinach and kale, beans, red meat, and
iron-enriched cereals.

Platelets

Figure 8 Plasma is the clear, yellowish
portion of the blood, made up mostly
L

SEM Magricatun tnassativ

Figune 9 Blood is composed of liguid
plasma, red biood cells (dimpled disc on
the left), white bbood cells (imegularly
shaped cefl on the righi), and platelets
if1at fragmens, nat shawn).

infer What might be ooonring If there
are oo many white blood cefs?

Have vou ever cut your finger? If so, you probably noticed that in a short while, the
blood flowing from the cut slowed down and then stopped as a blood clot formed a
scab. Platelets are cell fragments that are important in forming blood clots.
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When a blood vessel is cut, platelets collect and stick to the vessel at the site of the
wiound. The platelets then release chemicals that produce a protein called fibrin. Fibrin
weaves a network of fibers across the cut that traps blood platelets and red blood cells,
as shown in Figure 10. As more and more platelets and blood cells are trapped., a blood
clot forms.

Ciolen-E SEM M. E il

ngﬂ!' 10 Ascab forms as fibrin threads trap bhood Cells and platelets.

White blood cells

The body’s disease fighters are the white blood cells. Like red blood cells, white blood
cells are produced in bone marrow. Some white blood cells recognize disease-causing
organisms, such as bacteria, and alert the body that it has been invaded. Other white
blood cells produce chemicals to fight the invaders. 5till, other white blood cells sur-
round and kill the invaders.

White blood cells are different from red blood cells in important ways. Many white
blood cells move from the marrow W other sites in the body to mature. Unlike red blood
cells, there are fewer white blood cells—only about one white blood cell for every 500 to
1000 red blood cells. Also, white blood cells have nucled. Finally, most white blood cells
live for months or years.

Blood Groups

How do you know what type of blood yvou have? There are marker molecules attached
to red blood cells. These markers are called Mood groups, which determine blood type.

STUDY TIP

Graphie Organizer Make a wied mag with the woed blood in a large circle in the
middle. Place the wards components, blood groups, cinculation, and heart in
smaller cincles anound the large decle. Find information you learned in the modude
and add it io the appropsiate smaller circles.
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ABO blood group

There are four types of blood: A, B, AB, and O. If your blood type is A, you have A
markers on your blood cells. If yvour blood tvpe is B, vou have B markers on vour blood
cells. If your blood type is AB, vou have both A and B markers. If your blood type is O,
vou do not have A or B markers.

Importance of blood type

If vou ever need a blood transfusion, vou will be able to receive only certain blood types,
as shown in Table 1. This is becanse plasma contains proteins called antibodies that
recognize red blood cells with foreign markers and cause those cells to clump together.
For example, if vou have blood tvpe B, vour bood contains antibodies that cause cells
with A markers to clump. If vou received a transfusion of tvpe-A bloed, vour clumping
proteins would make the type-A cells clump together. Clumping of Mood cells can be
dangerous because it can block blood fow.

Table 1 Blood Types

Bloodype | A | 8 | a8 | o0

) Marker molecules:
:Hmm“d Marker molecule: & | Marker molecules: B :er e none
Antibody: anti-B Antibody anti-A Antibodies: anti-A,
antibady Antibody: none
anti-B
B
Example
B
Can donate
blood to: A or AR B or AR AR &, B, AR, o O
Canreceve |, 0 BaorO A B, AB,or O a
blood from: :

Rh blood group

The Rh factor, another marker on red blood cells, can cause complications during some
pregnancies. If a fetus’s Rh-positive blood mixes with the mother's Rh-negative blood,
the mother will make anti-Bh antibodies. During another pregnancy, these antibodies
can cross the placenta and destrov red blood cells if the fetus has Rh-positive blood.

STEM CAREER Connection
Blood Bank Technician

Blood bank technicians play a key role in collecting, analyzing, and propery

storing blocd wsed for transfusions. & career as a blood bank technician requires
& desine ta work with biood donces and an understanding of human blood types.
Miost blond Bank technicians have an associales degies.

Copyright © M Cranr il ohaaihn
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Several disorders of the blood vessels, heart, and brain are
associated with the circulatory system. Blood clots and other
matter, such as fal deposits, can reduce the flow of oxygen-rich
and nutrient-rich blood traveling through arteries. Physicians
refer to the condition of blocked arteries as atherosclerosis

{a thuh roh skluh ROH sus). When blood flow is reduced or
blocked, the heart must work even harder to pump Booed, and
vessels can burst.

Atherosclerosis can bead to a heart attack or stroke. A heart

Figure 1 A stroks is associated with attack occurs when blood dees not reach the heart muscle. This
rupdured blood vessels in the brain, as can resull in damage to the heart, and can even result in death if
s in red. not treated. A stroke ocours when clots form in the blood vessels

that supply oxygen to the brain. This can lead o ruptured blood
vessels and internal bleeding. as shown in Figure 11. Parts of
the brain die because brain cells are deprived of oxygen.

\2 Check Your Progress

Summary Demonstrate Understanding

+ Blood vessels transport import- 1. Diagram the path of blocd through the heart and body.
ant substances throughout the 2. Compare and contrast the structure of arteries and
body. the structure of weins.

» The top half of the heart is 3. Calculate the average number of red blood cells for
made up of two atria, and the every 100 white blood cells in the human body.
Racebicum el B it = g st fanica 4. Summarize the main functions of the circulatany

wentricles.

system.
5. Explain the essential functions of life perfformed by the
spedialized cells that make up blood.

+ The heart pumps deoxygen-
ated blood to the lumgs, and it
pumps oxygenated blood to

the body. Explain Your Thinking
« Blood is made up of plasma, 6. Cause and Effect If a pacemaker received faulty
red blood cells, white blood signals from the brain, what would happen?
cells, and platelets. 7. Hypothesize why exercise helps to maintain a healthy
« Blood is classified by the heart.
following four blood types: A, = MATH Count the number of times your
B, AB, and O. heart beats during 15 seconds. What is your heart rate
per minute?

LEARKMNSMAIRT S Goonline to foliow your personalized leaming path 1o review, practice,
and reinforce your understanding.
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LESSON 2

RESPIRATORY SYSTEM

FOCUS QUESTION
Why is exercise good for the respiratory system?

The Importance of Respiration

Your body's cells require oxygen. Recall that oxvgen and glucose are used by cells to
produce energy-rich ATF molecules needed to maintain cellular metabolism. This
process is called cellular respiration. In addition to releasing energy. cellular respiration
releases carbon dioxide and waber.

Breathing and respiration

The respiratory system sustains cellular respi-
ration by supplyving axygen to body cells and
by removing carbon dicxide waste rom cells.
The functions of the respiratory system can be
divided into two processes: breathing and
respiration. First, air must enter the body
through breathing. Breathing i the mechani-
cal movement of air into and out of vour
lungs. Figore 12 illustrates air being released
from the lungs into the air. Second, gases are
exchanged in the body. External respiration is

)

the exchange of gases between the atmo- 2

sphere and the blood, which occurs in the i)

R B

lungs. Internal respiration is the exchange of Figure 12 Exhaled air from a person’s lungs can beseenona 3

gases between the blood and the body’s cells. chilly da i

: f aay &

inder fow the i thet jou inball is aifferant from the o thar 3

EGH 7 you exhaie. %

Compare and contrast external respira- A

tiom and intermal respiration. g
l::laﬂl'n-llﬂm OCi Bisciplinary Core ideas 260 Erossoutting Concepts. SEF Schence & Engineering Bractices:

H

COLLECT EVIDENCE INVESTIGATE ;

@mwukﬁ-m&mmlm QGO OMLUIME to find these activiies and more resources. H

recodd the evidence you collect as a Quick Investigation: Investigate Blood Pressure

you camglete the readings and Carry out an investigation 1o determing the cause and sffect exerse has on the circulatory
Bctivities in this lesson. and respiratory systems.
(53 identifty Crosscutting Concepts

Create a table of the crossoutiing concepts and fill in examples you find as you read.
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ngl‘-& 13 Air travels into the alveod of the lungs, where gases are exchanged across thin cagillary walls.

Deagram froce ihe polh of axpgen from the armasphens o the aiveoll & the fpags.

The Path of Air

The respiratory system is made up of the nasal passages, pharynx (FER ingks), larymx
(LER ingks) or voice box, epiglottis, trachea, lungs, bronchi, bronchioles, alveoli (al VEE
uh lij, and diaphragm. Air travels from the outside enwironment bo the lungs, where it

passes through the alveoli, as shown in Figure 13.

First, air enters the mouth or nose. Hairs in the nose filter out dust and other Large
particles in the air. Hairlike structures called cilia, shown in Figure 14, also line the
nazal passages, as well as other respiratory tubes. Cilia trap foreign particles from the
air and sweep them toward the throat so that they do not enter the lungs. Mucous
membranes beneath the cilia in the nasal passages, also shown in Figure 14, warm and

moisten the air while trapping foreign materials.

Esetrt?

Identify the role of cilia in the respiratory system.

Filtered air then passes through the upper throat, called the phar-
ynx. A flap of tissue called the epiglottis, which covers the opening
to the larvr, prevents food particles from entering the respiratory
tubes. The epiglottis allows air to pass from the larynx to a long tube
in the chest cavity called the trachea, or windpipe. The trachea
branches into twe large tubes, called bronchi (BRAHN ki) (singular.
bronchus), which lead to the lungs. The longs are the largest organs
in the respiratory system, and gas exchange takes place in the lungs.
Each bronchus branches into smaller tubes called bronchioles
(BEAHM kee ohlz), which continue to branch into even smaller
passageways. Each of these ends in an individual air sac called an
alvenlus (plural, alveoli). Each alveolus has a thin wall—only one cell
thick—and is surrounded by very thin capillaries.

Frgure 14 Hailike cilia ine the
mucous membranes of the nasal
cawity.
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Gas exchange in the lungs

Air travels o individual alveoli, where oxygen diffuses across the moist, thin walls into
capillaries and then into red blood cells. The oxvgen is then transported to be released
1o tissue cells in the body during internal respiration. Meanwhile, carbon dioxide in the
blood crosses capillary walls and diffuses into the alveoli to be returned to the atmo-
sphere during external respiration. Carbon dicedde in the blood is found as carbonic
acid in the red blood cells, dissolved in plasma, and bound to hemoglobin in red

blood cells.

Breathing

The brain directs the rate of breathing by responding to internal stimuli that indicate
how munch cocygen the body needs. When the concentration of carbon dioxvide in the
blood is high, the breathing rate increases because cells need more oxygen.

Inhalation is the act of taking air into the lungs. During inhalation, as shown in

Figure 15, the diaphragm contracts. This causes the chest cavity to expand as the
diaphragm moves down, allowing air to move into the lungs. During exhalation, the
diaphragm relaxes and returns to its normal resting position. This reduces the size of
the chest cavity as the diaphragm moves up. Air naturally flows out from the greater
pressure of the lungs. Follow Figure 16 on the next page to learn how circulation and
respiration work together to supply the needed oxvgen and to get rid of carbon dicxide.

Exhalation Inhalation

Figure 16 Rib and diaphsagm muscles contract and redas during breathing.

Analyze how air pressure is involved in breathing.
WORD ORIGINS CROSSCUTTING COMCEFTS
ahveolus Systems and System Models Design a model of the respiratory system. Define
comes from Bhe Latin word dveos, the system and discuss how the model provides a toal for understanding the
meaning bedly or halow spoce system. What ane the limitations of your moded? How could you improve your

miodel?

Copyright © M Cranr il ohaaihn
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Figure 16 Visualizing Gas Exchange
In the lungs, cxygen (0. that is inhaled

Gases are exchanged in mowes into capillaries and is transported to
the lungs and in the tissue body cells. Carbon dioxide (CO.) leaves the
cells of the body. capillaries and is exhaled from the lungs.

False color SEM Magnification: unanvailable

Color-Enhanced SEM Magnification: W00

In body tissues, such as musdle tissues,
axygen (0,) moves from capillaries into
tissue cells. Carbon dicedde (C0_)
produced by cellular respiration leaves
tissue cells and mowves into capillaries,
and then it is transported to the lungs.
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Table 2 Commaon Respiratory Disorders

Disorder | Brief Description

Asthma Respiratory pathways become imitated, and bronchicles constrict.

Bronchitis Respiratory pathways become infected, resulting in coughing and
production of mucus.

Emphysema Akveali break down, rem in reduced surface area needed for gas
exchange with the akeoli's blood capdlaries.

Prieumania Infection of the lungs causes the alveoli to collect Mucous material

Lung cancer Uncontrolied cell growth in lung tissue can lead to a persistent cough,
shortness of breath, bronchitis, or preumonia, and can lead to death.

Respiratory Disorders

Some diseases and disorders irritate, inflame, or infect the respiratory systenn, as

described in Table

2. These disorders can produce tissue damage that reduces the

effectiveness of the bronchi and alveoli. When these tissues become damaged, respira-
tion becomes difficult. Smoking also causes chronic irritation to respiratory tissues and
inhibits cellular metabolism. Finally, exposure to airborne materials, such as pollen, can
produce respiratory problems in some people who have allergic reactions.

I& Check Your Progress

Summary Demonstrate Understanding

+ Alveali in the lungs are the 1 Identify the main function of the respiratory system.
sites of gas exchange between 2. Distinguish between internal and external respiration.
SRR PSS oyl CRCLSeTy 3. Sequence the path of air from the nasal passages to
s the bloodstream.

+ The pathway of air starts with

4. Describe the mechanics of inhalation and exhalation.

the mouth or nose and ends at i
the alveali located in the lungs. 5. Infer how the respiratory system would compensate

for a cinculatory disorder.

+ |nhalation and exhalation are

6. Describe three disorders of the respiratory system.

the processes of taking in and
s il Explain Your Thinking

* Respiratory disorders can 7. Hypothesize an advantage of heating and maisturizing
inhibit respiration. air before it reaches the alveoli.

8. TP Connection | The total surface area of the
alveoli tissue in your lungs is approxdmately 70 m*. This
is more than 40 times the surface area of the skin.
What is the surface area of your skin?

ILEARKMSMART Goonline tofollow your personalized leaming path to review, practice,

and reinforce youwr understanding.

Copright © M Crasetill Echesbion
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LESSON 3
THE EXCRETORY SYSTEM

FOCUS QUESTION
Can exercise affect the excretory system?

Parts of the Excretory System

As you breathe, eat, walk, study, and sleep, your
body collects wastes. These wastes include toxins,
waste products, and carbon dicedde, that result
from metabolic functions that ccour in your body
constantly and without vou thinking about it

What happens to all of these wastes? The excre-
tory system remaoves them from the body. In
addition, the excretory svstem regulates the
amount of fluid and salts in the body, and it
maintains the pH of the blood. All of these
functions help to maintain homeostasis.

The components that make up the excretory
system include the lungs, skin, and kidneys, as
illustrated in Figure 17. The lungs primarily
excrete carbon dioxide. The skin primarily
excretes water and salts contained in sweat. The
kidneys, however, are the major excretory organs
in the body. The kidneys filter wastes and other
substances from the bl;}ﬂ:l. The ureters carry ngmﬂ Ihe crgans of excrefion wark togethes to
urine ]J'l'l:hil.I'EEI:l in the kidnevs to the bladder. elimnate wastes from the tll}ﬂjl. Thessa Qans inClude the
. . . lumgs, s&in, and kidnsys.
Urine exits the body through the urethra.

Emtm’

Identify the components of the excretory
system.

'::_J 30D THINKING DCl Disciplinary Cone Ideas: CCE Crosscutting Concepts SEF Science & Engineering Practices

o COLLECT EVIDENCE INVESTHGATE
:E | use your Science Joumaltn | YGO ONLINE to find these activities and mare ressurces.
recard the evidence you collect 25 | o BieLab: Internet: Make Positive Health Choices
o complete the readings and Plan and casmy oul an investigation ta determine how lifestye choices affect the function
activities |n this lesson. af the circulatony, respiratary, and excrelony sysbems.
' Rewisit the Encounter the Phenomenon Guestion
Whiat infeemation from this |esson can help you answer the Unit and Module guestions?




