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Study Guide
Biology: Exploring Life

Focus on the Concepts

This chapter is an introduction to the study of biology —its major themes, methods, and
relevance to our lives. As you study this chapter, focus on these major concepts:

¢ All forms of life share common properties: They are ordered, they reproduce,
process energy, regulate their internal environment, grow and develop, respond
to stimuli, adapt, and evolve.

¢ Life encompasses a hierarchy of organization, from atoms and molecules to the
entire biosphere. Novel properties emerge at each level. The cell is the fundamen-
tal biological system where the properties of life appear. There are two basic
kinds of cells—prokaryotic and eukaryotic.

* Living things interact with their environments, exchanging matter and energy
in their roles as producers, consumers, or decomposers.

¢ All organisms share a common DNA genetic code. DNA is the chemical
substance of genes, the units of inheritance which direct all cell activities and
are transmitted from parents to offspring.

¢ Scientists have identified nearly two million species of living things. These
species are grouped into three domains of life: Bacteria, Archaea, and Eukarya.
Domain Eukarya is further subdivided into more familiar categories—plants,
animals, fungi, and protists.

* The idea of evolution by natural selection, first articulated by Charles Darwin,
is the core theme of biology; it explains the common features of living things as
well as their diversity.

* Science is an approach to understanding natural phenomena that involves mak-
ing observations, forming hypotheses, and testing predictions. Scientists apply
inductive and deductive reasoning, and they collect qualitative and quantitative
data. They often test hypotheses via controlled experiments. Ultimately, scientists
build theories, which are broad explanations backed by substantial evidence.

* While science seeks to understand nature, technology applies scientific knowl-
edge to specific needs and purposes. Many issues facing individuals and society
relate to biology, and it is important for everyone to achieve some understanding
of biology and scientific ideas such as evolution.

From Chapter 1 of Study Guide for Campbell Biology: Concepts & Connections, Seventh Edition. Richard M. Liebaert,
Jane B. Reece, Martha R. Taylor, Eric J. Simon, Jean L. Dickey. Copyright © 2012 by Pearson Education, Inc.
Published by Pearson Benjamin Cummings. All rights reserved.
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Review the Concepts

Work through the following exercises to review the concepts in this chapter. For additional
review, check out the activities at www.masteringbiology.com. The website offers a pre-test
that will help you plan your studies.

Exercise1 (Section1)

What is life? What are some of properties and processes common to all living things?
Review these characteristics of life in Section 1, and then match each with its description.

1. Order A. A maple tree captures sunlight to make food.
___ 2. Reproduction B. Over millions of generations, a species of moth has come to
__ 3. Energy processing resemble a dead leaf.
___ 4. Regulation C. The brain of a mouse is more complex than the most sophisti-
__ 5. Growth and development cated computer.
____ 6. Response to environment D. A single fertilized egg divides to form trillions of specialized
___ 7. Evolutionary adaptation cells in an adult elephant.

E. A fish maintains just the right balance of salt and water in its

body fluids.

E. A sunflower turns toward the sun.
G. A bacterium copies its DNA and divides in two to form two
identical bacteria.
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Exercise 2 (Section 2)

This module discusses the hierarchy of structural levels into which life is organized. Each
of these levels has unique emergent properties, which arise from the organization of its
component parts. Review this structural hierarchy by completing the chart that follows.

Level Description

1. All environments on Earth that support life
Ecosystem 2.

3. All the organisms in a particular ecosystem
Population 4.

5. An individual living thing

6. Organs that work together to perform particular functions
Organ 7.

8. A group of similar cells with a specific function

9. A living unit, separated from its environment by a membrane
Organelle 10.
11. A cluster of atoms held together by bonds

Exercise 3 (Section 3)

All living things are built from complex systems called cells. Cells are the smallest units that
display the properties of life; they are highly organized, process energy, and reproduce. There
are two kinds of cells—prokaryotic cells and eukaryotic cells. See if you can match each of
the cell types with the correct descriptions. Some descriptions apply to both kinds of cells.

1. Prokaryotic cells
2. Eukaryotic cells

The first to evolve

Use DNA for genetic information

Larger and more complex of the cell types
Simpler and smaller

Biological systems

Cells of animals, plants, protists, and fungi
Bacteria

Subdivided into membranous organelles
Able to process energy, respond, reproduce
Complex and ordered

Have nuclei containing DNA

Cells that make up the human body

PR~ =2 O0mmINwp
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Exercise 4 (Section 4)

This section describes how organisms interact with their environments. Review the web of

interactions by completing this crossword puzzle.

]

—
H

|

Across

2. The exchange of matter and energy in an
ecosystem involves a complex web of ____.

4. Energy _ through an ecosystem, while
nutrients are recycled.

6. To get energy from their food, organisms take
in oxygen from the air and release _____ dioxide.

7. Chemical ____ cycle and recycle within the
ecosystem’s web of species.

9. A tree’s leaves use energy from ___ to make
carbon dioxide and water into sugar and oxygen.
12. Alemurisa___ in the forest ecosystem.

13. __ comes into an ecosystem in the form of
sunlight.

15. Decomposers ____ chemical nutrients.

17. Solar energy is converted into chemical energy
by organisms.

18. ___ are consumers: they eat plants and each
other.

19. are the producers of the forest ecosystem.
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1. Bacteria and fungi functionas _____ that
convert dead matter to simpler nutrients.

3. Plants manufacture sugarand _____ gas.

5. Through its roots, a plant absorbs ____and

minerals from the soil.
8. The dynamics of an involve flow of
energy and recycling of nutrients.

10. In an ecosystem, there are many interactions
among organisms, and between organisms and
their ___ environment.

11. Trees arethemain __ of the forest ecosystem.

14. Energy enters the ecosystem as light and exits
as .

16. Plants absorb mineral nutrients from the ____.
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Exercise 5 (Sections 5-6)

All living things, from bacteria to butterflies to blueberry bushes, share a single origin and
use the same DNA code. But in each species, the code spells out a unique message, account-
ing for the diversity of living organisms. Taxonomist categorize all species of living things
into three domains. Within the domains, organisms are further grouped into kingdoms.
Review the three domains of life by matching each statement on the right with the correct
domain. Write your answer in the first column. In addition, name the kingdom of each of
the organisms in Domain Eukarya, and write your answer in the second column. Choose
from:

Domain Bacteria

Domain Archaea

Domain Eukarya
protists (several kingdoms)
Kingdom Plantae
Kingdom Fungi
Kingdom Animalia

Domain Kingdom

. Pine tree, fern, and orchid

. The most diverse and widespread prokaryotes

. Prokaryotes that tend to live in extreme environments

. Multicellular eukaryotes that ingest (eat) other organisms

. Molds, yeasts, and mushrooms

. Algae and protozoa

. Lemur, shark, and spider

. Multicellular photosynthetic organisms

. Mostly single-celled eukaryotes such as an amoeba

. Eukaryotes that mostly decompose remains of dead organisms

O 00 NI ON Ul s W IN =
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Exercise 6 (Section 7)

Evolution is biology’s core theme. It explains the diversity of life, the relatedness of all living
things, and the adaptation of living things to their environments. Fill in the blanks in the
following story to review the concepts of evolution.

While investigating the insect life of the rainforest canopy, a zoologist captured
several specimens of a previously unknown species of butterfly. The butterfly was mostly
black but had conspicuous red and yellow stripes on its wings. It rested on bare tree
limbs in plain view; the zoologist was surprised she had not seen it before. The butterfly
was very similar in structure to that of a much less conspicuous all-black species found in
the same general area, so the zoologist figured that the two species were closely related
members of the same family.

Biologists have long marveled at the diversity of insect life in the tropics.
1 , the English biologist who wrote The Origin of Species, was surprised
by the large number of insect species he encountered in the rain forests of South America.

In fact, biologists estimate that most species of living things are rain forest insects.

Like Darwin, the zoologist concluded that the black butterfly and the new
species looked alike because they were both descended from a common ancestral
species. But why the difference in color pattern? When she first encountered the striped
butterflies, she speculated that the red and yellow stripes were an evolutionary

2 , a beneficial feature that evolved by means of natural selection. But

how could a bright color pattern be of any possible benefit? Wouldn't brightly colored
butterflies be attacked by predators?

Her suspicions intensified when the zoologist saw the red and yellow winged
butterfly resting on a tree limb. A predatory bird landed nearby and peered at the butterfly.
The butterfly responded by rapidly flapping its wings, displaying their striped pattern, and
the bird flew off.

This is what first caused the zoologist to suspect that the bright wing pattern
was an example of “warning coloration,” often seen in harmful or bad-tasting animals —
for example, the conspicuous yellow and black stripes of bees and wasps. How could
such a color pattern have evolved in this species of butterfly? The zoologist speculated

3

that at one time a of black butterflies existed in this area, breeding

among themselves but not with other members of their species. These butterflies
exhibited * traits—slightly different wing shapes, sizes, behaviors,

and so on. They also may have tasted different. Perhaps some were able to make a
bad-tasting substance or store a bad-tasting substance obtained from food plants. Just as
Darwin reasoned, the zoologist realized that ° variation must be

present in the population for natural selection to operate. Also like Darwin, she realized
that there is great overproduction of ° —many more butterflies are

produced each year than can possibly survive. In this population, it appeared that
among this abundance of butterfly prey, the good-tasting butterflies were more likely
to be eaten by 7 than bad-tasting ones. The surviving bad-tasting

butterflies were more likely to survive to 8 , and they passed their

ability to make the bad-tasting chemical on to their ° . Over time,
this 1° trait accumulated in the population—the bad-tasting

butterflies became more numerous.
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What about the difference in color pattern? The zoologist speculated that
among the bad-tasting butterflies, there may have been variation in wing coloration.
Butterflies with bright colors on their wings were easier for predators to remember and
avoid. The colorful butterflies had more offspring than less-conspicuous individuals —
they had 1! reproductive success. Eventually bright-colored,

bad-tasting butterflies became the norm in the population. In this situation, as in

others explained by Charles Darwin, occurs as heritable

13 are exposed to 4 factors that favor the
15 success of some individuals over others. Darwin called this
«16 with modification.”

The zoologist speculated that, over a long period, the changes in palatability,

wing pattern, and other characteristics must have combined, and a whole new
17

18

of butterfly came into existence. According to Darwin, the

of new species results from the accumulation of minute changes
19 . This short story is just one

resulting from natural selection over

illustration of evolution, biology’s core 2 . Evolution is an important
idea, because it explains both the 2! of life (descent from a common
ancestor) and 22 of life (modification as species diverged from their
ancestors).

Exercise 7 (Sections 8-9)

In Exercise 6, you read how a zoologist identified a previously unknown species of butter-
fly. This species was mostly black, but had conspicuous red and yellow stripes on its
wings. It was very similar in appearance and structure to an all-black species found in the
same area. Now it is time for the researcher to test some of her ideas about the butterflies.
Review methods of scientific inquiry by completing the story.

Carefully comparing the two species of butterflies, the zoologist concluded that
they were closely related —members of the same family. Her recorded scientific observa-
tions and measurements are called ! . The zoologist’s non-numerical
descriptions of the butterflies constitutes 2 data. When she looked at
many specific examples (of butterflies) and derived a general principle (the characteristics
of the butterfly family) she employed a kind of logic called 3 reasoning.

A different process is followed when a scientist seeks to develop an explanation
for natural events. In our example, as in many examples of scientific investigation, the
process started with a simple # : The zoologist noticed that predatory

birds avoided the brightly-colored butterflies even though they rested in tree branches in

plain sight. This caused her to ask herself a : Is there something about
the butterflies that the birds don’t like? The researcher had a hunch; she suspected that the
striped butterflies tasted bad and that their bright colors acted as a sort of “warning” to

predators to stay away. This kind of tentative explanation is called a ©

A good hypothesis is 7 ; there is a way to test its validity. It also
must be 8 ; there must be a way to show that it is not true. Interestingly,
it is never possible to absolutely ° that a hypothesis is true, because

there could be a better alternative out there somewhere. But a hypothesis gains credibility
by surviving multiple attempts to disprove it. (Note that a '° is much




Study Guide: Biology: Exploring Life

bigger than a hypothesis; it is a broad idea, supported by a large body of evidence, that
itself may generate many testable hypotheses.)

The zoologist decided that the best way to test her hypothesis was in the laboratory,

under conditions that she could manipulate and monitor. Such a test is called a controlled

u . She captured insect-eating birds native to the area and put them in

cages at a nearby research station. Then she netted a number of striped butterflies and their
black cousins. For her first experiment, she allowed the birds to choose between a black
butterfly and a striped one. The birds almost always chose the black butterflies and avoided
the striped ones. The experimenter kept careful track of how many of the black and striped
butterflies were eaten; such measurements constitute 12 data. The data

confirmed her field observations.

