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Integrating Chemistry

3

Section

Chemical Compounds
in Cells

Key Concepts
compounds?

• What are the main kinds of
organic molecules in living things?

• How is water important to the
function of cells?

• element • compound
• carbohydrate • lipid
• protein • amino acid
• enzyme • nucleic acid
• DNA • RNA

Target Reading Skill
Comparing and Contrasting
As you read, compare and contrast
carbohydrates, proteins, and lipids
in a table like the one below.

Type of
Compound

Elements

Carbohydrate

Carbon,
hydrogen,
oxygen

What Is a Compound?
1. Your teacher will provide you with
containers ﬁlled with various
substances. All of the substances are chemical compounds.
2. Examine each substance. Read the label on each container to
learn what each substance is made of.
Think It Over
Forming Operational Definitions Write a deﬁnition of what you
think a chemical compound is.

Key Terms

Functions

Watch out—you are surrounded by particles that you can’t see!
Air is made up of millions of tiny particles. They bump into
your skin, hide in the folds of your clothes, and whoosh into
your nose every time you take a breath. In fact, you and the
world around you, including the cells in your body, are composed of tiny particles. Some of these particles are elements,
and others are compounds.

Elements and Compounds
You may not realize it, but air is a mixture of gases. These gases
include both elements and compounds. Three gases in the air
are oxygen, nitrogen, and carbon dioxide.

Protein

Elements Oxygen and nitrogen are examples of elements.
Lipid

Chemical
Compounds in
Cells

Objectives

Reading Preview
• What are elements and

3

An element is any substance that cannot be broken down
into simpler substances. The smallest unit of an element is
called an atom. An element is made up of only one kind of
atom. The elements found in living things include carbon,
hydrogen, oxygen, nitrogen, phosphorus, and sulfur.
FIGURE 16
An Element
Sulfur is an element.
In its pure form, it
sometimes forms
crystals.

After this lesson, students will be able to
C.1.3.1 Define elements and compounds.
C.1.3.2 Identify the four main kinds of
organic compounds in living things.
C.1.3.3 Explain how water is important to
the function of cells.

Target Reading Skill
Comparing and Contrasting Explain that
comparing and contrasting information
shows how ideas, facts, and events are similar
and different. The results of the comparison
can have importance.
Answers
Possible answers:
• Type of Compound: Carbohydrate
• Elements in It: Carbon, hydrogen, oxygen
• Its Functions: Store and provide energy and
make up cellular parts
• Type of Compound: Protein
• Elements in It: Carbon, hydrogen, oxygen,
nitrogen, and sometimes sulfur
• Its Function: Make up much of the
structure of cells and speed up chemical
reactions
• Type of Compound: Lipid
• Elements in It: Carbon, hydrogen, oxygen
• Its Functions: Store energy
Teaching Resources

• Transparency C6

Preteach
Build Background
Knowledge

L2
Skills Focus forming operational
definitions
Materials Labeled containers of
chemical compounds such as baking soda,
chalk, salt, and zinc oxide sun block
Time 10 minutes
Tips Label the compounds with their
common and chemical names (sodium
bicarbonate for baking soda, calcium

carbonate for chalk, sodium chloride for
salt, zinc oxide for sun block).
Expected Outcome Students will
discover that all the compounds consist of
two or more elements.
Think It Over Students may say that a
chemical compound is something that is
made up of more than one substance.

L1
L2

Recipe for the Human Body
Write this “recipe” for the human body on
the board: 50 L of water (hydrogen, oxygen);
16 kg of coal (carbon); and about 5 kg total
of fireworks (potassium, nitrogen, carbon,
sulfur), chalk (calcium, carbon), matches
(phosphorus), salt (sodium, chlorine), and
several metals (including iron). Ask: What
are the three chief chemical “ingredients”
of the body? (Hydrogen, oxygen, and carbon)
Skills Focus Forming operational
definitions
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Instruct
For: Links on proteins
Visit: www.SciLinks.org
Web Code: scn-0313

For: Links on proteins
Visit: www.SciLinks.org
Web Code: scn-0313

Download a worksheet to guide students’ review of
proteins.

