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From the outside, a chicken egg looks like 3
big changes are taking place inside the egg.
the one cell in the egg will grow and divide 3

simple oval object. But
Over several weeks,
nd become a chick.

* How did the original cell change over time?

« What might have happened to the chick’s cells as the chick gr

ew?

+ How can one cell become 3 Mmulticellular Chick?




t do you think?
Before you read, decide if you agree or disagree with each of

these statements. As you read this chapter, see if you change
your mind about any of the statements.

o Cell division produces two identical cells.

e Cell division is important for growth.

e At the end of the cell cycle, the original cell no longer exists
O Unicellular organisms do not have all the characteristic

0 All the cells in a multicellular organism are the same

0 Some organs work together as part of an organ system.

Your one-stop online resource
connectED.mcgraw-hill.com

LearnSmart® . Project-Based Learning
Activities
Lab Manuals, Safety Videos,

Chapter Resources Files,
Virtual Labs & Other Tools

Reading Essentials, Get
Ready to Read, Quick

Vocabulary Vocabulary, Multtilingual

eGlossary, Vocab eGames,

Animations, Videos, Vocab eFlashcards

Interactive Tables
Personal Tutors

Self-checks, QL 2zes, Tests




e

Lesson 1 4

Reading Guide

Key Concepts &=
ESSENTIAL QUESTIONS

* What are the phases of
the cell cycle?

* Why is the result of the
cell cycle important?

Vocabulary

cell cycle p. 85
interphase p. 86
sister chromatid p. 88
centromere p. 88
mitosis p. 89
cytokinesis p. 89
daughter cell p. 89

% Multilingual eGlossary

lﬁ’ng&/ Time to Split?

Unicellular organisms such as these reproduce when
one cell divides into two new cells. The two cells are

identical to each other. What do you think happened
to the contents of the original cell before it divided?
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15 minutes
Why isn’t your cell like mine? Ne i\

\Il'living things are made of cells. Some are made of
1ly one cell, while others are made of trillions of cells.
Vhere do all those cells come from?
' Read and complete a lab safety form.

Ask your team members to face away from you.
Draw an animal cell on a sheet of paper. Include as
many organelles as you can.

) Use scissors to cut the cell drawing into equal

halves. Fold each sheet of paper in half so the
drawing cannot be seen.

—

1 ) Ask your team members to face you. Give each team
member half of the cell drawing.

-‘;} Have team members sit facing away from each other. Each person should use a glue

stick to attach the cell half to one side of a sheet of paper. Then, each person should
draw the missing cell half.

G Compare the two new cells to your original cell.
Think About This
1. How did the new cells compare to the original cell?

2. @)= Key Concept What are some things that might be done in the early steps to
L produce two new cells that are more like the original cell?

y

The Cell Cycle

No matter where you live, you have prob-
ably noticed that the weather changes in a
regular pattern each year. Some areas experi-
ence four seasons—winter, spring, summer,
and fall. In other parts of the world, there are
only two seasons-rainy and dry. As seasons
change, temperature, precipitation, and the
number of hours of sunlight vary in a regular
cycle.

These changes can affect the life cycles of
organisms such as trees. Notice how the tree
in Figure 1 changes with the seasons. Like
changing seasons or the growth of trees, cells
go through cycles. Most cells in an organism go

through a cycle of growth, development, and divi Figure 1 This maple tree changes in response
sion called the EEIINEYEIE Through the cell o8 seasonal cycle.
cycle, organisms grow, develop, replace old or

@ Visual Check List the seasonal changes of
damaged cells, and produce new cells. this maple tree.
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{FOLDABLES i,

Make a folded book
from a sheet of paper.
Label the front The
Cell Cycle, and label
the inside of the book
as shown. Open the
book completely and
use the full sheet to
illustrate the cell cycle.

u\fervhose . Mitotic
. Phase

A

The Cell Cycle

Phases of the Cell Cycle

There are two main phases in the cell cycle-interphase and
the mitotic (mi TAH tihk) phase. Interphase is the period during
the cell cycle of a cell’s growth and development. A cell spends most
of its life in interphase, as shown in Figure 2. During interphase,
most cells go through three stages:

e rapid growth and replication, or copying, of the membrane-
bound structures called organelles;

e copying of DNA, the genetic information in a cell; and
e preparation for cell division.

Interphase is followed by a shorter period of the cell cycle
known as the mitotic phase. A cell reproduces during this phase.
The mitotic phase has two stages, as illustrated in Figure 2. The
nucleus divides in the first stage, and the cell’s fluid, called the
cytoplasm, divides in the second stage. The mitotic phase creates

two new identical cells. At the end of this phase, the original cell
no longer exists.

@,’D Key Concept Check What are the two main phases of the
cell cycle?

Figure 2 A cell spends most of its life growing and developing during interphase.