But did the striped butterflies taste bad? The researcher set up another controlled

experiment, designed to compare an 3 group —striped butterflies
with their wings painted black—with a 14 group of “normal” striped
butterflies. (Actually, the “normal” butterflies were also handled and painted with clear

paint, so that only one 1°

hypothesis led the zoologist to make a 1 about how she thought the
experiment would turn out: If the stripes really acted as a warning, then the birds would

would differ between the two groups.) Her

be fooled and eat the butterflies when the stripes were covered —and that if the striped
butterflies tasted bad, then the birds would spit them out. Such “if-then” thinking is
called 7 reasoning, and is an important feature of science.

Just as the researcher hypothesized, the birds chose the black-painted butterflies
in almost every trial. Also, most of the birds quickly spat out the black-painted butterflies,
and those that swallowed the butterflies became ill. Just to cover things, the zoologist
performed another experiment in which she painted the wings of the edible black-winged
butterflies with black paint. The birds ate them with gusto, demonstrating that the paint
itself was not distasteful and produced no ill effects.

After refining her technique and repeating the experiments several times, the
researcher wrote a paper describing her hypotheses, experiments, results, and conclusions.
The paper was published in the Journal of Tropical Entomology. There, and online, other
scientists could read about the experiments, repeat and expand upon them, even challenge
the results—all part of the process of science.

Exercise 8 (Sections10-11)

After reading these sections, and without referring back to the text, list six ways in which
you think the science of biology and its technological applications may affect society in the
next decade. Which of these are primarily scientific? Which are technological? Are any of
them related to evolution, the core theme of biology? Which do you think will have the
biggest effect on you personally in the coming years?
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Test Your Knowledge

Multiple Choice

1.

All organisms have which of the following in

common?

a. They respond to stimuli.

b. They store genetic information in DNA
molecules.

c. They utilize energy.

d. They reproduce.

e. all of the above

Reasoning that flows from general premises
to specific results is a kind of logic called

. inductive reasoning.

. synthesis.

. deductive reasoning.

. experimentation.

. observation.

m AN T o

Biologists group living things into domains.

a. 2
b.3
c. 4
d. 5
e. about 10

A bacterium and an amoeba are placed in
different domains because

. a bacterium is single-celled.

. an amoeba is photosynthetic.

. an amoeba can move.

. a bacterial cell is much simpler.

. an amoeba is single-celled.

m A T

Almost all of the organisms in Kingdom ____
are photosynthetic.

a. Animalia

b. Archaea

c. Plantae

d. Fungi

e. Eukarya

At the most fundamental level in life’s hierarchy,
all living things contain the same basic kinds of

. molecules.

. organs.

. cells.

. tissues.

. systems.

m A T

An “educated guess” proposed as a tentative
explanation is called a

a. theory.

b. hypothesis.

10.

c. variable.
d. prediction.
e. control.

The ____is the highest level in life’s structural
hierarchy.

a. ecosystem

b. cell

. organism

d. population

e. biosphere

There are many interdependencies in an

ecosystem. Bacteria and fungi play an impor-

tant role in an ecosystem primarily because

they

a. cause diseases that keep populations in check.

b. trap water, which is then used by other
organisms.

c. decompose the remains of dead organisms.

d. are responsible for producing energy.

e. carry out photosynthesis, which makes food
for other species.

A good hypothesis

. is a tentative explanation.

. leads to predictions.

. can potentially be proven false.
. is testable.

. all of the above

DT AN T

Essay

1.

Name the three domains of life and briefly
describe their distinguishing characteristics.

Name the kingdoms of Domain Eukarya,
identify the organisms in each, and briefly
describe the criteria that separate each
kingdom from the others.

What kinds of questions can be answered
and what kinds of problems can be solved by
science? What kinds of questions are outside
the realm of science?

Explain how the information in DNA relates to
the common features that characterize life.

Describe the hierarchy of structural levels of
which your body is composed. Give a specific
example of a feature at one level that is not
seen in the parts that make it up.

How would you expect human DNA to be
different from the DNA of a chimpanzee?
From the DNA of a goldfish? Would there be
any similarities?
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Apply the Concepts

Multiple Choice

1.

A crop scientist noted that, over a period of

10 years, a beetle species that feeds on rice

gradually became resistant to insecticide.

Which of the following best explains this in

terms of natural selection?

a. The insecticide mutated the beetles exposed
to the biggest doses.

b. Some beetles learned to tolerate the insecti-

cide and passed this ability to their offspring.

c. Beetles learned to avoid the spray and
passed the knowledge to their offspring.

d. The insecticide caused the beetles to repro-
duce more quickly than normal.

e. Those beetles with natural resistance to the
insecticide had the most offspring.

Researchers testing new drugs usually give the

drug to one group of people and give placebos,

“sugar pills,” to another group. The group

receiving the sugar pills

a. constitutes the experimental group.

b. is needed so that the test will be repeated
enough times.

c. is the control group.

d. is a backup in case some of the people
getting the drug drop out of the test.

e. is the experimental variable.

__ has characteristics that emerge from the
organization of its component ____.

a. A population...ecosystems

b. A tissue...organs

c. A cell... tissues

d. An organism...organ systems

e. A molecule...cells

An ecologist studied the effect of nutrients and
predators on the population growth of bacteria
on the bottom of a pond. His study of bacteria
would probably not involve which of the
following levels in life’s structural hierarchy?
a. ecosystem

b. organ

c. organism

d. population

e. molecule

5. A rain forest primate called an aye-aye has

a long middle finger that it uses to probe for
insects in cracks and crevices in tree bark.
This structure developed over time as a
result of

. reproduction.

. inheritance.

. natural selection.

. DNA replication.

. energy exchange.

m A T W

. Which of the following does not illustrate

technology?

a. DNA research is used to cure an inherited
disease.

b. Scientists genetically engineer a bacterium
that destroys toxic wastes.

c. A biologist identifies a new species of
monkey.

d. A chemical that slows cell division is used
to treat cancer.

e. Biologists breed a disease-resistant kind
of corn.

. Which of the following illustrates deductive

reasoning?

a. Scientists have studied thousands
of seashells, and all contain calcium
carbonate.

b. High blood cholesterol is associated with
a greater risk of heart attack.

c. Every time you drop something, it falls
down, not up.

d. If all mammals produce milk, and a rabbit
is a mammal, it must produce milk.

e. all of the above

. You have probably seen pictures of the diverse

communities flourishing in the dark depths
around hydrothermal vents on the ocean floor.
Scientists more familiar with life in shallow
water or on land were at first surprised to
find that the vents support such thriving
ecosystems, because in such an environment,
you wouldn’t think there could be very many
a. consumers.

b. bacteria.

c. producers.

d. decomposers.

e. nutrients.
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9. Which of the following questions might best selection could have shaped the beaver’s flat tail
be answered by deductive reasoning and and webbed feet, which it uses for swimming.
collection of quantitative data?

a. How many kinds of tissues make up the
kidney?

b. Do human beings have free will?

c. What is the deepest part of the ocean?

d. Do monarch butterflies live in Hawaii?

e. Does taking vitamin C prevent colds?

3. Jason tried a new fertilizer called MegaGro on
his garden. He said, “I used it on all my tomato
plants this year, and they grew much better
than they did last year! MegaGro is fantastic
Was Jason’s test of MegaGro scientifically
valid? Why or why not?

17

10. A biologist collected some archaea and 4. Tropical birds called oilbirds nest in caves and

protists from a hot spring. How would their emerge at night to forage for seeds. Biologists
cells differ? think that oilbirds might be able to avoid
a. Protist cells would contain various obstacles in their caves and in the tangled
organelles. growth of the rain forest much the way bats
b. Protists would contain DNA. do —by making sounds and listening to the
¢. The cells of arachea would have nuclei. echoes. Describe a controlled experiment to
d. Archaea cells would be much larger. test this hypothesis.
e. Protists would be capable of photosynthesis. 5. Explain how each of the following shows the
Essay connection between biological structure and
function: your hand, a leaf, a hawk’s beak, a
1. Choose a familiar wild animal —a squirrel, frog’s hind legs.
a toad, or a duck, for example —and describe 6. A camera sends back pictures of purple gelati-

some of the web of relationships that connect

SO ) e nous blobs in near-boiling water near volcanic
it with other organisms in its ecosystem.

vents on the ocean floor. What properties

2. Beavers are descendants of land-dwelling should scientists look for to determine
rodents similar to rats. Explain how natural whether the blobs represent life?
Put Words to Work

Correctly use as many of the following words as possible when reading, talking, and writing
about biology:

adaptation, animal, Archaea, Bacteria, biology, biosphere, cell, chemical nutrient, community,
consumer, control group, controlled experiment, data, decomposer, deductive reasoning, descent
with modification, development, diversity, DNA, domain, double helix, energy processing, ecosys-
tem, emergent properties, Eukarya, eukaryotic cell, evolution, experimental group, factor, fungus,
gene, growth, hypothesis, inductive reasoning, molecule, natural selection, observation, order,
organ, organism, organelle, organ system, photosynthesis, plant, population, prediction, producer,
prokaryotic cell, protist, qualitative, quantitative, requlation, reproduction, species, system,
systems biology, technology, testable, theory, tissue, unity, verifiable

Use the Web

There is more material related to the topics in Chapter 1 at www.masteringbiology.com.

1
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Answers

Review the Concepts
Exercise1: 1.C 2.G 3. A 4E 5D 6.F 7.B

Exercise 2: 1. Biosphere 2. All of the organisms of
a particular area, plus the nonliving environment
that affects them 3. Community 4. All the organ-
isms of one species in a given area 5. Organism

6. Organ system 7. A body structure consisting of
several tissues, performing particular functions
8.Tissue 9.Cell 10. A membrane-bound
functional component of a cell 11. Molecule

Exercise 3: 1. A,B,D,E, G,I,] 2.B,C,E,EH,],
JLK, L

Exercise 4:
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Exercise 5:

1. Eukarya, Plantae 2. Bacteria 3. Archaea
4. Eukarya, Animalia 5. Eukarya, Fungi

6. Eukarya, protists 7. Eukarya, Animalia
8. Eukarya, Plantae 9. Eukarya, protists

10. Eukarya, Fungi

Exercise 6: 1. Charles Darwin 2. adaptation

3. population 4.varied 5. heritable 6. offspring
7. predators 8. reproduce 9. offspring

10. favorable 11. unequal 12. natural selection

13. variations 14. environmental 15. reproduc-

tive 16.descent 17.species 18. evolution

19. time 20.theme 20.unity 21. diversity

Exercise 7: 1. data 2. qualitative 3.inductive
4. observation 5. question 6. hypothesis

7. testable 8. falsifiable 9. prove

10. theory 11. experiment 12. quantitative
13. experimental ~ 14. control 15. factor

16. prediction 17. deductive

Exercise 8: See Sections 10 and 11 for ideas.

Recall that science is a way of seeking natural causes
for natural phenomena. It involves making observa-
tions, forming hypotheses, and testing predictions.
Technology is the application of scientific knowl-
edge for specific purposes.

Test Your Knowledge

Multiple Choice: 1.e 2.¢ 3.b 4.d 5.c 6.a
7.b 8.e 9.c¢ 10.e

Essay: 1. Prokaryotes are simple, single-celled or-
ganisms whose cells lack a nucleus. The two kinds
of prokaryotes are classified in Domain
Bacteria and Domain Archaea. Bacteria are
more diverse and widespread. Archaea are
mostly confined to extreme environments.
Organisms in Domain Eukarya—plants, ani-
mals, fungi, and several kingdoms of protists
—all have more complex eukaryotic cells con-
taining a nucleus and other organelles.

2. There are several kingdoms of protists —
simple organisms such as algae and protozoa.
Like plants, animals, and fungi, protists have
eukaryotic cells. But most protists are small
and single-celled. Plants, animals, and fungi
are all multicellular. Plants, such as pine trees
and rosebushes (Kingdom Plantae), differ from
the others in that they are capable of photosyn-
thesis. The fungi of Kingdom Fungi, such as
mushrooms and molds, decompose the remains of
dead organisms and absorb the nutrients. Animals
(Kingdom Animalia), from worms to human be-
ings, feed by ingesting other organisms, and most
move actively in search of food.

3. Science deals with questions about natural
phenomena that have natural causes, testable

via observation, formation of hypotheses, and
experimentation. Some examples of questions that
potentially could be answered by science are: What
particles make up an atom? What makes a cell
divide? How do birds find their way when they
migrate? Science does not deal with questions
that are not subject to experimental test or that are
not concerned with the natural world and its
laws: What is the purpose of human existence?
Why is there a universe? Are diseases caused by
evil spirits?
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4. Chemical structure —the arrangement of atoms
and molecules—is the fundamental level of order
that underlies all the properties of life. The spe-
cific properties of a cell, organ, or organism arise
from the combinations and arrangements of the
molecules of which the organism is composed.
The structure of DNA —most notably the particu-
lar sequence of nucleotides that make up the DNA
molecule—provides a blueprint for growth and
development and information that cells need to
make the molecules involved in energy use,
regulation, and response to stimuli. Replication,
or copying, of DNA underlies the organism’s abil-
ity to reproduce. Adaptation and evolution of liv-
ing things stems from changes in DNA sequences
over time.

