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THE CELL AS A
LIVING FACTORY

FIGURE 7-6 The
specialization and
organization of work and
workers contribute to the
productivity of a factory.

In much the same way,

the specialized parts in a
cell contribute to the cell’s
overall stability and survival.
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04 Cell Structure

Key Questions
(2 Whotis the role of the cell

nucleus?

(R What are the functions

of vacvoles, lysosomes, and the
Cytoskeleton?

(&2 Whart organelles help make
and transport proteins?

What are the functions of
chloroplasts and mitochondria?

G What is the function of the
cell membrane ?

Vocabulary
cytoplasm e organelle o
vacuole o lysosome o
Cytoskeleton e centriole o
ribosome

endoplasmic reticulum o

Golgi apparatus e
chloroplast e mitochondrion

cell wall o lipid bilayer o
selectively permeable

Taking Notes
Venn Diagram Create a Venn
diagram that illustrates the simi-
larities and differences between

prokaryotes and eukaryotes.

THINK ABOUT IT At first glance, a factory is a puzzling paq
Machines buzz and clatter; people move quicilyzn different direc.

tions. So much activity can be confusing. H](.)\l:iev;;r, 1f)t')0u‘take the time
to watch carefully, what might at first seem like chaos beging t, Make

sense. The same is true for the living cell.

Cell Organization
What is the role of the cell nucleus?

The eukaryotic cell is a complex and busy place. But if you ;(?Ok close]
at eukaryotic cells, patterns begin to emerge. For example, it’s easy
divide each cell into two major parts: the nu§leus and the Cytoplasm
The cytoplasm is the portion of the cell outside thc? nucleus. As yo,
will see, the nucleus and cytoplasm work together in the business of
life. Prokaryotic cells have cytoplasm too, even though they do not

have a nucleus.
In our discussion of cell structure, we consider each major copy.

ponent of plant and animal eukaryotic cells—some of which are

also found in prokaryotic cells—one by one. Because many of these
structures act like specialized organs, they are known as organelles,
literally “little organs.” Understanding what each organelle does helps
us understand the cell as a whole. A summary of cell structure can be

found on pages 206-207.




Comparing the Cell to q Factory In some respects, the eukaryotic
cell is much like a living version of a modern factory (Figure 7-6).
The different organelles of the cell can be compared to the specialized
machines and assembly lines of the factory. In addition, cells, like fac-
tories, follow instructions and produce products. As we look through
the organization of the cell, we'll find plenty of places in which the
comparison works so well that it will help us understand how cells
work.

The Nucleus 1n the same way that the main office controls a large factory,
the nucleus is the control center of the cel]. G2 The nucleus contains
nearly all the cell's DNA and, with it, the coded instructions for making
proteins and other important molecules. Prokaryotic cells lack a nucleus,
but they do have DNA that contains the same kinds of instructions,
The nucleus, shown in Figure 7-7, is surrounded by a nuclear
envelope composed of two membranes. The nuclear envelope
is dotted with thousands of nuclear pores, which allow
material to move into and out of the nucleus. Like Nuclear
messages, instructions, and blueprints moving in and pores
out of a factory’s main office, a steady stream of pro-
teins, RNA, and other molecules moye through the
nuclear pores to and from the rest of the cell.
Chromosomes, which carry the cell’s genetic
information, are also found in the nucleus. Most of the
time, the threadlike chromosomes are spread throughout
the nucleus in the form of chromatin—a complex of DNA
bound to proteins. When a cel] divides, its chromosomes con-
dense and can be seen under a microscope. You will learn more about
chromosomes in later chapters.
Most nuclei also contain a small dense region known as the nucle-

olus (noo KLEE uh lus). The nucleolus is where the assembly of ribo-
somes begins.

In Your Notebook Describe the structure of the nucleus. Include

the words nuclear envelope, nuclear pore, chromatin, chromosomes, and
nucleolus in your description.
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Nuclear
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FIGURE 7-7 The Nucleus The
nucleus controls most cell processes
and contains DNA. The small, dense
region in the nucleus is known as the
nucleolus.
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FIGURE 7-8 Vacuoles The central
vacuole of plant cells stores salts,
proteins, and carbohydrates. A
paramecium’s contractile vacuole
controls the water content of the
organism by pumping water

out. Apply Concepts How

do vacuoles help support plant
structures?

198 Chapter 7 ® Lesson 2

Orgqnelles That Store, Clean Up,
and Support

(= What are the functions of vacuoles, lysosomes, and the
cytoskeleton?

Many of the organelles outside the nucleus of a eukaryotic cell hy,
specific functions, or roles. Among them are structures called Vg '
lysosomes, and cytoskeleton. These organelles represent the ¢
factory’s storage space, cleanup crew, and support structures,
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Vacuoles and Vesicles Every factory needs a place to store thing
so does every cell. Many cells contain large, saclike, membrane—er;q‘ nd
structures called vacuoles. (ad Vacuoles store materials like wat O%ed
salts, proteins, and carbohydrates. In many plant cells, there i , Sic.
large central vacuole filled with liquid. The pressure of the centyy) van\]I
ole in these cells increases their rigidity, making it possible for plant: |
support heavy structures, such as leaves and flowers. The Image o, thtx()
left in Figure 7-8 shows a typical plant cells large central Vacuole, :