Inspare Biclogy, Student Edition

The Kidneys

As shown in Figure 18, the h:i.hyn are bean-shaped organs that filter out wastes,
water, and salts from the blood. The kidneys are divided into two distinct regions, also
illustrated in Figure 18. The outer portion is called the renal cortex and the inner region
is called the renal medulla. Each of these regions contains microscopic tubes and blood
vessels. In the center of each kidney is a region called the renal pelvis, where urine
collection occurs. Follow Figure 18 as vou read about how the kidneys function.

Mephron filtration

Each kidney contains approximately one million filtering units called nephrons. Blood
enters each nephron through a long tube that is surrounded by a ball of capillaries
called the glomerulus (gluh MER uh lus) (plural, glomeruli). The glomerulus is sur-
rounded by a structure called the Bowman's capsule.

The renal artery transports nuirients and wastes to the kidney and branches into
smaller and smaller blood vessels, eventually reaching the tiny capillaries in the glomer-
ulus. The walls of the capillaries are very thin, and the blood is under great pressure. As
a result, water and substances dissolved in the water, such as the nilrogenous waste
product called urea, are pushed through the capillary walls into the Bowman's capsule.
Larger molecules, such as red bood cells and proteins, remain in the bloodstream.

Copyright O MW Cramelill Dol e

Figure 18 Maphrons are the funclisnal
umits of the kidneys.

Sinmimanss ihHs PI’.'IE."' of Livine as it s
excreted from the body.
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Reabsorption and the formation of urine

The filtrate collected in the Bowman's capsule flows through the renal mbule, which
consists of the convoluted tubule, the loop of Henle, and the collecting tubule, as
illustrated in Figure 15.

Much of the lost water and useful substances, such as glucose and minerals, are reab-
sorbed into the capillaries surrounding the renal tubule. This process is called reabsorp-
tion. Al the same time, excess fluids and toxic substances in the capillaries are passed to
the collecting tubules. This waste product is called urine. Urine leaves the kidney
through ducts called the ureters (YOO ruh turz), as shown in Figure 18. Urine is then
stored in the urinary bladder and exits the body through the urethra

The kidneys filter about 180 L of bloeod each day in adults but preduce only about 1.5 L
of urine. The processes of filtration and reabsorption from the blood require large
amounts of energy. Although kidneys account for only one percent of body weight, they
use 20 o 25 percent of the body's oxvgen intake for their internal energy requirements.

The kidneys can help maintain a normal pH in the blood
by adjusting the acid-base balance. Recall that low pH results when there is an abun-
dance of H*. When the blood pH is too low, the kidneys can increase pH levels in the
body by excreting hydrogen (H*) ions and ammonia intoe the renal tubules. The kidneys
can decrease pH levels by reabsorbing buffers such as bicarbonate (HOO ) and sodium
{MNa*) ions. Because biological processes normally require pH bebween 6.5 and 7.5, the
kidneys help to maintain homeostasis by keeping pH levels within the normal range.

EEE’(H’E’

Kidney Disorders

Sometimes kidney function can be inhibited or impaired by infections or disorders.
When kidney function is impaired, the body cannot rid itself of wastes and homeostasis
might be disrupted.

Infections

Symiptoms of a kidney infection include fever, chills, and mid- to low-back pain. Kidney
infections often start as urinary bladder infections that spread to the kidneys. Obstruc-
tions in the kidneys also can cause an infection. If the infection is not treated, the
kidneys can become scarred and their function might be permanently impaired.
Antibiotics usually are effective in treating bacterial infections.

[EE5 CROSSCUTTING CONCEPTS
Nephirology Hurse Stability and Change Make a graphic crganizer that

summarizes how the kKidneys help maintain homeo-
stasis and a nonmal pH in the blood. Use specific
information from the bed.

Do o wiaint & Caneer that gives you the opportunity 1o help people
who are seriously lF Nephrology nurses are registered nurses who
care for patents of 2l ages who hase kidney-related health
canditicns, ssch as high biood pressure, diabetes, infections, birth
defects, and subsiance abuse. These highly skilled nurses require
advanced education and training.
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Mephritis

Another common kidney problem is nephritis (nih FRIH tus), which often is caused by
inflammation or painful swelling of some of the glomeruli, as listed in Table 3. This
occurs for many reasons, such as when large particles in the bloodstream becoms
lodged in some of the glomeruli. Symptoms of this condition include blood in the urine,
swelling of body tissues, and protein in the urine. If this condition does not improve on
its own, the patient may need a special diet or prescription drugs to treat the infection.

Kidney stones

Kidney stones are another type of Kidney disorder,
as listed in Table 3 and shown in Figure 19. A
kidney stone is a crystallized solid, such as calcium
compounds, that forms in the kidney. Small stones
can pass oul of the body in urine; this can be quite
painful. Larger stones aften are broken into small
pieces by ultrasonic sound waves. The smaller
stones then can pass out of the body. In some
cases, surgery might be required to remove large
slones,

Kid . Figure 19 Kidney stones form as
y» also can be damaged by other disenscs minerals, such as cakciem, and becomse

present in the body. Diabetes and high blood calid masses.
pressure are the two most common reasons for
reduced kidney function and kidney failure. In addition,

kidneys can be damaged by prescription and illegal drug wse.

Table 3 Common Excretory Disorders

Excretory Disorder Brief Description

Inflammation of the glomenuli can lead to inflammation of the entire
kidneys. This disorder can lead to kidney failure if it is left untreated.

Hard deposits form in the kidneys that might pass out of the body in
Kldney stones wiine. Larger kidney stones can block urine flow or imitate the ning of

the urimary tract, leading to possible infection. |
Malformations present at birth can lead to blockage of the nommal flow of

Urinary tract blocksge wrine. If it is unireated, this blockage can lead to permanent damage of
the kidneys.

This is a genetic disorder distinguished by the grosth of many fluid-filled
Palycystic kidney disease cysts in the kidneys. This disorder can reduce kidney function and lead
o kidney failure.

Uncontrolied cell growth aften begins in the cells that line the tubules

within the kidneys. This can lead to blood in the wine or a8 mass in the
kidneys, or it can affect other argans as the cancer spreads, which can
lead to deatih.

Mepihritis

Kidney cancer

Copyright G M CraseHll Echsabion rovs bl S80S bdberdon b
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Unrfilitered blood is pumped
into a dialysis machine.

Filtered blood is pumped
from the dialysis machine.

Kidney Treatments

Modern medicine offers two possible treatmenits for reduced
kidney function or complete kidney failure.

Dialysis

Dialysis (di AH luh sus) is a procedure in which an artificial
kidney machine filters out wastes and toxins from a patient’s
blood. Ome type of dialysis is illustrated in Figure 20. Blood is
passed through a machine that temporarily filters and
cleanses the blood. The fillered blood is then returned to the
patient’s body. The procedure lasts about three o four hours
and requires three sessions per week.

Kidney transplant
A kidnev transplant is the surgical placement of a healthy

F'quEm E|a|§|'5|5 is used 1o filter wastes
and taxins taim a patient s blood.

kidney from another person, called a donor, into the patient’s
body. Kidney transplants have shown increasing success in
recent vears. The major complication of a transplant is rejec-
tion of the donated organ. Rejection is prevented with medi-
cations such as steroids. Many transplant patients also need
blood-pressure medication and other drugs to prevent

infectiomn.
\& Check Your Progress
Summary Demonstrate Understanding
+« The kidneys are the main 1. Explain how the kidneys help maintain homeostasis.
excretory organs in the body. 2. Diagram the excretion of waste from the Bowman's

+ Mephrons are independent
filtration wnits in the kidneys.

« 'Water and important sub-
stances are reabsorbed into
the blood after filtration.

capsule to the urethra.

3. Compare and contrast filtration and reabsorption in a
nephron.

4_ Explain how kidney disorders may result from genetic
or environmental factors and how the disorder can
affect an individual.

Explain Your Thinking
5. Hypothesize why kidney failure without dialysis can
result in death.

6. [[IRCI Connection] Calculate the average amount of
urine that the body produces in a week.

LEARNSMART

Go online to follow your personalized leaming path to review, practice,
and reinforce your understanding.
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SCIENCE & TECHNOLOGY

Matters of the Heart

Blood pressure and flow are two components
of hemodynamics—the forces acting within
the drculatory system as the heart pumps
blood. By building models, physicians and
scientists are understanding the relationship
between hemodymamics and the physiclogy
of the circulatory system.

Researchers are investigating the influence
of hemodynamics on fetal development,
cardiovasoular disease progression, and
cardisvascular device function—such as
stents and replacement heart vahees. &
variety of models, from incubator-sized
physical models of circulatory systems to
elegant computational models, are used

to understand how hemodynamics impact
specific components of the system.

Hemodynamics is particularly important for
understanding heart valve disease and for
developing replacement valves. The heart's
four valves operate based on hemodymamics.
The changing pressures that ocour with each
heartbeat cause the vahves to open and
close, keeping cxygenated blood separate
from deomoygenated blood. The doppler
echocardiogram in the photo shows the
pattern of blocd flow through the heart.

When a heart vahe needs to be replaced,
surgeons typically use either mechanical
valves or biologic valves. Mechanical valves
do not contain any tissue and reguire the

COMMUNICATE SCIENTIRC
INFORMATION
Research heart valve replacement surgery.

Write a paper summarizing the different
treatment options.

Phwysicians wse doppler echocardiograms like this one
o observe bhood flow through the: heart of 3 patient.
recipient to take medicine to prevent blood
clots.

Biologic valves are constructed from animal
tissue, typically from a sheep or a cow.
Biologic valves often wear out and need to
be replaced more than once. In children who
need replacement heart valves, a biclogic
vahwe might only last a matter of months.

To design better replacement valhes for

all patients, researchers are looking to
mizdeling to understand the forces acting

on the valves. By using an incubator-sized
model, researchers can test a newly designed
replacement valve without putting it in a
patient. They can adjust the fluid properties
and pressures based on different parameters,
and they cam use the resulting data to refine
the design of the replacement valve.

Other researchers use data from physical
models and from patients to build computaticnal
mcdels that help scentists understand the
disease process in a specific patient.

Coprigt © N Crasplill Echeabbon Cowkerag'Wlarey S ok Prasta
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STUDY GUIDE

L) GO ONLINE to study with your Science Notebook.

Lesson 1 CIRCULATORY SYSTEM " ﬂﬂ!.ﬂ"

* Blowd vessels transport important substances throughout the . Eﬂ-?
M'-"r' « walve

* The top half of the heart is made up of two atria, and the bottom - et
half & made up of two ventricles. « pacemaker

* The heart pumps deoxvgenated blood fo the lungs, and it pumps » plazma
oxygenated blood to the body. = red blood cefl

* Blood is made up of plasma, red blood cells, white blood cells, i o cell
and platelets e Baed

p].a.l - atherosderosis

+ Blood is cdlassified by the following four blood tvpes: A, B, AB,
and (0.

Lesson 2 RESPIRATORY SYSTEM » beeathing

. s 5 « extemal respiration
Mlmhhn-pmﬂwﬂhsufpsﬂdur@fbﬂnﬂnﬂt i Nespdcadion
respiratory and circulatory systems. . ;

+ The pathway of air starts with the mouth or nose and ends at the T
alveoli located in the lungs. » lung

* Inhalation and exhalation are the processes of taking in and = aleokus
expelling air.

* Respiratory disorders can inhibit respiration.

Lesson 3 EXCRETORY SYSTEM = kidney

- urea

* The kidneys are the main excretory organs in the body.

* Mephrons are independent filtration units in the kidneys.

* Water and important substances are reabsorbed into the blood
after filtration_

* The kidneys produce a waste product called urine.

Copyright € By Cranebill Exhmalon
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. THREE-DIMENSIONAL THINKING

2/ Module Wrap-Up

REVISIT THE PHENOMENOMN

What is the woman’s body
doing in response to lifting?

Why?

& 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 your Summary Table. Does your evidence support your claim? I not,
rewvise your claim. Explain why your evidence supports your claim.

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

summarize your evidence and apply it to the project.

GO FURTHER

Data Analysis Lab
How do extreme conditions affect the average
daily loss of water in the human body?

The body obtains water by absorbing it through
the digestive tract. The body loses water primarily
by excreting it in urine from the kidneys, through
sweat, and throwgh the lungs.

Data and Observations The table shows data
collected for normal temperatures, for high tem-
peratures, and during rigorous exercise.

Analyze and Interpret Data

1. Claim, Evidence ldentify what the major source
of water loss is during normal temperatures.

2. Reasoning Hypothesize why more water is lost
im sweat during rigorous exercise than in urine.

3. Calculate the percent of water loss for each of
the three conditions.

Average Daily Water Loss in

Humans (in mL)
Mormal High Rigorous
Temperatures | Temperatures | Exercise
Kidneys 1500 1400 750
| Skin 450 1800 5000
Lungs 450 350 650

“Dasta oblained from: Beers

. 2003, The Mercik Momeol of Medico/
Infovmation, Second Edifion 'West Point, PA.: Merck & Co. lmc.

oy Dl sl ar o ferreses Wl ol
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DIGESTIVE AND ENDOCRINE SYSTEMS

ENCOUNTER THE PHENOMENON
Why do we need a variety
of foods in our diet?

Ask Questions

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

Claim, Evidence, Reasoning

Collect Evidence Use the
lessons in this module to
collect evidence to support

Make Your Claim Use your
CER chart to make a claim
about why we need a variety
of foods in our diet. Explain
WOUr reasoning.

Explain Your Reasoning You
wiill revisit your claim and
explain your reasoning at the
your claim. Record your end of the module.
evidence as youw mowve

throwgh the module.
B'GD OMUME to access your CER chart and explore resources that can

help you collect evidence.
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=
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LESSOM 1t Explore & Explain: LESSOM 3: Explore & Explain:

The Digestive System The Endocrine System
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LESSON 1
THE DIGESTIVE SYSTEM

FOCUS QUESTION
What are the structures and functions of the
digestive system?

Functions of the Digestive System

There are three main functions of the digestive system. The digestive system ingests
food, breaks it down so mutrients can be absorbed, and eliminates what cannot be

digested. Refer to Figure 1 below and Figure 2 on the next page as vou learn about the
structure and function of the digestive system.

Digestion
chewing food to break it down

into smaller pieces. 1t also
includes the action of smooth

Saliva
muscles in the stomach and ngldE
small intesting that churn the
food. Elmnuldw:lm Pharynx
involves the breakdown of
large mslecules in food into
smaller substances by Esophagus
enzymes, proteins that speed
up chemical reactions. The
smaller substances are
absorbed into the body's cells.
When you chew food, amy-
lase, aE. enzyme in saliva, Figure1 Mechanical digestion stas in the mouth. Secretions from the salivary
begins the o |;le| ical glands keep food moist and begin the process of chemical digestion. Food moves
) B ) P . through the pharyns inbo the esophagues.
digestion by breaking down

starches into sugars.

Mk tion

':1_,1 30 THIMKING DO Disciplinary Core idoas 0 Crosscutting Concepts SEF Science & Engineering Practices

COLLECT EVIDENCE INVESTHGATE

| use your Science Joumaltn | YGO ONLINE to find these activities and mare ressurces.

record the evidence you collect as Eff BioLab: How does the rate of starch digestion compare ameong crackers?

o complete the readings and Plan and casmy out an investigation ta determine the amount of time needed for starch to digest.

activities im this lesson.
= & Virtual Investigation: The Digestive and Endocrine Systems
Use a model 1o determing the effect a healtiy diet has on the digestive and endocrine systems.
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Esophagus

When the tongue pushes chewed food to the back  gyomach
of the mouth, the swallowing reflex is stimmulated.
The feod is forced by the action of the tongue into
the upper portion of the esophagus. The esopha-
gus (ih SAH fuh gus) is a muscular tube that
connects the pharynx, or throat, o the stomach,
as illustrated in Figure 2. The wall of the esopha-
gus is lined with smooth muscles that contract
rhvthmically to move the food through the diges-
Live system in a process called peristalsis (per uh
STAHL sus). Peristalsis continues throughout the
digestive tract. Even if a person were upside down,
fpod would still move toward the stomach.