5. You are an organism composed of organ systems
such as the circulatory and skeletal systems. Each
system is made up of organs, such as the heart or
an artery. An organ is made of tissues, and a tissue
is made of cells, the smallest living units. Each cell
is made up of molecules, which are made of atoms.
A cell is alive; it uses energy, responds to stimuli,
grows, and reproduces. The molecules that make
up a cell are not alive, and they do not have all
these properties.

6. Human, chimpanzee, and goldfish DNA are all
made of the same chemical subunits; they all have
the same fundamental double-helix chemical struc-
ture; and they all use the same alphabet to encode
hereditary information. The four nucleotides in

the DNA of chimps and humans are arranged in
similar sequences and spell out similar genetic
messages. The nucleotides of human DNA and
goldfish DNA are less similar in sequence and spell
out rather different messages.

Apply the Concepts

Multiple Choice: 1.e 2.¢c 3.d 4b 5c¢ 6.c
7.d 8c 9.e 10.a

Essay: 1. The squirrel depends on an oak tree for
shelter, an escape route, and food. It may live in a
cavity hollowed out by a woodpecker. It buries
nuts, adding to the soil organic matter that might
be consumed by insects and worms. Sometimes the
buried acorns sprout and grow into trees. Hawks
and owls prey on squirrels, and various parasites
depend on them. Chipmunks sometimes compete
with squirrels for food.

2. The ancestors of beavers may have been ratlike
animals that occasionally ventured into the water
to escape from predators or obtain food. There may
have been heritable variation among the rodents

in the population with regard to the shapes of

their tails and feet. Those rodents with more flat-
tened tails and more webbed feet were able to
swim more efficiently, thus escaping predation
and gathering food more effectively in their shore-
line habitat, making them more likely to leave
offspring than more ratlike individuals. Their
offspring inherited their flattened tails and
webbed feet, and the proportion of individuals
with flattened tails and webbed feet increased
over time, until eventually all the individuals in
the population looked like beavers. Natural
selection occurred as heritable variations were
exposed to environmental factors that favored
the reproductive success of some individuals
over others.

3. Jason’s test of MegaGro was not scientifically
valid because it was not a controlled experiment.
There are any number of factors that might have
caused this year’s crop of tomatoes to exceed last
year’s—rainfall, seed type, sunny weather, loca-
tion of plants, and so on. Jason needs to plant
two groups of tomato plants side by side at the
same time. Only one factor —the amount of
MegaGro—should be allowed to differ between
the experimental (MegaGro) and control (no
MegaGro) plants. Then if one group of plants
produces more tomatoes than the other, Jason
can safely conclude that the fertilizer made the
difference.

4. Set up an obstacle course for oilbirds to fly
through. Divide the birds to be tested into two
groups. Plug the ears of the birds in one group
so that they cannot hear. Then compare how
these experimental birds navigate the obstacle
course with the performance of control birds that
can hear.

5. The long, narrow, flexible fingers and sensitive
nerve endings in the fingertips enable us to grasp
and manipulate objects. The flat shape of a leaf
and its orientation perpendicular to the rays of
the sun allow it to capture sunlight efficiently

for the process of photosynthesis. The hawk’s
strong, curved, sharp beak is used for tearing
meat. A frog’s long, muscular legs, with their
webbed feet, are used in jumping and
swimming.

6. Living things are complex and highly ordered.
They exchange energy with their surroundings.
They are able to respond to stimuli and regulate
their internal environment. They also grow, de-
velop, reproduce, and evolve. Some nonliving
things (fire, robots) possess some of these proper-
ties, but only living things are characterized by all
of them.
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Focus on the Concepts

This chapter explores the chemicals of life—the ordering of atoms into molecules and the
interactions of molecules in shaping and affecting living things. As you study the chapter,
focus on the following concepts:

¢ Living things are made of about 25 chemical elements. Atoms are the smallest
particles of an element, and atoms of each element are made of a characteristic
number of protons, neutrons, and electrons.

¢ Arrangement of electrons determines the chemical properties of an atom—
how it will bond to other atoms. Sometimes atoms share electrons, forming
covalent bonds and making a molecule. Sometimes atoms gain and lose
electrons, forming ions, which join via ionic bonds. Atoms of different
elements combine in specific arrangements and ratios to form compounds.

® In a chemical reaction, chemical bonds break and reform, rearranging atoms
and changing reactants into products. Living things carry out a myriad of
chemical reactions, changing matter in numerous ways.

¢ Two atoms of hydrogen and one of oxygen bond covalently to form a water
molecule. Unequal sharing of electrons make the covalent bonds of a water
molecule polar. The polarity of water molecules causes them to link up via
weak hydrogen bonds, which give water many of its peculiar and important
properties, such as cohesion.

e Water molecules can break apart to form hydrogen (H") and hydroxide (OH")
ions. Acids are compounds that add hydrogen ions, and bases remove
hydrogen ions. The pH scale describes how acidic or basic a solution is.

Review the Concepts

Work through the following exercises to review the concepts in this chapter. For additional
review, check out the activities at www.masteringbiology.com. The website offers a pre-test
that will help you plan your studies.



Exercise1 (Sections 1-2)

Study Guide: The Chemical Basis of Life

Write the chemical symbol for each of the following elements, and state whether it is one
of the four elements used by living things in large amounts (L) to make most biological
molecules, whether it is used in moderate amounts (M), or whether it is a trace element

(T) required in small amounts.

Symbol Amount Element Symbol Amount Element
1. Magnesium 7. Carbon
2. Oxygen 8. Calcium
3. Zinc 9. Phosphorus
4. Hydrogen 10. Nitrogen
5. Copper 11. Sodium
6. lodine 12. Tron

Exercise 2  (Sections 1-2)

A compound is a substance that contains two or more elements in a fixed ratio. Indicate
with a checkmark which of the following are elements and which are compounds. (You will

have to guess on some!)

Element

Compound

1. Table salt

2. Calcium

3. Water

4. Vitamin A

5. Carbon

6. Sulfur

7. Carbon dioxide (COy)

8. DNA

9. Iodine

10. Protein

17
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Exercise 3 (Sections 3-4)

These sections introduce atoms. It is most important to know what the three important
subatomic particles are, where they are located in an atom, and that atoms of different ele-
ments differ because they contain different numbers of protons. Some atoms not covered in
these sections are compared in the following. You can figure out the subatomic particles
they contain based on the concepts in the sections. First, fill in the blanks. Then sketch each
atom, labeling and coloring protons red, neutrons gray, and electrons blue. (Coloring will

Study Guide: The Chemical Basis of Life

help you focus on and remember which is which.)

Atomic Mass Number of Number of Number of
Element Symbol Number Number Protons Neutrons Electrons
1. Carbon-12 C 6 12 6 6 6
2. Nitrogen-14 7 14
3. Chlorine-35 35 17
4. Oxygen-16 8
5. Oxygen-17
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Exercise 4 (Sections 5-8)

Atoms of five elements important to life are diagrammed below. Pay particular attention
to their electron shells. Remember that atoms with un lled outer electron shells participate
in chemical reactions that allow them to attain complete outer shells: 2 electrons for a
hydrogen atom, 8 electrons for most other elements important to life.

5@ o

O
NITROGEN (N) CHLORINE (CI) HYDROGEN (H) CALCIUM (Ca) Oxygen
Atomic number =7 Atomic number =17 Atomic number =1 Atomic number =20 Atomic number =8

1. Using the information and diagrams above, show how nitrogen could form covalent
bonds with several hydrogen atoms, forming a molecule of ammonia. What would
be the molecular formula for ammonia?

2. Using the information and diagrams just shown, show how oxygen and hydrogen
atoms share electrons to form a molecule of water. What is the molecular formula for
water? Which atom in a water molecule is the most electronegative? Where does the
water molecule carry a slight negative charge? A slight positive charge?

19
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3. Now show how two water molecules might be attracted by a hydrogen bond. How
strong are hydrogen bonds? A water molecule can hydrogen bond with how many
other water molecules?

4. Given the information and diagrams just shown, show how electrons would be trans-
ferred between calcium and chlorine atoms to form calcium and chloride ions, which
would then attract each other (via ionic bonds) to form the salt calcium chloride,
CaCl,. (Hint: An atom can gain or lose more than one electron.)

Exercise 5 (Section 9)

This section introduces chemical reactions, chemical processes in which bonds are made and
broken. A common chemical reaction in many cells is one that changes hydrogen peroxide
(H,0O,) into water and oxygen gas:

2H202 g Hzo + 02

Hydrogen peroxide is a harmful by-product of many reactions. Cells get rid of it by carrying
out the reaction shown, converting it to harmless water and oxygen. What are the reactants
in this reaction? What are the products? Label them in the blanks below the equation. Note
that the equation for a chemical reaction must be “balanced.” Since atoms cannot be created
or destroyed in a chemical reaction—only rearranged —the numbers of atoms on both sides
must be equal. In this example, there are four hydrogen atoms in the two hydrogen peroxide
molecules on the left. After the reaction occurs, the hydrogen atoms reappear in the water
on the right. Similarly, the four oxygen atoms in the hydrogen peroxide molecules on the left
reappear in the water and oxygen molecule on the right. How many water molecules must
be formed to account for all the atoms in the HO, molecules? Write the correct number in
the small blank in front of H,O.
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Exercise 6 (Sections 6-13)

Review the properties of water by filling in the blanks in the following story.

When Amy came through the door, she found Liz poised over a glass of water,
ready to drop a needle into the glass. Amy asked, “Liz, what are you trying to do? Trying
to kill your roommate with a poisoned needle? Or is this another of your ‘experiments’?”

“We're studying the ! basis of life in my biology class,” Liz

replied. “Atoms, molecules, bonds, reactions. I don’t get some of the stuff she’s teaching
us, so I need to do some experiments to figure it out.”

Amy scrolled through her text messages and rolled her eyes. “Another experiment.
Welcome to Geek-O-Rama.”

Liz gently placed the needle on the water surface. “Watch this,” she said. The needle
rested in a dimple on the surface of the liquid.

“Whoa—How’d you do that?”

“I didn’t. The water did. Water molecules have a tendency to stick together,

which is called 2 . The water molecules are stuck together so tightly at
the surface that they form a film that can support the weight of the needle. Bugs can walk
on it. It’s called 3 .”

“O.K. You got me. At the risk of getting too much information, how do the water
molecules do it? What's so special about water?”

Liz explained, “A water molecule is H,O, right? It is made up of one

4 atom and two ° atoms. The atoms stay together
because they © electrons. This holds them together. A shared pair
of electrons forms a chemical bond called a 7 bond between each

hydrogen atom and the oxygen atom. Now, if the electrons were shared evenly, the bond
would be called a 8 covalent bond. But they are not shared evenly.

The oxygen tends to ‘hog” the electrons away from the hydrogens. It has a greater

9

attraction for electrons; it is more than hydrogen—"

“TMI! TMI! Just tell me what this has to do with floating needles.”

“Well, because the oxygen atom attracts the electrons more strongly, the shared
electrons are closer to the oxygen than to the hydrogens, giving the oxygen a slight

10 charge. Because the electrons are pulled away from the protons in
£ 11

2

the nuclei of the hydrogen atoms, the hydrogens are left with sligh

charges. So the bonding electrons are shared unevenly, producing a !
covalent bond between each hydrogen atom and the oxygen atom. In fact, the whole

water molecule is polar, even though the molecule as a whole is electrically
13 ”

Amy was getting impatient. “So what does that have to do with surface tension?
And what’s the biology connection?”

Liz went on, “Well, it is their polarity that causes water molecules to stick

together. The 14 charged oxygen of one water molecule is attracted
to the 1° charged hydrogens of other water molecules. These special
bonds between water molecules are called bonds. These bonds

21
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form a network at the water’s surface, creating surface tension strong enough to support

the needle. Each water molecule can connect with 17 others. Hydrogen
bonds are weak, but important. For example, they are responsible for holding the two

strands of a 18 molecule together, and for maintaining the shape of
19

molecules.

Now Liz was on a roll. “Hydrogen bonds give water some peculiar properties.

For example, water is the only common substance on Earth that naturally exists in all three

states of matter 20 2 ,and 22

And lots of things will dissolve in water; it is a versatile 3 . Blood
24

plasma, for example, is an
25

solution containing many different

, or dissolved substances, such as salt and blood sugar. In fact,

salts are really good at dissolving in water, because the 2° bonds of salts
interact with the polar water molecules, which pulls the salt crystals apart. And thousands

of different chemical changes, or chemical % are carried out in the

aqueous solution inside living cells.”

Amy got up and opened the bathroom door, looked inside, and said, “It’s steamy
in there. Are you going to take a bath?”

