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Big idea Living things depend on chemical reactions 

that require water, carbon-based molecules, and other 

molecules including enzymes to regulate chemical reactions.
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r e a d i N g  T o o L B o x  this reading tool can help you learn the material in the following pages.

How can this plant 
digest a frog?

Like other carnivores, the Venus flytrap eats animals to get 
nutrients that it needs to make molecules such as proteins 
and nucleic acids. other chemical compounds made by the 
plant’s cells enable the Venus flytrap to digest the animals 
that it eats. These chemicals are similar to the chemicals 
that allow you to digest the food that you eat.

Q

UsiNg LaNgUage
Quantifiers  Quantifiers are words that describe how 
much, how large, and how often. Quantifiers can also 
describe the order in which things occur. Words that 
describe an order include first, second, third, fourth, 
primary, secondary, tertiary, and quaternary.

yOUr tUrN
Use what you have learned about quantifiers to answer 
the following questions.
1. Place the following months in order of fourth, third, 

second, and first: January, March, April, February.
2. Would a student attending primary school be younger 

or older than a student attending secondary school?
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Connect to Your World 
The Venus flytrap produces chemicals that allow it to consume and digest insects 
and other small animals, including an unlucky frog. Frogs also produce specialized 
chemicals that allow them to consume and digest their prey. In fact, all organisms 
depend on many chemicals and chemical reactions. For this reason, the study of 
living things also involves the study of chemistry.

Key ConCept All living things are based on atoms and their 
interactions.

MAIn IDeAS
	 Living	things	consist	of	atoms	of	different	elements.
	 Ions	form	when	atoms	gain	or	lose	electrons.
	 Atoms	share	pairs	of	electrons	in	covalent	bonds.

Atoms, Ions, and Molecules

VoCABULARy

atom
element
compound
ion
ionic	bond
covalent	bond
molecule

 MAIn IDeA 3E

Living things consist of atoms of different 
elements.

What do a frog, a skyscraper, a car, and your body all have in common? Every 
physical thing you can think of, living or not, is made of incredibly small 
particles called atoms. An atom is the smallest basic unit of matter. Millions of 
atoms could fit in a space the size of the period at the end of this sentence. 
And it would take you more than 1 trillion (1,000,000,000,000, or 1012) years 
to count the number of atoms in a single grain of sand.

Atoms and elements
Although there is a huge variety of matter on Earth, all atoms share the same 
basic structure. Atoms consist of three types of smaller particles: protons, 
neutrons, and electrons. Protons and neutrons form the dense center of an 
atom—the atomic nucleus. Electrons are much smaller particles outside of  
the nucleus. Protons have a positive electrical charge, and electrons have a 
negative electrical charge. Neutrons, as their name implies, are neutral —they 
have no charge. Because an atom has equal numbers of positively charged 
protons and negatively charged electrons, it is electrically neutral.
 An element is one particular type of atom, and it cannot be broken down 
into a simpler substance by ordinary chemical means. An element can also 
refer to a group of atoms of the same type. A few familiar elements include the 
gases hydrogen and oxygen and the metals aluminum and gold. Because all 
atoms are made of the same types of particles, what difference among atoms 
makes one element different from other elements? Atoms of different elements 
differ in the number of protons they have. All atoms of a given element have a 
specific number of protons that never varies. For example, all hydrogen atoms 
have one proton, and all oxygen atoms have eight protons.

R e A D I n G  T O O L B Ox

tAKInG noteS
Use a main idea web to help 
you make connections among 
elements, atoms, ions, 
compounds, and molecules.

atom: . . .

element

ion: . . .

3E

 3E evaluate models 
according to their limitations in 
representing biological objects or 
events
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VIDEO CLIP

 The electrons in the atoms of each element determine the properties of 
that element. As Figure 1.1 shows, electrons are considered to be in a cloud 
around the nucleus. The simplified models of a hydrogen atom and an oxygen 
atom on the left side of Figure 1.2 illustrate how electrons move around the 
nucleus in regions called energy levels. Different energy levels can hold 
different numbers of electrons. For example, the first energy level can hold 
two electrons, and the second energy level can hold eight electrons. Atoms are 
most stable when they have a full valence, or outermost energy level.
 Of the 91 elements that naturally occur on Earth, only about 25 are found 
in organisms. Just 4 elements—carbon (C), oxygen (O), nitrogen (N), and 
hydrogen (H)—make up 96% of the human body’s mass. The other  
4% consists of calcium (Ca), phosphorus (P), potassium (K), sulfur (S), 
sodium (Na), and several other trace elements. Trace elements are found in 
very small amounts in your body, but you need them to survive. For example, 
iron (Fe) is needed to transport oxygen in your blood. Chromium (Cr) is 
needed for your cells to break down sugars for usable energy.

Compounds
The atoms of elements found in organisms are often linked, or bonded, to 
other atoms. A compound is a substance made of atoms of different elements 
bonded together in a certain ratio. Common compounds in living things 
include water (H2O) and carbon dioxide (CO2). A compound’s properties are 
often different from the properties of the elements that make up the com-
pound. At temperatures on Earth, for example, hydrogen and oxygen are both 
gases. Together, though, they can form water. Similarly, a diamond is pure 
carbon, but carbon atoms are also the basis of sugars, proteins, and millions 
of other compounds.

Contrast How are elements different from compounds?

Figure 1.1 The	exact	position	
of	electrons	cannot	be	known.		
They	are	somewhere	in	a		
three-dimensional	electron		
cloud	around	the	nucleus.

The	model	of	the	atom	developed	
by	Niels	Bohr	(left)	shows	that	an	
atom’s	electrons	are	located	out-
side	the	nucleus	in	regions	called	
energy	levels.	Different	types	of	
atoms	have	different	numbers	of	
electrons	and	energy	levels.
	 Often,	atoms	are	shown	as		
simplified	spheres	(right).	Different	
types	of	atoms	are	shown	in		
different	sizes	and	colors.

evaluate What information does the Bohr atomic model provide that the simplified model does not 
provide? What is a limitation of both models? 3E

Figure 1.2 Representing Atoms

BoHR’S AtoMIC MoDeL

Hydrogen	atom	(H)

Oxygen	atom	(O)

SIMpLIfIeD MoDeL

Hydrogen	atom	(H)

Oxygen	atom	(O)

HMDScience.com

Biology

GO ONLINE

Atomic Bonding, Diamonds

outermost energy 
level: 6 electrons (–)

outermost energy 
level: 1 electron (–)

nucleus:
1 proton (+)
0 neutrons

nucleus:
8 protons (+)
8 neutrons

inner energy level:
2 electrons (–)

H

O
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Figure 1.3 IonS AnD IonIC BonDS

 MAIn IDeA

Ions form when atoms gain or lose electrons.
An ion is an atom that has gained or lost one or more electrons. An ion forms 
because an atom is more stable when its outermost energy level is full; the gain 
or loss of electrons results in a full outermost energy level. An atom becomes 
an ion when its number of electrons changes, and it gains an electrical charge. 
This charge gives ions certain properties. For example, compounds consisting 
only of ions—ionic compounds—easily dissolve in water.
 Some ions are positively charged, and other ions are negatively charged. 
The type of ion that forms depends on the number of electrons in an atom’s 
outer energy level. An atom with few electrons in its outer energy level tends 
to lose those electrons. An atom that loses one or more electrons becomes a 
positively charged ion because it has more protons than electrons. In contrast, 
an atom with a nearly full outer energy level tends to gain electrons. An atom 
that gains one or more electrons becomes a negatively charged ion because it 
has more electrons than protons.
 Ions play large roles in organisms. For example, hydrogen ions (H+) are 
needed for the production of usable chemical energy in cells. Calcium ions 
(Ca2+) are necessary for every muscle movement in your body. And chloride 
ions (Cl–) are important for a certain type of chemical signal in the brain.
 Ions usually form when electrons are transferred from one atom to another. 
For example, Figure 1.3 shows the transfer of an electron from a sodium atom 
(Na) to a chlorine atom (Cl). When it loses its one outer electron, the sodium 
atom becomes a positively charged sodium ion (Na+). Its second energy level, 
which has eight electrons, is now a full outermost energy level. The transferred 
electron fills chlorine’s outermost energy level, forming a negatively charged 
chloride ion (Cl–). Positive ions, such as Na+, are attracted to negative ions, 
such as Cl–. An ionic bond forms through the electrical force between oppo-
sitely charged ions. Salt, or sodium chloride (NaCl), is an ionic compound of 
Na+ and Cl–. Sodium chloride is held together by ionic bonds.

Apply What determines whether an atom becomes a positive ion or a negative ion?

The	sodium	atom	(Na)	loses	its	one	outer		
electron	to	the	chlorine	atom	(Cl).

The	positive	sodium	ion	(Na+)	and	negative	chloride	
ion	(Cl–)	attract	each	other	and	form	an	ionic	bond.