B

dder

E

5

I

When a person swallows, the small plate of carti- Rectum

lage called the epiglottis covers the trachea. If this

opening is not closed, food can enter the trachea Figure 2 The human digestive sysiem is made up of
and cause a person to choke. The body responds numerous parts, including the esophagus, which extends
to this by initiating the coughing reflex in an from the phanynx to the stomach and is approximately
attempit to expel the food to keep the food from 25 om long.

entering the lumgs.

E Get It?

Explain the importance of peristalsis to digestion.
Stomach

When food leaves the esophagus, it passes through a circular muscle called a sphincter,
and into the stomach. The sphincter between the esophagus and stomach is the cardiac
sphincter. The walls of the stomach are composed of three overlapping lavers of smooth
muscle that are involved with mechanical digestion. As the muscles contract, they
further break down the food and mix it with the secretions of glands that line the inner
wall of the stomach.

Recall that pH is a measure of a solution's acidity. The
environment inside the stomach is very acidic. Stomach glands, called gastric glands,
secrete an acidic solution, which lowers the pH in the stomach to about 2. This is about
the same level of acidity as lemon juice. If the sphincter in the upper portion of the
stomach allows any leakage, some of this acid might move back into the esophagus,
causing what is commonly known as heartburn.

The acidic environment in the stomach is favorable to the action of pepsin, an enzyme
involved in the process of the chemical digestion of proteins. Cells in the lining of the
stomach secrete mucus to help prevent damage from pepsin and the acidic environ-
ment. Although most absorption occurs in the small intestine, some substances, such as
alcohol and aspirin, are absorbed by cells that line the stomach. While empty, the
capacity of the stomach is about 50 mL. When full, it can expand o 24 L.

E Get It?

Explain how both mechanical and chemical digestion occur in the stomach.
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The muscular walls of the stomach contract and
push food farther along the digestive tract. As
the result of chemical and mechanical digestion
in the stomach, the consistency of the food
resembles tomato soup as it passes through the
pvloric sphincter at the lower end of the stom-
ach into the small intestine.

Eﬁetﬂ?

Compare digestion in the mouth with
digestion in the stomach.

Small intestine

The small intestine is approximately 7 m in
length and is the longest part of the digestive
tract It is called small because its diameter is

Smooth muscle

Musde contracted

Food

Muscles relaned

Figure 3 The smooth muscles in the walls of the digestive
tract coaract in the process of peristalsis.

2.5 cm compared to the 6.5 cm diameter of the large intestine. The smooth muscles in
the wall of the small intestine continue the process of mechanical digestion and push
the food farther through the digestive tract by peristalsis, as shown in Figure 3.

The completion of chemical digestion in the small intestine depends on three accessory
organs—the pancreas, liver, and gallbladder, as illustrated in Figure 4. The pancreas
serves two main functions. One is to produce enzvmes that digest carbohydrates,
proteins, and fats. The other is o produce hormones, which will be discussed later in
thiz module. The pancreas secretes an alkaline fluid to raise the pH in the small intes-
tine o slightly above 7, which creates a favorable environment for the action of intesti-

nal enzymes.

Gallbladder

Bile duct

Ezophagus

Pancreas

Pancreatic duct

Small intestine

Figure 4 Chemical digestion in the =mall intestine depends on the activilies of the liver, pancreas, and galibladder.

Discuss the imparfonce of sgch of these argans i the process off chemical digesion.

Copyright O MW Cramelill Dol e
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The liver is the largest internal
organ of the body and produces
bile, which helps to break down

in the gallbladder o be released

fats. About 1 L of bile is produced ‘r!.‘ ' -
every day, and excess bile is stored f&lﬁ

into the small intestine when
needed. Figure 5 shows gallstones,

Figure 5 Gallstones can obstrect the flow of bile from the

which are cholesterol crystals that 0440, Gasstones can be removed through surgery.

can form in the gallMadder.

Chemical digestion is completed and most of the nutrients from foed are absorbed from
the small intestine into the bloodstream through fingerlike structures called willi (VIH L
{singular, villus). Villi, shown in Figure &, increase surface area, giving the small intes-
ting approximately the same surface area as a tennis court.

Refer again to Figure 1 and Figure 2 to follow the movement of digested food through
the digestive system. Onece digestion is complete, the remaining food, now in a semiliq-
wid form called chyme (KIME), moves into the large intestine. Chyme is made up of
materials that cannot be digested or absorbed by villi in the small intestine.

Fbl.l!‘ﬁ A willus is a Tingerlike extension of the Ening of the small imestine.
Mutrenis diffuse inbo capillaries in he willi and réach body cells by means of

circulating blood.

STUDY TIF

Sequence and Order Lising your nodes, work with a
pariner o review the functicns of the organs in the:

digestive system. Ack questions of one another for

decper leaming.

[EE3CROSSCUTTING CONCEFRTS
Systems and Systems Medels With a pastnes, review the
indormation abawt the structures of the digestive system. Then,
wiork with your partner to develop a model, such as a flow chart,
to describe how matber flows within the digestive system.
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Table 1 Time for Digestion
Primary Function Time Food is in Structure

Miwuth Mechanical and chemical digestion | 5-30 s
Esophagus Transport (swallowing) s
Stomach Mechanical and chemical digestion | 2-24 h
Smiall Imbestine Mechanical and chemical digestion |34 h

Large Intestine ‘Water absorption 18 h—2 days

Large intestine

The large intestine is the end portion of the digestive tract. It is about 1.5 m long and
includes the colon, the rectum, and a small saclike appendage called the appendix. The
appendix has no known function. Some kinds of beneficial bacteria are normal in the
colon. These bacteria produce vitamin K and some B vitamins.

A primary function of the colon is to absorb water from the chyme. The indigestible material
then becomes more solid and s called feces. Peristalsis continues o move feces toward the
rectum, cansing the walks of the rectum to stretch. This initiates a reflex that causes the final
sphimcter muscle to relax, and the feces are eliminated from the body throwgh the anus.
Eefer to Table 1 to review the primary function of each structure of the digestive system and
how bonig food usually rernains in each structure as it is being digested.

\& Check Your Progress

Summary Demonstrate Understanding

+ The digestive system has three 1. Describe the process that breaks down food so that
maim functions. nufrients can be absorbed by the body.

« Digestion can be categorized 2. Analyze the difference between mechanical digestion
as mechanical or chemical. and chemical digestion. Explain why chemical

« Most nutrients are absorbed in digestion is necessary for the body.
the small intestine. 2. Summarize the main functions of the digestive system.

« Accessory organs provide 4. Analyze what the conseguence might be if the lining
enzymes and bile to aid of the small intestine were completely smooth instead
digestion. of having willi.

» Water is absorbed from chyme Explain Your Thinking

in the colon. . - ]

5. Explain why the pH in the digestive system changes.
Ciesign an exgperiment to gather data about the effect
of pH on the digestion of different types of food.

6. A can of carbonated beverage
typically holds about 354 mL of fluid. Compare this
amaount with the volume of an empty stomach. Give a
ratio.

LEARKMNSMAIRT S Goonline to foliow your personalized leaming path to review, practice,
and reinforce your understanding.

Coqyrigha O A Craorbill Fohaation
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LESSON 2

NUTRITION

FOCUS QUESTION
How can you maintain a healthy and balanced diet?

Calories

Nutrition is the process by which a person takes in and uses food. Foods supply the
building blocks and energy to maintain body mass. The daily input of energy from food
should equal the amount of energy a person uses daily. A Calorie {(with an uppercase C)
15 the unit used to measure the energy content of foods. A Calorie is equal to 1 kilocalo-
rie, or 1000 calories {with a lowercase ). A calorie is the amount of heat needed to raise
the temperature of 1 ml of water by 1°C.

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

Table 2 Activities and Average Calories Usage

Activity Calories Used Per Hour Auctivity Calories Used Per Hour
Baseball 282 Hiking and backpacking 564
Basketball 564 Hockey (field and ice) 546
Bicycling 240-410 Jogging F40-820
| Football 540 Soccer 540

[ T e

——

1,1 3D THINKING OCi Bisciplinary Core ideas 6L Erossoutting Concepis

COLLECT EVIDEMCE INVESTIGATE

@mwuiﬁzmmmlm QGO OMLIME 1o find these activities and mane resounces.

record the evidence you collect as a Open Inguiry: The Human Body

e e s Plan amd carry out an investigation to determine the effect sugar has on mood.

activities in this [esson.
(559 1dentity Cresseutting Coneepta
Create a table of the crosscutting concepts and fill in examples you find as you read.

Copvrishe @ M
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Carbohydrates

Cereal, pasta, potatoes, strawberries, and rice all
contain a high proportion of carbobydrates. Recall
that sugars, such as glucose, fructose, and sucrose,
are simple carbohvdrates that are found in froits,
soda pop, and candy. Complex carbohydrates are
macromalecules such as starches, which are long
chains of sugars. Foods such as those in Figure 7
have a high starch content, as do some vegetables.

Cam]:nl-ex n:arbuh‘_','drales are broken doswn imbo Figure T Your body needs carbohydrate-rich loods like
simjple sugars in the digestive tract. Simple sugars TREIE Euery Sy

are absorbed through villi in the small intestine into

the bloodstream and circulated throughout the body to provide energy for cells. Excess

glucose is stored in the liver in the form of glveogen. Cellulose, sometimes called dietary

fiber, is another complex carbohydrate found in plant foods. Although humans cannot

digest fiber, it is important because fiber helps keep food moving through the digestive

tract and helps with the elimination of wastes. Bran, whole-grain breads, and beans are

good sources of fiber.

B et

Identify examples of carbohydrates shown in the photo at the beginning of the
module.

Fats

In proper amounts, fals are an essential part of a healthiul diet. Fats are the most
concentrated energy source available to the body, and they are building blocks for the
body. Fats also protect some internal organs and help maintain homeostasis by provid-
ing energy and by storing and transporting certain vitamins. However, not all fats are
beneficial to the body.

Recall that fats, some of which are

shown in Figure 8 are classified according to their chemical I
structure as saturabed or unsaturated. Meats, cheeses, and

other dairy products are sources of saturated fats. A diet high

in saturated fats might result in high blood levels of cholesterol, ,.! V|
which can lead to hearl problems. Plants are the main source : .

of un=saturated fats, which are not associated with the |‘
development of heart disease.

A general rule is that saturated fats are solid at room tempera- Figure & The oils here are sources of
ture and unsaturated fats are liquid at room temperature. The wneaturated fat. The butier is a sowce of
olive oil in Figure 8 conlains less saturated fat than the butter, saturated fat.

which is why the olive oil is liquid at room temperature. Recall

that, as matter moves through the body, chemical elements are recombined to form

different products. Fats are digested in the small intestine and are broken down into

fatty acids and ghycerol. Fatty acids can be absorbed through the villi and circulated in

the blood throughout the body.

Copyright @ Wy Crame il Dohmaiion 00 Elere S b e Sowby! Gty | e | (10 Torloglor o L L iy
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Proteins

You have learned that proteins are basic structural
components of all cells. Enzymes, hormones,
neurotransmitters, and membrane receptors are
just a few important proteins in the body.
During digestion, proteins are broken down into
aming acids. The amino acids are absorbed into the
bloodstream and carried to various body cells.
These body cells recombine and reassemble the Figure 9 Beans and rice can be com-

ino acids into protei led for body struc- uir?emn provide all the esseniial amino
tures and functions. - ks,

The human body can produce 12 of the 20 amino acids needed for cellular function.
Essential amino acids are the eight amino acids that the body cannot produce, and
must be included in a person’s diet. Animal products, such as eggs and fish, are sources
of all eight essential amino acids. Vegetables, fruits, and grains contain amino acids,
but very few single plant food sources contain all eight essential amine acids. Certain
combinations of plant foods, such as the beans and rice shown in Figure 9, provide all
of the essential amino acids.

MyPlate

In 2011, the United States Department of Agriculture published a new nuirition guide,
MyPlate, shown in Figure 10. MyFlate emphasizes the ratios of food groups rather than
exact serving sizes. It recommends that a person eat about 30 percent grains, 30 per-
cent vegetables, 20 percent fruits, 20 percent protein, with a small side of dairy such as
a yogurt cup or glass of skim milk.

Figure 10 MyPate can help
you choose the foods and
thesr amounts that are right
far o
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Vitamins and Minerals

In addition to carbohydrates, fats, and proteins, vour body needs vitamins and minerals
to function properly. Vitamins are organic compounds that are needed in small
amounts for metabolic activities. Many vitamins help enzymes function properly. Some
vitamins are produced within the body. Vitamin [ is made by cells in your skin. Some B
vitamins and vitamin K are produced by bacteria living in the large intestine. However,
sufficient quantities of most vitamins cannot be made by the body, but a well-balanced
diet can provide the vitamins that are needed. Some vitamins that are fat-soluble can be
stored in small quantities in the liver and fatty tissues of the body. Other vitamins are
water-soluble and cannot be stored in the body. Foods providing an adequate level of
these vitamins should be included in a person’s diet on a regular basis.

Minerals are inorganic compounds used by the body as building materials, and they are
involved with metabolic functions. For example, the mineral iron is needed to make
hemoglobin. Recall that cwygen binds to hemoglobin in red blood cells and is delivered
to body cells as blood circulates in the body. Calcium, another mineral, is an important

component of bones.

Eﬁetﬂ?

Compare and contrast vitamins and minerals.

Vitamnins and minerals are essential parts of a
healthy diet. Table 3 on the next page lists
some Important vitamins and minerals, their
benefits, and some food sources that can
provide these necessary nutrients. Over-the-
counter vitamins and minerals, like those
shown in Figure 11, are also available. Taking
more than the recommended daily allowance,
however, can be dangerous and should not be
done without consulting a doctor.

Sometimes people suffer from a vitamin or
mineral deficiency, meaning they do not get
encugh of the vitamin or mineral to maintain
homeostasis. For example, children who do not
get encugh vitamin D can suffer from rickets, a
disorder in which the bones are soft and do not
develop properly. People who do not get enough
indine may develop problems with their thyroid.

Chel

Do you enjoy prepaging healthiul and deliciows foods? Do
you understand the schence of cooking? You might want to
think abouwt ecoming a chef. A chef might plan menus,
oversee other workers, of prepare foods. Many cheds wark
in resiaurants, but some waork in haspitals, nursing homes,
or other facilties where food s served.

Flgureﬂ Vitamins and minerals can be laken as
supplements to vitamins and minerals oblained in food.

[EE3 CROSSCUTTING COMCEPTS
Energy and Matter With a small group, discuss evidence of
how the enesgy and matter in food is ised by the body. Write a
bulleted st that summarizes the main points of your group’s
disiussion.

Copyright O M Cranr il Fohaaihon ponini M pibvitiass,™ bt s koo
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Table 2 Major Roles of Some Vitamin and Minerals

Vitamin | Majo im the i 5 : Mineral | Major Role in th
. Vision | . ::dengmenlng of testh
.| » Health of skin and « Nerve don
bones

« Contraction of muscle

b = Health of bones and « Strengthening of teeth
teeth and bomes
= Strengthening of red )
E blood cell membrane * Symhesis of proteing
:;:Mu“n = Metabolism + Synthesis of hemoglobin
= Formation of red blood
cells ) .
Falic Ackd . Formation of [ and « Synthesis of hemoglobin
RMA
« Metabolism of
Thiarmimne = « Healing of wounds

carbohydrates

Hiacin (B,) | - Metabalism + Balance of water
Pyridioo- = Metabolism of aming « Synithesis of thyroid
ine (B.) acids. hiofmome

- Formation of red blood Na « Merve conduction
By cells - — -« Balance of pH

« Merve conduction

¢ ’ oon of collsgen « Contraction of muscle
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Mutrition Labels

Mutrition labels are provided on commer-
cially packaged foods like those shown in
Figure 12. These labels are based on a 2000
Calorie per day diet. Labels can be

especially useful for monitoring fat and sodium
intake, which are two nutrients that need o be
consumed in moderation. The FDA requires
that food labels List the following information:

+ narme of the food
* the net weight or volume

Figure 12 When you read a nutrition label, notice how many + the name and address of manufacturer,

SErvings ane in each food ootaines. The percent daily valies

distributor, or packager

are based on an individual serving, not the entire package. + the i.l‘lFl!L‘li.El'll‘ﬁ

Eﬁet It?

