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Preface

One of the easiest ways to engage today’s students in the sciences is to make the content relevant to their lives. From the
latest developments in health and medicine, to environmental issues, students have a fundamental interest in the world
around them. Human Biology was designed to integrate the topics of health, wellness, and the environment in a way that per-
fectly suits the nonmajors” course.

With this purpose in mind, the authors identified several goals that guided them through the revision of Human Biology,
Twelfth Edition.

* Homeostasis and Evolution coverage increased

* Genetics of human disease coverage expanded

¢ Case Studies revised to include discussions of medical procedures and the genetics of human disease
e Applications added to enhance the relevancy of content for students

* Media assets integrated in textbook and in Connect™ Biology

Increased Coverage of Homeostasis and Evolution

Many of the Connecting the Concepts features at the end of each section address homeostasis and direct students to other
sections of the textbook to emphasize how the body systems interact to make homeostasis possible. Throughout the textbook,
new evolutionary diagrams have been added to indicate the importance of evolution in the study of human biology. In addi-
tion, many of the Connections and Misconceptions boxes now relate to evolutionary themes.

€C H A P T E R

1 o Connecting the Concepts

] The respiratory and circulatory systems cooperate
Urinary System extensively to maintain homeostasis in the body. For
more on the interactions of these two systems, refer to the
following discussions.

CASE STUDY POLYCYSTIC KIDNEY CHAPTER CONCEPTS Section5.50ut|inesthecirculatorypathwaysthatmove
DISEASE 10.1 The Urinary System
ichael and Jada were excited about the birth of their child. Married prgherinanstenilidners plodice e iuch gasesto and from the Iungs.

i stored in the bladder before being discharged

for three years, they already had a healthy daughter, and they were e e e B . . .
happy that sha would have a younger sister to play with. After Alesha afhemeasass, Section 6.2 describes the role of the red blood cells in the
was born, however, it soon became clear that something was wrong. She 10.2 Kid Struct:
weighed only 5 Ib 4 oz at birth, The first time she urinated, there was an : M"“:z,‘:,i(a{;‘f\:k:;eys e composedof kidney transport of gases.
obvious tinge of blood in her urine. In addition, she also seemed to urinate tubules (nephrons). These tubules have a blood
much more frequently than was to be expected for an infant, and her supply that interacts with parts of the tubule as they
blood pressure was higher than was normal. When her doctors performed produce urine.
ultrasound and magnetic resonance imaging (MRI) scans of her abdominal 10.3 Urine Formation
organs, they found that Aiesha had signs of polycystic kidney disease Urine is composed primarily of nitrogenous waste .
(PKD). Aiesha’s doctors explained that in PKD, cysts (small, fluid-filled sacs) products and salts in water. Urine formation is a I d c f t h G t f
form within the collacting ducts of the nephrans in the interor o the Stepwise pocess mprove overage o e Genetics O
kidneys. The ultrasound results indicated that both of Aiesha’s kidneys 10.4 Kidneys and Homeostasis .
were covered in cysts (see the kidney above and right) and that this usually The kidneys are involved in the salt-water balance H D
meant that the £ysts were present nside the Kidneys as wel. Michasl and andhe acid-bese balance of e bloodin dation umahn bDisease
Jada were informed that the presence of these cysts explained Aiesha’s to excreting nitrogenous wastes.
symptoms. The doctors also told Michael and Jada that PKD would most 10.5 Kidney Function Disorders . . 3
likely cause Alesha's Kidneysto fail and that they should immediately Vaious ypes fnesos, e dabetes,Keney Throughout the book, the genetic basis of human diseases
prepare her for a kidney transplant. Because PKD is a genetic disorder, the stones, and infections, can lead to renal failure. . . . .
physicans suggested that bath parents undergo geneictsts o see i they Hemodalyi s necded o tesurihalof aints (such as Down syndrome, cystic fibrosis, and Huntington
were carriers for PKD. . . .. . . .
As you read through the chapter, think about the following questions. dlsease) 15 ldentlﬁed and dlSCUSSGd. Many Of these COI'ldl-
1. What s the role of the kidneys in the body? BEFORE YOU BEGIN s : 3
e tions are now the focus of the chapter openers, in which
kidney failure? moments to review the following discussions. 3 3 3
3. Why would problems with the kidneys rsult n blood inthe urine and AR the relationship between genetics and some of the more
high blood pressure? solution is acidic or basic? : .
: common human diseases is presented.
Section 3.3 How does water move across a

plasma membrane?
Section 4.8 How do feedback mechanisms
contribute to the maintenance of
homeostasis?