ConneCt to

CeLL StRUCtURe  
AnD fUnCtIon
Several different ions are 
transported across cell 
membranes during cell processes. 
You will learn how this transport 
occurs in the chapters Cell 
Structure and Function and 
Cells and Energy.

Biology
HMDScience.com

GO ONLINE

Atoms and Bonding

1 2

Sodium	atom	(Na)

Na loses an 
electron to Cl

Chlorine	atom	(Cl) Sodium	ion	(Na+) Chloride	ion	(Cl–)

ionic bond
gained electron
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ConneCt to

CHeMIStRy
7. A sodium atom has one 

outer electron, and a carbon 
atom has four outer elec-
trons. How might this 
difference be related to the 
types of compounds formed 
by atoms of these two 
elements?

ReVIeWInG  MAIn IDeAS

1. What distinguishes one  
element from another?

2. Describe the formation of an  
ionic compound.

3. What is the difference between an 
ionic bond and a covalent bond?

CRItICAL tHInKInG

4. Compare and Contrast How does a 
molecule differ from an atom?

5. Apply Explain why a hydrogen atom 
can become either an ion or 
a part of a molecule.

6. evaluate Explain the benefits and 
limitations of atomic models.  

3E

formative Assessment

 MAIn IDeA

Atoms share pairs of electrons in covalent bonds.
Not all atoms easily gain or lose electrons. Rather, the atoms of many elements 
share pairs of electrons. The shared pairs of electrons fill the outermost energy 
levels of the bonded atoms. A covalent bond forms when atoms share a pair
of electrons. Covalent bonds are generally very strong, and depending on how 
many electrons an atom has, two atoms may form several covalent bonds to 
share several pairs of electrons. Figure 1.4 illustrates how atoms of carbon
and oxygen share pairs of electrons in covalent bonds. All three atoms in a 
molecule of carbon dioxide (CO2) have full outer energy levels.

 A molecule is two or more atoms held together by covalent bonds. In the 
compound carbon dioxide, each oxygen atom shares two pairs of electrons 
(four electrons) with the carbon atom. Some elements occur naturally in the 
form of diatomic, or “two-atom,” molecules. For example, a molecule of 
oxygen (O2) consists of two oxygen atoms that share two pairs of electrons. 
Almost all of the substances that make up organisms, from lipids to nucleic 
acids to water, are molecules held together by covalent bonds.

Summarize What happens to electrons in outer energy levels when two atoms 
form a covalent bond?

R e A D I n G  T O O L B Ox

VoCABULARy
The prefix co- means 
“together,” and the term valent 
comes from a Latin word that 
means “power” or “strength.”

Figure 1.4 CoVALent BonDS

A	carbon	atom	needs	four	electrons	to	fill	its	outer	energy	level.	An	oxygen	atom	needs	
two	electrons	to	fill	its	outer	energy	level.	In	carbon	dioxide,	carbon	makes	a	double	
bond,	or	shares	two	pairs	of	electrons,	with	each	oxygen	atom.

covalent bonds

Oxygen atom (O) Carbon atom (C)

Carbon	dioxide	(CO2)

Oxygen atom (O)
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Connect to Your World 
When you are thirsty, you need to drink something that is mostly water. Why is the 
water you drink absolutely necessary? Your cells, and the cells of every other living 
thing on Earth, are mostly water. Water gives cells structure and transports materials 
within organisms. All of the processes necessary for life take place in that watery 
environment. Water’s unique properties, which are related to the structure of the 
water molecule, are important for living things.

Properties of Water

VOCABULARY

hydrogen bond
cohesion
adhesion
solution
solvent
solute
acid
base
pH

KeY COnCePt Water’s unique properties allow life to exist 
on earth.

MAIn IDeAS
 Life depends on hydrogen bonds in water.
 Many compounds dissolve in water.
 Some compounds form acids or bases.

 MAIn IDeA 4B, 9A

Life depends on hydrogen bonds in water.
How do fish survive a cold winter if their pond freezes? Unlike most
substances, water expands when it freezes. Water is less dense as a solid (ice) 
than as a liquid. In a pond, ice floats and covers the water’s surface. The ice 
acts as an insulator that allows the water underneath to remain a liquid. Ice’s 
low density is related to the structure of the water molecule.

Water and Hydrogen Bonds
Water is a polar molecule. You can 
think about polar molecules in the  
same way that you can think about a 
magnet’s poles. That is, polar molecules 
have a region with a slight positive 
charge and a region with a slight 
negative charge. Polar molecules, such 
as the water molecule shown in 
figure 2.1, form when atoms in a mol-
ecule have unequal pulls on the elec-
trons they share. In a molecule of water, 
the oxygen nucleus, with its eight 
protons, attracts the shared electrons 
more strongly than do the hydrogen nuclei, with only one proton each. The 
oxygen atom gains a small negative charge, and the hydrogen atoms gain small 
positive charges. Other molecules, called nonpolar molecules, do not have these 
charged regions. The atoms in nonpolar molecules share electrons more equally.

figure 2.1 In water molecules, the oxy-
gen atom has a slightly negative charge, 
and the hydrogen atoms have slightly 
positive charges.

4B, 9A

 4B investigate and explain 
cellular processes, including 
homeostasis, energy conversions, 
transport of molecules, and 
synthesis of new molecules and 
9A compare the structures and 
functions of different types of 
biomolecules, including 
carbohydrates, lipids, proteins, and 
nucleic acids
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 Opposite charges of polar molecules can interact 
to form hydrogen bonds. A hydrogen bond is an 
attraction between a slightly positive hydrogen 
atom and a slightly negative atom, often oxygen 
or nitrogen. Hydrogen bonding is shown 
among water molecules in figure 2.2, but these 
bonds are also found in many other molecules. 
For example, hydrogen bonds are part of the 
structures of proteins and of DNA, which is the 
genetic material for all organisms.

Properties Related to Hydrogen Bonds
Individual hydrogen bonds are about 20 times weaker than typical covalent 
bonds, but they are relatively strong among water molecules. As a result, a 
large amount of energy is needed to overcome the attractions among water 
molecules. Without hydrogen bonds, water would boil at a much lower 
temperature than it does because less energy would be needed to change 
liquid water into water vapor. Water is a liquid at the temperatures that  
support most life on Earth only because of hydrogen bonds in water.  
Hydrogen bonds are responsible for three important properties of water.
• High specific heat Hydrogen bonds give water an abnormally high specific 

heat. This means that water resists changes in temperature. Compared to 
many other compounds, water must absorb more heat energy to increase 
in temperature. This property is very important in cells. The processes that 
produce usable chemical energy in cells release a great deal of heat. Water 
absorbs the heat, which helps to regulate cell temperatures.

• Cohesion The attraction among molecules of a substance is cohesion. 
Cohesion from hydrogen bonds makes water molecules stick to each other. 
You can see this when water forms beads, such as on a recently washed car. 
Cohesion also produces surface tension, which makes a kind of skin on 
water. Surface tension keeps the spider in figure 2.2 from sinking.

• Adhesion The attraction among molecules of different substances is called 
adhesion. In other words, water molecules stick to other things. Adhesion 
is responsible for the upward curve on the surface of the water in figure 2.3 
because water molecules are attracted to the glass of the test tube. Adhesion 
helps plants transport water from their roots to their leaves because water 
molecules stick to the sides of the vessels that carry water.

Compare How are hydrogen bonds similar to ionic bonds?

 MAIn IDeA 4B, 9A

Many compounds dissolve in water.
Molecules and ions cannot take part in chemical processes inside cells
unless they dissolve in water. Important materials such as sugars and oxygen 
cannot be transported from one part of an organism to another unless 
they are dissolved in blood, plant sap, or other water-based fluids.

figure 2.3 The water’s surface 
(left, dyed red) is curved down 
because water has greater adhesion 
than cohesion. The surface of  
the mercury (right) is curved up 
because mercury has greater 
cohesion than adhesion.

figure 2.2 Water’s surface ten-
sion comes from hydrogen bonds 
(left) that cause water molecules 
to stick together.

Biology
HMDScience.com

GO ONLINE

Hydrogen Bonding
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 Many substances dissolve in the 
water in your body. When one sub-
stance dissolves in another, a solution 
forms. A solution is a mixture of 
substances that is the same through-
out—it is a homogeneous mixture. A 
solution has two parts. The solvent is 
the substance that is present in the 
greater amount and that dissolves  
another substance. A solute is a 
substance that dissolves in a solvent. 
The amount of solute dissolved in a certain amount of solvent is a solution’s 
concentration. One spoonful of a drink mix in water has little flavor because  
it has a low concentration. But a solution with four spoonfuls in the same 
amount of water tastes stronger because it has a higher concentration.