* mutrient content

Explain why nutrition labels are important.

\& Check Your Progress

Demonstrate Understanding

Summary

The energy content of food is
measured in Calories.
Carbohydrates, fats, and
proteins are three major
groups of nutrients.
Carbohydrates are a major
source of energy for the body.
Fats and proteins provide
energy and are imporiant
building blocks for the body.
Vitamins and minerals are
essential for proper metabolic
functioning.

MyPlate and food labels are
tools that you can use to eat
healthfully.

Explain the roles of vitamins and minerals in the
process of maintaining homeostasis.

. Describe what proteins, carbohydrates, and fats are

used for in the body.

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

. Explain wity keeping a count of Calories comsumed

and Calories used is importamnt in maintaining proper
funciioning of the body.

Explain Your Thinking

Summarize how manmy Calories you consume during

one day by recording everything you eat or drink.
Compare this to how many Calores you burm in an

average day.

B WRITING Write a short article for your

school newspaper describing what is needed for a
well-balanced diet.

LEARKMNSMAIRT S Goonline to foliow your personalized leaming path to review, practice,

and reinforce your understanding.

Copyright © M Cranrhill Tkt
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LESSON 3
THE ENDOCRINE SYSTEM

FOCUS QUESTION
What are the structures and functions of the endocrine system?

The endocrine system is composed of glands and functions as a communication system.
Endocrine glands produce hormones, which are released into the bloodstream and
distributed to body cells. A hormone is a substance that acts on certain target cells and
tissues to produce a specific response. Hormones are classified as steroid hormones and
nonsteroid or amino acid hormones, based on their strecture and mechanism of action.

Steroid hormones

Estrogen and testosterone are two examples of steroid hormones. All steroid hormones
work by causing the target cells to initiate protein symthesis, as illustrated in Figure 13.

Steroid hormone - asma membrane

stimutated

Hormaone-receptor

# comiplex

Change in

pene actvity
: Figure 13 A stenoid hormone passes through a cell membeane, binds o a recepior within the cell, and
3 sfimulates protein synihesi
e o cce €D
£
¢ COLLECT EVIDENCE INVESTIGATE
2 B
§ e Use your Science Joumal 1o | (3 GO OMLINE to find these activities and more resaurces.
=

Applying Practices: Investigate Homeoastasis in the Human Body
HS-L51-3. Plan and conduct an nvestigation to provide evidence that leedback
mechansms maimain homepsias

record the evidence you collect as
you complete the readings and IF
activities in this |esson
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Steroid hormones are soluble in lipids and therefore can diffuse through the plasma
membrane of a target cell. Once inside a target cell, they bind o a receptor in the cell.
The hormone and the receptor that are bound together bind to DNA in the nucleus,
which activates specific genes.

Amino acid hormones

Insulin and growth hormones are two examples of nonsteroid, or amino acid, hor-
mones. As the name implies, these hormones are composed of amino acids. Amino acid

hormones must bind to receptors found on the plasma membrane of a target cell
because they cannot diffuse through the plasma membrane. Once the hormone binds to
the receplor, the receptor activates an enzyme found on the inside of the membrane.
This wsually initiates a biochemical pathway, eventually cansing the cell to produce the
desired response, as illustrated in Figure 14.

Inside the cell

responos

Figure 14 An amino acid h

=

Explain the o

Feedback mechanisms maintain a living system’s internal conditions within certain

limits and mediate behaviors, allowing it to remain alive and functional even as external
conditions change within some range. Feedback mechanisms can encourage {through
paositive feedback) or discourage (through negative feedback) what is going on inside
the living systemn. Negative feedback systems usually control conditions that remain in a

L B Coameitdl Tx

steady state over long periods of time, stabilizing a system. You might be familiar with
an example of a negative feedback system in your own home—the thermostat that
controls lemperature.

E Get It?

Explain how feedback can stabilize a system.

[
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Heat output increase Thermostat
above/below 2°C

Signal to turn
onioff fumace

Fumace

Figure 15 A fumace turns on of off based on the relationship of the detected room tempesature and the
set point.

Study Figure 15. In this example, the temperature in a house is maintained at 21°C. The
thermaostat in the house detects the temperature, and when the temperature drops
below 21°C, the thermostat sends a signal to the heat source, which turns it on and
produces more heal. Soon the lemperature rises above 21°C, and the thermostat sends a
signal to the heat source to shut off. The heat source will not turn on again until the
room lemperature drops below 21°C and is detected by the thermostat. Because this
process can go on indefinitely, negative feedback often is described as a loop.

Endocrine Glands and Their Hormones

The endocrine system includes all the glands that secrete hormones—pituitary, thyroid,
parathyroid, adrenal glands, pancreas, ovaries, testes, pineal gland, and the thymus
gland. Some of these glands are shown in Figure 16.

Thyreid

Adrenal glands

R \t//j

Figure 16 The prncipal glands of the
endocrine system are bocated thraugh-
put the body.

Testes
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Pituitary gland

The pituitary gland is situated at the base of the
brain, as illustrated in Figure 17. This gland is
sometimes called the “master gland” because it
regulates so many body functions. Despite its
small size, it is the most important endocrine
gland. The pituitary gland secretes hormones
that regulate many bodv functions. It also regu-
lates other endocrine glands, such as the thyroid
gland, adrenal glands, testes, and ovaries.

Several pituitary hormones act on tissues in the
body rather than on specific organs. Human
Figure 17 The |:|1u1a.ry gland is located growth hormone (hGH) regulates the body’s

Lt s ofihe bam, physical growth by stimulating cell division in
miuscle and bone tissue. This hormone is especially
active during childhood and adolescence.

Thyroid and parathyroid glands

Identify the thyroid and parathyroid glands in Figure 18. One hormone produced by the
m}mﬂghrﬂhmﬁmﬂ\e.mehﬂﬂlhmiudnﬁmlaﬂmspedrxnrgmxmmﬂni
causes cells of the body to have a higher rate of metabolism. The thyroid gland also produces
calcitonin. Caleibomin (kal suh TOH nun) is a hormone that is partly responsible for the
regulation of calcium, an important rmineral for bone formation, blood clotting, nerve
function, and muscle contraction. Calcitonin lowers blood calcium levels by signaling bones
to increase calcium absorption and also signaling the kidneys o excrete miore calcium.
When blocd calcium levels are too low, the parathyroid glands increase production of
parathyroid hormone. Parathyroid hormone increases blood calcium levels by stimulat-
ing the bones to release calcium. The action of this hormone also causes the kidnevs to
reabsorb more calcium and the intestines o absork more calcium from food. The
thyroid and parathyroid glands have opposite effects on blood calcium levels. However,
as they work together, they maintain homeostasis.

Eﬁetn?

Explain how negative feedback is important in maintaining homeostasis.
[

harmane (PTH) and
calcitanin (CT) requiate
the lessal of calcum in the
baoed.

Explain how PTH mod €7
iMystrzte nogatie
feadback.

Figure 18 Parathyroid

Copyright O MW Cramelill Dol e
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Pancreas

As discussed in Lesson 1, the pancreas has a
crucial role in the production of enzymes that
digest carbohydrates, proteins, and fats. The
pancreas also secretes the hormones insulin and
glucagon, which work together to maintain
homeostasis, as illustrated in Figure 19. When
blood glucose levels are high, the pancreas
releases insulin. Insulin signals body cells, espe-
cially liver and muscle cells, to accelerate the
conversion of glucose to glveogen, which is stored
in the liver. When blood glucose levels are low,
glucagon is released from the pancreas. Glucagon
{GLEW kuh gahn} binds to liver cells, signaling
them to convert glvcogen to glucose and release
the ghicose into the blood.

Diabetes is a disease that results from the body
not producing encugh insulin or not properly
using insulin. Type 1 diabetes, which usually
appears in people by the age of 20, occurs when

gy, GlypCogan fonms
: Troim glleods
Insulin secrubed k
T DanCraas 1
f Blocd glucase

blocd dearre ases: insulin

# E hu‘ serrathon inhibdee-d

¥When blood
glucose is low
Blood glucose -.
InCreasss; glucagon l
ECration inhibited
Glucagon secratad
L from pancraas
Glucose farms -o-"/
fecen QhyCogen and
nancarbshydrates

Figure 19 Glucagon and insulin wark
together io maintain the |evel of swgar in
the blood.

the body cannot produce insulin. Type 2 diabetes occurs in 70-80 percent of people
diagnosed with diabetes, and usually occurs after the age of 40. It results from the cells
of the body becoming insensitive to insulin. In both types of diabetes, the blood glucose
levels must be monitored and maintained to prevent complications from the disease.

Adrenal glands

Eefer again to Figure 16. The adrenal glands are located just above the kidneys. The
outer part of the adrenals is called the cortex, which manufactures the steroid hormone
aldosterone and a growp of hormones called glucocorticoids. Aldosterone (al DAWS tuh
rohn) primarily affects the kidnevs and is important for reabsorbing sodium. Cortisal,
another glucocorticoid, raises blood glucose levels and also reduces inflammmation.

The body has different mechanisms for responding bo stress, such as the role of the
nervous system and the “fight or flight response.” The endocrine system also is involved
with these types of responses. During a stressful situation the inner portions of the
adrenal glands secrete epinephrine (eh puh NEH frun) and norepinephrine. Together,
these hormones increase heart rate, blood pressure, breathing rate, and blood sugar
levels, all of which are important in increasing the activity of body cells.

(=55 CROSSCUTTIMNG CONCEPTS

Stability and Change Wribe a paragraph that provides evidence that negative
feedback stabilizes blood glucose kevels, helping the body maintain homeostasis.

Cite specific infomation from Fgure 19 in your paragraph.
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Figure 20 Visualizing the Endocrine System

The hypothalamus maintains homeostasis by serving as a link between the
nervous system and the endocrine system. The pituitary gland releases growth
hormone, ADH, and axytocin as needed by the body. The pituitary gland also
manufactures and secretes hormones that regulate the testes, the ovaries, and the
thyroid and adrenal glands.

Caells in the hypothalamus produce
ADH and oxytocin. These hormones
mowe down asmons to axon endings
and are secreted into the
bloodstream when appropriate.

The anterior pituitany
gland secretes its hormones
imto the bloodstream.

Copyright O MW Cramelill Dol e
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Link to the Nervous System

The nervous and endocrine systems are similar in that they both
are involved in regulating the activities of the body and main-
taining homeostasis. Refer to Figure 20 on the previous page Lo
study the role of the hypothalamus in homeostasis. Recall that
this part of the brain is involved with many aspects of homeosta-
sis. The hypothalamus produces two hormenes, oxytecin {(ahk
silh TOH sun) and antidiuretic hormone (ADH).

The antidiuretic (AN ti DY yuh REH tic) hormone (ADH)
functions in homeostasis by regulating water balance. As illus-
trated in Figure 21, ADH travels in the blood to the kidneys,
where il binds to receptors on certain kidney cells. This causes
the kidneys to reabsorb more water and decrease the amount of
water in the urine, increasing the water level in the blood. If
there is too much water in a person’s blood, the hypothalamuos
decreases the release of ADH, and the urine tends to be more

dilute. ADH production is stimulated by nausea and vomiting,

both of which cause dehydration. Blood loss of 20 percent by
hemorrhage resulls in the release of ADH.

Figure 21 Antidiuretic hormone [ADH)
helps 1o contral the concentration af
waler in the blood.

|B Check Your Progress

Summary

®

Endocrine glands produce
substances called hormones.
Hormones travel throughouwt
the body in the bloodstream.
Hormones are cassified as
steroid hormones or amino
acid hormones.

Hormone levels are influenced
by feedback systems.

The endocrine system helps to
maintain homeostasis with
signals from internal mecha-
nisms called negative
feedback.

Demonstrate Understanding

1 Explain the reasons why a feedback system would be
referred to as “negative feedback.™

2. Predict when high levels of insulin would be found in a
person’s blood and when high levels of glucagon
would be found in a person’s blood.

3. Explain how the endocrine and nervous systems work
together to maintain homeostasis.

4. ldentify and describe the functions of pituitary, thyroid,
parathyroid, pancreas, and adrenal glands.

Explain Your Thinking

5. Research lodine is essential for thyroid gland function.
Fetal and childhood iodine deficiency is @ major cause
of mental retardation in the waorld, yet the deficiency is
preventable. Predict how iodine deficiency might lead
to mental retardation or other health issuwes. Research
what has been and what is being done to alleviate this
concem. Include information about sources of iodine in

YOUr response.

LEARNSMART Goonline tofollow your personalized leaming path 1o review, practice,
and reinforce youwr understanding.
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SCIENCE & SOCIETY
By the Skin of Your Teeth

Teeth are an important part of the digestive
system. Mechanical digestion begins as

teeth break down food into smaller pieces.
Chewing allows amylase to begin the process
of chemical digestion. Tooth decay can have a
negative impact on the process of digestion.

The chemistry of tooth decay

The surface of teeth is made of enamel,
wihich consists mosthy of a solid, called
hydrosyapatite, composed of calcium and
phosphate ions. lons mowve in and out of
hydroceyapatite, depending on pH. When
ions are added, it is called mineralization.
Demineralization is the process of ions
leaving the enamel. ldeally, the rates of
mineralization and demineralization are the
same, resulting in no net loss of enamel.

Bacteria produce acids in the mouth in the
presence of sugar or starch. Acidity causes
demineralization. Cavities result when
demineralization destroys tooth enamel and
acids start destroying dentin, the layer under
the enameal.

The consequences of tooth decay

Tooth decay can cause significant pain and
tooth loss, which can impact the ability to
thoroughly chew food. If unchecked, tooth
decay can affect an individual's ability to get
the nutrition they need.

COMMUNICATE SCIEMTIFIC
IMFORMATION

Work with a small group to develop a plan for
communicating the importance of healthy
teeth to other students in the school. Be sure
to relate the health of the teeth to digestion,
nutrition, and owverall health.

Denial care can help prevent tooth decay.

Preventing and treating tooth decay

A variety of strategies help prevent tooth
decay. Consuming fluoride im drinking water
and having sealants applied are effective
ways to slow tooth decay. Regular brushing
and dental visits are also key factors in the
prevention of tooth decay. Reducing the
amount of sugar and starch consumed can
also contribute to healthy teeth.

Traditional treatment for tooth decay includes
filling cavities with metal or porcelain.
However, some new technigues are being
developed that can reverse tooth decay. For
example, a treatment is being developed that
uses stem cells to stimulate the tooth to repair
damaged areas. Another treatment being
developed uses electric currents to stimulate
remineralization of a damaged area. Other
researchers are exploring the use of aspirin
to stimulate the gene that codes for the
production of new dentin.

Copyright O W Cranclill Tobaainn Fum o Colly | s
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STUDY GUIDE

L) GO ONLINE to study with your Science Notebook.

Lesson 1 THE DMGESTIVE SYSTEM " mkﬂ I:ﬁp..‘li:!n
+ The digestive system has three main functions. = Ehssical oigsion
* Digestion can be categorized as mechanical or chemical. « esophagus
= Muost nutrients are absorbed in the small intestine.  peristalsis
» Arcessory organs provide enzymes and bile to aid digestion. - P'E'Fﬂi'.' .
» Water is absorbed from chyme in the colon. : xl Lo
« willus
= large intestne

Lessom 2 MUTRITIOMN = muirition
* The energy content of food is measured in Calories. - Enlur!:
* Carbohydrates, fats, and proteins are three major groups of - iersl

nukrients.
* Carbohydrates are a major source of energy for the body.
* Fats and proteins provide energy and are important building

blocks for the body.
» Vitamins and minerals are essential for proper metabolic

Functsoning.
* MyPlate and food labels are tools vou can use to eat healthbully.
Lesson 3 THE EMDOCRIME SYSTEM = endocrine gland
+ Endocrine glands produce substances called hormones. . ::m _—
* Hormones travel throughout the body in the bloodstream. . ".I.me__g
+ Hormones are classified as steroid hormones or amino acid = calcitonin

hormones. = parathyroid hormone
* Hormone levels are nfluenced by feedback svstems. = imsuin
*+ The endocrine system to maintain homeostasis with signals : #j ey

from internal mechanisms called negative feedback. ——

antidiuretic hormone
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. THREE-DIMENSIONAL THINKING

2/ Module Wrap-Up

REVISIT THE PHENOMENON

Why do we need a variety
of foods in our diet?