Elements and
Compounds
Teach Key Concepts

L2

Understanding Organic Compounds
Focus Display a chart of the periodic table.
Have students locate carbon.
Teach Ask: Why is carbon an element? (It
cannot be broken down into simpler
substances.) What are two or more elements
chemically combined called? (A compound)
What is the difference between organic and
inorganic compounds? (Most compounds
that contain carbon are organic and are found
in living things. Compounds without carbon
are inorganic.) What are the most important
groups of organic compounds found in
living things? (Carbohydrates, proteins,
lipids, and nucleic acids)
Apply Write “C6H12O6” on the board.
Explain that this compound (glucose, a type
of sugar) has 6 carbon atoms, 12 hydrogen
atoms, and 6 oxygen atoms. Ask students to
infer whether this is an organic or an
inorganic compound. (Organic because it has
carbon atoms and glucose is used by the
body) learning modality: verbal

Independent Practice
Teaching Resources

• Guided Reading and Study Worksheet:
Chemical Compounds in Cells
• Transparency C7
Student Edition on Audio CD

L2

FIGURE 17
Molecules and Compounds
Carbon dioxide, which is found in
the gas bubbles, is a chemical
compound. So is water.
Applying Concepts What is a
compound?

Compounds Carbon dioxide is a compound made up of the
elements carbon and oxygen. When two or more elements
combine chemically, they form a compound. Most elements
in living things occur in the form of compounds.
The smallest unit of many compounds is called a molecule.
A molecule of carbon dioxide consists of one carbon atom and
two oxygen atoms. Water is another compound. Each water
molecule is made up of two hydrogen atoms and one oxygen
atom. In Figure 17, notice the diagrams of carbon dioxide and
water molecules.
Organic and Inorganic Compounds Many of the compounds found in living things contain the element carbon,
which is usually combined with other elements. Most compounds that contain carbon are called organic compounds.
Some important groups of organic compounds found in living things are carbohydrates, lipids, proteins, and nucleic
acids. As you may know, many of these compounds are found
in the foods you eat. This is not surprising, since the foods you
eat come from living things.
Compounds that don’t contain the element carbon are
called inorganic compounds. Water and sodium chloride, or
table salt, are familiar examples of inorganic compounds.
Organisms contain many inorganic compounds as well as
organic compounds.
How are inorganic compounds different from
organic compounds?

Carbon
Oxygen
Carbon Dioxide Molecule
The air bubbles contain carbon
dioxide. A carbon dioxide molecule
has one atom of carbon and two
atoms of oxygen.

Water Molecule
A water molecule is made up
of one atom of oxygen and
two atoms of
hydrogen.
Oxygen
Hydrogen
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Carbohydrates

Carbohydrates

A carbohydrate is an energy-rich organic compound
made of the elements carbon, hydrogen, and oxygen.
Sugars and starches are examples of carbohydrates.
Sugars are produced during the food-making process that takes place in plants. Foods such as fruits and
some vegetables have a high sugar content. Sugar molecules can combine, forming large molecules called
starches, or complex carbohydrates. Plant cells store
excess energy in molecules of starch. Many foods that
come from plants contain starch. These foods include
potatoes, pasta, rice, and bread. When you eat these
foods, your body breaks down the starch into glucose,
a sugar that your cells can use to produce energy.
Carbohydrates are important components of some
cell parts. For example, the cellulose found in the cell
walls of plants is a type of carbohydrate. Carbohydrates are also found in cell membranes.
What is the difference between sugar and starch?

Lipids
Have you ever seen a cook trim the fat from a piece of meat
before cooking it? The cook is trimming away a lipid. Fats, oils,
and waxes are all lipids. Like carbohydrates, lipids are energyrich organic compounds made of carbon, hydrogen, and oxygen. Lipids contain even more energy than carbohydrates.
Cells store energy in lipids for later use. For example, during
winter, a dormant bear lives on the energy stored as fat within
its cells. In addition, cell membranes are made mainly of lipids.