 The liquid part of your blood, called plasma, is about 95% 
water. Therefore, the solvent in plasma is water, and all of the 
substances dissolved in it are solutes. Most of these solutes, 
such as sugars and proteins, dissolve in the water of blood 
plasma because they are polar. Polar molecules dissolve in 
water because the attraction between the water molecules and 
the solute molecules is greater than the attraction among the 
molecules of the solute. Similarly, ionic compounds, such as 
sodium chloride, dissolve in water because the charges of the 
water molecules attract the charges of the ions. The water 
molecules surround each ion and pull the compound apart.
 Nonpolar substances, such as fats and oils, rarely dissolve 
in water. Nonpolar molecules do not have charged regions, so 
they are not attracted to polar molecules. Polar molecules and 
nonpolar molecules tend to remain separate, which is why we 
say, “Oil and water don’t mix.” But nonpolar molecules will 
dissolve in nonpolar solvents. For example, some vitamins, 
such as vitamin E, are nonpolar and dissolve in fat in your body.

Connect What are the solvent and solutes in a beverage you drink?

 MAIn IDeA 9A

Some compounds form acids or bases.
Some compounds break up into ions when they dissolve in water. An acid is
a compound that releases a proton—a hydrogen ion (H+)—when it dissolves in 
water. An acid increases the concentration of H+ ions in a solution. Bases are 
compounds that remove H+ ions from a solution. When a base dissolves in 
water, the solution has a low H+ concentration. A solution’s acidity, or H+ ion 
concentration, is measured by the pH scale. In figure 2.5, you can see that pH is 
usually between 0 and 14. A solution with a pH of 0 is very acidic, with a high 
H+ concentration. A solution with a pH of 14 is very basic, with a low H+ 
concentration. Solutions with a pH of 7 are neutral—neither acidic nor basic.

figure 2.4 A mosquito 
injects a solution con-
taining a protein solute  
that prevents blood from 
clotting. The mosquito  
sucks in blood, which is a 
solution containing solutes 
such as ions, sugars, and 
proteins.

solution in

solution out

The solvent is the substance that is 
present in the greatest amount and is the 
substance that dissolves solutes.

A solute is the substance that dissolves.

VISUAL VOCAB

solution
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COnneCt tO

CeLLULAR ReSPIRAtIOn
6. When sugars are broken 

down to produce usable 
energy for cells, a large 
amount of heat is released. 
Explain how the water inside 
a cell helps to keep the 
cell’s temperature constant. 

4B

ReVIeWIng  MAIn IDeAS

1. How do polar molecules form 
hydrogen bonds? 9A

2. What determines whether a com
pound will dissolve in water?

3. Make a chart that compares acids 
and bases. 9A

CRItICAL tHInKIng

4. Compare and Contrast How do 
polar molecules differ from nonpolar 
molecules? How does this difference 
affect their interactions?

5. Connect Describe an example of 
cohesion or adhesion that you might 
observe during your daily life.

Formative Assessment

 Most organisms, including humans, need to keep their pH within a very 
narrow range around neutral (pH 7.0). However, some organisms need a very 
different pH range. The azalea plant thrives in acidic (pH 4.5) soil, and a 
microorganism called Picrophilus survives best at an extremely acidic pH of 
0.7. For all of these different organisms, pH must be tightly controlled.
 One way pH is regulated in organisms is by substances called buffers. A 
buffer is a compound that can bind to an H ion when the H+ concentration 
increases, and can release an H ion when the H concentration decreases. In 
other words, a buffer “locks up” H ions and helps to maintain homeostasis. 
For example, the normal pH of human blood is between 7.35 and 7.45, so it is 
slightly basic. Just a small change in pH can disrupt processes in your cells, 
and a blood pH greater than 7.8 or less than 6.8, for even a short time, is 
deadly. Buffers in your blood help prevent any large changes in blood pH.

Apply Cells have higher H+ concentrations than blood. Which has a higher pH? Why?

blood pH 7.4stomach acid pH between 1 and 3
pure water pH 7  bile pH between 8 and 9

the pH of a solution depends on the concentration of H+ ions.

Summarize Describe the relationship between the H+ concentration and the pH value.

The concentration of H+ ions varies depending on how acidic or basic a solution is.

more acidic more basic

pH 
0

 
1

 
2

 
3

 
4

 
5

 
6

 
7

 
8

 
9

 
10

 
11

 
12

 
13

pH 
14

figure 2.5 Understanding pH

neutral

COnneCt tO

HUMAn BIOLOgY
In the human body, both the 
respiratory system and the 
excretory system help regulate 
pH. You will learn about human 
systems and homeostasis in the 
chapter Human Systems and 
Homeostasis.
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Connect to Your World 
Car manufacturers often build several types of cars from the same internal frame. 
The size and style of the cars might differ on the outside, but they have the same 
structure underneath. Carbon-based molecules are similar, but they are much more 
varied. There are millions of different carbon-based molecules, but they form around 
only a few simple frames composed of carbon atoms.

Key ConCept Carbon-based molecules are the foundation 
of life.

MAIn IDeAS
	 Carbon	atoms	have	unique	bonding	properties.
	 Four	main	types	of	carbon-based	molecules	are	found	in	living	things.

Carbon-Based Molecules

VoCABULARy

monomer
polymer
carbohydrate
lipid
fatty	acid
protein
amino	acid
nucleic	acid

 MAIn IDeA 9A

Carbon atoms have unique bonding properties.
Carbon is often called the building block of life because carbon atoms are the 
basis of most molecules that make up living things. These molecules form the 
structure of living things and carry out most of the processes that keep organ-
isms alive. Carbon is so important because its atomic structure gives it bond-
ing properties that are unique among elements. Each carbon atom has four 
unpaired electrons in its outer energy level. Therefore, carbon atoms can form 
covalent bonds with up to four other atoms, including other carbon atoms.
 As FIGURE 3.1 shows, carbon-based molecules have three fundamental 
structures—straight chains, branched chains, and rings. All three types of 
molecules are the result of carbon’s ability to form four covalent bonds.  
Carbon chains can bond with carbon rings to form very large, complex 
molecules. These large molecules can be made of many small molecules that 
are bonded together. In a sense, the way these molecules form is similar to the 
way in which individual links of metal come together to make a bicycle chain.

FIGURE 3.1 CARBon ChAInS AnD RIngS

Straight	chain

A simplified structure can also be shown as:

Branched	chain Ring

VanillinPentene Hexane

CH3 CH

CH2

CH2 CH3

CH3

CH3 CH2 CH2 CH CH2

C C C C C

H H H H H

H H H H

H

O
C

C

OH

CH

CH

CH

CH

O

CH3

C

9A

 9A compare the structures 
and functions of different types of 
biomolecules, including 
carbohydrates, lipids, proteins, and 
nucleic acids
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 In many carbon-based molecules, 
small molecules are subunits of an 
entire molecule, like links in a chain. 
Each subunit in the complete molecule 
is called a monomer. When monomers 
are linked, they form molecules called 
polymers. A polymer is a large mol-
ecule, or macromolecule, made of many 
monomers bonded together. All of the 
monomers in a polymer may be the 
same, as they are in starches, or they 
may be different, as they are in proteins.

Synthesize Write your own analogy for the formation of a polymer from monomers.

 MAIn IDeA 9A

Four main types of carbon-based molecules are 
found in living things.

All organisms are made of four types of carbon-based molecules: carbohydrates, 
lipids, proteins, and nucleic acids. These molecules have different structures and 
functions, but all are formed around carbon chains and rings.

Carbohydrates
Fruits and grains are in different food groups, but they both contain large 
amounts of carbohydrates. Carbohydrates are molecules composed of carbon, 
hydrogen, and oxygen, and they include sugars and starches. Carbohydrates 
can be broken down to provide a source of usable chemical energy for cells. 
Carbohydrates are also a major part of plant cell structure.
 The most basic carbohydrates are simple sugars, or monosaccharides 
(mahn-uh-SAK-uh-rydz). Many simple 
sugars have either five or six carbon atoms. 
Fruits contain a six-carbon sugar called 
fructose. Glucose, one of the sugars made by 
plant cells during photosynthesis, is another 
six-carbon sugar. Simple sugars can be 
bonded to make larger carbohydrates. For 
example, two sugars bonded together make 
the disaccharide you know as table sugar, 
shown in FIGURE 3.2. Many glucose molecules 
can be linked to make polysaccharides 
(pahl-ee-SAK-uh-rydz), which are polymers of monosaccharides.
 Starches, glycogen, and cellulose are polysaccharides. Starches and glycogen 
are similar, but they differ from cellulose because their glucose monomers are 
bonded together differently. Most starches are branched chains of glucose 
molecules. Starches are made and stored by plants, and they can be broken 
down as a source of energy by plant and animal cells. Glycogen, which is made 
and stored in animals, is more highly branched than plant starches.

Monomer Polymer Example Function

R e A D I n g  T O O L B Ox

tAKIng noteS
Use a content frame to help 
you understand monomers and 
polymers in carbon-based 
molecules.

