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What did you learn?
1. How did microscopes lead to the discovery of cells? 

2. What are the three parts of cell theory?

3. Why must a cell copy its DNA before it divides? 

4. A new cell forms. The cell grows, but it 
does not divide. Write what you think will happen to this cell and 
why. Include details from the book to support your answer. 

5. Make Inferences A single brain cell contains thousands 
of mitochondria. What can you infer from this about the brain’s 
need for energy? 

Illustration: Title Page: Robert Ulrich; 6-7, 9-10, 12 Robert Ulrich; 11 Bob Kayganich
Photographs: Every effort has been made to secure permission and provide appropriate credit for 
photographic material. The publisher deeply regrets any omission and pledges to correct errors called to its 
attention in subsequent editions. Unless otherwise acknowledged, all photographs are the property of Scott 
Foresman, a division of Pearson Education. Photo locators denoted as follows: Top (T), Center (C), Bottom 
(B), Left (L), Right (R), Background (Bkgd).
2 ©Dr. David Patterson/Photo Researchers, Inc.; 3 (L) ©Janet Foster/Masterfile Corporation, (CC) 
Hilda Canter-Lund/Freshwater Biological Association, (BC) ©Eric Grave/Science Photo Library/Photo 
Researchers, Inc.; 4 ©Dr. Jeremy Burgess/Photo Researchers, Inc.; 5 (TL) Science & Society Picture 
Library, (TR) Science Museum, London/DK Images, (CL) ©Bettmann/Corbis, (CR) ©DK Images, (BL) 
©Oliver Meckes/Photo Researchers, Inc., (BR) Photo Researchers, Inc.; 8 ©Michael Mahovlich/Masterfile 
Corporation; 14 ©Bettmann/Corbis

ISBN: 0-328-13973-4

Copyright © Pearson Education, Inc. 

All Rights Reserved. Printed in the United States of America. This publication is 
protected by Copyright and permission should be obtained from the publisher prior 
to any prohibited reproduction, storage in a retrieval system, or transmission in any 
form by any means, electronic, mechanical, photocopying, recording, or likewise. For 
information regarding permissions, write to: Permissions Department, Scott Foresman, 
1900 East Lake Avenue, Glenview, Illinois 60025.

2 3 4 5 6 7 8 9 10  V010  13 12 11 10 09 08 07 06 05 

13973_CVR_FSD   Sec1:213973_CVR_FSD   Sec1:2 05/27/05   9:25:44 AM05/27/05   9:25:44 AM

Cells
by Marcia K. Miller

13973_01-16_FSD   113973_01-16_FSD   1 05/27/05   9:14:29 AM05/27/05   9:14:29 AM




2

What is a cell?
Jobs of Cells

The organisms shown here live in pond water. Like all living things, 
they are made of cells. A cell is the smallest unit that can sustain life.

Each of these organisms has just one cell. It might surprise you 
how different each one can look. Yet all single-celled organisms must 
perform the same basic tasks to stay alive. They must get energy, 
remove wastes, grow, and reproduce. These are the same things that 
all living organisms must do to stay alive.

You need to use a microscope to see most single-celled organisms. 
Single-celled organisms are tiny, but their many parts do many jobs. 
Each part in a cell does a different job. For example, green algae 
get energy from sunlight. They use this energy to make food. The 
paramecium has hair-like structures that help it swim. In any one-
celled organism, each part of its single cell performs a task.

paramecium
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All living things, big or small, are made of cells. Larger organisms 
have many cells; they are multicellular. In large organisms, different 
cells have adaptations to do different tasks. Think about your own 
body. Your muscle cells are specialized for movement. Your skin cells 
are specialized for protection. These specialized cells allow your body 
to work efficiently.

algae

spirogyra

13973_01-16_FSD   313973_01-16_FSD   3 05/27/05   9:14:36 AM05/27/05   9:14:36 AM





4

The Cell Theory
Cells were not discovered until the microscope was invented. Before 

then, nobody knew that cells existed because nobody could see them.
Robert Hooke was the first person to describe cells. Hooke was born 

in England in 1635. He made a microscope by putting lenses in a 
tube. He used it to look at thin layers of cork. Cork, the bark of a cork 
tree, is made of dead cells. Hooke thought that cork cells looked like 
tiny rooms. He was the first person to call such structures “cells.”

Around that time, the Dutch scientist Anton van Leeuwenhoek 
was making microscopes too. He used them to look at single-celled 
organisms in pond water. His microscopes were not very powerful, 
but they could show blood and bacteria cells.