Teach Key Concepts

L2

The Role of Carbohydrates
Focus Review the definition of carbohydrate.
Teach Ask: What are the functions of
carbohydrates? (To store and produce energy
and to make up some cell parts)
Apply Ask students to name foods that are
carbohydrates. learning modality: verbal

Lipids
Teach Key Concepts
FIGURE 18
Starch
These potatoes contain a large
amount of starch. Starch is a
carbohydrate. The blue grains in
the close-up are starch granules
in a potato. The grains have been
colored blue to make them easier
to see.

L2

The Role of Lipids
Focus Review the definition of lipid.
Teach Ask: How do living things use lipids?
(They use some of the energy contained in lipids
and store some energy in lipids for later use.)
Apply Ask students to name foods that
contain lipids. learning modality: verbal

Detecting Starch

L2

Materials dropper, iodine solution, soda
crackers, bread, granulated sugar
Time 10 minutes
Focus Tell students that iodine darkens in
the presence of starch.
Teach Add three drops of iodine to each
sample. Only the sugar will not darken.
Apply Ask students to find out why the
iodine changes color when combining with
starch. learning modality: visual

FIGURE 19
Lipids
Olive oil, which comes from
olives such as those shown
here, is made mostly of
lipids.
Making Generalizations
What elements are lipids
composed of?

Monitor Progress

Differentiated Instruction
L1
Special Needs
Modeling Compounds Show students
the periodic table of the elements, and
point out that the elements are arranged
according to their atomic number. Explain
that the atomic number is the number of
protons, or positively charged particles, in
each atom of the element. Add that

elements have standard symbols, such as H
for hydrogen, O for oxygen, and C for
carbon. Relate elements to compounds by
working with students to make a model of
a sugar molecule, C6H12O6. learning
modality: kinesthetic

L2

Writing Have students describe how the
body uses carbohydrates and fats.
Answers
Figure 17 A chemical combination of two
or more elements
Figure 19 Carbon, hydrogen and oxygen
Most organic compounds
contain carbon; inorganic do
not contain carbon.
Sugar molecules combine to
form starch.
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Proteins

Proteins
Teach Key Concepts

L2

The Role of Proteins
Focus Point out that proteins make up
much of the structure of cells.
Teach Ask: What elements make up
proteins? (Carbon, hydrogen, oxygen,
nitrogen, and sometimes sulfur) What kinds
of molecules make up proteins? (Amino
acids) How are proteins used in living
things? (Proteins form parts of cell
membranes and organelles. Proteins known as
enzymes speed up many chemical reactions
necessary for life.)
Apply Ask: What foods that you have eaten
today contain proteins? (Sample answer:
meat, eggs, fish, nuts, and beans.) learning

What’s That Taste?
Use this activity to discover
one role that enzymes play in
your body.
1. Put an unsalted soda
cracker in your mouth.
Chew it, but do not
swallow. Note what the
cracker tastes like.
2. Continue to chew the
cracker for a few minutes,
mixing it well with your
saliva. Note how the taste
of the cracker changes.
Inferring Soda crackers are
made up mainly of starch,
with little sugar. How can
you account for the change
in taste after you chewed the
cracker for a few minutes?

modality: verbal

L1

Modeling Enzymes
Materials hot plate, 1 package of pudding
(non-instant), water, spoon
Time 10 minutes
Focus Review the definition of enzyme.
Teach Prepare the pudding according to the
package directions. Heat until it thickens.
Ask: What happened to the pudding? (It
thickened.) How long would it have taken
the pudding to thicken without heating it?
(Much longer, perhaps not at all) How is the
heat like an enzyme? (Both speed up chemical
reactions.) Explain that heat provides energy
to speed up chemical reactions. Most
enzymes work like “matchmakers” to bring
chemicals together so they can interact more
quickly.
Apply Explain that thrombin is an enzyme
in blood that helps blood clot after an injury.
Have students infer what would happen if
thrombin were missing from blood. (The
blood would clot slowly or not at
all.) learning modality: visual

FIGURE 20
Feathers Made of Protein
The feathers of this peacock are
made mainly of protein.
Applying Concepts What smaller
molecules make up protein
molecules?