Liz replied, “No, that’s just another experiment. I'm trying to figure out the
difference between heat and temperature.”

“Are they different?”

“Yes. 28 is the total amount of energy resulting from the

movement of molecules in a body of matter, like a bathtub full of water.
» measures the intensity of movement. I compared the amount of heat
in a cup of water at 98°C and a bathtub of water at 45°C. In the 3 , the

intensity of movement of water molecules was greater, but the 31 held

more heat energy. I knew it did because the bathtub of water added more heat to the room
as it cooled, warming up the room more than the cup of hot water did.

“It doesn’t take a genius to figure that out.”

“Ijust wanted to see it for myself. Water has a great capacity to store heat, by the
way. When water is heated, a lot of the energy goes into breaking the 3

between water molecules before the molecules can move faster. For instance, if you had a
kilogram of water and a kilogram of rock, the same amount of heat would raise the temper-
ature of the water 33 than the temperature of the rock. This means

water can soak up a lot of heat, and its temperature will go up only a few degrees.”

“ And when water cools a few degrees, it 3* a lot of heat.”

“Correct. And since animals are mostly water, this helps us control our body tem-

perature. It also stabilizes the temperatures of the ocean and coastal areas. In the summer,

35

the ocean heat, and in the winter, it 3¢ heat.”

Amy’s eyes narrowed. “So why do we sweat when we are hot? Wouldn't we
want to hang onto all that good water?”

Liz was ready with an answer. “No, not necessarily. Because of their strong

hydrogen bonds, it takes a lot of heat energy to get a water molecule moving

i enough to 38 , to separate from its neighbors.
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This gives water an unusually high 3 , but it also makes

40 cooling possible. The hottest—or fastest moving—water mole-

cules evaporate first, taking a lot of heat energy with them and leaving the cooler —
slower—molecules behind. So sweating cools you off on a hot day.”

Amy looked at the clock and said, “Arrgh—1It’s 3:30. I told Sara I'd meet her at
the ice rink at 3:30. Thanks to the science lesson, I'm gonna be late!”

Liz rambled on. “Ice. Now, ice is very interesting. In ice the water molecules are
locked into a crystal, linked by hydrogen bonds, but farther apart than they are in liquid

water. This means that ice is 4! dense than liquid water, so it

42

. This is important to life, because...”

But Amy was already out the door. Liz had a puzzled expression on her face as
she opened the freezer and scooped out a handful of ice cubes. She muttered, “Hmm...

”

I'wonder if the water level in a cold drink changes as floating ice melts?...

Exercise 7  (Sections 14-15)

Practice using the pH scale by giving the approximate pH of each of the following. Some
are listed in the sections; others you can estimate from the information given.

__ 1. Tomato juice __ 7. Concentrated nitric acid (very acidic)
__ 2. Human blood plasma _ 8. Acid precipitation

3. Vinegar (moderately acidic) __ 9. Drain cleaner (very basic)

_ 4. Pure water __ 10. Antacid pills (mildly basic)

__ 5. Cola (moderately acidic) ____11. Human urine

__ 6. Household ammonia __ 12, Gastricjuice
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Exercise 8 (Summary)

Review basic chemical terminology by completing this crossword puzzle.

Across

2. __ istheenergy
due to movement of
molecules in a body of
matter.

5. An____ isasub-
atomic particle that cir-
cles an atom’s nucleus.

7. The smallest parti-
cle of an element is

' n

—
‘
pury

called an .
9. An isa
charged atom or . .
molecule.
12. Acid is
caused by pollutants

ury
. n
pury

that combine with
water in the air.

16. ____isanything
that occupies space

and has mass.

17. Two or more atoms
held together by cova-
lent bonds forma ___ .
19. Neutrons and
protons are found in
anatom’s .

22. The cohesion of
water molecules is
responsible for surface ____.

©

— —

—

23. Variant forms of an element with different numbers of neutrons are called .

24. is the tendency of water molecules to stick together.

Down
1. A____ isasubatomic particle with no electrical charge.
____measures the intensity of heat.
Electrons are shared unequallyina ____ covalent bond.
There are 92 naturally occurring __.
A ___ contains two or more elements in a fixed ratio.
Weak bonds between water molecules are called ___ bonds.
10. An___ donates H* ions to solutions.
11. A___ bond is formed when two atoms share electrons.
13. A___ isa positively charged particle from the nucleus of an atom.
14. In a solution, the dissolving agent is called the ____.
15. A___ isaliquid containing a uniform mixture of substances.
18. When two ions of opposite charges attract each other,an ____ bond forms.
20. The __is the substance dissolved in a solution.
21. A___ accepts H™ ions and removes them from solution.

L S

—
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Test Your Knowledge

Multiple Choice

1.

Which of the following is a trace element,
required only in small amounts by most
living things?

. oxygen

. iron

. nitrogen

. carbon

. hydrogen

o QAN T W

An acid is a substance that

a. dissolves in water.

b. forms covalent bonds with other
substances.

c. donates hydrogen ions to solutions.

d. is a versatile solvent.

e. removes hydrogen ions from solutions.

How an atom behaves when it comes into

contact with other atoms is determined by its
a. nucleus.
b. size.

C. protons.
d. neutrons.
e. electrons.

Most of water’s unique properties result from
the fact that water molecules

. are very small.

. tend to repel each other.

. are extremely large.

. tend to stick together.

. are in constant motion.

o U T W

Atoms of different phosphorus isotopes
a. have different atomic numbers.

b. have different numbers of neutrons.
c. react differently with other atoms.

d. have different numbers of electrons.
e. have different numbers of protons.

An ion is formed when an atom

a. forms a covalent bond with another atom.
b. gains or loses an electron.

c. becomes part of a molecule.

d. gains or loses a proton.

e. gains or loses a neutron.

The smallest particle of water is
a. an atom.
b. a crystal.

10.

11.

12.

c. an element.
d. a compound.
e. a molecule.

Why are biologists so interested in chemistry?

a. Chemicals are the fundamental parts of all
living things.

b. Most chemicals are harmful to living
things.

c. They know little about life except the chemi-
cals it is made from.

d. If you understand the chemistry of life, you
can make a lot of money.

e. Everything about life can be known by
understanding its chemistry.

Molecules are always moving. Some molecules
move faster than others; __ is a measure of
their average velocity of movement.

a. polarity

b. heat

c. temperature

d. electronegativity

e. density

Which of the following holds atoms together in
a molecule?

. ionic bonds between atoms

. transfer of protons from one atom to another
. sharing of electrons between atoms

. loss of neutrons by atoms

. sharing of protons between atoms

D AN T

Ice floats because

a. it is colder than liquid water.

b. its molecules are moving faster than in
liquid water.

c. it is more dense than liquid water.

d. its hydrogen molecules bond to the water
surface film.

e. its water molecules are farther apart than
in liquid water.

Adding acid tends to ____ of a solution.

a. increase the hydrogen ion concentration
and raise the pH

b. increase the hydrogen ion concentration
and lower the pH

c. decrease the hydrogen ion concentration
and raise the pH

d. decrease the hydrogen ion concentration
and lower the pH
e. cor d, depending on the original acidity

25
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13. Scientists are excited by evidence that water

once flowed on Mars, because

a. it shows that all planets share the same
chemical processes.

b. there will be water to drink when humans
explore Mars.

c. they thought it was impossible for water
molecules to exist in the Martian
environment.

d. it means that Mars might support some
form of life.

e. it suggests that Mars once orbited Earth.

Essay

1.

List the four elements needed by living things in
large amounts, two others needed in moderate
amounts, and two elements needed in trace
amounts.

Explain why the smallest particle of iron is an
atom, but the smallest particle of water is a
molecule.

. Explain the following statement: The temper-

ature of the water in a teakettle is higher than
the temperature of water in a swimming
pool, but the swimming pool contains more
heat.

How does acid precipitation form and
what are some of its adverse effects?

What is ocean acidification and what are its
consequences?

Explain why water molecules are polar, how
this makes them tend to bond to each other,
and how this causes water to have a large
heat-storage capacity.

Explain how evaporation of water from your
skin cools you on a hot day.

Apply the Concepts

Multiple Choice

1.

An atom that normally has ____ in its outer
shell would tend not to form chemical bonds
with other atoms.

a. 1 electron

b. 3 electrons

c. 4 electrons

d. 6 electrons
e. 8 electrons

. You can use a product such as Jet Dry in your

dishwasher to keep water from clinging to
dishes and causing spots. Jet Dry must work
by interfering with

a. cohesion.

b. covalent bonding.

. evaporation.

. adhesion.

. ionic bonding.

o QL n

. Researchers studying the effects of toxic wastes

knew that animals were poisoned by the heavy

metal cadmium, but they wanted to know

where cadmium accumulated in the body.

They could find out by

a. tracing the movement of cadmium isotopes
in test animals.

b. measuring the size of cadmium atoms.

c. finding out whether cadmium atoms form
ionic or covalent bonds.

d. finding out whether cadmium is acidic in
water.

e. determining the number of bonds formed
by cadmium atoms.

. Changing the number of would change

it into an atom of a different element.

a. bonds formed by an atom

b. electrons circling the nucleus of an atom
c. protons in an atom

d. particles in the nucleus of an atom

e. neutrons in an atom

. A glass of grapefruit juice, at pH 3, contains

____ HT" asa glass of tomato juice, at pH 4.
a. one-tenth as much

b. half as much

c. twice as much

d. three times as much

e. ten times as much

. Fluorine atoms tend to take electrons from

any atoms that come near. As a result, fluorine
atoms

a. tend to become positively charged.

b. are nonpolar.

. do not react readily with other atoms.

. tend to form ionic bonds.

. are not very electronegative.

o QLU n
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Sean added 10 milliliters (mL) of hydrochloric
acid and 10 mL of water (pH 7) to a beaker con-

taining 100 mL of water. The pH of the resulting
solution was 4. Next he is going to add 10 mL of

hydrochloric acid and 10 mL of pH 7 buffer to a
different beaker containing 100 mL of water.
What do you think will happen?

a. The resulting pH will be less than 4.

b. The resulting pH will be between 4 and 7.

c. The resulting pH will be 7.

d. The resulting pH will be between 7 and 11.
e. The resulting pH will be greater than 11.

A sodium atom has a mass number of 23.

Its atomic number is 11. How many electrons
does it have (if it is not an ion)?

a. 11

b. 12

c. 22

d. 23

e. 34

Which of the following is the smallest in
volume?

. nucleus of an oxygen atom

. water molecule

. proton

. ice crystal

. electron cloud of an oxygen atom

o AN T o

Potassium chloride is a salt consisting of

potassium ions (K*) and chloride ions (C17)

in a crystal. If potassium chloride is placed

in water, what do you think happens?

a. The K™ ions are attracted to the oxygen
atoms of water molecules.

b. It will not dissolve.

c. The ClI™ ions are attracted to the oxygen
atoms of water molecules.

d. It acts as an acid.

e. The K* ions are attracted to the hydrogen
atoms of water molecules.

Essay

1.

A sulfur atom has 6 electrons in its outer shell.
How many covalent bonds is it likely to form
with other atoms? Why? What do you think
the formula for hydrogen sulfide would be?

2. Plants carry out chemical reactions that make

sugars, which contain carbon, hydrogen, and
oxygen, from carbon dioxide (CO,) and water
(H,O). Researchers want to know whether the
oxygen atoms in sugar come from the carbon
dioxide or the water. How could they use
radioactive tracers to find out? What would
they look for in terms of results?

. If you drop a hot 10-kg rock into 10 kg of cold

water, the rock cools off and the water warms

up until they reach the same temperature, but

the final temperature of both is much closer to
the starting temperature of the water than that
of the rock. Why?

. A sugar molecule contains carbon, hydrogen,

and oxygen atoms. The oxygen atoms tend to
steal electrons from the other atoms in the
molecule, giving the oxygen atoms negative
charges and leaving other parts of the sugar
molecule positively charged. The molecules
in oil, however, consist only of hydrogen and
carbon, which share electrons equally. Oil
molecules do not have areas of positive and
negative charge. Using this information and
what you know about water, explain why
sugar mixes with water but oil does not.

. Why are the ratios of elements in molecular

formulas always fixed —H,O instead of H50,
and CH, instead of CHg? Explain this in terms
of the characteristics of the atoms making up
the molecules.

. On a typical July day in Seattle, Washington, the
high temperature is around 75°F, the low around
55°F. In January, the average high is around 45°F,

the low 35°F. In Minneapolis, Minnesota (at
roughly the same latitude as Seattle), July highs
average around 83°F, lows around 60°F; January
highs average around 20°F, lows close to 0°F.
Explain the differences between temperatures in
Seattle and Minneapolis in terms of the concepts
discussed in this chapter.