vi Preface

Revised Chapter-Opening Case Studies

One of the major features of this new edition of Human Biology is a complete reworking of the chapter-opening case studies.
As with the chapter-opening material in previous editions, all case studies have a human focus and lead the students into
the chapter in an engaging way. For the twelfth edition, many of the case studies include discussions of medical procedures
and the genetic basis of human disease. Also, several questions have been added to each case study to integrate the topic of
the case study with the material in the chapter. These questions may be assigned by the instructor to assess student under-
standing of the topic or to facilitate classroom discussions. Each case study is concluded at the end of the chapter to further
integrate the chapter concepts, and many of the Thinking Critically About the Concepts questions at the end of the chapter
combine case study concepts with chapter content. Students are challenged to thoughtfully integrate these ideas, and the
answers to the questions are given in Appendix B.

Part IV Integration and Coordination in Humans

C H A P T E R

13

Nervous System

Applications to Enhance the
Relevancy of Content

Connections and Misconceptions

In addition to the Focus readings, a feature of Human
Biology, Twelfth Edition, is the Connections and Miscon- 1
ceptions applications. Throughout the text, some com- B WY
mon questions that are brought up in human biology ok [MIET PILE ySic e 0l Sl s
classrooms are explored, including:

I

CHAPTER CONCEPTS

13.1 Overview of the Nervous System
In the nervous system, reception of stimuli is
associated with sensory neurons; integration is
associated with interneurons; and motor output s
associated with motor neurons. All neurons use the

n her way to work, Sarah noticed that the colors of the traffic lights
didn’t seem quite right; the red lights appeared to be more orange
than red. At work, she noticed that she was having trouble reading her
e-mail. By the end of the day, she had a splitting headache. She kept telling
herself that she had just been working too hard. But even as she tried to e
remain calm, deep down she had a bad feeling. Within a few weeks, she neurons and across synapses.
was almost completely blind in one eye and the sensations in her feet 13.2 The Central Nervous System
felt muffled, like they were wrapped in gauze. Her doctor referred her to
a neurologist, who immediately ordered a magnetic resonance imaging
(MRI) scan of her brain and a series of somatosensory evoked potential
(SSEP) tests to examine how her nervous system was processing electrical
impulses.
The results indicated that Sarah had multiple sclerosis (MS), which is
an inflammatory disease. This disease affects the myelin sheaths, which
wrap parts of some nerve cells like insulation around an electrical cord. As

Are tanning beds safe?
Are stem cells only found in embryos?
What is methylmercury and why is it dangerous?

The central nervous system consists of the brain and

the spinal cord. The brain is divided into portions,

each with specific functions, and the spinal cord

communicates with the brain. The spinal cord provides

input to, and output from, the brain.

13.3 The Limbic System and Higher

Mental Functions

‘The limbic system involves many parts of the brain. It gives
the activities of the brain, and is

These pieces will help students relate the content of the

text to their everyday lives and to many of the topics
encountered in the medjia.

Connections and Misconceptions

What causes cystic fibrosis?

In 1989, scientists determined that defects in a gene on
chromosome 7 were the cause of cystic fibrosis (CF). This
gene, called CFTR (cystic fibrosis conductance regulator),
codes for a protein that is responsible for the movement of
chloride ions across the membranes of cells that produce
mucus, sweat, and saliva. Defects in this gene cause an
improper water-salt balance in the excretions of these
cells, which in turn leads to the symptoms of CF. To date,
there are over 1,400 known mutations in the CF gene. This
tremendous amount of variation in this gene accounts for
the differences in the severity of the disease in CF patients.