FIGURE 3.2 Household	sugar	
(sucrose)	is	a	disaccharide,	or	two-
sugar	molecule,	of	glucose	(inset)	
and	fructose.

Each	smaller	molecule	is	a	subunit	
called	a	monomer.

A	polymer	is	a	molecule	that	contains	
many	monomers	bonded	together.

mono- = one
poly- = many

monomer

polymer

VISUAL VOCAB

Glucose	(C6H12O6)	can	be	ring	shaped	and	is	
often	shown	as	a	simplified	hexagon.

CH2OH

H

H H

H
H
OH

OH

OH

OC

HO

C

C C

C
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FIGURE 3.3 CARBohyDRAte StRUCtURe

 Cellulose is somewhat different from starch and glycogen. Its straight, rigid 
structure, shown in FIGURE 3.3, makes the cellulose molecule a major building 
block in plant cell structure. Cellulose makes up the cell wall that is the tough, 
outer covering of plant cells. You have eaten cellulose in the stringy fibers of 
vegetables such as celery, so you know that it is tough to chew and break up.

Lipids
Lipids are nonpolar molecules that include fats, oils, and cholesterol. Like 
carbohydrates, most lipids contain chains of carbon atoms bonded to oxygen 
and hydrogen atoms. Some lipids are broken down as a source of usable 
energy for cells. Other lipids are parts of a cell’s structure.
 Fats and oils are two familiar types of lipids. They store large amounts of 
chemical energy in organisms. Animal fats are found in foods such as meat 
and butter. You know plant fats as oils, such as olive oil and peanut oil. The 
structures of fats and oils are similar. They both consist of a molecule called 
glycerol (GLIhS-uh-rawl) bonded to molecules called fatty acids. Fatty acids 
are chains of carbon atoms bonded to hydrogen atoms. Two different types of 
fatty acids are shown in FIGURE 3.4.

 Many lipids, both fats and oils, contain three fatty acids bonded to glycerol. 
They are called triglycerides. Most animal fats are saturated fats, which means 
they have the maximum number of hydrogen atoms possible. That is, every 
place that a hydrogen atom can bond to a carbon atom is filled with a hydro-
gen atom, and all carbon–carbon bonds are single bonds. You can think of the 
fatty acid as being “saturated” with hydrogen atoms. In contrast, fatty acids in 
oils have fewer hydrogen atoms because there is at least one double bond 
between carbon atoms. These lipids are called unsaturated fats because the 

fatty acids are not saturated 
with hydrogen atoms. Fats and 
oils are very similar, but why 
are animal fats solid and plant 
oils liquid? The double bonds 
in unsaturated fats make kinks 
in the fatty acids. As a result, 
the molecules cannot pack 
together tightly enough to 
form a solid.

Polymer	(cellulose)
Cellulose is a polymer of  
glucose monomers that has a 
straight, rigid structure.

monomer

Polymer	(starch)
Starch is a polymer of glucose 
monomers that often has a 
branched structure.

FIGURE 3.4 Fatty	acids	can	be	
either	saturated	or	unsaturated.

ConneCt to

CeLL StRUCtURe
A cell wall made of cellulose 
surrounds the membrane of 
plant cells. You will learn more 
about cell walls in the chapter 
Cell Structure and Function.

HMDScience.com

GO ONLINE

Macromolecules of Life

Saturated fats contain 
fatty acids in which all 
carbon–carbon bonds 
are single bonds.

Unsaturated fats have 
fatty acids with at least 
one carbon–carbon 
double bond.

Saturated	fatty	acid

Unsaturated	fatty	acid

O

CH2HO
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CH2
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CH2
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FIGURE 3.5 LIpID StRUCtURe

Phospholipid Triglyceride

 All cell membranes are made mostly of another type of lipid, called a 
phospholipid (fahs-foh-LIhp-ihd). A phospholipid consists of glycerol, two 
fatty acids, and a phosphate group (pO4

–) that is part of the polar “head” of the 
molecule. The fatty acids are the nonpolar “tails” of a phospholipid. Compare 
the structure of a phospholipid to the structure of a triglyceride in FIGURE 3.5.

 Cholesterol (kuh-LEhS-tuh-rawl) is a lipid that has a ring structure. You 
may hear about dangers of eating foods that contain a lot of cholesterol, such as 
eggs, but your body needs a certain amount of it to function. For example, 
cholesterol is a part of cell membranes, and your body uses it to make chemi-
cals called steroid hormones. Cholesterol-based steroids have many functions. 
Some regulate your body’s response to stress. Others, such as testosterone and 
estrogen, control sexual development and the reproductive system.

proteins
proteins are the most varied of the carbon-based molecules in organisms. In 
movement, eyesight, or digestion, proteins are at work. A protein is a polymer 
made of monomers called amino acids. Amino acids are molecules that contain 
carbon, hydrogen, oxygen, nitrogen, and sometimes sulfur. Organisms use 20 
different amino acids to build proteins. Your body can make 12 of the amino 
acids. The others come from foods you eat, such as meat, beans, and nuts.
 Look at FIGURE 3.6 to see the amino acid serine. All amino acids have similar 
structures. As FIGURE 3.7 shows, each amino acid monomer has a carbon atom 
that is bonded to four other parts. Three of these parts are the same in every 
amino acid: a hydrogen atom, an amino group (Nh2), and a carboxyl group 
(COOh). Amino acids differ only in their side group, or the R-group.
 Amino acids form covalent bonds, called peptide bonds, with each other. 
The bonds form between the amino group of one amino acid and the car-
boxyl group of another amino acid. Through peptide bonds, amino acids are 
linked into chains called polypeptides. A protein is one or more polypeptides.

FIGURE 3.6 Serine	is	one	of	20	
amino	acids	that	make	up	proteins	
in	organisms.

A triglyceride has 
three fatty acids 
and a molecule 
of glycerol, but 
no phosphate 
group.

A phospholipid  
has nonpolar fatty 
acid “tails” and a 
polar “head” that 
contains a phos-
phate group.head tails

PO4 
–

H

C

O

OH

C

CH2

N

H

H

OH

FIGURE 3.7 AMIno ACID AnD pRoteIn StRUCtURe

All	amino	acids	have	a	carbon	atom	
bonded	to	a	hydrogen	atom,	an	
amino	group	(NH2),	and	a	carboxyl	
group	(COOH).	Different	amino	acids	
have	different	side	groups	(R).

Monomer	(amino	acid)

 

Peptide bonds form between the amino 
group of one amino acid and the carboxyl 
group of another amino acid.

Polymer	(protein)

 
A polypeptide is a chain of precisely ordered 
amino acids linked by peptide bonds. A pro-
tein is made of one or more polypeptides.

peptide	bonds
peptide	bonds

H

C

H
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N NC
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GO ONLINEFormative Assessment
ReVIeWIng  MAIn IDeAS

1. What is the relationship between a 
polymer and a monomer? 9A

2. Explain how both nucleic acids and 
proteins are polymers. Be sure to 
describe the monomers that make up 
the polymers. 9A

CRItICAL thInKIng

3. Compare and Contrast How are 
carbohydrates and lipids similar? 
How are they different? 9A

4. Infer Explain how the bonding 
properties of carbon atoms result in 
the large variety of carbon-based 
molecules in living things. 9A

ConneCt to

BIoCheMIStRy
5. Why might fatty acids, 

amino acids, and nucleic 
acids increase the hydrogen 
ion (H+) concentration of a 
solution? Explain your 
answer. 9A

 proteins differ in the number and order of amino 
acids. The specific sequence of amino acids deter-
mines a protein’s structure and function. Two types of 
interactions between the side groups of some amino 
acids are especially important in protein structure. 
First, some side groups contain sulfur atoms. The 
sulfur atoms can form covalent bonds that force the 
protein to bend into a certain shape.

 Second, hydrogen bonds can form between the side groups of some amino 
acids. These hydrogen bonds cause the protein to fold into a specific shape. 
For example, FIGURE 3.8 shows the structure of one of the four polypeptides 
that makes up hemoglobin, the protein in your red blood cells that transports 
oxygen. Each of the four polypeptides contains an iron atom that bonds to an 
oxygen molecule. The four polypeptides are folded in a way that puts the four 
oxygen-carrying sites together in a pocketlike structure inside the molecule. 
If a protein has incorrect amino acids, the structure may change in a way that 
prevents the protein from working properly. Just one wrong amino acid of the 
574 amino acids in hemoglobin causes the disorder sickle cell anemia.

nucleic Acids
Detailed instructions to build proteins are stored in extremely long carbon-
based molecules called nucleic acids. nucleic acids are polymers that are made 
up of monomers called nucleotides. A nucleotide is composed of a sugar, a 
phosphate group, and a nitrogen-containing molecule called a base. There are 
two general types of nucleic acids: DNA and RNA.
 Nucleic acids work together to make proteins. DNA stores the information 
for putting amino acids together to make proteins, and RNA helps to build 
proteins. DNA is the basis of genes and heredity, but it cannot do anything by 
itself. Instead, the structure of DNA—the order of nucleotides—provides the 
code for the proper assembly of proteins. Many different kinds of RNA mol-
ecules assist in assembling proteins based on the DNA code. RNA may even 
catalyze reactions. You will learn more about nucleic acids and how they build 
proteins in the Genetics unit.