. If you heat up a mixture of water and alcohol,
the alcohol evaporates first, leaving most of the

water behind. Why do you think this happens?
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Put Words to Work

Correctly use as many of the following words as possible when reading, talking, and
writing about biology:

acid, acid precipitation, adhesion, aqueous solution, atom, atomic mass, atomic number, base,
buffer, chemical bond, chemical reaction, cohesion, compound, covalent bond, double bond,
electron, electron shell, electronegativity, element, evaporation, evaporative cooling, heat,
hydrogen bond, hydrogen ion, hydroxide ion, ion, ionic bond, isotope, mass number, matter,
molecule, neutron, nonpolar covalent bond, nucleus, ocean acidification, pH scale, polar covalent
bond, polar molecule, product, proton, radioactive isotope, radioactive tracer, reactant, salt, solute,
solution, solvent, surface tension, temperature, trace element

Use the Web

There is much more on the chemical basis of life at www.masteringbiology.com.

Answers

Review the Concepts

Exercise1l: 1. MgM 2.OL 3.ZnT 4.HL
5. CuT 6.IT 7.CL 8CaM 9.PM 10.NL
11.NaM 12.FeT

Exercise2: 1.C 2.E 3.C 4.C 5. E 6.E
7.C 8C 9.E 10.C

Exercise3: 2.N714777 3.Cl1735171817
4.0816888 5.0817898

Exercise 4: 1. The nitrogen atom shares its electrons
with 3 hydrogen atoms, forming ammonia, NHj.
2. The oxygen atom shares electrons with two
hydrogen atoms, forming a molecule of water,
H,0. Oxygen is more electronegative than hydro-
gen. It attracts electrons more strongly than hydro-
gen, and therefore possesses a slight negative
charge. This leaves the hydrogen atoms with a
slight positive charge. 3. Water molecules are
polar. Each positive hydrogen of one water mole-
cule is attracted to the negative oxygen of another.
Hydrogen bonds are weak, but important to life.
Each water molecule can hydrogen bond with four

other water molecules. 4. The calcium atom gives
away 2 electrons, one to each of 2 Cl atoms, pro-
ducing a Ca™* ion and 2 CI” ions. These ions form
the salt CaCl,.

Exercise 5: 2 H,O, (reactants) — 2 H,O + O,
(products)

Exercise 6: 1. chemical 2. cohesion 3. surface
tension 4.oxygen b5.hydrogen 6.share
7.covalent 8.nonpolar 9. electronegative

10. negative 11. positive 12.polar 13. neutral
14. negatively 15. positively 16. hydrogen

17. four 18. DNA 19. protein 20. solid
21.liquid 22.gas 23.solvent 24.aqueous
25.solutes 26.ionic 27.reactions 28.Heat
29. Temperature 30.cup 31.bathtub 32. hydro-
genbonds 33.less 34.releases 35.absorbs
36. releases 37.fast 38.evaporate 39.boiling
point 40. evaporative 41.less 42. floats

Exercise7: 1.4 2.74 3.3 4.7 5.3 6.115
7.1-2 8.52o0rless 9.13-14 10.8-10 11.6
12.2
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Exercise 8:

|
|

=|m[e]ofm|o] <[]
=
o ] G
=

—
=
o|=|=[o]v|=[o]o

M| [> ][] =[m| |
o]

(U[CILIE]

L
S|

|
=
<|
<|—

E[CIUJL

E

C|
[
V]
MJA]T]
L]
E |
N
7]

|

&

O]

=

|

|
>
—|=[m|

HEREEEER
[

(aal
ERECE
)

Test Your Knowledge

Multiple Choice: 1.b 2.c¢ 3.e 4.d 5b 6.b
7.e 8a 9.¢ 10.c 1l.e 12.b 13.d

Essay: 1. See Table 1 in the text.

2. Iron is an element, and there are atoms of iron.
Water is a compound, containing two elements.
The smallest particle of water is a molecule, com-
posed of two hydrogen atoms and one oxygen
atom. There are no atoms of water; if a water mole-
cule is broken up into hydrogen and oxygen atoms,
it is no longer water.

3. Temperature is the average speed of molecules
in a body of matter. Heat is the total amount of
energy due to movement of molecules. Water
molecules in a hot teakettle move faster than in
a cooler swimming pool, so their temperature is
greater. Even though the molecules in a swim-
ming pool are moving slower, there are many
more of them in the pool, so their total amount
of energy is greater, and therefore the pool
contains more heat.

4. Acid precipitation forms when air pollutants
from burning fossil fuels—sulfur and nitrogen
oxides—combine with water vapor in the air to
form sulfuric and nitric acids, which fall in rain or
snow. Acid can interfere with chemical processes,
especially in aquatic organisms. Acid in the soil
can lead to changes in soil chemistry that affect
plants. Increased CO; from burning fossil fuels
forms carbonic acid when it combines with water.
This causes a drop in ocean pH, called ocean acidi-
fication. Ocean acidification decreases the concen-

tration of carbonate ions in seawater, which may
interfere with the ability of corals and other ma-
rine organisms to form their skeletons and shells,
which in turn may disrupt ocean habitats and
food chains.

5. The shared electrons in a water molecule are
pulled more strongly toward the oxygen atom
than the hydrogen atoms. This makes the oxygen
atom partially negative and the hydrogen atoms
partially positive, causing the water molecule to be
polar. The + and — charged regions on each water
molecule are attracted to oppositely charged re-
gions on adjacent molecules; these attractions are
called hydrogen bonds. When water is heated, the
heat energy first disrupts the hydrogen bonds

and then makes the molecules move faster.
Because heat is absorbed as bonds break, water can
absorb and store much heat while warming only a
small amount.

6. Water evaporates when the fastest molecules
move so rapidly that they escape from the liquid
(sweat on the skin) and form water vapor. This
leaves the molecules still in the liquid with a lower
average speed, and as a result, the remaining lig-
uid (the sweat remaining on the skin) has a lower
temperature.

Apply the Concepts

Multiple Choice: 1.e 2.d 3.a 4.c¢ 5.e 6.d
7.b 8.a 9.c 10.a

Essay: 1. It will form two covalent bonds, because
it needs to share 2 electrons with other atoms to
have a complete outer shell of 8 electrons.

H,S.

2. Give a plant water containing a radioactive
isotope of oxygen, H,O*, and look to see
whether the sugar made contains the radioactive
oxygen C¢H1,0¢*. Carry out a similar test

with CO,*.

3. It takes a large amount of heat to break the
hydrogen bonds between water molecules before
the water warms up much, so water can absorb
much heat with a small rise in temperature. As
the rock loses heat it cools off a lot, but this same
amount of heat absorbed by the water does not
raise the temperature of the water much, because
most of the heat energy is used to break hydrogen
bonds.

4. Water molecules can form hydrogen bonds with
the positively and negatively charged atoms in a
sugar molecule, so the water molecules can sur-
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round individual sugar molecules. Water mole-
cules are not attracted to oil molecules; the water
molecules stick to each other and exclude the oil
molecules.

5. Each atom is characterized by a certain number
of electrons, arranged in energy shells. For most
atoms, the outermost shell can hold up to 8 elec-

trons. Carbon has only 4 electrons in its outer shell.

It tends to share electrons—form bonds—with
four other atoms, filling its outer shell. Thus it
tends to form four bonds, and methane is CHy,
not CH6

6. Seattle is much closer to the ocean, which stores
heat and stabilizes climate. During the summer, the
water absorbs heat, cooling Seattle, and during the
winter the water releases stored heat to the air,
warming the city.

7. Water molecules are more polar than those of
most other substances. They are attracted to one
another, bonded by hydrogen bonds. These bonds
are hard to break, so water must absorb more heat
to vaporize than most other substances. The less-
polar, easier-to-vaporize alcohol molecules tend to
evaporate first.
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Focus on the Concepts

Life is based on the structure and function of carbon-based molecules. This chapter
introduces the chemistry of carbon and the four groups of large organic molecules—
carbohydrates, lipids, proteins, and nucleic acids. As you study this chapter, focus on
these major concepts:

e A carbon atom can form four covalent bonds, so carbons atoms can form a
variety of organic molecules containing chains, branches, rings, and double
bonds. Certain functional groups of atoms help to determine the emergent
properties of a molecule, such as the way it bonds or reacts. Many large
organic molecules are polymers—chains of smaller molecular subunits.

¢ Carbohydrates have formulas that are multiples of CH,O. The simplest carbohy-
drates are sugars such as glucose, called monosaccharides, used for energy and to
build larger carbohydrates or other organic molecules. Two monosaccharides can
pair to form a disaccharide such as sucrose. Polysaccharides are polymers of
many sugars. Starch is an energy storage polysaccharide, and cellulose is a
structural polysaccharide that forms plant cell walls.

¢ Lipids are molecules such as fats, waxes, oils, and steroids that possess
hydrocarbon regions that do not mix well with water. A fat is an energy-storage
molecule consisting of three long fatty acid units attached to glycerol. Fats can
be saturated or unsaturated. Phospholipids are modified fats important in
membrane structure.

* Proteins are complex polymers of amino acids linked via peptide bonds
between their acid groups and nitrogen-containing amino groups. There are
20 kinds of amino acids, each with different projecting side chains, so there is
an immense variety of possible amino acid sequences. Beyond this primary
structure, different amino acids and their side-chains can bond and interact
in various ways, twisting, folding, and combining polymers in secondary,
tertiary, and quaternary levels of structure. The specific 3-D shapes of
proteins enable them to carry out complex life functions, such as transport,
communication, and movement.

* Protein structure is determined by the information stored in genes, consisting
of DNA, a nucleic acid. To shape proteins and body characteristics, DNA
works through an intermediary nucleic acid called RNA. Each nucleic acid is a
polymer of nucleotides, subunits consisting of a sugar, a phosphate group, and
a nitrogen-containing base. The information stored in the long, twisted double
helix of DNA resides in the sequence of its nucleotides.

From Chapter 3 of Study Guide for Campbell Biology: Concepts & Connections, Seventh Edition. Richard M. Liebaert,
Jane B. Reece, Martha R. Taylor, Eric J. Simon, Jean L. Dickey. Copyright © 2012 by Pearson Education, Inc.
Published by Pearson Benjamin Cummings. All rights reserved.
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Review the Concepts

Work through the following exercises to review the concepts in this chapter. For additional
review, check out the activities at www.masteringbiology.com. The website offers a pre-test
that will help you plan your studies.

Exercise1 (Section1)

The great variety of organic compounds results from the ability of carbon atoms to form
four bonds, creating branching chains of different lengths. Several simple hydrocarbon
molecules, consisting only of carbon and hydrogen, are shown in Section 1 of this chapter.
Practice seeing the versatility of carbon by sketching some hydrocarbon molecules of your
own, as suggested in the following.

1. Sketch a hydrocarbon molecule that is a straight chain, containing 5 carbon atoms and
12 hydrogen atoms, molecular formula CsHy:

Question: Why does each carbon bond to 4 other atoms?

2. Now sketch a shorter hydrocarbon chain, with only four carbon atoms:

Question: What is the molecular formula (C,H5) of the above molecule?
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3. Sketch another five-carbon hydrocarbon, but this time include one double bond:

Question: What is the molecular formula of this molecule?

4. Sketch a five-carbon hydrocarbon molecule that is branched (and contains no double bonds):

Question: What is the molecular formula of this molecule? What is the term for its relationship to molecule
1 (in this exercise)?

5. Sketch two five-carbon hydrocarbon molecules in the form of rings, one without double bonds and one
with one double bond.

Question: How many hydrogen atoms are in each of these molecules?
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Exercise 2 (Section 2)

Functional groups participate in chemical changes and give each molecule unique proper-
ties. Circle the functional groups that are discussed in this section in the molecules that
follow. Label an example of each of the following: hydroxyl group, carbonyl group, car-
boxyl group, amino group, phosphate group, and methyl group. There are a total of ____
hydroxyl group(s), carbonyl group(s), carboxyl group(s), amino group(s),
___ phosphate group(s), and ____ methyl group(s). (The properties of the molecules are
described at the right.)

,C=0 Formaldehyde is the starting point for making many chemicals.

N Formic acid gives ant venom its sting.

\ | Thymine is one of the “bases” that make up the DNA genetic code.

H
OH OH
| |
H-C-C-H Ethylene glycol is in automobile antifreeze.
H H
H H O
! . . s
:C =C- Cf Acrolein is produced when meat is heated; it is the barbecue smell.
H H
OH
|
H - C - H . . .
« 1,9 Serine is part of many protein molecules.
N-Cc-c
|
H™ ) o
0]
Il
H N L N/H Urea is a waste product in urine.
H “H
HHHH
« o1 1o H
N-C-C-C-C—-N_  Putrescene’s name is descriptive; it is produced in rotting flesh.
| | | | H
HHHH
o OHH @)
| | |
\:C -C-C-0-P-0" GB3P is an intermedjiate step in plants” production of sugar.
H | | Il
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Exercise 3 (Section 3)

There are four main classes of macromolecules. Most are polymers, assembled from
smaller monomers in a process called a dehydration reaction. Hydrolysis breaks polymers
back down to monomers. State whether each of the following relates to dehydration (D)
or hydrolysis (H).