@& 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? I not,
rewise 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

Food (1 serving) rf;t:?lk
33 Data Analysis Lab . - 2
. ereal, bran flakes .
ooed ?

How reliable are f labels? with raisins {1 bax) i
Im & study conducted at the LS. Department of Agri- Cereal, toasted 23 296 i
culture Human MNutrition Research Center, scientists grains with supple- E
measured the mass of 99 single-serving food ment (1 o) ‘g
products. Cookie, chocolate 57 7.0 H
sandwich a
Data and Observations The table compares the mass Mini danish, apple 38 448 E
listed on the food package label with the actual mass {1 per serving) 1;:
of the food in five single-serving packages. Mini donut, choco- 100 o :
late cowvered a
Analyre and hta'pn?t Data . 4 per serving) :.
1. Calculate the percent difference in mass between Drata obtaimed fkom: Comway, LM, DLG. Rhodes, and W\ 3
the label mass and the actual mass of the cookies. Bumpler, 2004, Commercial portion-contralled foods i =
2. Evidence, Reasoning Compare the trend in the reseanch studies: how accurate ane label weights? doornal of 2
percent differences. the Americre Dielelic Association 304: 1420-1424 E
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HUMAN REPRODUCTION AND DEVELOPMENT

ENCOUNTER THE PHENOMENON <
How do babies eat and
breathe before birth?

& Ask Questions

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

Claim, Evidence, Reasoning

Make Your Claim se your Collect Evidence Use the Explain Your Reasoning vou
CER chart to make a daim lessons in this module to wiill revisit your claim and
about how babies eat and collect evidence to support explain your reasoning at the
breathe before birth. Explain your claim. Record your end of the module.
YOUr reasoning. evidence as you move

throwgh the module.

'EBGD OMLINE to access your CER chart and explore resources that can
help you collect evidence.

i

LA N

o

Copyright € By Cranebill Exhmalon

LESSOM 2: Explore & Explain: LESSOM 3: Explore & Explain:
Human Development Before Birth, Growth, and Aging
Birth
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LESSON 1

REPRODUCTIVE SYSTEMS

FOCUS QUESTION
What are the structures and functions of the male and
female reproductive systems?

Human Male Reproductive System

Figure 1 illustrates the male reproductive structures. The male reproductive glands are
called the testes (tes TEEZ) {simgular, testis) and are located outside of the body cavity in
a pouch called the scrotum (SKROH tum). A temperature lower than 37°C—the average
body temperature—is required for the development of sperm. Because the scrotum is
located outside of the body cavity, it is several degrees cooler. This makes the environ-
ment suitable for the normal development of sperm.

Male Reproductive System

Side view
Bladder  ‘as deferens \ias deferens

Seminifercus tubule

Figure 1 The male reproductive system produces gamedes called spenm in the tesies.

[T

1:1{3D-'|'H|HK'*E OCi Bisciplinary Core ideas 6L Erossoutting Concepis SEF Schence & Engineering Bractices:

COLLECT EVIDEMNCE INVESTIGATE E
L_Eumwwki!mmmal QGO OMLIME 1o find these activities and mane resounces. E
to record the evidence you Quick Investigation: Model Sex Cell Production -
COMl BT 85 You coamplete the Draw & plctodial madel of the structures of male and female reproductive Systems.

Mg Ml ncfhiies in e (559 1dentity Cresseutting Coneepta
. Create a table of the crosscutting concepts and fill in examples you find as you read.
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Sperm cells

The male reproductive cells, called sperm cells,
are produced in the testes. Follow the path that
sperm travel in Figure 1, on the previous page.

Tail {E5 pm)

as you read about the structures in the male
reproductive system. Sperm, like the one

shown in Figure 2, develop in the testes in the

seminiferous tubules

{se muh NIHF rus * TEW byulz). These tubules
produce 100-200 million sperm each day. MNext,

sperm travel to the epididymis (eh puh DIH
duh mus), a structure located on top of each

testis where sperm mature and are stored.

When the sperm are released from the body,

they travel through the vas deferens (VAS «
DEF uh runz), a duct leading away from the

Head (L]

ISFV

ibnous.
sheath of
flagelium

Acrosome  Nucleus

Figure 2 & spemm is a flagellated cell compased of a head,
midpeece, and tail.

Identify, in comect sequence. the stuchres thar o sperm call
posses through oF encounters as if makes its way ouf of the hod)

testis. There are two vas deferens, one leading away from each testis. The bwo vas deferens join
together and enter the urethra {voo REE thruh), the tube that carries both semen and urine outside

of the body through the penis.

Sperm require a nourishing fluid to survive long enowgh to fertilize an egg. Semen (SEE mun) refers
to the fluid that contains sperm, the nourishment, and other fluids from the male reproductive
glands. The seminal vesicles contribute over half of the semen and secrete the sugar needed for

energy. They also provide other nutrients, proteins, and enzymes for the sperm. The prostate gland

Copmright 0 R Cray- I Edleaion

Figure 3 The hypothalamus produces GaRH, which
traweds bo the pituitary gland and nfluences the rate of
LH amd F5H production. LH and F5H are requlated by
negative feedback.

and bulbourethral glands contribute an alkaline
solution to the Auid o neutralize acidic conditions
that sperm might encounter in the urethra and the

fernale reproductive tract.

Male hormones

Testosterone (tes TAHS tuh rohn), a hormone which is
made in the testes, is necessary for the production of
sperm. [t also influences the development of male
secondary sex characteristics that begin to appear at
puberty, the period of growth when sexual maturity is
reached. These characteristics include hair on the face
and chest, broader shoulders, increased muscle
development, and a deeper voice. Three hormaones
influence testosterone production. Figure 3 indicates
that the hypothalamus produces gonadotropin-releas-
ing hormone (GnEH), which acts on the anlerior
pituitary gland_ GnRH stimulates the production of
follicle-stimulating hormone (FSH) and loteinizing
(LEWY tee uh ni zing) hormone (LH). Both F5H and
LH travel from the anterior pituitary gland through
the bloodstream and to the testes. In the testes, FSH
promotes the production of sperm and LH stimulates
the production and secretion of testosterone.
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Lewvels of the male hormones are regulated by a negative feedback system that starts
with the hypothalamus. Increased levels of testosterone in the blood are detected by
cells in the hypothalamus and anterior pituitary, and the production of LH and F5H is
decreased. When testosterone levels in the blood drop, the body responds by making
more LH and FSH.

Human Female Reproductive System

A female’s reproductive system produces egg cells, receives sperm, and provides an
environment that is right for fertilization of an egg and the development of an embryo.
Refer to Figure 4 as you read about the structures of the female reproductive system.

Egg cells

Female reproductive cells, called egg cells, are produced in the ovaries, shown in

Figure 4. Inside each ovary are oocytes (OH uh sites), which are immature eggs.
Approximately once every 28 days, oocyte development is stimulated and an egg, called
an owurmn, is formed. The ovum is surrounded by follicle cells that protect and nourish
the ovum. After the egg is released from the ovary, it travels through an oviduct (OH
vuh duct), a tube that connects to the uterus. The uterus, or womb, is where a baby
develops before birth. The cervix, at the lower end of the uterus, has a narrow opening
inte the vagina, which leads o the outside of the female’s body.

Female Reproductive System
r

Side wiew

Figure 4 Left: The main structures of the femabe reproductive sysiem are the vagina, uiens, and ovaries.
Right: During every menstrual cycle, one follicle fully matures and releases an egg. The follide is then called
the conpus |uleum.

Predict what the resolf might be if mane than one fallicle fully develaps during o cycie

Copyright O MW Cramelill Dol e
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Female hormones

Estrogen and progesterone (proh JES tuh rohn) are steroid hormones made by cells in
the ovaries. A female’s anterior pituitary gland also produces LH and FSH. During
puberty, an increase in estrogen levels causes a female’s breasts to develop, her hips to
widen, and her amount of fat tissue to increase. During puberty, a female will also

experience her first menstroal (MEN stroo ul) cycle, the events thal take place each
month in the human female to help prepare the female body for pregnancy.

Sex Cell Production

Through meiosis, one cell in the testes or ovaries gives rise to four sex cells called
gametes. In the human male, sperm are produced daily from primary spermatocytes,
beginning at puberty and continuing throughout a male’s lifetime.

The production of eggs in the human female differs, as shown in Figure 5. A female is
born with all of her eggs already beginning to develop. The genetic material has repli-
cated in primary cocytes before birth, and meiosis stops before the first meiotic division
is completed. Then, once in each menstrual cycle, meiosis continues for a single devel-
oping cocyte. The structures at the end of the first meiotic division of the oocyte are not
equal in size. The smaller of the two structures is called a polar body, which disinte-
grates. The second meiotic division takes place only if fertilization occurs. Then, the
Zygote and the second polar body are formed. The second polar body also disintegrates.

Sperm Formation Egg Formation

First
= meiotic Eggs are First

divisian refeased intn [~ Meiotic
. division

v ()

First polar body

Sperm

Sescand
- meinke  Second polar body [ —

ko Hh.im:gﬂ -
£ 7 a division

Cipmright © 8 Crar HI E dui dlion

TeBe

- 099
;
i
E' I

Figure 5 Lef: The human make sex cell production fallows the general pattern of meiosis and results in many
sperm. Right: Meigsis in the human female results in one egg. The second disision in meiosis will not be
comgleted in & human female unless the egq is ferilized.



Inspare Biclogy, Student Edition

The Menstrual Cycle

The menstrual cvcle typically lasts about 28 days. The entire menstrual cvele can be
divided into three phases: the flow phase, the follicular phase, and the luteal phase.

Flow phase

Day one of the menstrual cvcle is when menstrual flow begins. Menstrual flow is the
shedding of blood, mucus, and epithelial cells from the endometrium—the tissue that
lines the wterus. The endometrium is where the embryo implants if fertilization of the
egz occurs. Because an embryo needs oxygen and nutrients, the endometrium has a
blood supply. During menstruation, bleeding occurs as the outer layers of the endome-
trium tear away, and blood vessels that supply the endometrium are ruptured. Around
day five, repair of the endometrial lining begins. It becomes thicker as the cycle
continwes.

Table 1 Menstrual Phases

Follicular phase

Flow phase | Follicular phase Lisieal prhuisas

During the menstrual cycle,
changes also occur in the
ovaries as a result of chang-
ing hormone levels, as
illustrated in Table 1. At the
beginning of a menstrual
cvecle, when estrogen levels
are low, the anterior pitu-
itary begins to increase
Pl‘ﬂdLLl:tiErl‘l of LH and FSH. Owvarian activity
This stimulates a few folli-
cles to begin to mature in
the ovary. Cells in the
follicles then begin to
produce estrogen and a
small amount of progester-
ane. Inside each follicle is an
immature egg. the cocyte.
After about a week, usually only one of the growing follicles remains. This remaining
follicle continues to grow and secrete estrogen, which keeps levels of LH and FSH low,
an example of negative feedback. On about day 12, the high level of estrogen causes the
anterior pituitary gland to release a surge of LH. This rapid release of a large quantity of
LH causes the follicle to rupture, and ovulation occurs.

i reniong asls

Endoemitrum

9 CROSSCUTTIMG CONCEPTS WORD ORIGING
Stability and Change There are many hormones that deteming Corpus lsbeum

secondary sex characteristics and reproduction. Some of these hod- carpes from Latin, meaning body
manes are condrolled through & negative feedback process. Cite two lutawm from Latin, meaning pedow

examples of negaiive feedback in the human reproductie system and
eaplain wivy they afe necessary 10 maintain stability whils the reprodisc-
tiwe system is undergoing changes.

Copyright € By Crambill Exhuatom
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Luteal phase

After ovulation, the cells of the follicle change, and the follicle
is transformed into a structure called the corpus luteum (KOR
pus * LEW tee um), as illustrated in Figure 6. The corpus luteum
slowly degenerates as the menstrual cvcle continues. The corpus
luteum produces high amounts of progesterone and some
estrogen, which keep levels of LH and FSH low through nega-
tive feedback. Toward the end of the cycle, the corpus lutenm
breaks down, and it no longer produces progesterone and
estrogen. This results in a rapid decrease in progesteronse and
estrogen levels. A rapid decrease in hormones triggers detach-
ment of the endometrium, and the flow phase of a new men-

strual cvcle will begin.

Corpus luteum

Figure 6 The corpus luteum produces
progesterone and esrogen.

Ii the egg is fertilized, a different chain of events occurs, and a new menstrual cvcle does not begin.
The progesterone levels remain high and increase the blood supply to the endometrium. The corpus
luteum does not degenerate and hormone levels do not drop. The endometrium accumulates lipids
and begins secreting a fluid rich in nutrients for the developing embryo.

\& Check Your Progress

Summary Demonstrate Understanding

+ Levels of male and female 1. Describe how hormones regulate sperm and egg cells.
hormones are regulated by . Describe the structures of the reproductive systems
negative feedback systems. and their functions.

. ThE'_ human male produces . Summarize the origin and importance of substances
millions of sperm cells every found in semean.
day . Explain the major events that take place in the endo-

» The number of sex cells result- metrium and in the ovary during the menstrual cydle.
ing from meiosis differs in
males and females. Explain Your Thinking

+ The human female has a 5. Infer On about day 12, estrogen levels cause a sharp
reproductive cycle called the increase im the amount of LH that is released. Accord-
menstrual cycla. ing to a negative feedback model, what would you

The menstrual cycle has three
phases: the flow phase, the
follicular phase, and the luteal
phaze.

expect to happen?

1 Suppcl&eafenﬂle began men-

struating at age 12 and stopped menstruating at age
55. i she never became pregnant and her menstrual
cycles averaged 28 days, approximately how many

eggs did she ovulate during her reproductive years?

LEARKMNSMAIRT S Goonline to foliow your personalized leaming path to review, practice,
and reinforce your understanding.
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LESSON 2

HUMAN DEVELOPMENT BEFORE BIRTH

FOCUS QUESTION

What structures and functions help nourish a fetus while it
is still developing?

Fertilization

Figure 7 shows fertilization, the process of a sperm joining with an egg. Fertilization
usually occurs in the upper portion of an oviduct near the ovary. In humans, both
sperm and eggs are haploid, and each normally has 23 chromosomes. Fertilization
brings these chromosomes together, restoring the diploid number of 46 chromosomes.

Sperm enter the vagina when strong muscular contractions ejaculate semen from the
male’s penis during intercourse. Sperm can survive for 48 hours in the female reproduoc-
tive tract, but an unfertilized egg can survive for only 24 hours. Fertilization can happen
if intercourse occurs anytime from a few days before ovulation to a day after ovulation.
Orwverall, there is a relatively short time when fertilization can occur successfully. How-
ever, it is important to remember that the length of the menstrual cycle can vary and
ovulation can occur at any Lime.

Tall —

Middle . tead| © _'ﬂ' O
i i

Figure 7 Although mafy sperm are neaded
to wisaken the barrer that surounds the
eqgq, only one sperm fertilizes an egg

[5teps 1-4). Fertilization i complete when

Furtion of the speim nackeus fuses with the eq0
and egg nuclei mucleus.

——

1, 1 3D THINKING DCi Bisciplinary Core Ideas 800 Crosscutting Concepts SEF Science & Englneering Practices

COLLECT EVIDEMNCE INVESTIGATE

@mwuiﬁzmmmlm QGO OMLUIME to find these activities and more resources.

recodd the evidence you collect as 2 BioLab: Internet: How are ultrasound images used to track fetal development?
e e s Plan and carry out an investigation to determine the structures where a fetus s during development.

activites in this lesson.
2 Quick Investigation: Sequence Early Human Development
BAnalyre and interpret data to determing the patterns of development through the first trimestes

Frhmalum
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About 300 million sperm are released into the vagina during intercourse. Only several
hundred of them will successfully reach the egg. Many never make it out of the vagina,
some are attacked by white blood cells, and many simply die along the way. Only one
sperm can fertilize an egg. but it takes several hundred to participate in the process.