Vacuoles are also found in some unicellular organisms and iy,
some animals. The paramecium on the right in Figure 7-8 Containg
an organelle called a contractile vacuole. By contracting rhythmic—d]]\.
this specialized vacuole pumps excess water out of the cell. In adq;
tion, nearly all eukaryotic cells contain smaller membrane-enclogeg
structures called vesicles. Vesicles store and move materials betweep, cell
organelles, as well as to and from the cell surface.
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Lysosomes Even the neatest, cleanest factory needs a cleanup crew,
and that’s where lysosomes come in. Lysosomes are small organelles
filled with enzymes. Lysosomes break down lipids, carbohy-
drates, and proteins into small molecules that can be used by the
rest of the cell. They are also involved in breaking down organelles
that have outlived their usefulness. Lysosomes perform the vital
function of removing “junk” that might otherwise accumulate and
clutter up the cell. A number of serious human diseases can be traced
to lysosomes that fail to function properly. Biologists once thought that
lysosomes were only found in animal cells, but it is now clear that lyso-
somes are also found in a few specialized types of plant cells as well.
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'Ml-aoﬁlaments Mi-croﬁlaments are threadlike Structures made up
2 protein called actin. They form extensive networks in some cells
and produce 2 tough flexible framework that supports the cell. Micro-
suments also help cells move. Microfilament assembly and disassem-
v are responsible for the cytoplasmic movements that allow amoebas
d other cells to crawl along surfaces.

» Microtubules Microtubules are hollow structures made up of pro-
«ins known as tubulins. In many cells, they play critical roles in main-
uning cell shape. Microtubules are also important in cell division,
where they form a structure known as the mitotic spindle, which helps
oseparate chromosomes. In animal cells, organelles called centrioles
zealso formed from tubulins. Centrioles are located near the nucleus
udhelp organize cell division. Centrioles are not found in plant cells.
‘ Microtubules also help build projections from the cell surface—
{own as cilia (singular: cilium) and flagella (singular: flagellum)—
Tﬂat.ﬁnable cells to swim rapidly through liquid. The microtubules
IF': cilia and flagella are arranged in a “9 + 2” patt?rn, as show‘n ”;, ‘
Org:;enﬂlo. Small Fross-bridges between the x‘mcrotubulcle]s in itc reos_e
‘Ubulees €s use Chemlcal energy to pull on, or slide along, the m
»Producing controlled movements.
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FIGURE 7-9 Cytoskeleton The
cytoskeleton supports and gives
shape to the cell, and is involved in
many forms of cell movement. These
connective tissue fibroblast cells
have been treated with fluorescent
tags that bind to certain elements.
Microfilaments are pale purple,
microtubules are yellow, and the
nuclei are green.
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FIGURE 7-10 The “9 + 2” Pattern
of Microtubules In this micrograph
showing the cross section of a cilium,
you can clearly see the 9 + 2 arrange-
ment of the red microtubules.

ply Concepts What is the function

2;) cilia?
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Endoplasmic Reticulum Eukaryotic cells contain an intern, Men,
brane system known as the endoplasmic retu‘:ulum (‘en doh pp,, m
rih TIK lyuh lum), or ER. The endoplasmic reticulum is Wbere lipig
components of the cell membrane are assembled, along with Protein,
and other materials that are exported from the cell. ‘
The portion of the ER involved in the synthesis of proteing is calleg
Nucleus rough endoplasmic reticulum, or rough ER. It is given this name

because of the ribosomes found on its surface. Newly made protejp,
leave these ribosomes and are inserteq

0 Proteins are P ,
Rough assembled on ribosomes. | MO tbe rough E.R, where they may be
: chemically modified.

endoplasmic

reticulum Ribosome

N

?@ @ Proteins targeted for export to the

K{g cell membrane, or to specialized
Protein

[ locations within the cell, complete
</ their assembly on ribosomes bound
to the rough endoplasmic reticulum.

0 Newly assembled
proteins are carried from
the rough endoplasmic
reticulum to the Golgi
apparatus in vesicles.

Smooth Vesicle
e endoplasmic

reticulum

CYTOPLASM
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Go‘Qi APPorOfUS 11-\ eukaryotic cells, proteing produced in the
,:h ER move nextinto an organelle called the Golgi apparatus,
appears as a stack of flattened membranes. Ag proteins leave
h ER, molecu\aﬂr “adqress tags” get them to the right destina-
fons. AS these tags are read” by thewcell, the proteins are bundled
o tinY vesicles thatPud_tmm the ER and carry them to the Golgi
aratus. Gad The Golgi apparatus modifies, sorts, and packages
roteins and other materials from the endoplasmic reticulum for Y

storage in the cell or releése qutside the cell. The Golgi apparatus

is somewhat likg a customization shop, where the finishing touches MAKING PROTEINS

are puton proteins betore they are ready to leave the “factory” From FIGURE 7-11 ‘Toggvher, ribosomes,

the Golgi apparatus, proteins are “shipped” to their final destination the endoP\OSW\\c rehcu\un;\, qnd

¢ or outside the cell. the Qo\g\ apparatus synthesize,

modify, package, ;nd ship -

{ n

> In Your Notebook Make a flowchart that shows F:&i‘;‘: c:l\f(:l:a\fﬂ{s ;'ccczre‘ggz iy

profeins are assembled in a cell. el e typal numiber

of ribosomes?
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O The Golgi apparatus further

modifies proteins before sorting
and packaging them in ) .
membrane-bound vesicles. /Ce membrane
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