What do a bird’s feathers, a spider’s web, and your fingernails
have in common? All of these substances are made mainly of
proteins. Proteins are large organic molecules made of carbon,
hydrogen, oxygen, nitrogen, and, in some cases, sulfur. Foods
that are high in protein include meat, eggs, fish, nuts, and beans.
Structure of Proteins Protein molecules are made up of

smaller molecules called amino acids. Although there are only
20 common amino acids, cells can combine them in different
ways to form thousands of different proteins. The kinds of
amino acids and the order in which they link together determine the type of protein that forms. You can think of the
20 amino acids as being like the 26 letters of the alphabet.
Those 26 letters can form thousands of words. The letters you
use and their order determine the words you form. Even a
change in one letter, for example, from rice to mice, creates a
new word. Similarly, a change in the type or order of amino
acids can result in a different protein.
Functions of Proteins Much of the structure of cells is
made up of proteins. Proteins form parts of cell membranes.
Proteins also make up many of the organelles within the cell.
The proteins known as enzymes perform important functions in the chemical reactions that take place in cells. An
enzyme is a type of protein that speeds up a chemical reaction in
a living thing. Without enzymes, many chemical reactions that
are necessary for life would either take too long or not occur at
all. For example, enzymes in your saliva speed up the digestion of
food by breaking down starches into sugars in your mouth.

L1
Skills Focus Inferring
Materials unsalted soda cracker
Time 5 minutes
Tips CAUTION: Students with food
allergies to ingredients in the cracker should
be exempted from this activity.
Expected Outcome After students have
chewed the cracker for a minute or two, it

What is the role of enzymes in cells?

should start to taste slightly sweet.
Enzymes in saliva help break down the
cracker’s starch into sugar.
Extend Ask: How can you tell that a food
is high in sugar? (It tastes sweet.) learning
modality: kinesthetic
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Nucleic Acids

Nucleic Acids

Nucleic acids are very long organic molecules made of carbon,
oxygen, hydrogen, nitrogen, and phosphorus. Nucleic acids
contain the instructions that cells need to carry out all the
functions of life.
There are two kinds of nucleic acids. Deoxyribonucleic
acid (dee ahk see ry boh noo KLEE ik), or DNA, is the genetic
material that carries information about an organism and is
passed from parent to offspring. The information in DNA also
directs all of the cell’s functions. Most of the DNA in a cell
is found in the chromatin in the nucleus. Ribonucleic acid
(ry boh noo KLEE ik), or RNA, plays an important role in the
production of proteins. RNA is found in the cytoplasm as well
as in the nucleus.

Teach Key Concepts

L2

The Roles of DNA and RNA
Focus Remind students that the nucleus
directs all the activities of animal and
plant cells.
Teach Ask: What is DNA? (The genetic
material that carries information about an
organism and that is passed from parent to
offspring) What does RNA do? (It plays an
important role in the production of proteins.)
Why are nucleic acids important to all cells
in the body? (They contain instructions that
cells need to carry out all the functions of life.)
Apply Ask: How is RNA related to the
structure of an organism? (RNA is
important in the production of proteins, which
make up much of the structure of cells.)

What are the two kinds of nucleic acids? What are
their functions?

learning modality: verbal
Comparing Compounds in Cells

Compounds in Bacteria
and Mammals

1. Reading Graphs What do the red bars
represent? What do the blue bars
represent?
2. Interpreting Data What percentage of a
mammalian cell is made up of water? How
does this compare to the percentage of
water in a bacterial cell?
3. Interpreting Data Which kind of
compound—proteins or nucleic acids—
makes up the larger percentage of a
mammalian cell?

100

Percent of Total Cell Weight

All cells contain carbohydrates, lipids, proteins,
and nucleic acids, as well as water and other
inorganic compounds. But do all cells contain
the same percentages of these compounds?
The graph compares the percentages of some
kinds of compounds found in a bacterial cell
and a cell from a mammal.

Bacterial cell

80

Mammal cell

60
40
20
0
Water Proteins Nucleic Lipids
Acids

Other

Type of Compound

4. Drawing Conclusions In general, how do a
bacterial cell and a mammalian cell
compare in their chemical composition?

Teach Show students how to use their finger
or the eraser end of a pencil to estimate
percent values between 60% and 80%.
Answers
1. Percentage in bacterial cells; percentage
in mammalian cells
2. About 70%; they are the same.
3. Proteins
4. They are similar, though mammalian cells
have a lower percentage of nucleic acids and
bacterial cells have a lower percentage of
lipids and fewer proteins.

