SECTION

As You Read
What You'll Learn

m Identify names and functions of
each part of a cell.
® Explain how important a nudeus

isina cell.
m Compare tissues, organs, and
organ systems.
Vocabulary
cell membrane  ribosome
cytoplasm endoplasmic
cell wall reticulum
organelle Golgi body
nucleus tissue
chloroplast organ
mitochondrion

Wéy It’s Important

If you know how organelles function,
it's easier to understand how cells
survive.

Figure 1
The shape of the cell can tell you
something about its function.
These cells are drawn 700 times
their actual size.
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iE Cell Structure

Common Cell Traits

Living cells are dynamic and have several things in common.
A cell is the smallest unit that is capable of performing life func-
tions. All cells have an outer covering called a cell membrane.
Inside every cell is a gelatinlike material called cytoplasm (SI toh
plaz uhm). In the cytoplasm of every cell is hereditary material
that controls the life of the cell.

Comparing Cells Cells come in many sizes. A nerve cell in
your leg could be a meter long. A human egg cell is no bigger
than the dot on this i. A human red blood cell is about one-tenth
the size of a human egg cell. A bacterium is even smaller—8,000
of the smallest bacteria can fit inside one of your red blood cells.

A cell’s shape might tell you something about its function.
The nerve cell in Figure 1 has many fine extensions that send
and receive impulses to and from other cells. Though a nerve
cell cannot change shape, muscle cells and some blood cells can.
In plant stems, some cells are long and hollow and have open-
ings at their ends. These cells carry food and water throughout
the plant.

Bacterium

Red blood cell Muscle cell
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Cell Types Scientists have found that cells can be separated : Figure 2

into two groups. One group has no membrane-bound struc- Examine these drawings of cells.
tures inside the cell and the other group does, as shown in : (3 Prokaryoticcells are only
Figure 2. Cells without membrane-bound structures are called : foundinone-celled organisms,
prokaryotic (proh KAYR ee yah tihk) cells. Cells with mem- : Suchasbacteria. B.Protists,
brane-bound structures are called eukaryotic (yew KAYR ee yah : fungi, plants and .anlmals are |
tihk) cells. made of eukaryotic cells. What

differences do you see between

VT TOII® /nto what two groups can cells be separated? them? |
Cell Organization

Each cell in your body has a specific function. You might :
compare a cell to a busy delicatessen that is open 24 hours every : Figure 3
day. Raw materials for the sandwiches are brought in often. Some : The protective cell wall of a plant
food is eaten in the store, and some customers take their food : cellis outside the cell membrane.
with them. Sometimes food is prepared ahead of time for quick Magnification: 9,000
sale. Wastes are put into trash bags for removal or recycling. Sim- ‘ S el et
ilarly, your cells are taking in nutrients, secreting and storing
chemicals, and breaking down substances 24 hours every day.

Cell Wall Just like a deli that is located inside the walls of a
building, some cells are enclosed in a cell wall. The cells of
plants, algae, fungi, and most bacteria are enclosed in a cell wall. :
Cell walls are tough, rigid outer coverings that protect the cell
and give it shape. :

A plant cell wall, as shown in Figure 3, mostly is made up of :
a carbohydrate called cellulose. The long, threadlike fibers of
cellulose form a thick mesh that allows water and dissolved :
materials to pass through it. Cell walls also can contain pectin,
il which is used in jam and jelly, and lignin, which is a compound
that makes cell walls rigid. Plant cells responsible for support
have a lot of lignin in their walls.
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Figure 4

The cell membrane is
made up of a double
layer of fatlike
molecules.

Cell membrane

Figure 5

Cytoskeleton, a network of
fibers in the cytoplasm, gives
cells structure and helps them
maintain shape.
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Modeling Cytoplasm

Procedure

1. Add 100 mL of watertoa
clear container.

2. Add unflavored gelatin
and stir.

3. Shine a flashlight through.
the solution.

Analysis

1. Describe what you see.

2. How does a model help you
understand what cytoplasm
might be like?
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Cell Membrane The pro-
tective layer around all cells is
the cell membrane, as shown
in Figure 4. If cells have cell
walls, the cell membrane is
inside of it. The cell membrane
regulates interactions between
the cell and the environment.
Water is able to move freely
into and out of the cell
through the cell membrane. Food particles and some molecules
enter and waste products leave through the cell membrane.

Cytoplasm Cells are filled with a gelatinlike substance called
cytoplasm that constantly flows inside the cell membrane. Many
important chemical reactions occur within the cytoplasm.

Throughout the cytoplasm is a framework called the
cytoskeleton, which helps the cell maintain or change its shape.
Cytoskeletons enable some cells to move. An amoeba, for exam-
ple, moves by stretching and contracting its cytoskeleton. The
cytoskeleton is made up of thin, hollow tubes of protein and
thin, solid protein fibers, as shown in Figure 5. Proteins are
organic molecules made up of amino acids.