A single sperm cannot penetrate the plasma membrane of
a human egg. Notice in Figure 7, on the last page, that the tip of each sperm is a special-
ized lysosome called an acrosome. As several hundred sperm bombard the egg, the
enzymes inside of the acrosomes weaken the plasma membrane of the egg. Eventually
the plasma membrane becomes weak enough that one sperm can penetrate the egg.
Immediately, the egg forms a barrier to prevent other sperm from entering the now-fer-
tilized egg.

EEE’IH?

Explain why hundreds of sperm are necessary for fertilization to take place, and
hie only one sperm cell can fertilize the egg.

Early Development

Figure 8 illustrates the first week of human development. The fertilized egg, which is
called a zygote (Z] goht), moves through the oviduct propelled by involuntary smooth
muscle contractions and by the cilia lining the oviduct. Around 30 hours after fertiliza-
tion, the zygote undergoes its first mitosis and cell division. Cell division continues, and
by the third day, the embryo leaves the oviduct and enters the uterus. At this point, the
embryo is described as a morula, a solid ball of cells. By the fifth day, the morula has
developed into a blastocyst, a hollow ball of cells. The blastocyst attaches to the endo-
meltrium around the sixth day and is fully implanted by day 10. Figure 8 shows that the
blastocyst is not completely hollow. Inside the blastocyst is a group of cells called the
inner cell mass. The inner cell mass eventually will become the embryo.

Inner cell mass of blastocyst

Figure 8 Left: During the first week of development, many changes oocur as the zygote travels throwgh the
oviduct.

Right: The inner cell mass of the blastocyst will develop into a fetus [log). If the inner cell mass divides,
identical twins might fom (batiom].
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Extraembryonic membranes

The membranes that extend bevond an embryo are called the extrasmbryonic mem-
branes. You also might have learned about the development of the amniotic egg, and
how this enabled animals to reproduce on land. Developing humans have these mem-
branes, as shown in Figure 9. But because humans and most other mammals develop
inside the mother’s body, these membranes have somewhat different functions.

Chorion
Amnicn
Embryo

Umbilical Figure 9 Four extragmbayonic
cord membranes—the amaion, choron,
Allantois yolk sac, and allantois—are

Yolk sac mpartant in development.

Identily the role of the yolk soc i
Fetal portion NUTTMIS.
of placenta
Maternal paortion
of placenta

Early in hurman developrment, four extraembryonic membranes form. These membranes
are the amnion, the chorion (KOR ee ahn), the volk sac, and the allantois juh LAN tuh
wus), shown in Figure 9. The amnion is a thin laver that forms a sac around the embryo.
Inside this sac is the ammiotic fluid (am nee AH tihk « FLU id), which protects, cushions,
and insulates the embryo. Cutside of the amnion is the chorion, which, together with the
allantois, contributes to the formation of the placenta (pluh SEMN tuh). The volk sac in
humans does not contain any volk but serves as the first site of red blood cell formation
for the embryo.

The placenta

About two weeks after fertilization, tiny fingerdike projections of the chorion, called chaori-
onic villi (VIH i}, begin to grow into the wall of the uterus. The placenta, the organ that
provides food and oxvgen and also remnoves waste, begins o form. The placerita has pwo
surfaces—a fetal side that forms from the chorion and faces the fetus and a maternal side
that forms from wierine tissue. When completely formed, the placenta is 15-20 cm in
diameter, 2.5 cm thick, and has a mass of about 0.45 kg The umbilical cord, a tube contain-
ing blood vessels, serves as the connection between the fetus and the mother. Figure 10, on
the next page, illusirates the connection between the mother and fetus.

The placenta regulates whal passes from the mother to the fetus and from the fetus to
the mother. Oxygen and nutrients travel from the mother to the fetus. Alcohol, drugs,
and the human immunodeficiency virus (HIV) also can pass through the placenta to the
developing fetus.

Metabolic waste products and carbon dioxide travel from the fetus to the mother.
Because the mother and the fetus have thelr own separate circulatory systems, blood
cells dov mot pass through the placenta. However, the mother’s antibodies pass to the
fetus and help protect the newborn until its immune system is functioning.

Copyright O MW Cramelill Dol e
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Figure 10 Visualizing a Placenta

A growing fetus exchanges nutrients, ooygen, and wastes with the mother through the
placenta. The placenta contains tissue from both mother and fetus.

Area of exchange

Mutrients, moygen, and wastes Charionic villi

diffuse across maternal and fetal As an embryo develops,
blood vessels and are carmed to tive chorionic villi begin to
and from the fetus I:hrmgh gron into the ulerine wall.

the umbilical cord.

Amniotic flubd Fetal capillaries

protects, cushions, exchange mutrients,

and insulates the awygen, and wastes

developing fetus. between the fetus
and mother.

Flacenta

Umixilical
cond
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Hormonal regulation during pregnancy

During the first week of development, the embrvo begins to secrete a hormone called
human chorionic gonadotropin (hCG), which keeps the corpus luteum intact. If the
corpus luteum remains active, progesterone levels, and to a lesser extent estrogen levels,
remain high. When levels of these hormones remain high, a new menstrual cycle does
not begin. Two to three months into development, the placenta secretes enough proges-
terone and estrogen o maintain the proper conditions for pregnancy.

Three Trimesters of Development

Human development takes about 266 days from fertilization to birth. This time span is
divided into three trimesters, each around three months long. During this time, the
zygole grows from a single cell into a baby that has trillions of cells that develop into
tissues and organs.

The first tnimester

In the first trimester, all tisswes, organs, and organ systems begin to develop. Figure 11 shows
stages of development during the first trimester. During the first bwo weeks of developrment,
the mother might not realize that she is pregnant and exposure o certain substances or a
lack of certain essential nutrients might cause irreversible damage to the developing embryo.
A few of the major causes of preventable birth defects are listed in Table 2 on the next page.

4 weeks S-bweeks -8 wesks

9-10 weeks 12 weeks

Figure T The embiyo develops into a fetus dusing the first trimesier of pregnancy.
By the end of the third month, the lebus can make small movemenis.

0 ) e ol A o
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Table 2 Preventable Causes of Birth Defects

Cause | Defect
Aleahal consumption « Mental retardation
Cigarette smoking « Health problems related to premature births and undenseight bables
+ Anencephaly (head and brain do not completely farm]
Lack of folic acid in diet - Spina bifida (nerde cells from the spinal cord are exposed, leading to
paralysis)

Metham mine « Premature birth

« Extreme irritability

Al the end of eight weeks, the embryo is called a fetus. All of the organ svstems have
begun to form. By the end of the first trimester, the fetus can move its arms, fingers,
and toes and make facial expressions. Fingerprints are also present.

The second trimester

The second trimester primarily is a period of growth. Around 18 to 20 weeks, the fetal
heartbeat might be heard using a stethoscope. The developing fetus is capable of sucking
its thumb and can develop the hiccups. The mother might feel a fluttering sensation or
might even feel light kicks. Hair usually forms, and the fetal eves will open during this
period. At the end of this rimester, the fetus might be able o survive outside the moth-
er’s uterus with the aid of medical intervention, but the chances for survival are not very
high. If born this early, the baby cannot maintain a constant body temperature. The baby’s
lungs have not developed fully, so respiratory failure is a great risk. Also, the baby is very
likely o become seriously ill becanse its immune svstem is not fully functional.

EGH_ It?

Observe the image and read the caption at the beginning of this module. What
physical attributes and abilities would you expect the fetus to hawe at this stage of
development?

The third trimester

Druring the third rimester, the fetus continwes to grow at a rapid rate. Fat accumulates
under the skin to provide insulation for the fetus once it is born. Adequate protein
intake by the mother is important during this time. Protein is essential for the rapid
amount of brain growth that cccurs. New nerve cells in the brain are forming at a rate
of 250,000 cells per minute. The fetus now might respond to sounds in the environ-
ment, such as music or the sound of its mother's voice.

[£25 CROSSCUTTING COMCEPTS ACADEMIC VOCABULARY
Structure and Function The placenta is a unigue stnscure that enables the enable
fetus to obtain oepgen and nuirients from the mather. What evidence is. 1o make able or feasible

available to suggest that the placenta is a non-seleclive boundary bebwesn Ammiohic engs enable reproduction o
thee fedus and the mother? Use the infarmation in this lesson and from ather lanmd.

sources to produce a Bst of things that can and cannot be fillered by the
placenta.
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Diagnosis in the Fetus

Many conditions can be diagnosed before a baby is born. Identifying certain conditions
as early as possible increases the chance for proper medical treatment to help a new-
born baby have the highest quality of life possible.

Ultrasound
One way Lo identify conditions in the fetus is by using ultrasound, a procedure in which
sound waves are bounced off the fetus. These sound waves are converted into light

images that can be seen on a video monitor. Depending on when the ultrasound is done,
the fetus” heart, brain, spinal cord, hands and fingers, and feet and toes can be seen.

Ultrasound can be used to determine if the fetus is growing properly, the position of the
fetus in the uterus, and the gender of the fetus. Health care professionals can also
measure the size of the fetus’ head and the length of its thigh bone, or fermur, both of
which they can use to determine the age of the fetus.

Amniocentesis and chorionic villus
sampling

Amniocentesis {am nee oh sen TEE sus) and
chorionic villus sampling are prenatal tests.
Dwuring amniocentesis—usually performed in the
second trimester—a neadle is inserted through
the abdomen of the pregnant female, illustrated
in Figure 12. Fluid from the amniotic sac is
removed and analyzed. Tests can be performed
that measure enzyme levels associated with
certain conditions. Fetal cells can be examined by
a karvotype or even by DMNA analysis.

Although valuable information can be learned
from amniocentesis, the procedure does have

some risks associated with it. Risks include Amniocerntesis
injuw toy thie fetus from the nmi].:_lr amn infection Fbgin!-ﬂ I amnioientesis, flusd and cells lost from the
Dfl.té pterus, and a small risk of miscamage. Tedus are remorsed from the amniotic fuid and anal}'!ed.

Eecall that a karvotyvpe is a chart of chromosome pairs, see Figure 13 on the next page,
that is valuable in identifving unusual chromosome numbers or the sex of the fetus.

El’.‘iet It?

Explain the difference between ultrasound and amniocentesis.

Uitrasound Sanographer

Are you amared at being able 1o abserve what cannot be seen with the unaided
eye—io see what canat normally be seen? A career in uliraspund sonograpy will
be bath inberesting and rewarding. Ulirasound imaging is a safe and nemintnusive
wiy to ohserve the unbarn fehs. The images produced are crucial infarmation for
ohstetricians and other medical professionals who rely on the evidence obiained
to indorm and advise their patients.

Copyright O M Cranr il Fokation
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In chorionic villus sampling—usually performed during the first irimester—a small tube, called a
catheter, is inserted through the vagina and cervix of the mother, as illustrated in Figure 13. Cells

from the chorion are removed and analyzed by karvotyping. The chromosomes in the cells of the
chorion are identical to those of the cells in the fetus.

Chorionic Willus Sampling

_.L—Llrtras-uund
SCanner

Fgure 13 Left: Ci

onditions. Righl: Karyolypes

\& Check Your Progress

Summary

« Fertilization is the joining of
egg and sperm.

« Four extraembryonic mem-
branes are associated with a
human embryo.

+ The placenta regulates what
substances can be exchanged
between a fetus and its mother.

+ Hormone regulation during
pregnancy is different from
hormone regulation during the
menstrual cycle.

« Pregmancies are divided into
three trimesters.

+ Some medical conditions of a
baby can be diagnosed before
it is borm.

Demonstrate Understanding

1

Describe the changes that the zygote undergoes
during the first week following fertilization.

. Explain how defective acrosomes would affect the

process of fertilization.

. Describe, using a concept map, the development that

occurs during each trimester.

. Compare and comntrast hormonal regulation during

pregnancy with hormaonal regulation during the men-
strual cydle.

B WRITING Wirite a paragraph explaining

the functions of the extraembryonic membrane in
humans, and contrast those functions with the func-
tioms in other animals.

B MATH Determine the due date [pre-

dicted birth date) of a baby if the egg was fertilized on
January 1.

LEARKMNSMAIRT S Goonline to foliow your personalized leaming path 1o review, practice,
and reinforce your understanding.
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LESSON 3

BIRTH, GROWTH, AND AGING

FOCUS QUESTION
What are the stages of human development from infancy
to adulthood?

Birth

Birth occurs in three stages: dilation, expulsion, and the placental stage. Just before
giving birth, the posterior pituitary gland releases the hormone oxytocin (ahk sih TOH
sun), which stimulates involuntary muscles in the wall of the uterus to contract. This is
the beginning of the birthing process called labor.

Another sign that the baby is going to be born is the dilation (di LAY shun), or opening,
of the cervix. The dilation stage is shown in Figure 14. The cervix must open to allow
the baby o leave the uterus. Contractions of the uterus become stronger and more
frequent, and at some point the amniotic sac tears. The amniotic fwid Aows out of the
vagina, which is sometimes described as the “water breaking.”

FHI.IIE 14 DLI'iI"lg the dilation slaqe, uterng contractions
open the cenix.

[T

——

L8 3D THINKEING 01 Desciplinary Core ideas 280 Crossoutting Concepis SEF Schence & Engineering Bractices:

COLLECT EVIDEMCE INVESTIGATE
El&ewuiﬁzmmmlm QGO OMLUIME to find these activities and more resources.

record the evidence you collect as | (599 jdentity Crosscutting Concepts
e e s Create a table of the crasseutting concests and fill in examplos you find a5 you read.

activites in this lesson.
© Revisit the Encounter the Phenomenon Question
What information from this lesson can hellp you answer the Module guestion?

Copyeighi € M
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After a period of time that could be as short as a few hours or as long as a couple of
days, the cervix fully dilates to around 10 cm. The uterine contractions are Now very
strong. The mother consciously will contract her abdominal muscles to help push the
baby, usually head first, through the vagina in ﬂbeupllﬂmﬂ-gq.shawninﬁgurelj_
When the baby is out of the mother’s body, the umbilical cord is clamped and cut. A
small piece of the cord still attached to the baby soon will dry up and fall off, forming

the navel, or belly button.

Shortly after the baby is delivered. the placenta detaches from the uterus and leaves the
mother's body along with extraembryonic membranes. This is the placental stage of the
birthing process. The placental stage is also shown in Figure 15.

Sometimes, complications prevent the baby from being born through the vagina. In
these cases, an incision is made through the mother’s abdomen and uterus, and the
baby is removed from the mother's body. This process is called a cesarean section.

Druring the first four weeks of life, the baby is called a newborn. Human newborns vary
in size. However, on average, a newborn human baby has a mass of 3300 g and is 51 cm

long.
E Get 7

Describe major events that occur during each stage of the birthing process.

Expulsion stage

Placental stage

Figure 15 During the expulsion stage, the baby rotates as it moves through the birth canal, making
expulzion easier. During the placental stage, the placenta and the umbilical coed are expelled.

Hypathesine whot might hapaen If the plreenta wes nal axpeled guickly

(E=3 CROSSCUTTING COMNCEPTS

Patterns Although women have different experiences while giving
birth, there are mose similarities than differences. Use the
infonmation presented in this kesson andior from other sources to
oreate a chast summarizing the birthing process from the onset of
labsar 10 the expulsion of the placenta.

SCIEMCE USAGE v. COMMOM USAGE

labor

Science usage: the process of giving birth

Fhere ore three stages of iobor: dlmtion, expusion,
ond the plocenta shoge.

Camman usage: the wse of physical or mental effort
Lifting the hemvy bogs of sol reguies iobor
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Growth and Aging

Humans go through many stages of growth during their lives. After you were born, vou
were in your infancy, but soon yvou will enter adulthood. You now are in a major devel-
opment phase called adolescence, which began with puberty and ends at adulthood.