Connects monomers to form a polymer.

Produces water as a by-product.

Breaks up polymers, forming monomers.

Water is used to break bonds between monomers.

Joins amino acids to form a protein.

Glycerol and fatty acids combine this way to form a fat.

Occurs when polysaccharides are digested to form monosaccharides.
—H and —OH groups form water.

Nucleic acid breaks up to form nucleotides.

. Water breaks up, forming —H and —OH groups on separate monomers.

O XN U RN

—_
=)

Exercise 4 (Sections 3-7)

Review carbohydrates by filling in the blanks in the following story.

Carbohydrates are a class of molecules ranging from the simplest sugars, called

! , to giant molecules called 2 , built of many sugars.

Carbohyderates are the main fuel molecules used for cellular work.

Plants make their own carbohydrates, but humans, like all animals, must obtain
them from plants or other animals. Imagine eating a piece of whole-wheat bread spread
with strawberry jam. It contains a mixture of carbohydrates, along with other macromol-
ecules such as 3 and 4 . Much of the carbohydrate

in the bread itself is in the form of a polysaccharide called ° , which is

simply a chain of © monomers. The monomers were linked together

in the wheat plant in a process called a ’ reaction. As the glucose

units joined, 8 was produced as a by-product. When you swallow a
bite of bread, digestive juices in the intestine separate the monomers in the opposite
reaction, called ° . In the intestine, this is actually a two-step process.

Secretions from the pancreas first break the starch down to maltose, a type of carbohy-
drate called a 1° , which consists of two glucose monomers. Secretions

from the walls of the intestine complete the process, breaking each maltose molecule

down to two individual glucose molecules. Each glucose is a !!

-shaped molecule, containing '2 carbon atoms.

There are other carbohydrates in the bread and jam. Whole-wheat flour contains
the tough coats of the wheat seeds. These contain a lot of 13 , the

fibrous polysaccharide that makes up plant cell walls. Like starch, it is made of glucose

14

monomers, but these monomers are in a different orientation.

f15

The human digestive tract is not capable o cellulose, so it passes

through the digestive tract unchanged, in the form of . Sucrose, a
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17

refined from sugar cane or sugar beets, may be used to sweeten
the strawberry jam. Each sucrose molecule is hydrolyzed in the small intestine to form
one molecule of 18 and one molecule of !

This homemade jam also contains a small amount of fructose, a 2

that is naturally produced by strawberries and is considerably sweeter than sucrose.
(High-fructose corn syrup, or HFCS, used to sweeten many processed foods, is produced

by hydrolyzing 2! and using enzymes to convert the resulting
2 to fructose. The increase in use of HFCS may be linked to the
recent increase in 23 |2 , and other chronic
diseases.)

Once all the carbohydrates have been hydrolyzed to small monosaccharides,
they can be absorbed by the body. Glucose and fructose pass through the wall of the

intestine and into the bloodstream, which carries them to the liver. Like all carbohydrate

25

molecules, these sugars are , so they easily dissolve in the water

of blood plasma. In the liver, the fructose is converted to glucose. This process is

26

relatively easy because glucose and fructose are , having the

same molecular formula, written 2 , but slightly different structures.

Glucose circulates around the body as “blood sugar” and is taken up by the cells for
fuel as needed. Extra glucose molecules are taken up by liver and muscle cells and

linked together by 2 synthesis to form a polysaccharide called
29

. This molecule is similar to plant 3 , except it is
more branched. Later the glycogen can be hydrolyzed to release 3!
into the blood as needed.
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Exercise 5 (Sections 8-10)

Review the structures and functions of lipids by completing the following crossword puzzle.

- C |
AEEEEEEEEEEETEEEEE
AEEEEEEEEEE

AEEEEEEEEEEN

AN SEEEEEEEEEE

Across

3. ___ means that hydrogen has been added to
unsaturated fats.

4. Hydrogenation can create ____ fats, which are
associated with health risks.

5. _ isa steroid common in cell membranes.

6. A is similar to a fat; found in cell membranes.

9. A fat molecule is composed of and three
fatty acids.

10. Glycerol and three acids make a triglyceride.

11. ___ is another name for “fat.”

12. A____ forms a waterproof coat that keeps

a fruit or insect from drying out.

16. Olive and corn ____ are examples of unsaturated
fats.

17. Fats with double bonds are said tobe ____.

18. is a lipid-containing deposit in a blood vessel.

19. are grouped together because they do not
mix well with water.

AEEEEE

Down

1. ___ isa condition where lipid-containing
deposits build up in blood vessels.

2. Female and male sex hormones are examples
of .

7. Animal fats are said tobe ____.

8. Lipids are water-avoiding, or ____ substances.
13. Unsaturated fats contain more ____ bonds than
saturated fats.

14. A____ isalarge lipid molecule whose main
function is energy storage.

15. ___ steroids are dangerous synthetic variants
of testosterone.
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Exercise 6 (Section 1)

Everything an organism does involves proteins. A protein is a polymer composed of amino
acids. Three amino acids not shown in the section are diagrammed in the following.

1. Draw a box around the unique R group of each, and label it R group.
2. Draw a red circle around the amino group of each, and label it amino group.

3. Draw a blue triangle around the carboxyl group of each, and label it carboxyl group.

H. | 0 H T o Ho o
2 74 AN Vs
_N-C-C _N-c-c? _N-Cc-cC?
\ \ \
H cn, OH H o, OH H ch, O
\
| HO CHj c.
Alanine H2N \O
Threonine Asparagine

4. In the space that follows, sketch the three amino acids to show how they would join to form a tripeptide.
What is this chemical reaction called? How many molecules of water would be formed? Show where the
water would come from.

Exercise 7 (Section 12)

Eight functions of proteins are discussed in Section 12 (enzymes, transport proteins,
etc.). Match each of the functional types with one of the following descriptions.

The sodium-potassium pump carries ions through membranes.

A protein in muscle cells enables them to move.

Antibodies fight disease-causing bacteria.

Collagen gives bone strength and flexibility.

Insulin signals cells to take in and use sugar.

A protein in a cell receives the insulin signal.

Proteins in seeds provide food for plant embryos.

A protein called sucrase promotes the chemical conversion of sucrose into
monosaccharides.

P NG LPN
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Exercise 8 (Section 13)

Identify each of the levels of protein structure in the diagrams. Then choose the descriptions
from the list that go with each of the levels.

1 Structure o
' o L e
by e
Descriptions: (.,; 'Tt"""‘la
_h‘:" L _{,‘,M
Yo R
>
2 Structure
Descriptions:
3. Structure
Descriptions:
__ : _h"'““a_x
4. Structure o | ———HE_,
— — f
ipti : \_Leu_Asp-Ala - Val - Arg “Gv, —ser|
Descriptions: Lou—Asp e Vel ATG =Gy Se

Choose from these descriptions:

~ L OmmINw»

7

Overall three-dimensional shape of a polypeptide

Amino acid sequence

Even a slight change in this can alter tertiary structure.

This level occurs only in proteins with two or more polypeptide subunits.

Coiling and folding produced by hydrogen bonds between —NH and C=0O groups

Not present in all proteins

Level of structure that is held together by peptide bonds

Alpha helix and beta pleated sheet

Stabilized by clustering of hydrophobic R groups, hydrogen bonds, ionic bonds, and sometimes even
covalent bonds called disulfide bridges

Globular or fibrous shape of a single folded polypeptide chain

Folding that results from interactions among R groups of amino acids in the polypeptide chain
This level is directly determined by genetic information.
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Exercise 9 (Sections 14-16)

Nucleic acids are the fourth group of biological molecules discussed in this chapter.
Review their structures and functions by matching each of the phrases on the left with a
word or phrase from the list on the right. Answers may be used more than once.

__ 1. Sugarin RNA A. Phosphate group
__ 2. Overall structure of DNA B. Deoxyribose
__ 3. Short for “ribonucleic acid” CATCG
__ 4. Molecule passed on from parent to offspring D. DNA
__ 5. Nitrogenous bases of RNA E. Nucleotide
____ 6. The stuff that genes are made of E A UCG
____ 7. Nitrogenous bases of DNA G. Double helix
___ 8. Programs the amino acid sequence of a polypeptide H. Ribose
__ 9. DNA works through this intermediary L. Nitrogenous base
___10. A nucleotide consists of sugar, phosphate, and this J. RNA
__ 11. Sugar of one nucleotide bonds to this in next nucleotide K. Gene
__12. Monomer of nucleic acids
__ 13. Sugar in DNA

14. A mutation in this results in lactose tolerance

Exercise 10  (Summary)

You may find that making a concept map is a useful way to organize your knowledge.
Such a map for the topic of carbohydrates is shown in the following. A concept map
shows how key ideas are connected. Making a concept map can help you learn because it
causes you to focus on main concepts and how they are connected. It helps you to sort out
what is important from unimportant details, and helps you tie your knowledge together
into a more meaningful and useful whole.

To make a concept map, you must first decide which ideas are most important.
Place the biggest, or most inclusive, concept at the top of the page. Just a word or phrase
is enough. Cluster subconcepts around it, and cluster sub-subconcepts around them.
Draw lines between the concepts to show how they are connected, and describe these
connections next to the lines. Again, use only a word or two.

If the topics or connections are not clear, perhaps they are unimportant, or
perhaps you are not clear on how they connect, or perhaps they do not really connect.
Remember, clarifying relationships is the purpose of making the map. Generally, maps
that are more “branched” are more useful than ones with many long straight “chains”
of boxes, but there is no one “correct” map for a particular topic.

Focus on the process of making the map, rather than on the map itself. More
learning will take place while you are making the map than when you look at the
finished product. You might want to “tune up” your maps by comparing them with
maps made by other students. After reviewing the following concept maps, on separate
paper try making your own concept maps for proteins and nucleic acids. Keep them
simple at first. Remember, practice makes perfect! Also, keep the concept map idea in
mind for upcoming chapters.
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Test Your Knowledge

Multiple Choice

1. Celluloseis a made of many _____.
. polypeptide...monomers

. carbohydrate...fatty acids

. polymer ... glucose molecules

. protein...amino acids

. lipid... triglycerides

D an T o

, and in this

2. In a hydrolysis reaction
process wateris
a. a polymer breaks up to form monomers...
consumed

b. a monomer breaks up to form polymers...
produced

c. monomers are assembled to produce
a polymer...consumed

d. monomers are assembled to produce
a polymer...produced

e. a polymer breaks up to form monomers...
produced

3. The four main categories of macromolecules in

a cell are

a. proteins, DNA, RNA, and steroids.

b. monosaccharides, lipids, polysaccharides,
and proteins.

c. proteins, nucleic acids, carbohydrates, and
lipids.

d. nucleic acids, carbohydrates, monosaccha-
rides, and proteins.

e. RNA, DNA, proteins, and carbohydrates.

4. A major characteristic that all lipids have in
common is

a. they are all made of fatty acids and glycerol.

b. they all contain nitrogen.

c. none of them is very high in energy content.

d. they are all acidic when mixed with water.
e. they don’t dissolve well in water.

5. A flower’s color is determined by the genetic
instructions in its
a. proteins.
b. lipids.

c. carbohydrates.

d. nucleic acids.

e. all of the above.

6. The most concentrated source of stored energy

is a molecule of
a. DNA.
b. fat.

10.

11.

12.

c. cellulose.
d. protein.
e. glucose.

In some places the backbone of a protein
molecule may twist or fold back on itself.
Thisis called ___ , and the coils or folds are
held in placeby ___ .

a. tertiary structure...hydrogen bonds

b. primary structure...covalent bonds

c. secondary structure...peptide bonds

d. tertiary structure...covalent bonds

e. secondary structure...hydrogen bonds

A hydrophobic amino acid R group would be
found where in a protein?
a. forming a peptide bond with the next amino
acid in the chain
b. on the outside of the folded chain, in the water
c. on the inside of the folded chain, away
from water
d. forming hydrogen bonds with other R groups
e. only at one end of a protein chain

The overall three-dimensional shape of
a polypeptide is called the

a. double helix.

b. primary structure.

c. secondary structure.

d. tertiary structure.

e. quaternary structure.

How many different kinds of protein
molecules are there in a typical cell?
a. four

b. twenty

c. about a hundred

d. thousands

e. billions

Estrogen, cholesterol, and other steroids
are examples of

a. polysaccharides.

b. lipids.

c. polypeptides.

d. triglycerides.

e. fats.

Functional groups called groups are
often used to transfer energy between organic
molecules.

a. hydroxyl

b. amino

. carboxyl

. carbonyl

. phosphate

o QLN
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14.
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The “building blocks” of nucleic acid
molecules are called

a. polysaccharides.
b. amino acids.

c. fatty acids.

d. nucleotides.

e. DNA and RNA.