Apply What is the relationship between proteins and nucleic acids? 9A

FIGURE 3.8	 Hemoglobin	in	red	
blood	cells	transports	oxygen.	The	
structure	of	hemoglobin	depends	
on	hydrogen	bonds	between	spe-
cific	amino	acids.	Just	one	amino	
acid	change	causes	red	blood	cells	
to	have	the	curved	shape	charac-
teristic	of	sickle	cell	anemia.	
(colored SEM; magnification 35003)

hydrogen bond
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GO ONLINE
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Identifying 
Variables
In an experiment, a scientist determines the effect one variable has 
on another. A scientist changes, or manipulates, the independent 
variable and measures or observes the dependent variables. 
Therefore, data from an experiment are measurements of dependent 
variables. Changes in dependent variables “depend upon” 
the independent variable.

Model
A scientist studied the effect of jogging on the number of 
Calories used. (The Calories in food are kilocalories, or 1000 
calories.) People jogged for three different lengths of 
time—10 minutes, 20 minutes, and 30 minutes. The number 
of Calories used was measured, recorded, and plotted on a 
graph like the one shown on the right. What are the 
independent and dependent variables?

• The independent variable is the length of time spent 
jogging (10 minutes, 20 minutes, or 30 minutes).

• The dependent variable is the number of Calories  
used while jogging—the number of Calories  
“depends on” time.

independent 
variable

dependent 
variable

Graph 1. JoGGInG and CalorIes

HMDScience.com

GO ONLINE

Create animated charts and 
graphs using Smart Grapher.

practice Identify Variables
A company that makes nutritional products is 
developing a new type of protein drink for athletes.  
A scientist at the company is studying the pH at which 
a digestive enzyme best breaks down the different 
proteins in the drink. The scientist uses the following 
experimental procedure:

• Five test tubes each contain 2 mL of the protein drink.
• Five different solutions contain the digestive enzyme, but  

each solution has a different pH—1.5, 2.0, 2.5, 3.0, and 3.5. 
• One enzyme solution is added to each test tube of protein drink.
• Protein levels are measured in each of the five test tubes.

 1. Identify What are the independent and dependent variables in the 
experiment? Explain your answers.

 2. apply Time is often used as a dependent variable in experiments. 
Describe how time could be used as a dependent variable in this experiment.

2G
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Chemical Reactions
VOCABULARY

chemical reaction
reactant
product
bond energy
equilibrium
activation energy
exothermic
endothermic

KeY COnCept Life depends on chemical reactions.

MAIn IDeAS
 Bonds break and form during chemical reactions.
 Chemical reactions release or absorb energy.

 MAIn IDeA

Bonds break and form during chemical reactions.
Plant cells make cellulose by linking simple sugars together. Plant and animal 
cells break down sugars to get usable energy. And all cells build protein mol-
ecules by bonding amino acids together. These are just a few of the chemical 
reactions in living things. Chemical reactions change substances into different 
substances by breaking and forming chemical bonds. Although the matter 
changes form, both matter and energy are conserved in a chemical reaction.

Reactants, products, and Bond energy
Your cells need the oxygen molecules that you breathe in. Oxygen (O2) plays a 
part in a series of chemical reactions that provides usable energy for your cells. 
These reactions, which are described in detail in the chapter Cells and Energy, 
break down the simple sugar glucose (C6H12O6). The process uses oxygen and 
glucose and results in carbon dioxide (CO2), water (H2O), and usable energy. 
Oxygen and glucose are the reactants. Reactants are the substances changed 
during a chemical reaction. Carbon dioxide and water are the products. 
products are the substances made by a chemical reaction. Chemical equations 
are used to show what happens during a reaction. The overall equation for the 
process that changes oxygen and glucose into carbon dioxide and water is

 6O2 + C6H12O6  6CO2 + 6H2O

 Reactants Direction Products

 The reactants are on the left side of the equation, and the products are on 
the right side. The arrow shows the direction of the reaction. This process, 
which is called cellular respiration, makes the carbon dioxide and water vapor 
that you breathe out. But for carbon dioxide and water to be made, bonds 
must be broken in the reactants, and bonds must form in the products. What 
causes bonds in oxygen and glucose molecules to break? And what happens 
when new bonds form in carbon dioxide and water?

FIGURE 4.1 The breakdown  
of glucose provides chemical 
energy for all activities,  
including speed skating.

Connect to Your World  
When you hear the term chemical reaction, what comes to mind? Maybe you think 
of liquids bubbling in beakers. You probably do not think of the air in your breath, 
but most of the carbon dioxide and water vapor that you breathe out are made by 
chemical reactions in your cells.
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Chemical Bonding
You use energy to put things together, but chemical bonding is dif-
ferent. Energy is added to break bonds, and energy is released when 
bonds form.

pROBLeM How is chemical bonding similar to the interaction  
between two magnets?

pROCeDURe
 1. Bring the magnets close to each other until they snap together.
 2. Pull the magnets away from each other.

AnALYze AnD COnCLUDe
 1. Infer How is bond formation represented by the snapping sound?
 2. Apply How is bond energy related to the separation of the magnets?
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 First, energy is added to break bonds in molecules of oxygen and glucose. 
Bond energy is the amount of energy that will break a bond between two 
atoms. Bonds between different types of atoms have different bond energies. 
Energy is released when bonds form, such as when molecules of water and 
carbon dioxide are made. When a bond forms, the amount of energy released is 
equal to the amount of energy that breaks the same bond. For example, energy 
is released when hydrogen and oxygen atoms bond to form a water molecule. 
The same amount of energy is needed to break apart a water molecule.

Chemical equilibrium
Some reactions go from reactants to products until the reactants are used up. 
However, many reactions in living things are reversible. They move in both 
directions at the same time. These reactions tend to go in one direction or the 
other depending on the concentrations of the reactants and products. One 
such reaction lets blood, shown in FIGURE 4.2, carry carbon dioxide. Carbon 
dioxide reacts with water in blood to form a compound called carbonic acid 
(H2CO3). Your body needs this reaction to get rid of carbon dioxide waste 
from your cells.

 CO2 + H2O  H2CO3

 The arrows in the equation above show that the reaction goes in both 
directions. When the carbon dioxide concentration is high, as it is around 
your cells, the reaction moves toward the right and carbonic acid forms. In 
your lungs, the carbon dioxide concentration is low. The reaction goes in the 
other direction, and carbonic acid breaks down.
 When a reaction takes place at an equal rate in both directions, the reac-
tant and product concentrations stay the same. This state is called equilib-
rium. equilibrium (ee-kwuh-lIHB-ree-uhm) is reached when both the 
reactants and products are made at the same rate.

Apply explain why concentration is important in a chemical reaction.

Q U I C K L A B Mo d e LI n g

FIGURE 4.2 Blood cells and 
plasma transport materials 
throughout the body. Carbonic 
acid dissolves in the blood so that 
carbon dioxide can be trans-
ported to the lungs. (composite 
colored SEM; magnification 10003)

MAteRIALS
2 flat magnets
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FIGURE 4.3 energy and Chemical Reactions
  energy is required to break bonds in reactants, and energy is released 

when bonds form in products. Overall, a chemical reaction either 
absorbs or releases energy.

enDOtHeRMIC ReACtIOn Energy Absorbed

The products in an endothermic reaction have a lower bond 
energy than the reactants, and the difference in energy is 
absorbed from the surroundings.

eXOtHeRMIC ReACtIOn Energy Released

The products in an exothermic reaction have a higher bond 
energy than the reactants, and the difference in energy  
is released to the surroundings.

ACtIVAtIOn  eneRGY

When enough activation energy is added to the reactants,  
bonds in the reactants break and the reaction begins.

CRItICAL 
VIeWInG

Is the amount of activation energy related to whether a reaction 
is exothermic or endothermic? Why or why not?

Biology
HMDScience.com

GO ONLINE
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GO ONLINE

ReVIeWInG  MAIn IDeAS

1. Hydrogen peroxide (H2O2)  
breaks down into water (H2O)  
and oxygen (O2). Explain why  
this is a chemical reaction.  
What are the reactants and  
the products in the reaction?

2. How do endothermic and 
exothermic reactions differ?

CRItICAL tHInKInG

3. Infer The process below is exother-
mic. What must be true about the 
bond energies of the reactants and 
the products? Explain.

6O2 + C6H12O6  6CO2 + 6H2O
4. evaluate Why might it not always be 

possible to determine the reactants 
and the products in a reaction? 
Explain your answer in terms of 
chemical equilibrium.