Hormones, such as human growth hormone, thyroxine, and steroids, influence growth.
Human growth hormone stimulates most areas of the body to grow as cells replicate by
the process of mitosis. This hormone works by increasing the rates of protein synthesis
and the breakdown of fats. Thyroxine from the thyroid increases the overall metabolic
rate and is essential for growth to occur. Steroid hormones, such as estrogen and
testosterone, are also important for growth. Eecall that testosterone and estrogen pass
through the plasma membrane and into the nuclews of a target cell. The hormones
activate certain genes that promaote the formation of proteins. In this way, testosterone,
and to a lesser extent, estrogen, cause an increase in the size of cells.

E Get It?

Summarize the roles of human growth hormone and thyroxine.

Infancy

The first two years of life are known as infancy. An infant learns how to roll and crawd,
grasp objects, and perform simple tasks. By the end of the first vear, the infant likely is
walking and might be uttering a few words. An enormous amount of mental develop-
meent also occurs during these first two vears. In the first vear, a baby typically grows
about 25 cm in length and weighs three times more than when the baby was born. The
child’s growth slows during the second vear.

Childhood and adolescence

Childhood is the period of growth and development that extends from infancy to
adolescence. The child’s ability to reason and solve problems develops progressively
during childhood. Puberty marks the beginning of adolescence, the period of growth
between childhood and adulthood. Puberty usually begins between ages 8 to 13 in girls
and ages 10 to 15 in boys.

In addition to the hormonal and sesaual developrment that occurs during this time, other
physical changes also take place. An adolescent experiences a growth spurt—girls grow
approximately 6-11 cm and boys grow approximately 7-13 cm—in one vear. In girls,
hips become wider and the waist might become narrower. In boys, shoulders usually
become broader. At the end of adolescence, physical growth is complete, marking the
beginning of adulthood. The transition between adolescence and adulthood is hard 1o
define because of physical, emotional, and behavioral changes.

Adulthood

There are a number of theories on why people age. However, scientists do agree that
the body goes through many changes as it ages. Physical changes perhaps are the most
noticeable signs of aging, such as hair turning gray or white as pigment production
declines. An individual might lose as much as two centimeters of height during the
aging process because the discs between the vertebrae in the spine become fattened.

Copyright O MW Cramelill Dol e
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Figure 16 These phobas show the same couple when they are young and laber in like.
Summarize changes i ocour i ooulfhood,

Other changes inclode a decrease in muscle mass, a slowing of overall metabolism, and a decreased
pumping ability of the heart. The skin loses its elasticity, as shown in Figure 16, and sensory percep-
tions might diminish somewhat. In women, the ability to have children ends with menopause (MEN
uh pawz). Sperm production decreases in men.

Drespite all of the potential challenges of aging, many pecple continue o be physically and mentally
active as they grow older.

\2 Check Your Progress

Summary Demonstrate Understanding

+« Humans go through mamy 1. Construct a chart that illustrates major changes that
changes throughout the stages occur during the stages of human growth and aging.
of life. 2. ldentify two signs that tell a pregnant woman she is

« There are three stages of the

birthing process.

« Levels of several hormones

« Puberty causes many changes

in the body, and changes
continue to ocour as an adult
grows alder.

almost ready to give birth.

. Hame the events that occur during the three stages of

birth.

influence human growth. 4. Describe how the human growth hormone causes a
= The first year of life is a time of person to grow.

learning motor skills and of

rapid growth. Explain Your Thinking

5. Hypothesize Robert Wadlow, the tallest human being

on record, was 272 cm tall when he died at age 22. He
wias an average-sized newbom but developed a tumaor
in his anterior pituitary gland. Develop a hypothesis to
explain how this tumaor led to his great height.

. ELIUETR Connection | Research mare about the role

of axytocin during labor and explain how it is an exam-
ple of positive feedback within the body.

LEARKMNSMAIRT S Goonline to foliow your personalized leaming path to review, practice,
and reinforce your understanding.



SCIENTIFIC BREAKTHROUGHS

Predicting Prematurity

Preterm babies, those bomn at less than

37 weeks gestation, have higher rates of
developmental disorders, neurological
disorders, and other challenges. Resulis
from a recent study may unlock strategies to
reducing premature births.

Identifying a Genetic Cause

Each year in the United States about 1 in 10
babies are born preterm. An estimated 30
to 40 percent of preterm births are due to
genetic causes. In a recent landmark study,
researchers discovered six genes linked to
preterm birth.

The genes were discovered when researchers
performed a genome-wide association study
(GWAS). This type of study looks at mamy
sample genomes and compares them against
a reference sample. To increase the accuracy
of a GWAS, genomes of similar ancestral
backgrounds are tested together. In this study,
researchers tested genomes of women with

European heritage.

The six genes are related to a variety of
functions. One gene is imalved in how

the body processes the commaon mineral.
selenium. Another is important for developing
the immune system, and regulating blood
pressure and metabolism. Other genes play a
rode in the function of cells that line the uterus.

Babées bom peeterm often spend the first periad of their
life in an incubator in a hospital. They may need help to
beeathe or eat.

Scientists are hopeful that identification

of these genes can help them develop
strategies, such as increasing selenium in the
diet, to reduce preterm births. Alternatehy.
risk for preterm birth might be determined by
taking a sample of a woman's uterine liming to
measure the expression of genes associated
with preterm birth.

More research is needed to fully understand
the functions of these six genes. A GWAS
does not definitively determine which genes
are responsible for a specific phenotype

or gutcome. But performing a GWAS helps
researchers identify which genes are likely to
be involved in the phenotype being studied-
in this case, preterm birth. Researchers will
also need to perform additional studies to
discower if these same genes or others are
associated with preterm birth in women from
different ancestral backgrounds.

APPLY SCIENTIFIC REASOMING AND
EVIDEMCE
Write a persuasive essay about the pros and
cons of using GWAS in research. Share your
work with a partmer and analyze each other’s
reasoning.

Coppriifa O W Craac il Tobaaiha Dusd o C hyrad’ Maisy T imk Pado
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STUDY GUIDE

L) GO ONLINE to study with your Science Notebook.

Lesson 1 REPRODUCTIVE SYSTEMS » seminderous tubule

* Levels of male and female hormones are regulated by negative feedback = ipichyraly
systerms. e

* The human male produces millsons of sperm cells every day. R

* The number of sex cells resulting from meiosis differs in males and females. = puberty

* The human female has a reproductive evele called the menstrual evele. = Ry

* The menstrual cycle has three phases: the flow phase, the follicular phase, : | eyele
ﬂl'ill |:|'I.' ll.l'h‘lﬂ.l #‘Lﬂ.‘ﬂ:_ . p-DlIIHIdy'

Lessan 2 HUMAN DEVELOPMENT BEFORE EIHTH « marula

+ Fertilization is the joining of egg and sperm. muﬂ

* Four extraembryonic membranes are associated with a human embryo.

* The placenta regulates what substances can be exchanged between a fetus
anad its maother.

* Hormone regulation during pregnancy is different from hormaone regulation
during the menstrual cycle.

+ Pregnancies are divided into three trimesters.

+ Some medical conditions of a baby can be diagnosed before it is born.

Lesson 3 BIRTH GROWTH. AND AGING = labor
* Humans go through many changes throughout the stages of like. . mm_'
* There are three stages of the birthing process. + placental stage
* Levels of several hormones influence human growth. = imfancy
* The farst vear of life is a time of learning motor skills and of rapid growth. » childhoad
. « adolescence

* Puberty causes many changes in the body, and changes continue to ocour as

an adult grows older. -
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. THREE-DIMENSIONAL THINKING

2/ Module Wrap-Up

REVISIT THE PHENOMENOMN

How do babies eat and
breathe before birth?

ED 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 your Summary Table. Does your evidence support your claim? F 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. Youw will
summarize your evidence and apply it to the project.

GO FURTHER SIDS Deaths
Diata &nalysis Lab E%m:::::l Unexposed
Is SIDS linked to smoking? _—
1989 N 133 L
Researchers studied the annual Sudden Infant Death 1990 T 134 £
Syndrome (SID5S) rate per 1000 infants for mothers who P ™ 332 172 i
smoked and mothers who did not smoke during pregnancy. —— 1 2:53 1'.“ ;
In 1994, doctors began to recommend that infants sleep on 1993 323 17 F
their backs to reduce the risk of SIDS. Analyze the data in the 1994 165 079 E
table to determine comrelations between smoking and SIDS 19495 214 0ES §
and the Back to Sleep recommendation and SIDS. 108 1E1 o2 i
Anaryze and Interpret Data Ll an L i
1. Claim, Evidence Analyze whether sleeping position is e L0 =L i
. “DOiala ablained from: Anderson, MUE. z
related fo SIDS5. Baplain. . et al. 2005, Swdden infanl Death Syndrome and =~ #
2' CEIEUIEE ﬂ'lE FE":E'“'.E; C‘f SIDE fDr bahlEE tmrn i prematsl malernal Smo ng: reEng alinbeted N mn :7'
smoking mothers and to those of nonsmoking mothers the Back to Sleep era. BMC Medicne 34 £
each year.

3. Reasoning Conclude how this data shows that some SIDS
cases might be linked to smaoking.
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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

Dio 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 You
CER chart to make a claim lessons in this module to will rewisit your claim and
about wiy some of the cells collect evidence to support explain your reasoning at the
look so different from each wour claim. Record your end of the module.

ather. Explain your reasoning. evidence as you move
through the module.

QGD OMNLIME to access your CER chart and exgplore resouwrces 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 lemgth. 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 prm * 6 sides), which equals 6 pm®. To calculate the volume of the cube,
multipdy its length times its width times its height (1 pm = 1 pm x 1 pm), which equals
1 pm’. 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.

Coysright MaCaraa- il 1T chis ation

1::! 3D THINKIMNG OC1 Disciplinary Core ideas o6 Crossoutting Concepts SET Srience & Engineering Practices

COLLECT EVIDENCE INVESTIGATE
IEUSeynwﬁdm:eJnmln D) GO ONLINE to find these activities and mofe resountes.
recond the evidence you collect as & BioLab: How long dees each phase of the cell cycle last?

you complete the readings and Plan and carry out an investigation 1 determing how long cets spend in sach stage of the
activities im this |esson. cedl cycle. ’

Biolab: Does sunlight affect mitosis in yeast?
Plan and carmy out an imvestigation 1o determine effects of UV damage on the cell oycle.
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Figure 1 The ratio of surface area o vollume 0eCreases as a
oell pets bigger. The smallest cube shown has a ratio of &
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argest cube has a ratio of 96 (4 Jum = 4 um = 6 sides) to 64
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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 s mow 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 continue o 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 volume benefits a cell.

Mg abon unrembabis

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

Diffusion over large distances is slow and ineffi-
cient because it relies on random movement of
molecules and ions. Similarly, the cvtoskeleton
transportation network, shown in Figure 2,
becomes less efficient for a cell if the distance bo
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 systemns. Figure 2 In onder for the cytoskeleton fo be an efficient
’ transpartaton railway, e distances that substances have

tio trassed within a oell must b 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
movement 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 occur to sustain the cell.

Chromosomes

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

Chromatin and chromosomes

DMA is found in the nucleus of eukaryolic cells. DMNA can take tbwo forms in the
nuclens. Chromatin (EROH muh tun) is the relaxed form of DMNA. However, the DINA
is not relaxed at all times. Chromosomes (KROH muh sohmz) are condensed structures
that contain the DINA that are visible during mitosis. Chromosomes are passed from
generation 1o 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 nucleosome. The nucleosomes group together into chromatin fibers, which
supercoil to make up the structure recognized as a chromosome, shown in Figure 3.

Chromatids
Centromers Nuckeosome & |9 i
\.& istones
el
— "
Metaphase M iie] ~ Chromatin fibes

chromosome

S el p

SO .

=0 st Figure 3 DHA coils around

T T e histanes o form nucleasomes,
g TN which coll to form chromatin
g T e

€ fibers. The chromatin fibers
i -‘“I']- ""F'IT':I"Q"’?‘:K supercedl to form chromosomes
L L Supercoiled that are visible in the metaghase
fiber staqe 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 cycle, 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 howurs. There are three main stages of the cell cycle.

Interphase

Iu.terplu.m is the stage during which the cell grows, develops into a mature, lunctioning
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 DNA. 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

synthesized 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 replcated

Mitosis

Cytokinesis

G,—Gap 1, cell grows and
perioms nosmal functions

Fbure-l- The cell cyche inolves three stages—inierphase, milosis, and cytokinesis. Interphase is divided
inbo three subslages.

Hypotheslze why cyfokinests represents the sminlles! amouwnf of time thed o cal spends i the cell gycie.
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Mitosis

Mitosis (mi TOH sus) is the stage of the cell cycle during which the cell’s nucleus 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 DNA. 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 bo 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 vour existing skin cells. Under the scab, the
existing skin cells divided by mitosis and cytokinesis to create new 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’sa Itz

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.

Prophate 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. SE Maguicuicn: mruint i
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 attached at the centromese.

the centromere. A centromere is important because

it emsures 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 continue to read about
the stages of milosis in this lesson, refer to Figure & to follow the chromatids through
metaphase, anaphase, and telophase. Use the diagram to track the changes that ooour
as the cell moves through the cell cycle.

wwr Arsf oS yrol S aree G
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Figure 6 Visualizing the Cell Cycle

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

Cytoki i Flasma membrane
Mucleolus
Hucleu
Plant cells: Cell plate forms s
dividing daughter cells Cytoplasm
hnlman?cdh.?t:lea e Imterphase
- « Cell grows and carries
furrow forms at equator of
cell and pinches inward out nomal cell processes
+ DMA replicates

until cell divides in two

Dauvghter
nucleus and Condensed
nucleolus chromosomes

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

Anaphase
Microtubules shorten,
maoving chromosomes to

opposite poles

Metaphase
Chromosomes attach to

spindle apparatus and
align along equator of cell
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As prophase continues, the nucleolus starts o disappear. Microtubule structures called
spmdleﬁbersfnminmecﬂuphsm]namnmlmﬂsnndmtpmﬁsudh. centrinles
migrate to the ends, or poles, of the cell. Coming out of the centrioles are aster fibers,
which have a starlike appearance. The whaole 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 bhefore
cell division. Centricles are not part of the spindle apparatus in plant cells.

Eﬁeﬂt‘?

Summarize the role of the spindle apparatus during cell division.

Eslﬁ-rdlmallds

Spindie fibers

Figure 7 In animal cells, the spind|e apparaius is made of spindle fibers, ceniripbes, 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 1o opposite pnlesq:rf the cell. This arrangement ensures that each new cell
receives one complete copy of the DMNA.

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.rIineupmtlhemiidh,araquamr,nftheﬂasihmmﬁglmﬁ_uﬂaphm is
one of the shortest stages of mitosis, bul when completed successfully, it ensures that

the new cells receive the correct chromosomes.

Asters radiating Sister chromatids
from centrosome at equator

ndie fibers

LM Mt e 108080

N

centromerns

Flgure 8 in metaphase, the chromosomes align along the equator of the: cell,
Infer wihy the chromosomes aiign along the equatar.
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Anaphase The chromatids are pulled apart during anaphase, which results in the
separation of replicated DNA. 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 DMA. Two new nuclear membranes begin to form and the nucleali reappear.
Structures used for mitosis are recvcled by the cell to build parts of the cytoskeleton.

:
z
z
B
2
=

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

Cytokinesis

Toward the end of mitosis, the cell begins cytokinesis (si toh kih NEE sis) by which a
cell’s cvtoplasm divides. This results in two cells with identical nuclei. In animal cells,
cyvtokinesis is accomplished by using microfilaments to constrict, or pinch, the cyto-
plasm, as showmn 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 mew 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.

L Pk g fhc gt . 3500

Figure 10 Lett: In andmal cells, cytokinesis begins with & furrow that pinches the cell and evenbually splits
the two cells apart. Right: Plant cells build a cell plate that divides the cell into the tao dawghiter cells.

LI Pl g fhc o 15001
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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 In many cars, it takes a key turning in the ignition to signal the
engine to start. Similarly, the cell cycle in eukarvotic cells is driven by a combination of
two substances that signal the cellular reproduction processes. Proteins called I.Tr].mu
bind o 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.1'|.|!-+!Il stage of interphase, the combination of cyclin with CDK signals the start of
the cell cvcle. Different cyclin/COE combinations signal other activities, including DNA
replication, protein synthesis, and nuclear division throughout the cell cycle. The same
cyelin/CDK combination also signals the end of the cell cycle.