By knowing the precise gene that causes the disease,
scientists have been able to develop new treatment options
for people with CF. At one time, an individual with CF rarely
saw his or her twentieth birthday; now it is routine for people
to live into their 30s and 40s. New treatments, such as gene
therapy, are being explored for sufferers of CF.

these sheaths deteriorate, the nerves no longer conduct impulses normally.
For unknown reasons, multiple sclerosis often attacks the optic nerves

first before proceeding to other areas of the brain. Sarah's doctors were
able to treat her MS symptoms using high doses of immunosuppressive
medications. Unfortunately, there is no cure for MS, but most patients can
control the symptoms with daily injections of medication.

As you read through the chapter, think about the following questions.

. Why would a deterioration of the myelin sheaths cause a nerve cell to

important in the processes of learning and memory.

13.4 The Peripheral Nervous System

The peripheral nervous system consists of nerves that
project from the CNS. Cranial nerves project from the
brain. The spinal cord gives rise to spinal nerves.

13.5 Drug Therapy and Drug Abuse

Although neurological drugs are quite varied, each type
has been found to either promote, prevent, or replace
the action of aparticular neurotransmitter at a synapse.

function incorrectly?

How would an MRI and SSEP test indicate that there was a problem
with Sarah's neurological functions?

Why are many individuals who contract MS eventually confined to a
wheelchair?

L d

BEFORE YOU BEGIN
Before beginning this chapter, take a few
moments to review the following discussions.

L4

Section 2.1 How does an ion differ from an
atom of an element?

Section 3.3 How does the sodium-potassium
pump move ions across the cell membrane?
Section 4.1 What is the function of nervous
tissue in the body?

Connections and Misconceptions

Does cranberry juice really prevent or cure a urinary
tract infection?

Research has supported the use of cranberry juice to
prevent urinary tract infections. It appears to prevent
bacteria that would cause infection from adhering to the
surfaces of the urinary tracts. However, cranberry juice

has not been shown to be an effective i 4 Video
treatment for an already existing urinary Cranberries
vs. Bacteria

tract infection.




Media Integration

A significant new feature of this edition is the integration of content and ani-
mation, video, and audio assets. Virtually every section of the textbook is now
linked to MP3 files, animations of biological processes, National Geographic or

ScienCentral videos.

MP3 Files. These 3- to 5-minute audio files not only serve as a review of
the material in the chapter but also assist the student in the pronuncia-

= tion of scientific terms.

Animations. Drawing on McGraw-
Hill’s vast library of animations, the
authors have selected animations that
will enhance the student’s understand-
ing of complex biological processes.

Videos. Two different types of movies
are integrated into this edition of the text.
The ScienCentral videos are short news
clips on recent advances in the sciences.
The National Geographicvideos provide
the student with a glimpse of the com-
plexity of life that normally would not
be possible in the classroom.

Preface

\"

Bioethical Focus

Stem-Cell Research

In the human body, stem cells are analogous to immortal
“parents.” Their “offspring,” called daughter cells, can remain
as stem cells and potentially divide indefinitely. However,
most daughter cells differentiate further, forming mature
cells called end cells. Research using stem cells has remained a
source of controversy since 1998, when scientists discovered
how to isolate and grow human stem cells in the laboratory.

There are primarily two different types of stem cells:
embryonic and adult. Advantages and disadvantages exist
for each type. Embryonic stem cells are derived from fertilized
embryos at various stages of development. Fertilized human
ova stored in infertility clinics are often used as the source
of embryonic stem cells. The use of these cells for research
has sparked tremendous controversy, because many people
believe these cells have the potential to become a human
being. Adult stem cells are undifferentiated cells found in

various body tissues, whose purpose is to repair or replace
B au T I Al 1

pis Virtual Labs. Sim-
ulatedexperiments
allow students to ex-
plorethetopicscov-
ered in the chapter.

o ‘ charged molecules
and ions

Pro

aquaporin

noncharged
molecules

we

macromolecule

phospholipid
molecule

Media Study Tools

rotein

tools, and animations.