Formative Assessment
COnneCt tO

BIOCHeMIStRY
5. A chemical reaction  

can start when enough 
activation energy is added 
to the reactants. Do you 
think the activation energy 
for chemical reactions in 
living things is high or low? 
Explain your answer.

 MAIn IDeA

Chemical reactions release or absorb energy.
All chemical reactions involve changes in energy. Energy that is added to the 
reactants breaks their chemical bonds. When new bonds form in the products, 
energy is released. This means that energy is both absorbed and released 
during a chemical reaction. Some chemical reactions release more energy than 
they absorb. Other chemical reactions absorb more energy than they release. 
Whether a reaction releases or absorbs energy depends on bond energy.
 Some energy must be absorbed by the reactants in any chemical reaction. 
Activation energy is the amount of energy that needs to be absorbed for a 
chemical reaction to start. Activation energy is like the energy you would need 
to push a rock up a hill. Once the rock is at the top of the hill, it rolls down 
the other side by itself. A graph of the activation energy that is added to 
start a chemical reaction is shown at the top of FIGURE 4.3.

 An exothermic chemical reaction releases more energy than it absorbs. 
If the products have a higher bond energy than the reactants, the reaction is 
exothermic. The excess energy—the difference in energy between the 
reactants and products—is often given off as heat or light. Some animals, 
such as squids and fireflies, give off light that comes from exothermic 
reactions, as shown in FIGURE 4.4. Cellular respiration, the process that uses 
glucose and oxygen to provide usable energy for cells, is also exothermic. 
Cellular respiration releases not only usable energy for your cells but also 
heat that keeps your body warm.
 An endothermic chemical reaction absorbs more energy than it releases. 
If products have a lower bond energy than reactants, the reaction is endo-
thermic. Energy must be absorbed to make up the difference. One of the 
most important processes for life on Earth, photosynthesis, is endothermic. 
During photosynthesis, plants absorb energy from sunlight and use that 
energy to make simple sugars and complex carbohydrates.

Analyze How is activation energy related to bond energy?

FIGURE 4.4 The glow of  
the bugeye squid comes from  
an exothermic reaction that  
releases light.

R e A D I n G  T O O L B Ox

VOCABULARY
The prefix exo- means “out,” 
and the prefix endo- means 
“in.” Energy moves out of  
an exothermic reaction, and 
energy moves into an  
endothermic reaction.
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Enzymes

VOCABULARY

catalyst
enzyme
substrate

KEY COnCEpt Enzymes are catalysts for chemical reactions in 
living things.

MAIn IDEAS
	 A	catalyst	lowers	activation	energy.	
	 Enzymes	allow	chemical	reactions	to	occur	under	tightly	controlled	conditions.

Connect to Your World 
How can a Venus flytrap digest a frog? It happens through the action of proteins 
called enzymes. Enzymes help to start and run chemical reactions in living things. For 
example, enzymes are needed to break down food into smaller molecules that cells 
can use. Without enzymes, a Venus flytrap couldn’t break down its food, and neither 
could you.

 MAIn IDEA

A catalyst lowers activation energy.
Remember what you learned about activation energy in Section 4. Activation 
energy for a chemical reaction is like the energy that is needed to push a rock 
up a hill. When enough energy is added to get the rock to the top of a hill, the 
rock can roll down the other side by itself. Activation energy gives a similar 
push to a chemical reaction. Once a chemical reaction starts, it can continue 
by itself, and it will go at a certain rate.
 Often, the activation energy for a chemical reaction comes from an  
increase in temperature. But even after a chemical reaction starts, it may 
happen very slowly. The reactants may not interact enough, or they may not be 
at a high enough concentration, to quickly form the products of the reaction. 
However, both the activation energy and rate of a chemical reaction can be 
changed by a chemical catalyst, as shown in Figure 5.1. A catalyst (kAT-l-ihst) 
is a substance that decreases the activation energy needed to start a chemical 
reaction and, as a result, also increases the rate of the chemical reaction.

Figure 5.1 CAtALYStS AnD ACtIVAtIOn EnERGY

Under	normal	conditions,	a		
certain	amount	of	activation	
energy	is	needed	to	start	a		
chemical	reaction.	A	catalyst	
decreases	the	activation		
energy	needed.

9C

 9C identify and investigate 
the role of enzymes

Normal reaction

Catalyzed reaction

Reaction progress

En
er

gy reactants

activation energy
(uncatalyzed)

products

activation energy
(catalyzed)
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 Compare the activation energies and the reaction rates in the graph in 
Figure 5.1. Under normal conditions, the reaction requires a certain amount of 
activation energy, and it occurs at a certain rate. When a catalyst is present, 
less energy is needed and the products form faster. Although catalysts take 
part in chemical reactions, catalysts are not considered to be either reactants 
or products because catalysts are not changed or used up during a reaction.

Summarize Describe two functions of catalysts in chemical reactions. 9C

 MAIn IDEA 9C

Enzymes allow chemical reactions to occur under 
tightly controlled conditions.

Chemical reactions in organisms have to take place at an organism’s body 
temperature. Often, reactants are found in low concentrations. Because the 
reactions must take place very quickly, they usually need a catalyst. Enzymes 
are catalysts for chemical reactions in living things. Enzymes, like other 
catalysts, lower the activation energy and increase the rate of chemical reac-
tions. In reactions that are reversible, such as the carbon dioxide and carbonic 
acid reaction described in Section 4, enzymes do not affect chemical equilib-
rium. This means that enzymes do not change the direction of a reaction—
they just change the amount of time needed for equilibrium to be reached.
 Enzymes are involved in almost every process in organisms. From breaking 
down food to building proteins, enzymes are needed. For example, amylase is 
an enzyme in saliva that breaks down starch into simpler sugars. This reaction 
occurs up to a million times faster with amylase than without it. Enzymes are 
also an important part of your immune system, as shown in Figure 5.2.

 Almost all enzymes are proteins.  
These enzymes, like other proteins, are 
long chains of amino acids. Each enzyme 
also depends on its structure to function 
properly. Conditions such as temperature 
and pH can affect the shape and func-
tion, or activity, of an enzyme. Enzymes 
work best in a small temperature range 
around the organism’s normal body 
temperature. At only slightly higher 
temperatures, the hydrogen bonds in an 
enzyme may begin to break apart. The 
enzyme’s structure changes, and it loses 
its ability to function. This is one reason 
why a very high fever is so dangerous to  
a person. A change in pH can also affect 
the hydrogen bonds in enzymes. Many 
enzymes in humans work best at the 
nearly neutral pH that is maintained 
within cells of the human body.

Figure 5.2 The	inset	micrograph	(top)	shows	a	white	blood	cell	engulfing	
an	invading	pathogen.	The	larger	micrograph	shows	a	pathogen	after	it	has	
been	captured.	Once	inside	a	white	blood	cell,	enzymes	are	used	to	destroy	
the	pathogen. (inset image: colored SEM; magnification about 30003; large image: 
colored TEM; magnification 11,0003)
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substrates
(reactants)

enzyme

product

2 31

COnnECt tO

HOMEOStASIS
5. Organisms need to maintain 

homeostasis, or stable 
internal conditions. Why is 
homeostasis important for 
the function of enzymes? 

9C

Formative Assessment
REVIEwInG  MAIn IDEAS

1. How does a catalyst affect the 
activation energy of a chemical 
reaction?

2. Describe how the interaction 
between an enzyme and its 
substrates changes a chemical 
reaction. 9C

CRItICAL tHInKInG

3. Infer Some organisms live in very 
hot or very acidic environments. 
Would their enzymes function in a 
person’s cells? Why or why not? 

9C

4. predict Suppose that the amino 
acids that make up an enzyme’s active 
site are changed. How might this 
change affect the enzyme? 9C

 Enzyme structure is important because each enzyme’s shape allows only 
certain reactants to bind to the enzyme. The specific reactants that an enzyme 
acts on are called substrates. For example, amylase only breaks down starch. 
Therefore, starch is the substrate for amylase. Substrates temporarily bind to 
enzymes at specific places called active sites. In the same way that a key fits 
into a lock, substrates exactly fit the active sites of enzymes. This is why, if  
an enzyme’s structure changes, it may not work at all. This idea of enzyme 
function, which is called the lock-and-key model, is shown below.

 
 
 
 
 
 
 
 
 
 

 The lock-and-key model helps explain how enzymes work. First, enzymes 
bring substrate molecules close together. Because of the low concentrations of 
reactants in cells, many reactions would be unlikely to take place without 
enzymes bringing substrates together. Second, enzymes decrease activation 
energy. When substrates bind to the enzyme at the enzyme’s active site, the 
bonds inside these molecules become strained. If bonds are strained, or 
stretched slightly out of their normal positions, they become weaker. Less 
activation energy is needed for these slightly weakened bonds to be broken.
 The lock-and-key model is a good starting point for understanding  
enzyme function. However, scientists have found that the structures of en-
zymes are not fixed in place. Instead, enzymes actually bend slightly when 
they are bound to their substrates. In terms of a lock and key, it is as if the lock 
bends around the key to make the key fit better. The bending of the enzyme is 
one way in which bonds in the substrates are weakened.