(VILELITIGEIL® What is the function of the cytoskeleton?

Most of a cell’s life processes occur in the cytoplasm. Within
the cytoplasm of eukaryotic cells are structures called
organelles. Some organelles process energy and others manu-
facture substances needed by the cell or other cells. Certain
organelles move materials, while others act as storage sites. Most
organelles are surrounded by membranes. The nucleus is usually
the largest organelle in a cell.

Nucleus The nucleus is like the deli manager who directs the
store’s daily operations and passes on information to employees.
The nucleus, shown in Figure 6, directs all cell activities and is
separated from the cytoplasm by a membrane. Materials enter
and leave the nucleus through openings in the membrane. The
nucleus contains the instructions for everything the cell does.
These instructions are found on long, threadlike, hereditary
material made of DNA. DNA is the chemical that contains the
code for the cell’s structure and activities. During cell division,
the hereditary material coils tightly around proteins to form
structures called chromosomes. A structure called a nucleolus
also is found in the nucleus.
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Refer to these
diagrams of a typical Nucleolus

animal cell (top) and
plant cell (bottom)
as you read about
cell structures and
their functions.

Mitochondrion .

Cytoskeleton

Free ribosome

L}

Lysosome

Lysosome ;

Central vacuole
Chloroplast '
N

Free ribosome-.

Cell wall of adjacent cell

Smooth endoplasmic

a:, reticulum (SER)

=
c
(=N
)
c
wv

Ribosome

Rough endoplasmic
reticulum (RER)

-Golgi bodies

Mitochondrion

Cell wall ' Cellmembrane

P

SECTION 1 CellStructure A o 43




Figure 7

Chloroplasts are organelles that
use sunlight to make sugar from
carbon dioxide and water. They
contain chlorophyll, which gives
most leaves and stems their
green color.

Figure 8

Mitochondria are known as the
powerhouses of the cell because
they release energy that is
needed by the cell from food.
What types of cells might contain
many mitochondria?
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Magnification: 37,000X

Energy-Processing
Organelles Cells
require a continuous
supply of energy to process food, make new sub-
stances, eliminate wastes, and communicate with
each other. In plant cells, food is made in green
organelles in the cytoplasm called chloroplasts
(KLOR uh plasts), as shown in Figure 7. Chloro-
plasts contain the green pigment chlorophyll,
which gives leaves and stems their green color.
Chlorophyll captures light energy that is used to
make a sugar called glucose. Glucose molecules store the cap-
tured light energy as chemical energy. Many cells, including ani-
mal cells, do not have chloroplasts for making food. They must
get food from their environment.

The energy in food is stored until it is released by the mito-
chondria. Mitochondria (mi tuh KAHN dree uh) (singular,
mitochondrion), such as the one shown in Figure 8, are
organelles where energy is released from breaking down food
into carbon dioxide and water. Just as the gas or electric com-
pany supplies fuel for the deli, a mitochondrion releases energy
for use by the cell. Some types of cells, such as muscle cells,
are more active than other cells. These cells have large numbers
of mitochondria. Why would active cells have more or larger
mitochondria?

=

Manufacturing Organelles One substance that takes part
in nearly every cell activity is protein. Proteins are part of cell
membranes. Other proteins are needed for chemical reactions
that take place in the cytoplasm. Cells make their own proteins
on small structures called ribosomes. Even though ribosomes
are considered organelles,
they are not membrane
bound. Some ribosomes
float freely in the cytoplasm;
and others are attached to
the endoplasmic reticulum.
Ribosomes are made in the
nucleolus and move out
into the cytoplasm. Ribo-
somes receive directions
from the hereditary material
in the nucleus on how,
when, and in what order to

3 make specific proteins.
Magnification: 48,000X




Processing, Transporting, and Storing Organelles
The endoplasmic reticulum (en duh PLAZ mihk ¢ rih TIHK
yuh lum) or ER, as shown in Figure 9, extends from the nucleus
to the cell membrane. It is a series of folded membranes in
which materials can be processed and moved around inside of
the cell. The ER takes up a lot of space in some cells.

The endoplasmic reticulum may be “rough” or “smooth.” ER
that has no attached ribosomes is called smooth endoplasmic
reticullum. This type of ER processes other cellular substances
such as lipids that store energy. Ribsomes are attached to areas
on the rough ER. There they carry out their job of making pro-
teins that are moved out of the cell or used within the cell.

(VILEELIOTVRSEILS  What is the difference between rough ER and

smooth ER?

After proteins are made in a cell, they are transferred to
another type of cell organelle called the Golgi (GAWL jee) bod-
ies. The Golgi bodies, as shown in Figure 10, are stacked, flat-
tened membranes. The Golgi bodies sort proteins and other
cellular substances and package them into
membrane-bound structures called vesicles.
The vesicles deliver cellular substances to areas
inside the cell. They also carry cellular sub-
stances to the cell membrane where they are
released to the outside of the cell.