Over time, scientists learned more about cells. They put forth new 
ideas. In 1838 the German scientist Matthias Schleiden said that all 
plants are made of cells. The next year, another German scientist 
named Theodor Schwann said that all animals are made of cells. 
Soon scientists concluded that all living things are made of cells. 
In 1855 Rudolf Virchow stated that new cells could come only from 
existing cells. These important conclusions are the basis of cell theory.

Cell Theory
•  All living things are made 

of one or more cells.
•  Cells are the basic units 

of living things.
•  All cells come from 

existing cells.
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Learning About Cells

Ernst Ruska and Max Knoll invent 
the electron microscope.

Robert Hooke discovers cells.

Anton von Leeuwenhoek uses microscopes 
to look at single-celled organisms.

Matthias Schleiden and Theodor Schwann 
propose the cell theory.

Julius von Sachs shows that 
chlorophyll is located in chloroplasts.

Microscopes similar to those 
used today are in common use.

1655

1683

1828

1838

1875

1865

1931

1953 George E. Palade describes ribosomes.

Rudolf Virchow states that cells can come 
only from other living cells.1855

Robert Brown discovers the cell nucleus.
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What are the functions 
of organelles?
Parts of a Cell

All cells must perform key functions to stay alive. For example, 
a cell must take in, store, and release energy. It must also make 
proteins, release wastes, and recycle materials. A cell must control 
what comes in and goes out of it. These jobs are done by organelles. 
Organelles are structures that perform different functions within 
the cell. 

The endoplasmic reticulum 
is a set of folded membranes 
that works as the cell’s transport 
system. It also makes proteins and 
other substances the cell needs.

The nucleus 
is the cell’s 
control center.

Vacuoles store water 
and nutrients. They help 
the cell digest food.

Ribosomes start 
the process of 
making proteins. 

Cytoplasm is the fluid that 
holds the organelles. 

Lysosomes break down 
harmful molecules and 
recycle worn-out cell parts.

Animal Cell
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Different kinds of cells have different roles in multicellular 
organisms. Cells that perform different functions may have different 
organelles. Or they may have a different number of organelles. For 
example, your muscle cells have thousands of mitochondria. This is 
because muscle cells need a lot of energy to do their work. Skin cells 
have fewer mitochondria.

Plant and animal cells are different in some ways. Plant cells 
contain chloroplasts. These organelles contain chlorophyll, the 
chemical that makes photosynthesis possible. Most plant cells have 
one large vacuole, but animal cells have many smaller vacuoles. 
Also, plant cells have a special structure called a cell wall, which 
animal cells do not have.

Mitochondria turn 
the chemical energy 
of food into a form 
the cell can use.

The cell membrane guards 
the environment inside the 
cell. It allows food to enter 
and wastes to exit.

A stiff cell wall lies just 
outside the cell membrane. 
It gives support to the cell.

Chloroplasts 
contain chlorophyll. 
Plants make food 
when sunlight hits 
chlorophyll.

Plant Cell

Plant cells 
have one large 
vacuole.
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Diffusion
A cell is mostly water. No matter how many organelles it has, 

about two-thirds of a cell’s mass is water. Substances such as nutrients 
or salts are dissolved in the water. How do those materials get there?

Diffusion is the movement of a substance from an area of higher 
concentration to an area of lower concentration. Some substances 
can enter and leave a cell through this process. The diagram below 
shows what happens during diffusion.

Diffusion takes place because the particles in matter are always 
moving. Over time, the particles will spread out until they evenly 
fill an area. Think about putting a sugar cube into a glass of iced 
tea. Even if you don’t stir it, tiny bits of sugar slowly move away 
from the ones in the cube. Over time, all the sugar particles will 
diffuse, or spread, throughout the tea.

More particles are 
outside the cell.

Particles diffuse into 
the cell. Soon they are 
evenly distributed.

More particles are 
inside the cell.

Particles diffuse out of the cell 
and are evenly distributed.
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Cells need many substances. They can get many substances 
through diffusion. Small particles can pass into a cell through the cell 
wall. For example, the water outside a cell has more oxygen particles 
than the water inside the cell. The cell needs oxygen. Oxygen 
particles move from the outside of the cell to the inside of the cell. 
They move from an area where there are more particles to an area 
where there are fewer particles.

Diffusion of Water
Cells cannot function without water, so water must move through 

the cell membrane. Osmosis is the diffusion of water across the 
cell membrane. 

A plant will wilt if its cells do not have enough water. The 
cytoplasm pulls away from the cell wall. Then the cell wall is unable 
to support the plant. A cell with too much water can burst. The cell 
membrane helps keep the materials inside the cell balanced.