Interphase

\ ©

G,
Preparafion for
cell division
. Mitotic
 phase
_— Mitosis
> (ytokinesis
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Length of a Cell Cycle

The time it takes a cell to complete the cell cycle depends on
the type of cell that is dividing. Recall that a eukaryotic cell has
membrane-bound organelles, including a nucleus. For some
eukaryotic cells, the cell cycle might last only eight minutes. For
other cells, the cycle might take as long as one year. Most divid-
ing human cells normally complete the cell cycle in about 24
hours. As illustrated in Figure 3, the cells of some organisms
divide very quickly.

Interphase

As you have read, interphase makes up most of the cell cycle.
Newly produced cells begin interphase with a period of rapid
growth-the cell gets bigger. This is followed by cellular activities
such as making proteins. Next, actively dividing cells make cop-
ies of their DNA and prepare for cell division. During interphase,
the DNA is called chromatin (KROH muh tun). Chromatin is long,
thin strands of DNA, as shown in Figure 4. When scientists dye
a cell in interphase, the nucleus looks like a plate of spaghetti.
This is because the nucleus contains many strands of chromatin
tangled together.

Interphase

Color-Enhanced TEM Magnification: 10,900 x
o ng S 8 1A ’

Plant Cell Animal Cell

64-cell stage

LM Magpnification: Unavailable LM Magnification: Unavailable LM Magnification: Unavailable

A Figure 3 The fertilized
egg of a sea star divides
into 4 cells in about 2
hours. It divides into 1000
cells in about 10 hours.

. REVIEW VOCABULARY:* "

eukaryotic
a cell with membrane-bound
structures

......................

Figure 4 During
interphase, the nuclei of an
animal cell and a plant cell
contain long, thin strands of
DNA called chromatin. ¥
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| Table 1 Phases of th§

teractive Table

Phase Stage | Description 0
G | growth and cellular functions; organelle replication
1
f some replication; organelle
Interphase S groyvth _and chromo p
replication
G, | growth and cellular functions; organelle replication
mitosis | division of nucleus
Mitotic phase K % e SR MRS SRS S
!
cytokinesis | division of cytoplasm
|

A Table 1 The two
phases of the cell cycle
can each be divided into
different stages.

Figure 5 The coiled DNA
forms a duplicated
chromosome made of
two sister chromatids
connected at the
centromere. ¥

Sister Sister
Chromatid  Chromatid

|
I
|
|
I
|
|
|
Centromere
|
|
|
I
|
|
|
|
|
|
|
|

Duplicated chromosome

Chapter 3
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Phases of Interphase

Scientists divide interphase into three stages, as shown in
Table 1. Interphase begins with a period of rapid growth—the G,
stage. This stage lasts longer than other stages of the cell cycle.
During G, a cell grows and carries out its normal cell functions.
For example, during G,, cells that line your stomach make
enzymes that help digest your food. Although most cells con-
tinue the cell cycle, some cells stop the cell cycle at this point.
For example, mature nerve cells in your brain remain in G, and
do not divide again. :

During the second stage of interphase—the § stage—-a cell con-
tinues to grow and copies its DNA. There are now identical strands
of DNA. These identical strands of DNA ensure that each new cell
gets a copy of the original cell’s genetic information. Each strand
of DNA coils up and forms a chromosome. Identical chromosomes
join together. The cell’s DNA is now arranged as pairs of identical
chromosomes. Each pair is called 3 duplicated chromosome. Two

identical chromosomes, called sister chromatids
cated chromosome, as shown in Figure 5 Noti,c
chromatids are held together by a Structure called ¢

The final stage of interphase-the G, stage-
growth and the final preparation for the m
uses energy copying DNA during the §
stores energy that will be used during
cell cycle.

a Reading Check Describe what happens in th G
e

make up a dupli-
e that the sister
he centromere.

Is another period of
itotic phase. A cell
tage. During G, the cell
the mitotic phase of the

> Phase.

L
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Organelie Replication

During cell division, the organelles in a cell are distributed
between the two new cells. Before a cell divides, it makes a copy
of each organelle. This enables the two new cells to function prop-
erly. Some organelles, such as the energy-processing mitochondria
and chloroplasts, have their own DNA. These organelles can make
copies of themselves on their own, as shown in Figure 6. A cell
produces other organelles from materials such as proteins and lip-
ids. A cell makes these materials using the information contained
in the DNA inside the nucleus. Organelles are copied during all
stages of interphase.

The Mitotic Phase

The mitotic phase of the cell cycle follows interphase. It con-
sists of two stages: mitosis (mi TOH sus) and cytokinesis (si toh
kuh NEE sus). In mitosis, the nucleus and its contents divide. In
cytbkinesis, the cytoplasm and its contents divide. Daughter cells
are the two new cells that result from mitosis and cytokinesis.