The names of carbohydrates generally end in
a. -ose.

b. -ide.

-ol.

. -ase.

. -ate.

o QN

Essay

1.

Briefly describe the various functions
of proteins in the cell and body.

Animal fats tend to be solid at room tempera-
ture, plant oils more liquid. Explain how a
difference in the chemical structure of their
molecules causes this physical difference.

What forces and bonds maintain the three-
dimensional folded shape of a protein
molecule? How does this relate to the sensitivity
of proteins to changes in their environment?

Using squares to represent monosaccharides,
show the difference between glucose, maltose,
and starch. Maltose is an example of what kind
of carbohydrate? Starch is an example of what
kind of carbohydrate?

Sketch a protein molecule, using circles
connected by lines to represent amino acids
connected by peptide bonds. Does your
protein display primary, secondary, tertiary,
and quaternary structure? Where?

Apply the Concepts

Multiple Choice

1.

Citric acid makes lemons taste sour. A specific
functional group causes a molecule such as
citric acid to be acidic and taste sour. Which
group is it?

a. hydroxyl

b. methyl

. amino

. carbonyl

. carboxyl

o QLA

2. Which of the following do nucleic acids and

proteins have in common?

. They are both made of amino acids.

. Their structures contain sugars.

. They are hydrophobic.

. They are large polymers.

. They each consist of four basic kinds of
subunits.

m A n T o

. A biochemist is analyzing a potato plant for the

disaccharide sucrose. Where would he be most

likely to find it?

a. in cell membranes

b. in grains in the cells of underground tubers
(potatoes)

c. in the sap of the potato plant

d. in the nuclei of potato cells

e. in the walls of the potato plant cells

. Which of the following ranks the molecules in

the correct order by size?

a. water...sucrose...glucose...protein
b. protein...water...glucose...sucrose
c. water...protein...sucrose...glucose
d. protein...sucrose...glucose... water
e. glucose...water...sucrose...protein

. How does glucose differ from sucrose,

cellulose, and starch?

. It is a carbohydrate.

. Itis larger.

. The others are polysaccharides.

. It is a monosaccharide.

. It contains carbon, hydrogen,
and oxygen.

D AN T

. Seth noticed that his friend Jon had gained

a little weight during the holidays. He
commented, “Storing up some _____ for the
winter, I see.”

a. polysaccharides

b. triglycerides

c. nucleotides

d. polypeptides

e. steroids

. How does DNA differ from RNA?

a. DNA is larger.

b. One of their nitrogenous bases
is different.

¢. DNA and RNA contain different
sugars.

d. DNA consists of two strands in a double
helix.

e. All of the above are differences.
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10.

11.

12.

13.
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Certain fatty acids are said to be essential

because the body cannot make them itself; they

must be obtained in the diet. If your diet were

deficient in these essential fatty acids, you

would not be able to make certain

. fats.

. glycerol molecules.

. monosaccharides.

. proteins.

. You would not be able to make any of the
above.

D AN T

Hydrolysis of a polypeptide would produce
a. amino acids.

b. monosaccharides.

c. proteins.

d. peptide bonds.

e. nucleotides.

Glucose and hexanoic acid each contain six
carbon atoms, but they have completely different
properties. Glucose is an important nutrient;
hexanoic acid is poisonous. Their differences
must be due to different

a. monomers.

b. macromolecules.

c. hydrolysis.

d. quaternary structures.

e. functional groups.

Which of the following would probably not

be affected when a protein is denatured?

. primary structure

. secondary structure

. hydrogen bonds

. tertiary structure

. All of the above must be affected for the
protein to be denatured.

n A n T o

Palm oil and coconut oil are more like animal
fats than other plant oils. Because they
than other plant oils, they can contribute to
cardiovascular disease.

a. contain fewer double bonds

b. are less saturated

¢. contain more sodium

d. are less soluble in water

e. contain less hydrogen

A shampoo contains “hydroxypropyl methyl-

cellulose and hydrolyzed soy protein.” These

substances are

a. a polysaccharide with added functional
groups and broken-down polypeptides

b. broken-down carbohydrates and broken-
down proteins

¢. a broken-down carbohydrate and proteins
with added functional groups

d. polysaccharides and proteins with added
functional groups

e. a lipid with added functional groups and
broken-down polypeptides

Essay

1.

Briefly explain why all starch molecules are
pretty much the same, but there are millions of
kinds of protein molecules.

Specific enzymes in your intestine enable

you to break down starch and use the glucose
molecules produced by this process. But you
cannot break down cellulose. Explain why, in
terms of both carbohydrate structure and
protein shape.

Heating slightly is often enough to render a
protein nonfunctional. But a polysaccharide
such as starch must literally be boiled in acid
before it is significantly affected. Explain why.

Sketch the structural formulas of two hydrocar-
bon molecules that are isomers. Be sure the C
and H atoms form the correct numbers of
bonds. What are the molecular formulas of

the molecules? What is identical about the
molecules? How do the molecules differ?

Fred suffers from a disease that makes it diffi-
cult for his cells to produce glycogen. For him,
three meals a day are not enough; he needs to
snack constantly. Explain why.

A tripeptide, a molecule consisting of three
amino acids, is a very small protein. Yet a huge
variety of tripeptides is possible. Assume that
the first, second, and third amino acids can be
any of 20 choices. How many different tripep-
tides could there be? (Hint: Imagine you are
stringing beads. If you have 20 colors to choose
from, how many three-bead sequences are pos-
sible?) How could you calculate the number of
possible polypeptides 100 amino acids long?
(You probably won’t want to actually work it
out—it’s a very large number.)



Study Guides: The Molecules of Cells

Put Words to Work

Correctly use as many of the following words as possible when reading, talking, and writing
about biology:

alpha helix, amine, amino acid, amino group, anabolic steroid, beta pleated sheet, carbohydrate,
carbon skeleton, carbonyl group, carboxyl group, carboxylic acid, cellulose, chitin, cholesterol,
dehydration reaction, denaturation, deoxyribonucleic acid (DNA), disaccharide, double helix,
enzyme, fat, fatty acid, fructose, functional group, gene, glucose, glycerol, glycogen, hydrocarbon,
hydrolysis, hydrophilic, hydrophobic, hydroxyl group, isomers, lactase, lactose tolerance, lipid,
macromolecule, methyl group, monomer, monosaccharide, nucleic acid, nucleotide, organic
compound, peptide bond, phosphate group, phospholipid, pleated sheet, polymer, polypeptide,
polysaccharide, primary structure, protein, quaternary structure, ribonucleic acid (RNA),
saturated, secondary structure, starch, steroid, sucrose, tertiary structure, trans fat, unsaturated

Use the Web

There are some excellent exercises and questions about the principles of carbon-based
chemistry and the four kinds of large biological molecules at www.masteringbiology.com.

Answers

Review the Concepts 4. H
S |
Exercise 1: H—C—H
L H H H H
. | U
AR B N H=G—C—C—C—H
H HH H H
H H H H CsHj,. They are isomers.
Carbon has 4 electrons in an outer shell that can or
hold 8. It completes its outer shell by sharing with H
|
four other atoms. H—C—H
22 H H H CqHyo )
Lo H-C—C——C—H
S L
H H H H=G—H
H
R
H—C—C=C—C—C—H
H H H
or
H H
[
H—C=C
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H—C—H H—C—H H—C—H H—C—H
/A
cC—=C C==2¢C
/ \ / \
H H H H

Without double bond: 10 Hs. With double bond:
8 Hs.

Exercise 2: 4 hydroxyls, 6 carbonyls, 2 carboxyls,
5 aminos, 1 phosphate, 1 methyl

Exercise3: 1.D 2.D 3. H 4H 5D 6.D
7H 8D 9H 10.H

Exercise 4: 1. monosaccharides 2. polysaccha-
rides 3. proteins 4.fats 5.starch 6. glucose
7. dehydration 8. water 9. hydrolysis

10. disaccharide 11.ring 12.six 13. cellulose
14.linked 15. digesting 16. fiber 17. disaccha-
ride 18.glucose 19.fructose 20. monosaccharide
21.starch 22. glucose 23.obesity 24. type

2 diabetes 25. hydrophilic 26. isomers

27. CgH1pO4  28. dehydration 29. glycogen

30. starch  31. glucose

Exercise 5:

A S|
llmﬂmllml=lm =ﬂlml
IIEIEIII%EI
ﬂHEEEHgEEEEE

| C]
HE%EEEEI L]

[E]

mgmnnmnmgmmm
DNNNENNANNE
O T P AN E
OTJL]S) gmsmmumgmmm
PILIAJQIUIEPO]

| L]
I=EIEI

WIA[X

Exercise 6: See Figures 11 A, B, and C in the text.

Exercise 7: 1. transport 2. contractile 3. defen-
sive 4.structural b5.signal 6. receptor
7.storage 8.enzyme

Exercise 8: 1. quaternary DF 2. tertiary AIJK
3. secondary EH 4. primary BCGL

Exercise9: 1.H 2.G 3.] 4D 5 F 6.D 7.C
8.K 9.J] 10.1 11.A 12.E 13.B 14.KorD

Exercise 10: 1. fats 2. steroids 3. energy

4. glycerol 5. unsaturated 6. plant oils

7. cardiovascular disease 8. butter 9. corn oil
10. cell membranes

Test Your Knowledge

Multiple Choice: 1.c 2.a 3.c¢ 4.e 5d 6.b
7.e 8.c 9.d 10.d 11.b 12.e 13.d 14.a

Essay: 1. Structural proteins form body parts such
as fibers in tendons and ligaments. Contractile
proteins in muscles are responsible for movement.
Storage proteins such as albumin store amino
acids. Defensive proteins called antibodies fight
infection. Transport proteins such as hemoglobin
carry substances. Some hormones are signal pro-
teins, which convey messages from cell to cell.
Receptor proteins respond to signals. An enzyme
is a protein that catalyzes chemical changes.

2. Animal fats are saturated; their fatty acids con-
tain no double bonds and can pack together tightly
and solidify at room temperature. Plant oils are un-
saturated; their fatty acids contain double bonds,
which cause kinks that prevent them from packing
together and solidifying.

3. The secondary and tertiary levels of protein
structure are maintained mostly by relatively
weak hydrogen bonds and ionic bonds. These
weak bonds are easily disrupted by changes in
the protein’s environment.

4. Glucose: one circle. Maltose: two joined circles.
Starch: a chain of linked circles. See Figures 4, 5,
and 7 in the text. Maltose is a disaccharide. Starch
is a polysaccharide.

5. See Figures 13A-13D in the text.

Apply the Concepts

Multiple Choice: 1.e 2.d 3.c 4.d 5.d 6.b
7.e 8a 9a 10.e 1l.a 12.a 13.a

Essay: 1. Every starch molecule is a polymer of
glucose monomers, which are all the same, so starch
molecules differ only in length. A protein molecule
can be composed of 20 kinds of amino acid
monomers. These can be arranged in chains of an
almost infinite number of different sequences and
lengths, producing many different kinds of proteins.

2. A protein is folded in a specific three-dimen-
sional shape, and the function of a protein such as
an enzyme usually depends on its ability to bind to
some other molecule because of its specific shape.
The shape of these enzyme molecules allows them



Study Guides: The Molecules of Cells

to fit a starch molecule. The glucose monomers of
cellulose are linked together in a different orienta-
tion, forming a rod instead of a coil. Apparently the
enzymes do not fit the cellulose structure.

3. The hydrogen and ionic bonds that maintain the
three-dimensional shape of a protein are fairly weak.
A slight change in the environment can alter these
bonds, change the shape of the protein, and impair
its function, even if the covalent bonds that hold the
amino acids together in the protein are unaffected.
The main function of starch is to store glucose; the
three-dimensional shape of the molecule is relatively
unimportant. A much more drastic change is needed
to break the covalent bonds in the starch molecule,
separate the glucose subunits, and alter its function.

4. See Figure 1 in the text. Make sure every C
forms four bonds and every H forms one bond.
Isomers have the same molecular formulas, but
their structures differ.

5. The body stores excess glucose in the form of
glycogen, a polysaccharide. We can draw on this
store of sugar between meals. Since Fred cannot
produce glycogen, he cannot store as much sugar
and must eat more often to provide his cells with
glucose “fuel.”

6. The number of possible tripeptides is 20 X 20 X
20 = 8,000. The number of possible polypeptides
100 amino acids long is 20'%°—a very large
number indeed!
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Focus on the Concepts

Cells are the building blocks of life. The characteristics of life emerge from the arrangement
and interactions of the parts within cells. This chapter explores the structure and function
of cells. As you study the chapter, focus on these major concepts:

* Most cells are microscopic. Cell size is limited by the amount of surface area
required for exchange with the environment and the distance materials must
diffuse within the cell.