&

regulate enzyme activity.

www.mhhe.com/maderhumani2e

= connect e

interactive investigation of how environmental conditions

ma membrane.
ane whereas

Enhance your study of this chapter with study tools and practice cross
tests. Also ask your instructor about the resources available through
ConnectPlus, including the media-rich eBook, interactive learning

s only certain
freely. There-
ely permeable
las oxygen and
hne easily. The
freely cross the

|BloLoGgy uaporin. Tons
without more

Virtual Lab
= The virtual lab “Enzyme-Controlled Reactions” provides an  |cules from an

er concentra-
on is a passive
ellular energy

Certain molecules can freely cross the plasma membrane
by diffusion. When molecules can cross a plasma membrane,
which way will they go? The molecules will move in both
directions. But the net movement will be from the region of
higher concentration to the region of lower concentration, until
equilibrium is achieved. At equilibrium, as many molecules
of the substance will be entering as leaving the cell (Fig. 3.8).
Oxygen diffuses across the plasma mem-
brane, and the net movement is toward
the inside of the cell. This is because a
cell uses oxygen when it produces ATP
molecules for energy purposes.

Animation
Diffusion Through
Cell Membranes
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Figure 3.8 Diffusion across the plasma membrane.

a.When a substance can diffuse across the plasma membrane, it will
move back and forth across the membrane, but the net movement will
be toward the region of lower concentration. b. At equilibrium, equal
numbers of particles and water have crossed in both directions, and there
is no net movement.

Osmosis

Osmosis is the net movement of water across a semiperme-
able membrane, from an area of higher concentration to an
area of lower concentration. The membrane separates the
two areas, and solute is unable to pass through the mem-
brane. Water will tend to flow from the area that has less
solute (and therefore more water) to the area with more sol-
ute (and therefore less water). Tonicity refers to the osmotic
characteristics of a solution across a particular membrane,
such as a red blood cell membrane.

Normally, body fluids are isotonic to cells (Fig. 3.9a).
There is the same concentration of nondiffusible solutes and
water on both sides of the plasma membrane. Therefore, cells
maintain their normal size and shape. Intravenous solutions
given in medical situations are usually isotonic.

Solutions that cause cells to swell or even to burst due to
an intake of water are said to be hypotonic. A hypotonic solu-
tion has a lower concentration of solute and a higher concen-
tration of water than the cells. If red blood cells are placed in a
hypotonic solution, water enters the cells. They swell to burst-
ing (Fig. 3.9b). Lysis is used to refer to the process of bursting
cells. Bursting of red blood cells is termed hemolysis.

Solutions that cause cells to shrink or shrivel due to loss
of water are said to be hypertonic. A hypertonic solution has
a higher concentration of solute and a lower concentration
of water than do the cells. If red blood cells are placed in
a hypertonic solution, water leaves the cells; they shrink
(Fig. 3.9c). The term crenation refers to red blood cells in this
condition. These changes have occurred due to osmotic pres-
sure. Osmotic pressure controls water movement in our bod-
ies. For example, in the small and large | Animation
intestines, osmotic pressure allows us to How Osmosis
absorb the water in food and drink. In the

kidneys, osmotic pressure controls water i.' MP3

absorption as well. Osmosis
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A Student’s Guide to Using This

Textbook: The Learning System

Pedagogical Features Facilitate Your Understanding of Biology

Case Study

Puts the content of the
chapter in the context of
a human event—often

a medical condition—
and leads you into the
chapter in an interesting
way. Each case study

is accompanied by
questions that assist you
in integrating the topics

CASE STUDY KNEE REPLACEMENT

Jackie was an outstanding athlete in high school, and even now, in her
early 50s, she tried to stay in shape. But during her customary 3-mile
jogs, she was having an increasingly hard time ignoring the pain in her

left knee. She had torn some ligaments in her knee playing intramural

and intermural volleyball in college, and it had never quite felt the same.

In her 40s, she was able to control the pain by taking over-the-counter
medications; but two years ago she had had arthroscopic surgery to
remove some torn cartilage and calcium deposits. Now that the pain was
getting worse than before, she knew her best option might be a total knee
replacement.