Monitor Progress

Differentiated Instruction
L3
Gifted and Talented
Planning a Balanced Diet Have
students use nutritional references or
access the Internet to find the percentages
of carbohydrates, lipids, and proteins
recommended by nutritionists for a
balanced diet. Challenge them to put
together some healthful meals for teens.
Check that students access reliable sources,
such as the U.S. Department of Agriculture

Math Skill Making and interpreting graphs
Focus Point out that bar graphs are often
used to compare different values.

and the American Dietetic
Association. learning modality: verbal
L1
Less Proficient Readers
Making Concept Maps As students
read through this section, help them make
a concept map of the four groups of
organic compounds found in living things.
They can attach bubbles for structure,
functions, and examples. learning

modality: visual

L2

Skills Check Have students compare and
contrast DNA and RNA.
Answers
Figure 20 Amino acids
Enzymes speed up chemical
reactions that take place in
cells.
DNA and RNA. DNA is the
genetic material and RNA is
important in protein
synthesis.
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Water and Living Things

Water and Living
Things
Teach Key Concepts

Did you know that water makes up about two thirds of your
body? Water plays many important roles in cells. For example,
most chemical reactions in cells involve substances that are dissolved in water. Also, water molecules themselves take part in
many chemical reactions in cells. Most chemical reactions
within cells could not take place without water.
Water also helps cells keep their size and shape. In fact, a
cell without water would be like a balloon without air. In addition, because water changes temperature slowly, it helps keep
the temperature of cells from changing rapidly. In the next section, you’ll learn about the role that water plays in carrying
substances into and out of cells.

L2

The Many Roles of Water
Focus Tell students that people can live only
a few days without water.
Teach Ask: Why is water important to
living things? (Water dissolves substances
involved in chemical reactions in living things
and takes part in many chemical reactions. It
helps cells keep their size and shape, keeps the
temperature of cells stable, and carries
substances into and out of cells.)
Apply Have students calculate how many
kilograms of water their body contains.

What compound is needed for most chemical
reactions to take place in cells?

FIGURE 21
Mostly Water
About two-thirds of the human body is water.
Relating Cause and Effect How does water
help regulate body temperature?

learning modality: logical/mathematical

Monitor Progress

L2

Answers
Figure 22 It helps keep the temperature of
body cells from changing rapidly.

Water

3

Section 3 Assessment

Target Reading Skill
Comparing and Contrasting Use the information

in your table to help you answer the questions
below.

Assess

Reviewing Key Concepts

does water perform in cells?
b. Relating Cause and Effect Suppose a cell is

seriously deprived of water. How might this
lack of water affect the cell’s enzymes? Explain.

1. a. Deﬁning What is an element?
b. Comparing and Contrasting How is a

Reviewing Key Concepts
1. a. Any substance that cannot be broken
down into simpler substances b. A

compound can be broken down into two or
more elements. c. A compound; it is made
of the two elements nitrogen and hydrogen.
2. a. Carbohydrates, proteins, lipids, and
nucleic acids b. Proteins and nucleic acids
c. It could be a carbohydrate, but not a
protein. All proteins contain nitrogen.
3. a. Water helps cells keep their size and
shape, helps keep the temperature of cells
stable, and helps carry substances into and
out of cells. b. Chemical reactions could not
take place, so enzymes could not function.

Reteach

3. a. Reviewing What three important functions

compound different from an element?
c. Classifying A molecule of ammonia consists

of one atom of nitrogen and three atoms of
hydrogen. Is ammonia an element or a
compound? Explain.
2. a. Reviewing What are four types of organic
molecules found in living things?
b. Classifying Which of the four types of
organic molecules contain the element
nitrogen?
c. Inferring An organic compound contains
only the elements carbon, hydrogen, and
oxygen. Could this compound be a
carbohydrate? Could it be a protein? Explain.