Apply How does the structure of an enzyme affect its function? 9C

Substrates	bind	to	an		
enzyme	at	certain	places	
called	active	sites.

The	enzyme	brings		
substrates	together	and	
weakens	their	bonds.

The	catalyzed	reaction	
forms	a	product	that	is	
released	from	the	enzyme.

COnnECt tO

BIOCHEMIStRY
The order of amino acids 
determines the structure and 
function of an enzyme. An 
enzyme’s structure often 
depends on hydrogen bonds 
between amino acids.

Self-check Online
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Enzyme Action
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Key ConCepts

summary

Supporting Main Ideas  Use your notes to make a 
detailed version of the graphic organizer shown below. 
Make organizers for each key concept in the chapter. Be 
sure to include important details and to mark important 
vocabulary terms.

Concept Map  Use concept maps like the one below 
to visualize the relationships among chapter concepts.

R E A D I N G  T o o l b o x 	 SyNthESIzE youR NotES

Hydrogen	bonding
Polar	water	molecule

Carbon	dioxide

Ions—formed	when	atoms	gain	or	lose	electrons

Compounds—

Molecules—

Atoms	and	their	interactions

elements

are

combine	to	form

BIG IDEA living	things	depend	on	chemical	reactions	
that	require	water,	carbon-based	molecules,	and	other	molecules	
including	enzymes	to	regulate	chemical	reactions.

atoms	
of	different	

types
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2
 2.1 Atoms, Ions, and Molecules

All	living	things	are	based	on	atoms	and	their	inter-
actions.	All matter is composed of atoms that inter-
act. Atoms can become ions by gaining or losing 
electrons. Compounds and molecules form when 
atoms form bonds.

 2.2 Properties of Water
Water’s	unique	properties	allow	life	to	exist	on	
Earth.	Water is a polar molecule. The slightly charged 
regions of water molecules form hydrogen bonds 
that give water properties such as cohesion and 
adhesion. Many substances dissolve in water to form 
solutions.

 2.3 Carbon-Based Molecules
Carbon-based	molecules	are	the	foundation	of	life.	
The four main types of carbon-based molecules in 
living things are carbohydrates, lipids, proteins, and 
nucleic acids. The molecules have different functions 
that are based on their different structures.

 2.4 Chemical Reactions
life	depends	on	chemical	reactions.	A chemical 
reaction changes reactants into products. Bonds 
break in the reactants, and new bonds form in the 
products. Chemical reactions either release energy 
(exothermic reactions) or absorb energy (endother-
mic reactions).

 2.5 Enzymes
Enzymes	are	catalysts	for	chemical	reactions	in	living	
things.	Enzymes increase the rate of reactions and 
decrease the activation energy for reactions. Each 
enzyme catalyzes a specific reaction, and a change in 
an enzyme’s structure changes its function.
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Chapter voCabulary

reviewing vocabulary
vocabulary Connections
The vocabulary terms in this chapter are related to 
each other in various ways. For each group of words 
below, write a sentence or two to clearly explain how 
the terms are connected. For example, for the terms 
covalent bond and molecule, you could write “A 
molecule is made of atoms connected by covalent 
bonds.”

 1. atom, ion
 2. hydrogen bond, cohesion
 3. solution, solvent
 4. acid, base, pH
 5. exothermic, endothermic
 6. catalyst, enzyme

Word origins

 7. The word atom comes from the Greek word atomos, 
which means “indivisible.” Describe the relationship 
between the Greek term and your understanding of 
atoms.

 8. The letter p in the term pH stands for the German word 
Potenz, which means “power” or “potential.” The letter H 
represents hydrogen ions (H+). How are these related to 
the definition of pH?

 9. The prefix mono- means “one” and the prefix poly- 
means “many.” Some lipids are monounsaturated, and 
others are polyunsaturated. Explain the difference 
between the fatty acids in these different types of lipids.

reviewing Main ideas
 10. Explain how the combination of electrons, protons, and 

neutrons results in the neutral charge of an atom.

 11. Potassium ions (K+) have a positive charge. What happens 
to a potassium atom’s electrons when it becomes an ion?

 12. Some types of atoms form more than one covalent 
bond with another atom. What determines how many 
covalent bonds two atoms can make? Explain. 4B

 13. How is hydrogen bonding related to the structure of the 
water molecule? 4B

 14. Explain the difference between solvents and solutes.

 15. Describe the relationship between hydrogen ions (H+) 
and pH. How is pH related to a solution’s acidity?

 16. Carbon forms a very large number of compounds. What 
characteristic of carbon atoms allows the formation of 
all of these compounds? Explain. 4B, 9a

 17. Describe examples of monomers and polymers in 
carbohydrates, proteins, and nucleic acids. 4B, 9a

 18. Explain the relationship between a protein’s structure 
and its ability to function. 9a

 19. What are the components of a chemical reaction?

 20. Explain the difference between exothermic and endo-
thermic reactions.

 21. Describe the effect of a catalyst on activation energy 
and reaction rate.

 22. What is the role of enzymes in organisms? 9c

R E A D I N G  T O O L B O X
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2
2.1 atom

element
compound
ion
ionic bond
covalent bond
molecule

2.2 hydrogen bond
cohesion
adhesion
solution
solvent

solute
acid
base
pH

2.3 monomer
polymer
carbohydrate
lipid
fatty acid
protein
amino acid
nucleic acid

2.4 chemical reaction
reactant
product
bond energy
equilibrium
activation energy
exothermic
endothermic

2.5 catalyst
enzyme
substrate
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Critical thinking
 23. Compare and Contrast How are phospholipids 

similar to lipids such as triglycerides? How are they 
different? 9a

 24. Compare and Contrast Briefly describe the similarities 
and differences between hydrogen bonds and ionic 
bonds. Which type of bond do you think is stronger? 
Why?

 25. infer Suppose that you have a cold. What characteris-
tics must cold medicine have that allow it to be trans-
ported throughout your body? Explain.

 26. predict Homeostasis involves the maintenance of 
constant conditions in an organism. What might happen 
to a protein if homeostasis is disrupted? Why?  

4B, 9a

 27. Compare and Contrast Describe the structures and 
functions of starch and cellulose. How are the molecules 
similar? How are they different? 9a

 28. apply Suppose you had a friend who wanted to 
entirely avoid eating fats. What functions of lipids could 
you describe to convince that person of the importance 
of fats to his or her health? 9a

 29. infer The human body can reuse some of the enzymes 
found in raw fruits and vegetables. Why is this not the 
case for cooked fruits and vegetables? 9c

interpreting visuals
The diagram below shows the lock-and-key model of 
enzyme function. Use it to answer the next three 
questions.

 30. summarize Briefly explain what is happening at each 
step of the process. Be sure to identify each of the 
sub stances (A–D) shown in each step of the process. 

9c

 31. apply How does Substance A affect the amount of 
activation energy needed by the process? Explain. 

9c

 32. synthesize Describe the importance of buffers in 
solutions in allowing the process shown above to  
take place. 9c

analyzing data Identify Variables
Use the graph below to answer the next three questions.

 33. apply Suppose the graph was constructed from data 
collected during an experiment. What were the inde-
pendent and dependent variables in the experiment? 
Explain.

 34. analyze How much activation energy is needed to start 
the chemical reaction represented by each line on the 
graph? How much energy is released from each reaction?

 35. apply Explain whether each of the chemical reactions 
shown on the graph is endothermic or exothermic.

Making Connections
 36. Write about Chemical equilibrium Carbon dioxide 

reacts with water in blood plasma to form carbonic acid. 
The equation for this reaction is shown on the second 
page of Section 4. Imagine that you are a molecule of 
carbon dioxide. Describe the chemical reactions that 
take place when you enter the blood and when you 
leave the blood. Explain what determines how these 
reactions occur. Be sure to include all terms from the 
chapter that are related to the chemical reaction.

 37. apply The Venus flytrap shown in the photograph on 
the chapter opener uses enzymes to digest its prey. 
Describe how pH, solutions, and chemical reactions all 
play important roles inside the trap of this carnivorous 
plant. 9c

energy in a CheMiCal reaCtion
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Biology End-of-Course Exam Practice

Record your answers on a separate piece of paper.

MULTIPLE CHOICE

2G, 9C
	 	

	 1	 The	graph	above	shows	the	activity	of	an	enzyme	
called	glucosidase.	What	can	you	conclude	from	
these	data?
A	 Glucosidase	breaks	down	glucose	substrates.
B	 Glucosidase	functions	best	around	70°C.
C	 Glucosidase	does	not	function	below	70°C.
D	Glucosidase	is	not	affected	by	temperature.