Although it sounds drastic, replacing old, arthritic joints with new
artificial ones is becoming increasingly routine. About 500,000 artificial
knees were installed in U.S. patients in 2006, which represents a 65%
increase from 2000. During the procedure, a surgeon removes bone from
the bottom of the femur and the top of the tibia and replaces each with
caps made of metal or ceramic, held in place with bone cement. A plastic
plate is installed to allow the femur and tibia to move smoothly against
each other, and a smaller plate is attached to the kneecap (patella) so that it

CHAPTER CONCEPTS

11.1 Overview of the Skeletal System
Bones are the organs of the skeletal system. The
tissues of the system are compact and spongy bone,
various types of cartilage, and fibrous connective
tissue in the ligaments that hold bones together.

11.2 Bone Growth, Remodeling, and
Repair
Bone is a living tissue that grows, remodels, and
repairs itself. In all of these processes, some bone
cells break down bone and some repair bone.

11.3 Bones of the Axial Skeleton
The axial skeleton lies in the midline of the body and
consists of the skull, the hyoid bone, the vertebral
column, and the rib cage.

11.4 Bones of the Appendicular Skeleton
The appendicular skeleton consists of the bones of
the pectoral girdle, upper limbs, pelvic girdle, and
lower limbs.

11.5 Articulations

Chapter Concepts

Provides a concise
preview of the topics
covered in each section.

NEW/ Before

canfunctioniproperly. Joints are classified according to their degree of

Into the Chapter content. As you read through the chapter, think about the following questions. movement. Synovial joints are freely movable.
Th | n k| ng Critical |y About 1. What is the role of cartilage in the knee joint?

. . What specific portions of these long bones are being removed during
the Concepts questions

knee replacement?

You Begin
Links the content of the
chapter with material

N

3. Why does Jackie's physical condition make her an ideal candidate for
at the end Of the Chapter knee replacement? . .
also connect the case from earlier in the text.
BEFORE YOU BEGIN The questions designate
study to the Chapter Before beginning this chapter, take a few
moments to review the following discussions. im portant topics that
Concepts. Section 4.1 What is the role of connective

you should understand
before proceeding into
the chapter.

tissue in the body?

Section 4.9 How does the skeletal system
contribute to homeostasis?

NEW Learning
Outcomes

Provide you with an
overview of what
you are to know.
Your instructor can
assign activities
through Connect™
Biology to help

you achieve these
outcomes.

11.2 Bone Growth, Remodeling,

and Repair NEW Connecting the Concepts

Directs you to areas of the textbook that
provide additional information on a topic.
Many of the Connecting the Concepts
features have been designed to enhance
your understanding of homeostasis.

1. Summarize the process of ossification and list the types
of cells involved.

2. Describe the process of bone remodeling.
3. Explain the steps in the repair of bone.
broken ends are wedged into each other. MP3
A spiral fracture occurs when the break is Remodeling

ragged due to twisting of a bone. /) and Repair

Learning Outcomes

Upon completion of this section, you should be able to

NEW Media Integration

Enhance your study of biology with media.
Go to www.mhhe.com/maderhumani2e to
access the animations, videos, and MP3 files
referenced throughout this book. Ask your
instructor about related quizzes that are
available through Connect™ Biology.

Connecting the Concepts

For more on bone development and the hormones that
influence bone growth, refer to the following discussions.

Section 8.6 provides additional information on inputs of
vitamin D and calcium in the diet.

Check Your Progress
Section 15.2 examines the role of growth hormones in the .
body. Questions at the end of each
Section 15.3 describes the action of the hormones H
e PTH. section help you assess and/

or apply your understanding of
the material in the section. The
questions progress in difficulty
(red, yellow, green) to ensure you
are going beyond memorization
of content.

Check Your Progress 11.2

@ Classify cells of the skeletal system into ones involved in
bone growth, remodeling, and repair.
Describe how bone growth occurs during development.
o Summarize the stages in the repair of bone.
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NEW/ case Study
Conclusion

The conclusion summarizes
the opening case study in
the context of the topics just
covered in the chapter.

Media Study Tools

Provides a link to the Human
Biology website, which contains
practice tests, animations, and
videos organized and integrated
by chapter to help you succeed
in your study of biology. The
ConnectPlus™ platform provides
a media-rich eBook, interactive
learning tools, and access to

the LearnSmart™ system for
enhanced student performance.