Just as a deli has refrigerators for temporary
storage of some its foods and ingredients, cells
have membrane-bound spaces called vacuoles
for the temporary storage of materials. A vac-
uole can store water, waste products, food, and
other cellular materials. In plant cells, the vac-
uole may make up most of the cell’s volume.

Magnification: 28,000

Figure 9

Endoplasmic reticulum (ER) is a complex
series of membranes in the cytoplasm of
the cell. What would smooth ER look like?

Figure 10

The Golgi body packages materi-
als and moves them to the out-
side of the cell. Why are materials
removed from the cell?




i~ Environmental : Recycling Organelles Active cells break down and recycle

‘I 3., Science : substances. Organelles called lysosomes (LI suh sohmz) contain

INTEGRATION i digestive chemicals that help break down food molecules, cell

: wastes, and worn-out cell parts. In a healthy cell, chemicals are
released into vacuoles only when needed. The lysosome’s mem-
brane prevents the digestive chemicals inside from leaking into

Just like a cell, you can
recycle materials. Paper,
plastics, aluminum, and

glass are materials that can the cytoplasm and destroying the cell. When a cell dies, a lyso-
be recycled into usable : some’s membrane disintegrates. This releases digestive chemi-
items. Make a promotional ~ : cals that allow the quick breakdown of the cell’s contents.
poster to encourage others  :
to recycle. What is the function of the lysosome’s

1 membrane?

Math Skills Activity

Calculate the Ratio of Surface Area
to Volume of Cells

Example Problem ‘
Assume that a cell is like a cube with six equal sides: Find the
ratio of surface area to volume for a cube that is 4 cm high.

Solution .

€ This is what you know: A cube has 6 equal sides 4cm\‘/4 cm
of 4cm X 4 cm.

€ This is what you want to find: the ratio (R) of surface area to volume
for each cube

B These are the equations you use: surface area (A) = width X length X 6
volume (V) = length X width X height
R=A/V

@ Solve for surface area and volume, A=4cm X 4cm X 6 =96 cm’

then solve for the ratio: V=4cm X 4cm X 4cm = 64 cm’

R=196 cm?/64 cm® = 1.5 cm2/cm3

Check your answer by multiplying the ratio by the volume.
Do you calculate the surface area?

Practice Problems

1. Calculate the ratio of surface area to 2. If a 4-cm cube doubled just one of its
volume for a cube that is 2 cm high. dimensions—length, width, or
What happens to this ratio as the size height—what would happen to the
of the cube decreases? ratio of surface area to volume?
L 4

For more help, refer to the Math Skills Handbook.
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From Cell to Organism e |

Many one-celled organisms perform all their life <l
functions by themselves. Cells in a many-celled organ-
ism, however, do not work alone. Each cell carries on
its own life functions while depending in some way on
other cells in the organism.

In Figure 11, you can see cardiac muscle cells
grouped together to form a tissue. A tissue is a group
of similar cells that work together to do one job. Each
cell in a tissue does its part to keep the tissue alive.

Tissues are organized into organs. An organ is a
structure made up of two or more different types of
tissues that work together. Your heart is an organ made
up of cardiac muscle tissue, nerve tissue, and blood tis-
sues. The cardiac muscle tissue contracts, making the
heart pump. The nerve tissue brings messages that tell
the heart how fast to beat. The blood tissue is carried
from the heart to other organs of the body.

' WVILEEETT R  What type of tissues make up your

heart? !
1 ) i'
5 A group of organs working together to perform a .
. certain function is an organ system. Your heart, artéries, veins, : Figure 11 '
and capillaries make up your cardiovascular system. In a many- : Inamany-celled organism,
celled organism, several systems work together in order to per- : cells 2 organized into LISSCES:
form life functions efficiently. Your nervous, circulatory, : Ussuesintoorgans, organsinto ,
. . i |
t respiratory, muscular, and other systems work together to keep : SYystems, andsystems into an i
. organism.
| you alive.
i
Section
1. Explain the important role of the nucleus in Skill Builder Activities
) i . C . .
: the life of a cell. 6. Interpreting Scientific lllustrations
2. Compare and contrast the energy Examine the illustrations of the animal cell and
processing organelles. the plant cell in Figure 6 and make a list of dif-
3. Why are digestive enzymes in a cell ferences and similarities between them. For
enclosed in a membrane-bound organelle? more help, refer to the Science Skill Handbook.
' 4. How are cells, tissues, organs, and organ 7. Communicating Your textbook compared |
systems related? some cell functions to that of a deli. In your
5. Think Critically How is the cell of a one- Science Journal, write an essay that explains
celled organism different from the cells in how a cell is like your school or town. For more !
many-celled organisms? help, refer to the Science Skill Handbook. |
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