During mitosis, the contents of the nucleus divide, forming
two identical nuclei. The sister chromatids of the duplicated
chromosomes separate from each other. This gives each daughter
cell the same genetic information. For example, a cell that has
ten duplicated chromosomes actually has 20 chromatids. When
the cell divides, each daughter cell will have ten different chro-
matids. Chromatids are now called chromosomes.

In cytokinesis, the cytoplasm divides and forms the two new
daughter cells. Organelles that were made during interphase are
divided between the daughter cells.

Figure 6 This
mitochondrion is in the
final stage of dividing.

WORD OR|G|N ............ .

mitosis

from Greek mitos, means
“warp thread”; and Latin
0sis, means “process”

Lesson 1
— . 8
EXPLAIN 9
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Phases of Mitosis

Like interphase, mitosis is a continuous :
process that scientists divide into different :

phases, as shown in Figure 7.

Prophase During the first phase of mitosis, ;

Phases of Mitosis

Metaphase During metaphase, the spindle
fibers pull and push the duplicated chromo-
somes to the middle of the cell. Notice in
Figure 7 that the chromosomes line up along

. the middle of the cell. This arrangement
called prophase, the copied chromatin coils :

together tightly. The coils form visible dupli- :
cated chromosomes. The nucleolus disappears,
and the nuclear membrane breaks down.
Structures called spindle fibers form in the
cytoplasm.

ensures that each new cell will receive one
copy of each chromosome. Metaphase is the
shortest phase in mitosis, but it must be com-
pleted successfully for the new cells to be
identical.

Prophase

* Copied DNA condenses into
chromosomes.

* The nucleolus disappears, and the
nuclear membrane breaks down.

* Spindle fibers begin to form.

Animation

Magnification: 800

Metaphase

Chromosomes line up in single
file at the middle of the cell.

Figure 7 Mitosis begins when replicated chromatin coilg
together and ends when two identical nuclei are formed.

Chapter 3
EXPLAIN

920

L

™ Magnification: 250x

MAL Telnat MCGraw-HI Eaucation. (Ed Beaschwe/c




Anaphase In anaphase, the third stage of : Telophase During telophase, the spindle

i fibers begin to disappear. Also, the chromo-

mitosis, the two sister chromatids in each
chromosome separate from each other. The
spindle fibers pull them in opposite direc-
tions. Once separated, the chromatids are now
two identical single-stranded chromosomes.
As they move to opposite sides of a cell, the
cell begins to get longer. Anaphase is com-
plete when the two identical sets of chromo-
somes are at opposite ends of a cell.

. somes begin to uncoil. A nuclear membrane
: forms around each set of chromosomes ar

Anaphase

« Sister chromatids separate.

« Spindle fibers begin to shorten,
pulling chromatids toward
opposite sides of the cell.

« The cell begins to lengthen.

Magnification: 1000 X

: either end of the cell. This forms two new
: identical nuclei. Telophase is the final stage of
mitosis. It is often described as the reveise
prophase because many of the processés tiat
occur during prophase are reversed during
. telophase.
Reading Check What are the prases of
' mitosis?

-

Telophase

« A nuclear membrane forms around
the chromatin.

« Chromosomes begin to unwind.

« Spindle fibers begin to break down.

« Two identical nuclei form.

Magnification: 250X
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' Personal Tutor

Cytokinesis 3=

Animal Cell

Figure 8 Cytokinesis
differs in animal cells and
plant cells.

Use Percentages
A percentage is a ratio that
compares a number to 100.
If the length of the entire
cell cycle is 24 hours,
24 hours equals 100%. If
part of the cycle takes
6.0 hours, it can be
expressed as 6.0 hours/
24 hours. To calculate per-
centage, divide and multiply
by 100. Add a percent sign.
6.0
B = 0.25 x 100 = 25%
Practice
Interphase in human cells
takes about 23 hours. If the
cell cycle is 24 hours, what
percentage is interphase?

Math Practice

Color-Enhanced SEM Magnification: 1500 X

N\

- Cell plate

Plant Cell

LM Magnification: 1500

Dividing the Cell’s Components

Following the last phase of mitosis, a cell’s cytoplasm divides
in a process called cytokinesis. The specific steps of cytokinesis
differ depending on the type of cell that is dividing. In animal
cells, the cell membrane contracts, or squeezes together, around
the middle of the cell. Fibers around the center of the cell pull
together. This forms a crease, called a furrow, in the middle of
the cell. The furrow gets deeper and deeper until the cell mem-
brane comes together and divides the cell. An animal cell under-
going cytokinesis is shown in Figure 8.