NEW/ virtual Labs

Referenced in some chapters,
these virtual labs allow you to
investigate topics associated
with the content of the chapter
from a scientific perspective.

Summarizing the
Concepts

Provides an excellent overview
of the chapter concepts using
concise, bulleted summaries,
summary tables, and key
illustrations.

CASE STUDY CONCLUSION

ver the next few months, both Kevin and Mary dedicated

hours to understanding the causes and treatments of
Tay-Sachs disease. They learned that the disease is caused by
a recessive mutation that limits the production of an enzyme
called beta-hexosaminidase A. This enzyme is loaded into
a newly formed lysosome by the Golgi apparatus. The
enzyme’s function is to break down a specific type of fatty
acid chain called gangliosides. Gangliosides play an important
role in the early formation of the neurons in the brain.
Tay-Sachs disease occurs when the gangliosides
overaccumulate in the neurons.

Media Study Tools

www.mhhe.com/maderhumani2e

Enhance your study of this chapter with study tools and practice
tests. Also ask your instructor about the resources available through
ConnectPlus, including the media-rich eBook, interactive learning
tools, and animations.

= connect e

|BIOLOGY
Virtual Lab
= The virtual lab “Enzyme-Controlled Reactions” provides an
& interactive investigation of how environmental conditions
regulate enzyme activity.

Summarizing the Concepts

3.1 Whatlsa Cell?

¢ Cells, the basic units of life, come from pre-existing cells.

* Microscopes are used to view cells, which must remain small
to have a favorable surface area-to-volume ratio.

3.2 How Cells Are Organized
The human cell is surrounded by a plasma membrane and has a
central nucleus. Between the plasma membrane and the nucleus
is the cytoplasm, which contains various organelles. Organelles in
the cytoplasm have specific functions.

nucleus

rough ER
smooth ER

lysosome

vesicle Golgi apparatus

Though the prognosis for their child was intially poor—
very few children with Tay-Sachs live beyond the age of four,
the parents were encouraged to find out what advances in a
form of medicine called gene therapy might be able to prolong
the life of their child. In gene therapy, a correct version of
the gene is introduced into specific cells in an attempt to
regain lost function. Some initial studies using mice as a
model had demonstrated an ability to reduce ganglioside
concentrations by providing a working version of the gene
that produced beta-hexosaminidase A to the neurons of the
brain. Though research was still ongoing, it was a promising
piece of information for both Kevin and Mary.

3.3 The Plasma Membrane and
How Substances Cross It
The plasma membrane is a phospholipid bilayer that
e selectively regulates the passage of molecules and ions into
and out of the cell.
¢ contains embedded proteins, which allow certain substances
to cross the plasma membrane.

hydrophilic

phospholipid
bilayer

hydrophobic
tails

[~ cholesterol  filaments of cytoskeleton

protein

Passage of molecules into or out of cells can be passive or active.
¢ Passive mechanisms (no energy required) are
diffusion (osmosis) and facilitated transport.
¢ Active mechanisms (energy required) are
active transport and endocytosis and exocytosis.

3.4 The Nucleus and the Endomembrane System

¢ The nucleus houses DNA, which specifies the order of amino
acids in proteins.

¢ Chromatin is a combination of DNA molecules and proteins
that make up chromosomes.

¢ The nucleolus produces ribosomal RNA (rRNA).

¢ Protein synthesis occurs in ribosomes, small organelles
composed of proteins and rRNA.

The Endomembrane System

The endomembrane system consists of the nuclear envelope,
endoplasmic reticulum (ER), Golgi apparatus, lysosomes,
and vesicles.
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* Rough ER has ribosomes, where protein synthesis occurs.
Smooth ER has no ribosomes and has various functions,
including lipid synthesis.

* The Golgi apparatus processes and packages proteins and
lipids into vesicles for secretion or movement into other parts
of the cell.

* Lysosomes are specialized vesicles produced by the Golgi
apparatus. They fuse with incoming vesicles to digest
enclosed material, and they autodigest old cell parts.