9A
	 2	 Proteins	are	long	molecules	that	are	built	from	

various	combinations	of	—
A	 carbohydrates
B	 nucleic	acids
C	 lipids
D	 amino	acids

9C
	 3	

	 	 The	diagram	above	shows	how	an	enzyme	(black)	
binds	to	a	substrate	(white)	when	catalyzing	a	
chemical	reaction.	When	this	reaction	is	
complete,	the	—
A	 enzyme’s	shape	will	be	different
B	 surrounding	temperature	will	have	increased
C	 hydrogen	ion	concentration	will	have	

decreased
D	 substrate	will	be	a	different	molecule

3A, 9A
	 4	 Complex	carbohydrates,	such	as	starch,	are	

examples	of	polymers.	Which	scientific	
explanation	below	best	describes	a	polymer?
A	 Polymers	are	individual	parts	of	a	large	

molecule	that	are	different.
B	 Polymers	are	any	molecules	in	which	the	

atoms	are	held	together	by	bonds.
C	 Polymers	are	made	of	many	small	molecules	

that	are	similar	or	different.
D	Amino	acids	and	nucleotides	are	examples	of	

polymers.

THINK THROUGH THE QUESTION

Many terms in biology are based on roots, prefixes, 
or suffixes. The prefix poly- means “many.” Consider 
how this meaning gives a clue to the answer.

9A
	 5	 The	primary	function	of	DNA	is	to	—

A	 provide	energy	for	a	cell
B	 transmit	messages	between	cells
C	 make	up	cell	membranes
D	 store	information	for	building	proteins

3D
	 6	 Scientists	have	conducted	studies	to	determine	

how	much	energy	is	required	to	make	aluminum	
cans	from	bauxite	ore,	as	opposed	to	making	the	
same	cans	from	aluminum	that	has	been	used	for	
other	purposes	and	then	discarded.	Based	on	this	
research,	they	have	determined	that	much	more	
energy	is	needed	to	produce	an	aluminum	can	
from	bauxite	ore	than	from	previously	discarded	
aluminum	products.		What	is	one	beneficial	
impact	that	this	research	has	had	on	society?
A	 It	has	encouraged	an	increase	in	mining	for	

aluminum	ore.
B	 It	has	resulted	in	greater	quantities	of	

aluminum	products	being	discarded	in	
landfills.

C	 It	has	led	to	an	increase	in	the	recycling	of	
aluminum	products.

D	 It	has	led	to	a	decrease	in	the	use	of	aluminum	
in	the	making	of	cans.
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When Knowledge  
and Ethics Collide
Our ability to change living things grows as 
we learn more about life. But sometimes 
biotechnology makes us question whether 
or not we should change organisms. Maybe 
the technology is dangerous, or maybe it 
challenges our values. Consider the green-
ish pig in the photo. A GFP (green fluores-
cent protein) from a jellyfish was added to 
its genome by genetic engineering for medi-
cal research. But how and when should we 
alter an organism’s genes?

Scientists can change an 
organism’s genes. Should they?

2A, 3A, 3B, 3D, 6H
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Bioethics 3A, 3D

Bioethics is the study of moral questions that are 
raised as a result of biology research and its applica-
tions. But what do questions of ethics have to do with 
biology? It might seem better to leave questions 
about values in a philosophy or social studies class. 
Keep your mind open as you learn more about the 
power of biological research. You might find that 
your biology class is the perfect place to consider any 
number of ethical questions.
 Ethical questions require all of us to make deci-
sions about “the right thing to do.” Often, the right 
thing to do is very clear. Do we cheat on a test, or do 
we study and learn the material for ourselves? A good 
decision can benefit ourselves, our families, and 
even our society—and it often follows the accepted 
values of society. However, many times the “right” 
and “wrong” about an ethical issue are not so 
obvious. Strong feelings on both sides of an ethical 
question can produce conflicts—in ourselves, and 
for everyone involved. Can we rely upon biology, or 
any other scientific field, for our decisions?

Potential   
Benefits 3A, 3D, 6H

There are some obvious benefits to 
having biological information more easily 
accessible. The Innocence Project, for example, 
as of 2010 has freed more than 260 prisoners—some 
of them on death row—who were wrongfully con-
victed based on incorrect or incomplete evidence. In 
such cases, DNA technology can add new facts to an 
old story and actually save a person’s life.
 In less dramatic ways, biological information can 
help people live longer and healthier lives. Tests can 
reveal whether someone is prone to gum disease, 
heart attacks, Alzheimer’s, or certain kinds of cancer. 
With this information—now available through 
at-home saliva tests—people can tailor their exercise, 
diet, and other lifestyle choices to guard against actu- 
ally contracting these diseases. Access to biological 
information, in these cases, can be empowering, and 
can help people live healthier lives.

Genetic Testing 3B, 3D

Genetic testing is used in many ways. We can identify disease-causing genes, 
determine the guilt or innocence of crime suspects, and reunite families that 
have been separated. But should genetic testing be used by employers to 
make decisions about employees? 

 Suppose that a company secretly obtained and tested DNA samples from 
some of its employees. Because of rising medical insurance claims, the com-
pany wanted to know if the employees had a gene that increased their risk 
for developing a certain medical condition. Does this seem like a plot for a 
television show? It isn’t. In 2002, a company had to pay more than $2 million 
in damages for testing the DNA of employees without their knowledge. 

 Consider another case. In 2005, a basketball player named Eddy Curry 
missed the end of the season because of a potential heart problem. His 
team wanted to use a genetic test to find out if he had a life-threatening 
condition. Curry refused because the test results could have ended his 
career. The team refused to let him play. Both the team and Curry made 
choices. Who do you think was right? 

Read More >>  at  HMDScience.com
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Controversial Issues 2A, 3D

With genetic information much more easily acces-
sible, new questions arise. Can a DNA-testing facility, 
for example, be trusted to keep your results private? 
This issue of right to information has taken many 
turns during the past decade. In 2008, the United 
States passed a law called the Genetic Information 
Nondiscrimination Act (GINA). This law protects all 
citizens from potential discrimination by employers 
and insurers: Even if genetic testing does reveal an 
individual’s likelihood for developing certain health 
problems, an insurer cannot deny this person cover-

age based on this information. Do you think this law 
is necessary? Would you be more likely to get DNA 
testing knowing that this law is in place?
 Aside from issues of privacy, what do lifestyle and 
health decisions look like if you do test positive for an 
incurable fatal disease? DNA testing is more accurate 
than many other tests, but there is still a possibility of 

incorrect results. Even if they are correct, there is the 
possibility that a cure will come for that fatal disease 
within your lifetime. The decision to be tested has 
many pros and cons. For example, in families with 
members who have a neurological disorder called 
Huntington’s disease, some individuals do not elect to 
be tested for the gene. They do not want this infor-
mation—bad or good—to affect their lives. How can 
this information improve or limit your choices? 
 Science can only provide information and possibili-
ties. We can add new genes to an organism’s DNA. 
We can clone animals and may someday clone 
humans. We can extend human life expectancies and 
test people’s risk for diseases. But should we do all 
these things? Should government continue to make 
laws regarding bioethical issues? Should people be 
able to make their own decisions about personal 
health and privacy? As biotechnology continues to 
advance, you will face new bioethics questions. Will 
you be ready?

Questions to Consider 2A, 3A, 3D

• Should scientists do all of the things that technol-
ogy has made it possible for them to do?

• Should individuals or the government decide how 
biotechnology is used?

• Should scientific knowledge or personal beliefs be 
more important in decisions about biotechnology?

Read More >>  at  HMDScience.com

As biotechnology continues 
to advance, you will face new 
bioethics questions. Will you 

be ready?

Geneticist in Action
DR. CHARMAINE ROYAL

TITLE Professor, Pediatrics, 
Howard University

EDUCATION Ph.D., Human 
Genetics, Howard University

Many bioethicists focus on the ethical implications  
of technology. Dr. Charmaine Royal, however, is 
concerned with the ethics of experimental design and 
the applications and implications of biological research. 
Dr. Royal, who is a geneticist at the Human Genome 
Center of Howard University, points out that some 
scientists in the past tried to use genetic research to 
justify treating non-Caucasians as inferior. She also 
notes that although there is no biological basis for any 
meaningful differences among races, many African 
Americans are still suspicious of genetic research. Many, 
for example, have been discriminated against when an 
insurance company or a prospective employer finds 
out they have sickle cell anemia, which is a relatively 
common genetic disorder in African Americans.

 Dr. Royal, who is Jamaican, wants to ensure that 
African Americans are included and treated fairly in 
research studies and that they receive the benefits of 
genetic screening and genetic counseling. In 1998  
Dr. Royal helped start the African American Hereditary 
Prostate Cancer Study, the first large-scale genetic study 
of African Americans to be designed and carried out by 
an almost entirely African American research team.

Read More >>  at  HMDScience.com
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