Cytokinesis in plants happens in a different way. As shown in
Figure 8, a new cell wall forms in the middle of a L;lant cell. First,
organelles called vesicles join together to form a membrane-
bound disk called a cell plate. Then the cell plate grows outward
toward the cell wall until two new cells form. \

0 ?;?Sd'"g Check Compare cytokinesis in plant and animal

Results of Cell Division

Recall that the cell cycle results in tw;m\“ cells Tﬁhege
daughter cells are genetically identical to each orlhe: mLi. to the
original cell that no longer exists. For example, a | v\l,n.m s
46 chromosomes. When that cell divides, it wil -wrc;duce two
x}ew cells with 46 chromosomes each. The cel] cvcluh is important
for reproduction in some organisms, growth Hin 1;‘uhicellu13f

organisms, replacement of worn out or damaged cells, and repaif
of damaged tissues. &

IACCr s M Education

MPM. Motia & D. Palermo/Phots Rese



Reproduction

In some unicellular organisms, cell division
is a form of reproduction. For example, an
organism called a paramecium often repro-
duces by dividing into two new daughter
cells or two new paramecia. Cell division is
also important in other methods of reproduc-
tion in which the offspring are identical to the
parent organism.

Growth

Cell division allows multicellular organ-
isms, such as humans, to grow and develop
from one cell (a fertilized egg). In humans, cell
division begins about 24 hours after fertiliza-
tion and continues rapidly during the first
few years of life. It is likely that during the
next few years you will go through another
period of rapid growth and development. This
happens because cells divide and increase in
number as you grow and develop.

<' MiniLab

20 minutes

How does mitosis work? E

The dolix is a mythical animal whose cells
contain just two chromosomes. What hap-
pens to a dolix cell nucleus during mitosis?

o Read and complete a lab safety form.

e Form four 60-cm lengths of yarn into
large circles on four separate sheets of
paper. Each piece of paper represents
one phase of mitosis, and the yarn
represents the cell membrane.

e On each sheet of paper, model orne
phase of mitosis using different colors «
yarn to represent the nuclear meir
the spindles, and the chromosome
twist ties to represeni centromeic:

Tape the yarn in place.

O Label your models, or devel ¢ 1
indicate which color is u :
part.

Replacement

Even after an organism is fully grown, cell
division continues. It replaces cells that wear
out or are damaged. The outermost layer of
your skin is always rubbing or flaking off. A
layer of cells below the skin’s surface is con-
stantly dividing. This produces millions of
new cells daily to replace the ones that are

rubbed off.

ViR SEAR

o REALPR Lo oo i

Analyze and Conclude

1. Identify If you were to model a dolix cell's
nucleus before mitosis began, what would
your model look like? Would you be able

to see the individual chromosomes?

Repair

Cell division is also critical for repairing
damage. When a bone breaks, cell division
produces new bone cells that patch the bro-

ken pieces back together.

Not all damage can be repaired, however,
because not all cells continue to divide. Recall
that mature nerve cells stop the cell cycle in
interphase. For this reason, injuries to nerve
cells often cause permanent damage.

W Key Concept Check Why is the result
of the cell cycle important?

. Integrate What would a model of your
cell look like during the stage immediately
following mitosis? What is this stage?

3. @ Key Concept During mitosis, a
cell forms two new, identical nuclei. Use
your models to explain why, in order to
do this, mitosis must occur after events

in interphase.

Lesson 1 o3
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During interphase,
most cells go

». through periods of

. rapid growth and

replication of organ-
elles, copying DNA,
and preparation for
cell division.

!/‘ < > ) The nucleus and
23 #¢| its contents divide
\ <. > / during mitosis.

The cytoplasm and
its contents divide
during cytokinesis.

Use your lesson Foldable to review the
lesson. Save your Foldable for the project
at the end of the chapter.

él’ you
Rewrite

: o Predict what might happen to

Use Vocabulary

e
o Distinguish between mitosis and ¢ <inesjs,
e A duplicated chromosome is made ¢
two
e Use the term interphase in a senter
Understand Key Concepts = =

o Which is NOT part of mitosis?
C. prophase
telophase

A. anaphase
B. interphase D.

e Construct a table to show the different phases
of mitosis and what happens during each.

e Give three examples of why the result
of the cell cycle is important.

Interpret Graphics

o Identify The animal cell on the right is in
what phase of mitosis? '
Explain your answer. £

0 Organize Copy and
fill in the graphic
organizer below to show the results of
cell division.

Resutts of

cell division

Critical Thinking

11 if it were
unable to divide by mitosis

X

———
O

Math Skills

ﬁ;‘) The mitotic phase of the hum
cycle takes approximately 1 i, \What
percentage of the 24-hoyr cel] - cle
the mitotic phase? :

E 1 Practice

R B Motta £ O Patermotiors B
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The Federal Bureau of

Invgstigation (FBI) has a

rs1at|onwide index of DNA

b?mples called CODIS (Co
ined DNA Index System) ™
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r cells contain 0r@a
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e their oW
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