* All cells are bounded by a plasma membrane, have chromosomes carrying
genetic information, and possess ribosomes that manufacture protein. Eukaryotic
cells—those of plants and animals—possess a membrane-enclosed nucleus and
are compartmentalized by internal membranes into other organelles that carry
out various functions. Prokaryotic cells are smaller and simpler, having no
nucleus or other membrane-enclosed organelles.

¢ The plasma membrane and internal membranes are composed of two layers of
phospholipid molecules and associated proteins. Membranes carry out a variety
of functions, most notably controlling movement of substances in and out of the
cell and membrane-enclosed compartments. The permeability of a membrane
depends on the properties of the phospholipid bilayer and associated proteins.

¢ A number of cell structures function in chemical synthesis and breakdown. The
nucleus contains most of the cell’s genetic information and controls the cell by
directing protein synthesis by the ribosomes. Some ribosomes float free in the
cytoplasm, while some are bound to the ER, part of the endomembrane system.
Smooth and rough ER make and break down a variety of substances. ER prod-
ucts are packaged and modified by the Golgi apparatus. Some products leaving
the Golgi are exported, while others are retained by structures such as lysosomes,
which may digest food in food vacuoles. Other vacuoles function in storage.

* Mitochondria and chloroplasts are energy-converting organelles that evolved
from free-living prokaryotes. Mitochondria, found in nearly all eukaryotic cells,
carry out cellular respiration, converting food energy into the chemical energy
of ATP. Photosynthetic eukaryotes have chloroplasts, which conduct photosyn-
thesis, converting the light energy into the chemical energy of food molecules.

e Microfilaments, intermediate filaments, and microtubules are rods, fibers, and
tubes that form the cytoskeleton, supporting and organizing the cell’s internal
structure and facilitating functions such as movement. For example, microtubules
and associated motor proteins move cilia and flagella, locomotor appendages
that project from cells.

* There are important structures that lie outside the plasma membrane. Animal
cells produce a flexible glycoprotein extracellular matrix that helps support
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cells and hold them together. Plant cells are characterized by rigid cell walls,
made largely of cellulose, that support the plant. Various kinds of junctions
enable cells to adhere, interact, and communicate.

Review the Concepts

Work through the following exercises to review the concepts in this chapter. For additional
review, check out the activities at www.masteringbiology.com. The website offers a pre-test
that will help you plan your studies.

Exercise 1 (Section1)

Microscopes allow us to explore the world of the cell. Cells are very small—but just how
small are they? Figure 1B compares the size range of objects we can observe with our
unaided eyes and different kinds of microscopes. It is not that important to remember exact
dimensions of these small objects, but it is important to understand size relationships. Study
the chart, and see if you can estimate the following size relationships. (Note that each of the
reference measurements is ten times larger than the one shown below it.)

1. Afrogeggisabout_________ times larger than a human egg.

2. The smallest objects we can see under a light microscope are about _______ times smaller than objects
we can see with our unaided eyes.

3. Anaverage virusisabout_________ times larger in diameter than a protein molecule.

4. An electron microscope enables us to see things about _________ times smaller than we can see with our
eyes alone.

5. Alarge animal cell isabout _________ times larger than its nucleus and about _________ times larger than
a mitochondrion.

6. An average plant or animal cell isabout____ times larger in diameter than a protein molecule.

7. The smallest bacteria are about _________ times smaller than the average plant or animal cell.

8. A mitochondrionisabout_________ times larger than a ribosome

Exercise 2  (Section 1)

Different kinds of microscopes enable us to study cells in different ways. Use the informa-
tion section and Figure 1B to complete the following table comparing microscopes and
the unaided human eye.
Electron Microscope

Unaided Eye Light Microscope (SEM or TEM)
Kind of radiation 1. 2. 3.
(beam) used
Parts that 4. 5. 6.
focus beam
Maximum 7. 8. 9.
magnification
Smallest objects 10. 11. 12.
visible
Ability to separate 13. 14. 15.
close objects (resolution)
Limitations 16. 17. 18.
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Exercise 3 (Section 2)

We need to use a microscope to see cells because cells are so small. Why can’t a cell be
as big as a house, or at least as big as a baseball? Compare the two cells diagrammed in
the following. For each cell, calculate the surface area, volume, and ratio of surface area to
volume. Then answer the questions.

4
g
<t
\

<— 4 um — :EL

o)
<t 8 um 3o

Cell 1 Cell 2
Surface area:s = 6 X (I X I) = Surfacearea:s =6 X (I X I) =
Volume: v =] X[ X1 = Volume: v =] X[ X[ =
Surface/volume: s/v = Surface/volume: s/v =

1. Which cell has the greater surface area?

2. Which cell has the greater volume?

3. Which cell has the greater ratio of surface area to volume?

4. In which cell would the surface area of the plasma membrane most efficiently service the cytoplasm?

5. What modification of the less-efficient cell would make it as efficient as the more efficient one?
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Exercise 4 (Section 3)

Bacteria and archaea consist of small, simple prokaryotic cells. Label the following on this
diagram of a prokaryotic cell: capsule, cell wall, plasma membrane, nucleoid, ribosome,

prokaryotic flagella, fimbriae, bacterial chromosome. Briefly state the function of each
structure next to its label.
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Exercise 5 (Sections 3-4)

Eukaryotic cells are larger than prokaryotic cells. More importantly, eukaryotic cells are
divided into compartments called organelles that carry out various functions. Examine
the diagrams and text, and then compare the structures of the cells of prokaryotes, plants,
and animals by checking off their characteristics below. You may want to revise or refer to
this checklist as you complete the chapter.

Characteristic Prokaryotic Cell Plant Cell Animal Cell

Prokaryotic structure

Eukaryotic structure

Relatively large size

Relatively small size

Membranous organelles

Plasma membrane

Cell wall

Cytoplasm

Ribosomes

Bacterial flagellum

Nucleus

Nuclear envelope

Rough endoplasmic reticulum

Smooth endoplasmic reticulum

Golgi apparatus

Lysosome

Peroxisome

Central vacuole

Mitochondrion

Chloroplast

Cytoskeleton

Flagellum

Centriole

Extracellular matrix

Plasmodesmata

Cell junctions
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Exercise 6 (Sections 5-12)

Review the structures and functions of the nucleus and the various components that make
up the endomembrane system by matching each phrase on the left with a structure from
the list on the right. Answers can be used more than once.

W W W W WNDNNNNDNNNDNDDNRPR R R =Rl
PO, OO ONNUT R WNNRFE OWOVWWOMNOURWNRO

W RN

Lipids manufactured here

Small structure that makes protein

Contains chromatin

Sac of digestive enzymes

Carries secretions for export from cell

Breaks down drugs and toxins in liver

Makes cell membranes

Cell control center

Numerous ribosomes give it its name

“Ships” products to plasma membrane, outside, or other organelles

. May store water, needed chemicals, wastes, in plant cell
. Buds off from Golgi apparatus

. Defective in Tay-Sachs disease

. Proteins made and modified here for secretion from cell
. Pumps out excess water from some cells

. Nonmembranous organelle

Takes in transport vesicles from ER and modifies their contents

. Boundary between the cell and its surroundings

. Carries out mRNA instructions from the nucleus

. How proteins and other substances get from ER to Golgi apparatus
. Stores calcium in muscle cells

. “Labels” and sorts molecules to be sent to different destinations

. A digestive sac not related to other endomembrane structures

. Digests food, wastes, foreign substances

. Phosopholipid bilayer with proteins controls flow in and out of cell
. Drug tolerance results from its enlargement

Fuses with food vacuole and digests contents

. Structure in the nucleus where ribosomal RNA is made
. May be “free” or “bound”

. Surrounded by an double-membrane envelope with protein-lined pores
. Looks like a stack of flattened sacs

. Sends transport vesicles loaded with proteins to the Golgi apparatus
. Can store plant pigments and/or poisons

. Buds from here can become lysosomes

FAR—~ =L O0mmINwpP

Nucleus
Transport vesicle
Central vacuole
Smooth ER
Lysosome

Golgi apparatus
Rough ER
Contractile vacuole
Ribosome

Plasma membrane
Nucleolus
Peroxisome
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Exercise 7 (Sections 5-12)

Review the functions of the endomembrane system by completing this diagram and
labelling the parts. Sketch and label rough ER, smooth ER, vacuole, ribosomes, Golgi
apparatus, lysosome, nuclear envelope, transport vesicles, and plasma membrane. (1)
Trace the path of a protein from its site of manufacture to the outside of the cell with a red
arrow. (2) Trace the path of a protein incorporated into a lysosome in blue. (3) Trace the path
of a protein incorporated into the plasma membrane in green. (4) Trace the path of a lipid
secreted from the cell in yellow.

Nucleus

Exercise 8 (Sections 13-15)

Both mitochondria and chloroplasts are energy converters, but their functions are quite
different. Compare them by filling in the chart below.

Chloroplast Mitochondrion

Found in the following organisms . . .

Carries out process of . ..

Converts energy of . . .

Into chemical energy in . . .

Evolved by endosymbiosis from . . .
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Exercise 9 (Sections 16-18)

The cytoskeleton is important in cell shape, organization, and movement. Compare the
components of the cytoskeleton by checking which of the following are characteristics of
microfilaments, intermediate filaments, or microtubules.

Intermediate
Microfilaments Filaments Microtubules

Hollow tubes

Solid rods

Ropelike structure

Made of tubulin

Made of actin

Made of supercoiled fibrous proteins

Form a cage that anchors nucleus in place

Work with myosin to change cell shape

Reinforce cell shape, anchor organelles

Act in muscle cell contraction

Act as tracks for organelle movement

Shape and support cell

In cilia

In flagella

In centrioles

9 + 2 pattern

Dynein feet cause bending movement

Extend from basal body

Guide chromosomes when cells divide

Don’t function in the disease PCD

Exercise 10  (Sections 19-21)

The surfaces of cells have some important structural features. Match each of the cell surface
characteristics or structures on the left with a phrase on the right. Answers may be used
more than once.

_ 1. Channel between animal cells A. Tight junction

__ 2. Rigid covering of a plant cell B. Plasmodesma

__ 3. Link animal cells in leakproof layer C. Anchoring junction
__ 4. Allows water and solutes to move between plant cells D. Cell wall

__ 5. Connects animal cells into a strong sheet E. Gap junction

___ 6. Sticky layer holds animal cells together E. Extracellular matrix
___ 7. Integrins in plasma membrane link this to cytoskeleton

__ 8. Helps support plant against gravity

__ 9. Connects cytoplasm of adjacent plant cells

_10. Actslike a “rivet” between animal cells

__ 11. Made mostly of cellulose

__ 12, Made mostly of collagen
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Exercise 11 (Section 22 and Summary)

Label the organelles listed in Section 22 on these diagrams of animal and plant cells. (If
you get stuck, refer to Section 4.) Try to group your labels according to the four functional
categories in Section 22 so that you can also circle and label each category. Complete your
diagrams by underlining in red the names of structures found in animal cells but not in most
plant cells. Underline in green the names of structures found in plant cells but not in animal
cells.
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Test Your Knowledge

Multiple Choice

1.

To enter or leave a cell, substances must pass
through

. a microtubule.

. the Golgi apparatus.

. a ribosome.

. the nucleus.

. the plasma membrane.

on AN T o

Which of the following would not be considered
part of a cell’s cytoplasm?

. a ribosome

. the nucleus

. a mitochondrion

. a microtubule

. fluid between the organelles

on AN T o

Which of the following consist of prokaryotic
cells?

. plants and animals

. bacteria and archaea

. plants, fungi, bacteria, and archaea

. animals

. plants, bacteria, and archaea

AN T o

Organelles involved in energy conversion
are the

a. rough ER and Golgi apparatus.

b. nucleus and smooth ER.

. nucleus and chloroplast.

. lysosome and ribosome.

. mitochondrion and chloroplast.

o LU n

The maximum size of a cell is limited by

a. its need for enough surface area for
exchange with its environment.

b. the number of organelles that can be packed
inside.

c. the materials needed to build it.

d. the amount of flexibility it needs to be able
to move.

e. the amount of food it needs to survive.

You would expect a cell with an extensive
Golgi apparatus to

a. make a lot of ATP.

b. secrete a lot of material.

. move actively.

. perform photosynthesis.

. store large quantities of food.

o LU n

7.

10.

11.

12,

Which of the following correctly matches a
structure with its function?

a. mitochondrion—photosynthesis

b. nucleus—cellular respiration

c. central vacuole—storage

d. lysosome—movement

e. ribosome —manufacture of lipids

Cellular metabolism is

a. a type of cell division.

b. the process by which certain parts cause a
cell to “self-destruct.”

c. the chemical activity of a cell.

d. movement of a cell.

e. control of the cell by the nucleus.

Which of the following stores calcium, impor-
tant in muscle contraction?

a. mitochondria

b. smooth ER

c. the Golgi apparatus

d. contractile vacuoles

e. rough ER

Which group below is i