EGH It?

Summarize the role of cydins.

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 DNA 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 DMNA replication in the G, stage. Spindle checkpoints also have been identified in
mitosis. 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 DMA
s the DRA 'I:I:"EH replicated?
replicating GO -
comrectly?
Yes.

Are chromosomes

properly attached
to spindles?

Is the DIMNA Yes.

damaged?

Ma.

Figure 1 Signaling modecules made of a cyclin bound to a COK kick off the cell cyche and drive it through
mitoss. Checkpoints manitor the cell oycle for ermors and can stop the cycle if an eror 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 contralled 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. Mormally, this tissue undergoes apop-
tosis, with the cells shriveling and dying al the appropriate time so that the webbing is
not present in the mature organism.

An example of apoptosis in plants is the localized 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 DMNA damage that could lead to cancer. Apoplosis
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 cvcle.
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 nol just
occur in a weak organism. In fact, cancer Figure 12 Cancer cells often have an abnonmal, irmegular shaps
OCCIES in many he-.ajlh!.r, arctive, .a:ui}'nung comgpared to normal cels. In this image some cancer cells are
nrpnisms. The ::hargﬁ that occur in the entering wessels, which might caemy them o another part of the body.
regulation of cell growth and division of This ks cne way cancer can spread from one body part bo another.
cancer cells are due to mutations or changes

in the segments of DMNA 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 fail, cancer can result. Various environmental factors can affect the

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

called carcinogens (kar SIHnuh junz).

(E3 CROSSCUTTING CONCEPTS

Systems and Systems Models Develop a physical Occupational Health and Safety Specialist

model io Busirate the cell oycie. Your model does Do you alhweys have your eyes oul for salety hazands? Do you ke the
not need to show each step in mitosis, but it showkd idea of being responsible for protacting people from ham? Oocupational
ilustrate the role of the call opcle in producing and health and sabety spacialists work 1o ensure peaple are sade whiks they
mainizining complex arganisms. What age the whanc. They inspect workplaces to ensure safety requiations. ane
Emitations of your moded? How could you improve followed. Waorkplace mdiabion and chemical hazards can be

your model? CEICIMOgENIC.
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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 (FDMA) 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 Lo 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 uliraviolet radiation from the Sun, is impossible to avoid
completely. There is a connection between the amount of ultraviclet radiation to which
a person is exposed 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 DMA is required to change an abnormal
cell into 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
miore changes from a parent is at a higher risk for developing cancer than someone whio
does not inherit these changes.

\E 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 reproduwction. 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 cells.
the duplicated DNA s divided. 4. Describe the events of each stage of mitosis.

+ The stages of mitosis include
prophase, metaphase,
anaphase, and telophase.

+ The cell cycle of eukanyotic

Describe how cyclins control the cell oycle.

6. Explain how the cancer cell cycle is different from a
normal cell cycle.

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 movement 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. week?

+ Cancer is the uncontrolled
growth and division of cells.

ILEANRRNSMAMRT Goonline to follow your personalized leaming path to review, practice,
and rednforce your understanding.
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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 nucleus of cells. The DNA on chromosomes is arranged
in regions called genes that code for the formation of proteins, which carey 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

Figure 13 Homalogous chromasomes camy genes for any given trait at the same
A pair nfhnmnmgnus location. The genes that code for earlobe fype might not code for the exact same
ChrOMOSOMes type of earibe.

Cpayright; M Cira se bl | Kckus i on

I:-:] 23D THINEING O<i Disciplinary Core ideas GOC Erozscutting Concepts ZEM Science & Engineering Bractices

COLLECT EVIDEMCE INVESTIGATE

Em&mkmﬂml 23 GO ONLINE i find these activities and more resources.

to recond the evidence you :nghm: Modeling the Carbon Cycle

collet as you complede the HE-L51-4. Use a model to llusirate the robe of cellular division [mitosis) and differsntiation
readings and activities in this in producing and maimaining complex arganisms.

lessan.
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Homologous chromosomes

Human body cells have 46 chromosomes. Each parent conftributes 23 chromosomes,
resulting in 23 pairs of chromosomes. The chromosomes that make up a pair, one
chromosome from each parent, are called homologons 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 Lo generation, an
organism produces gametes, which are sex cells that have half the number of chromo-
somes. Although the number of chromosomes 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 n number of chromosomes is
called a haploid cell. Haploid comes from the Greek word fuploos, meaning singfe.

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 # 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 chromosemes in an organism. YWhen
twis human gametes combine, 23 pairs of homaologous chromosomes are formed.

Sex determination

Each cell in vour 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 two tvpes of sex chromosomes—X and ¥. Individuals with
two X chromosomes are genetically classified as female, and individuals with an X and a
Y 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 shown in Figure 14.

Fﬂll!“ Lett: [he individual on the keft has an X chromosome and a Y chromosome. This individual i
male. Right: The individual on the right has two X chromosomes. This individual is female.
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Meiosis |

Gameles are formed during a process called medosis, which is a type of cell division that
reduces the number of chromosomes; therefore, it is referred to as a reduction division.
Meiosis 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 2Zn 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 meiosis 11

Famale
|diphaid) 21
Male gameze
[haphaad) o
diphoid] 1o
femak pameie

hapicid]

Figure 15 The sexual life cycle in animals imeoives mesosis, which produces gametes. When gametes
combing in fertilization, the number of chromasomes s restored.

Describe wihof hogpens to the number of chromasames guring meiosis.

STEM CAREER Connection

Medical Scientist

Medical scheniists study different tissues and systems in the human body. Their work
helps to advance owr knowdedge and improve human health. Medical scientists whao
specialize in fertilzation and the early stages of life are called embryologists.
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Interphase

Eecall that the cell cvcle includes interphase prior to 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 DMNA and the
synthesis of proteins.

Prophase |

As a cell enters prophase [, the replicated chromosomes
become visible. As in mitosis, the replicated chromo-
somes consist of two sister chromatids. As the homolo-
gous chromosomes condense, they begin to form pairs
in a process called symapsis. The homologous chromio-
somes are held tightly together along their lengths, as
illustrated in Figure 16.

Eﬁet It?

Distinguish between homologows chromosomes
and sister chromatids.

Siter

A pair of homologous
chromosomes

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

d a 1 -
Motice that in Figure 17 the red and green chromosomes uring synapsis in prophase

have exchanged segments. This exchange ocours during
synapsis. Crossing ower 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

Figure 17 The results of Crossing ower are new combinations of genes.
Determine winch chromobios exchonged genelic matein.

Centromere

chromatids

Capmrinhd MaiCr e B Eohmalum
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Metaphase |

In the next phase of meiosis, the pairs of homologous chromoesomes line up at the equator
of the cell, as illustrated in Figore 18 on the next page. In melosis, the spindle fibers attach
to the centromere of each homologous chromosome. Kecall that during metaphase in
mitosis, the individual chromosomes, which consist of two sister chromatids, line up at the
cell's equator. During metaphase 1 of meiosis, the homologous chromosomes line up as pairs
at the cell’s equator. This is an important distinction between mitosis and meiosis.

Anaphase |

Dwring anaphase I, 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 chromosorme number is reduced from 2r to n when the homologous chiromeo-
somes separate. Recall that in mitosis, the sister chromatids split during anaphase. During
meiosis anaphase [ each homologous chromosome still consists of two 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 occurred during synapsis in prophase L

Dwring telophase I, cytokinesis usually ocours, 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. However, the DNA is not
replicated again during this interphase. In some species, the chromosomes uncoil, the
nuclear membrane reappears, and nucei re-form during telophase 1.

Meiosis |l

Medosis is only halfway completed at the end of meiosis | During prophase I1, a second set of
phases begins as the spindle apparatus forms and the chromosomes condense. During
metaphase Il, the chromosomes are positioned at the equator by the spindle fibers. During
mitosis metaphase, a diploid number of chromosomes lire up at the equator. During meiosis
metaphase I, a haploid number of chromosomes line up at the equator. During anaphase [T,
the sister chromatids are pulled apart at the centromere by the spindle fibers. The sister
chromatids move toward the opposite pales. The chromiosomes reach the poles during
telophase II, and the nuclear membrane and nucled 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.

(=3 CROSSCUTTING CONCEPTS

Cause and Effect Choase an inherited human trait. Think abowt the genetic
warkation in that trait. Write 8 summany paragraph to explain haw Crossing aver
resulls in increased genetic variahon in the trait. Use evidence from the test in your
SUMmAry.
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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 nucle form around '@'Fmﬂlﬂ:‘h
chromosomes. « Four celks have fomed.
= Spindles break down. « Each ruchews contains a

haploid member of

chromosomes.
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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 not identical. Meiosis is important becanse it results in genetic variation.

Table 1 Mitosis and Meiosis

Mitosis

One division accurs during mitosis.

Two sets of divisions oocur during meiosis: melosis
| and meiasis I

DMA replication oocurs during interphase.

DMA replication oocurs ance before medosis L

Synapsis of homologous chromosomes does not
OCCUE

Synapsis of homologous chromosomes ooours
diuring prophase L

Two identical cells are formed per cell cycle.

Four haploid cells (n) 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 acours only in reproductive cedls.

Mitosis is imvolved in growth and repair.

Meiosis is involved in the production of gametes
and providing genetic varation in organisms.
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Meiosis provides variation

Pairs of homologous chromosomes line wp 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, four gametes
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
have life cycles that involve both asesual reproduction and sexual
reproduction. During asexual reproduction, chromosome number
is maintained by mitosis. The organism inherits all of its chromo-
somes from a single parent. The new individual is genetically
identical to its parent. Bacteria reproduce asexually, whereas most
protists reproduce both asexually and sexually, depending on
environmental conditions. Most plants and many of the more
simple animals can reproduce both asesually and sexually, com-
pared to more advanced animals that can reproduce only sexually.

:nmrl.n:-:l
Fmd:li'r!:
Possibility 2 Posibility 4

Ey. .

Potential types of haploid gametes.

Figure 19 The arder in which the
homalogous 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? Recent
studies with fruit flies have shown that the rate of accumulation of beneficial mutations
T I'aslerwhenspeciﬁ reproduce 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.
Telonmere 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.

Einmgringd BN Cordoe bl | Exhim il omy
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Raryotypes

The study of genetic material does not 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). Karyotypes of a
human female and a human male, shown in Figore 20, each have 23 pairs of chromo-
somes: 22 aulosomes and nonmatching sex chromosomes. Females will have two

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

NERER
38 T ﬂﬂ H;

Figure 20 Karyotype
Distimguish i

Nondisjunction

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 chromoesomes. Cell division during which sister chromatids fail to separate properly,
which does happen occasionally, is called nondisjunction.

If nondisjunction eccurs during meiosis | or meiosis 11, the resulting gametes will not
have the correct number of chromosomes, as shown in Figore 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 trisommy
(TRl s0 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 chromosome numbers are associ-
ated with serious human disorders, which are often are fatal.
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Figure 21 Visualizing Mondisjunction
Gametes with abnomal 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.

Nondisjunction in meiosis | MNondisjunction in meiosis Il

[N\ =\
N
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Autosomes Autosomes are chromaosomes that are not sex chromosomes. Homans
have 22 pairs of autosomes. Down syndrome, Patan 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, Diown symdrome often
is called trisomy 21. Many individuals with Down syndrome can live 60 or more years.
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
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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 MNondisjunction 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 |

¥

.
e

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

In multicellular organizms, 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 undengo cell differentiation. Stem cells are a
type of cell that can be directed to become a specialized cell. There are two basic types
of stern 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 DMNA in specific embryonic stem cells receives signals to
produce ENA which commits those cells to become specialized cells. As the embryo
continues to divide, the cells specialize into various lissues, organs, and organ svstems,
as illustrated in Figure 24, on the next page. If separated, each embrvonic stem cell has
all of the DNA 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.

¥ |

Flgue 23 Sclentists work with stem cells jnaking for new treatmenis for diseases
such as cancer, Alzheimer's disease and Parkinson's disease.
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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 cuwre nerve domoge.

Embryocnic Stem Cells

-

Stem cell Blastocyst

Merve cell
Miuscle cell
Biood celdl

Adult Stem Cells

.

Adult stem cells
(two types)

Bone
marrow




Inspare Biclogy, Student Edition

Adult stem cells

The second type of stemn 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
newborn has adult stem cells. Like embryonic stem cells, certain kinds of adult stem
cells also might be able to develop into different kinds of cells, providing new treatments
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 o
generate specific cell tvpes. For example, stern cells might be used to repair cardiac
tissue after a heart attack, to restore vision in diseased or injured eves, to treal 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. ticn and maintenance of a complex organism.

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

+ Cellular differentiation is the 6. Compare and contrast mitosis and meiosis by creating
process by which an unspecial- a Venn diagram.
ized cell develops into a 7. [EERICI Connection | Conduct research on the
spedialized 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 have
discovered 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 imvalve cells that stop dividing too
soon. Scientists know telomeres play a role
in cancer and aging, but they are still leaming
about the mechanisms imobeed.

Researchers are studying telomeric repeat-
containing RMA 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 A MODEL TO ILLUSTRATE

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

TERRA s transcribed from tebomeres that are on the ends
of cheamosomes.

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 requlate TERRA in some
cancer cells can be used to stop their division.

#fging-related conditions are caused by too
little cell division. Evidence suggests TERR&A
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.

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

BGD OMLIME to study with your Science Motebook.

Lezson 1 CELLULAR REFRODUCTION

+ The cell evele is the process of cellular reproduction.
* The cell spends the majority of its lifetime in interphase.

Mitosis is the process by which the duplicated DNA & divided.

* The stages of mitosis include prophase, metaphase, anaphase,

and telophase.

+ The cell evele of eukarvotic cells 15 regulated by eyelins.

Checkpoints occur during most of the stages of the cell cycle to
ensure that the cell divides aceurarely.

+ Apoptosis is a programmed cell death,
+ Cameer s the uncontrolled growth and division of cells.

Lesson 2 MEKDSIS AND SEXUAL REPRODUCTION

DMA replication takes place enly once during meiosis, and it
results in four haploid gametes.

Mleioss comsists of two sets of divisions.

Meiosis produces genetic variation in gametes.

MNondisjunction results m gametes with an abnormal number of
chromaosormes.

Cellular differentiation is the process by which an unspecialized
cell develops into a specialized cell with a defined structure and
function.

Stem cells are unspecialized cells that can develop into specialized

cells with the proper signals.

= chromatin
chromosame
nucheosome

« cell cycle

= interphase
prophase

sister chromatid

= cenbromere

= spindle apparatus
» metaphase

» anaphase

» telophase

= cyclin

» cyclinrdependent kinase
* apoptosis

= cancer

= CAPCinogen

- ?m

= homologous chromosome
= gamels

» hapload

= fertilization

= diploid

» ey chromosome
= auiosome

» meiosis

» rossing over

» Iekvmere
karyatype

» nondEpunction

« siem cell
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. THREE-DIMENSIONAL THINKING

\=/ Module Wrap-Up

REVISIT THE PHENOMENON

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 imestigations and

research and finalize youwr Summary Table. Does your evidence support your claim? f 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
apply your evidence from this module and complete your project.

GO FURTHER Motor Protein Effect
on Cell Division
&3 Data Analysis Lab . .
How do motor proteins affect cell division? = =" thal canmot
T make Kardp
Many scientists think that motor proteins play an important - - ':‘":1'-““
- - - - = maarl INal anml
role in the movement of chromosomes in both mitosis and :E' 1290 mawcEp
meiosis. ] —
5 AT
To test this hypothesis, researchers have produced yeast that E‘ 1% 104 Wk
cannot make the motor protein called Kar3p. They have also z / L
produced yeast that canmot make the motor protein called 1 A |
Cikip, which many think moderates the function of Kar3p. w06 |
The results of their experiment are shown in the graph to the o i 24 e 43
righit_ Hours in mebosis medium

*Diata oblained from: Shanks, et al. 2001, The Kard
Anal:.'ze and Interpret Data imeracting protein Cikip plays & critical role in pasage
tbrough meiosis | in Socchommyces cerewsioe

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

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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