9

normal plant cells

cells in a wilted plant
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How do cells grow 
and divide?
Cell Size and Growth

Different types of cells have different shapes, but when it comes 
to size, all cells are very small.

In order to meet their needs, cells must be small. To live, a cell must 
take in oxygen, absorb food, and release waste. All the materials it 
needs must move through the cell membrane to all other parts of 
the cell. In a larger cell, the trip from the cell membrane to other cell 
parts would take longer. A bit of sugar would have to travel farther in 
a large cell. Waste would have to travel farther to exit a large cell. If a 
cell grew too big, materials couldn’t reach all its parts fast enough to 
keep the cell alive.

All cells are small, but they 
can have different shapes.

average animal cell

euglena
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Surface Area
A cell needs more food as it grows. It also produces more wastes. 

The cell membrane and the organelles also become larger. But the 
surface area, or the area of the cell membrane, does not grow as 
fast as the volume of the materials inside the cell. Soon there is not 
enough cell membrane to let enough materials in and out of the cell. 

Look at the this diagram. The eight small cells have the same 
amount of material inside as the large cell does. Can you tell which 
has more surface area?

2 cm
2 cm

2 cm2 cm

1 cm 1 cm

13973_01-16_FSD   1113973_01-16_FSD   11 05/27/05   9:15:15 AM05/27/05   9:15:15 AM





12

Cell Division
Cells can only get so large. But 

if cells must stay small how can 
organisms grow? When single-celled 
organisms get too large, they divide 
into two new cells. Multicellular 
organisms grow by making more 
cells. They do this by dividing cells 
they already have. Each new cell 
will be a copy of the old cell. As new 
cells form, the organism gets bigger. 
Cell division also makes new cells to 
replace old cells that get damaged 
or worn out.

Chromosomes are 
rod-shaped structures 
that contain DNA.
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Mitosis is the process in which the 
nucleus of a cell divides. This is the 
start of cell division. The cell’s nucleus 
contains DNA. DNA is a material 
that stores information about how an 
organism will grow and develop. The 
cell needs this information to make 
proteins. Proteins control chemical 
reactions in the cell. When mitosis 
begins, DNA coils tightly. It forms 
rod-shaped bodies called chromosomes. 
Chromosomes carry the instructions 
to build all of the cell’s proteins.

A cell’s chromosomes contain 
the instructions to build all of 
the cell’s proteins.

DNA directs the 
making of proteins.
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Mitosis
Every species has a fixed number of chromosomes. These 

chromosomes are in pairs inside the cell. They have the operating 
instructions for the cell. A healthy cell needs a full set of chromosomes 
to function correctly. Mitosis gives each new cell the right number 
of chromosomes. Though usually described in stages, mitosis is 
an ongoing process. The cell cytoplasm divides when mitosis has 
completed its stages.

The cell gets ready to divide. 
First, the cell copies its DNA. 
Then the DNA turns into 
threadlike strands.

The chromosomes uncoil. 
A new membrane forms 
around each nucleus. 
Mitosis is complete.

The cell divides. In animals, 
the cell membrane pinches 
inward, forming two identical 
cells. In plants, a new cell 
wall forms to divide one 
plant cell into two.
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Mitosis begins. Short 
chromosomes become 
visible. The cell 
membrane dissolves.

Pairs of chromosomes 
line up at the center 
of the cell.

Each chromosome splits into 
two identical halves. The two 
halves move to opposite ends 
of the cell. Each half is now a 
separate chromosome.
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Glossary
chromosome  a part of a cell that carries the 

instructions for building all of the 
cell’s proteins

diffusion  the movement of a substance from an 
area of higher concentration to an area 
of lower concentration

DNA  a material that stores information 
about how an organism will grow and 
develop

endoplasmic reticulum  a set of folded membranes that work as 
a cell’s transport system

mitochondria  organelles that turn the chemical 
energy of food into a form a cell 
can use

mitosis  the process in which the nucleus of a 
cell divides

organelle  a structure that performs specific 
functions in a cell

osmosis  the diffusion of water across a cell 
membrane

ribosome  the organelle that starts the process of 
making proteins
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What did you learn?
1. How did microscopes lead to the discovery of cells? 

2. What are the three parts of cell theory?

3. Why must a cell copy its DNA before it divides? 

4. A new cell forms. The cell grows, but it 
does not divide. Write what you think will happen to this cell and 
why. Include details from the book to support your answer. 

5. Make Inferences A single brain cell contains thousands 
of mitochondria. What can you infer from this about the brain’s 
need for energy? 
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