L1

As a class, compare and contrast the
four main types of organic compounds.
Teaching Resources

• Section Summary: Chemical Compounds
in Cells
• Review and Reinforce: Chemical
Compounds in Cells
• Enrich: Chemical Compounds in Cells

L2
Compounds in Food
Before students perform the activity at
home, allow class time for them to review
the composition and function of the
organic compounds. Bring in some empty
food containers with labels to model how
to find the information.

Compounds in Food With family members,
look at the “Nutrition Facts” labels on a variety
of food products. Identify foods that contain
large amounts of the following organic
compounds: carbohydrates, proteins, and fats.
Discuss with your family what elements make
up each of these compounds and what roles
they play in cells and in your body.
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L2

Which Foods Are Fat-Free?
Problem
Some people want to limit
their intake of fats, or lipids. How can you determine whether information
about fats on a food label
is accurate?

Which Food Is Fat Free?

4. Obtain ﬁve fat-testing strips. Label each strip
with the name of one of the dips.

Prepare for Inquiry

5. Use a cotton swab to smear a bit of one dip
onto the test square of the corresponding
testing strip. After 30 seconds, gently wipe
the dip from the strip with a paper towel.

Skills Objectives
Students will be able to
• organize and interpret results on the
published values of nutritional labels
• infer the amount of fat present in the
samples

6. To determine whether the sample contains
fat, compare the test square with the color
key. Record your observation in the table.

Skills Focus

7. Repeat Steps 5–6 for each of the sample dips.

interpreting data,
inferring

Analyze and Conclude

Materials

1. Observing According to the information on
the containers, which dips had 0% fat?
Which dips were labeled “fat-free”?

• 5 different snack dips in their containers,
including nutrition labels
• 5 fat-testing strips
• permanent marker
• 5 cotton swabs
• 5 small squares of paper towel

2. Interpreting Data Did the result shown on
the test square always agree with the information on the dip’s container?
3. Inferring Based on your results, what can
you conclude about the accuracy of labels
indicating that foods are fat-free?

Procedure
1. Copy the data table on a sheet of paper.
Record the brand names of the ﬁve snack
dips in the table. CAUTION: Do not taste the
dips at any time.

4. Communicating Write a report for consumers that summarizes your results. Summarize
the processes you used.

2. Examine the nutrition label on the container of
each dip. Record the percentage of the Daily
Value (% DV) of fat that the dip contains.

Design an Experiment
Protein test strips indicate how much protein
is present in a food sample. Design an experiment to rank ﬁve food samples in the order of
least protein to most protein. Obtain your
teacher’s permission before carrying out your
investigation.

3. Look at other information on the container
to see whether the dip is labeled “fat-free.”
Record this information in the table.

Data Table
Name of Dip

Percent Fat
(% Daily Value)

Analyze and Conclude
1. Results will vary. Sometimes a “fat free”
sample will produce a positive result.
2. Answers will vary. The test does not
indicate the amount of fat, only the presence
or absence of fat. Intermediate results (dark
pink) indicate a moderate level of fat.
3. Students will probably say that labels are
generally accurate.

Labeled Fat-Free?

Result of Test

4. The report should include the methods

used, the limitations of the test, and an
explanation to consumers of the meaning of
“fat free.”

Extend the Inquiry
Design an Experiment Designs should
include methods for controlling variables
such as the amount of the food and the time
before reading the result.

Prep Time 20 minutes
Class Time 30 minutes
Teaching Resources

• Lab Worksheet: Which Food Is Fat Free?
Advance Planning
Suggested foods are mayonnaise, butter, sour
cream, olive oil, fat-free sour cream, cream
cheese, light cream cheese, and fat-free
liquid creamer.
Safety
Warn students to be careful when
using the scissors and not to eat
any of the foods. Review the safety guidelines
in Appendix A.

Guide Inquiry
Introduce the Procedure
Show students how to interpret a food label.
Explain that a serving that contains less than
0.5 g of fat/serving is considered “fat free.”
Troubleshooting
• These test strips sometimes show false
negative results with certain types of fats
and those with an acidic pH (for example,
vinegar in salad dressing).
• The age of the testing strip may affect its
ability to change color.
• Some foods take longer than others to
show a positive result.
Expected Outcome
Most foods with greater than 50% fat will
show positive results. Some false negatives
may occur.