3.5 The Cytoskeleton, Cell Movement, and
Cell Junctions
The cytoskeleton consists of microtubules, actin filaments, and
intermediate filaments that give cells their shape; and it allows

microtubules, allow a cell to move.

Cell junctions connect cells to form tissues and to faciliate
communication between cells.

3.6 Mitochondria and Cellular Metabolism

e Mitochondria have an inner membrane that forms cristae,
which project into the matrix.

* Mitochondria are involved in cellular respiration, which uses
oxygen and releases carbon dioxide.

¢ During cellular respiration, mitochondria convert the energy
of glucose into the energy of ATP molecules.

Cellular Respiration and Metabolism
* A metabolic pathway is a series of reactions, each of which
has its own enzyme.
¢ Enzymes bind their substrates in the active site.
* Sometimes enzymes require coenzymes (such as NAD"),
nonprotein molecules that participate in the reaction.

electrons Inside cell
transferred

C:r‘ by NADH \
electrons

— transferred

Glycolysis

mitochondrion
Outside cell

e Cellular respiration is the enzymatic breakdown of glucose to
carbon dioxide and water.

¢ Cellular respiration includes three pathways: glycolysis
(occurs in the cytoplasm and is anaerobic), the citric acid
cycle (releases carbon dioxide), and the electron transport
chain (passes electrons to oxygen).

Fermentation
¢ If oxygen is not available in cells, the electron transport chain
is inoperative, and fermentation (which does not require
oxygen) occurs.
¢ Fermentation produces very little ATP.

organelles to move about the cell. Cilia and flagella, which contain

Understanding
Key Terms

Understanding Key Terms

actin filament 55 intermediate filament 55 3 )
active site 57 lysosome 54 Lists the boldface terms in

active transport 51 metabolism 57 .
aerobic 59 microtubule 55 the Chapter and their page

anaerobic 58 mitochondrion 57 references. A matching
cell theory 44 NAD* (nicotinamide adenine

cellular respiration 57 dinucleotide) 58 exercise allows you to test your
centrosome 55 nuclear envelope 53 Kk led fth
chromatin 53 nuclear pore 53 nowiledge o the terms.
chromosome 53 nucleolus 53

cilium 55 nucleoplasm 53

citric acid cycle 58 nucleus 53

coenzyme 58 organelle 46

cytoplasm 46 osmosis 50
cytoskeleton 55 osmotic pressure 50
diffusion 50 phagocytosis 52
electron transport chain 59 plasma membrane 46
endomembrane system 54 polyribosome 54
endoplasmic reticulum (ER) 53  product 57

eukaryotic cell 46 prokaryotic cell 46
facilitated transport 51 reactant 57
fermentation 60 ribosome 53

flagellum 55 selectively permeable 46
fluid-mosaic model 49 substrate 57

glycolysis 58 tonicity 50

Golgi apparatus 54 vesicle 54

Match the key terms to these definitions.
a. Protein molecules form a shifting pattern within
the fluid phospholipid bilayer.

b. Diffusion of water through a selectively permeable
membrane.

c. The cell will allow some substances to pass
through while not permitting others.

d. Anaerobic breakdown of glucose that results in a
gain of two ATP and end products, such as alcohol
and lactate.

e. Metabolic pathways that use energy from
carbohydrate, fatty acid, and protein break down
to produce ATP molecules.

Testing Your Knowledge of the Concepts Testing Your Knowledge

Complete the following questions. Of the Concepts
1. Explain the three key concepts of the cell theory. (page 44)

Questions help you review
2. Which type of microscope would you use to observe the terial d for test
swimming behavior of a flagellated protozoan? Explain. material and prepare Tor tests.

(page 45) (See Appendix B for answers.)
3. Describe how the eukaryotic cell gained mitochondria and
chloroplasts. (page 46)
4. Invagination of plasma membrane produced what structures
in eukaryotic cells not present in prokaryotic cells? (page 46)

Thinking Critically About the Concepts

Thinking Critically About

the Concepts

Questions encourage you to apply what
you have learned to the opening case
study. (See Appendix B for answers.)

In the case study at the beginning of the chapter, the child had
malfunctioning lysosomes, which caused an accumulation of fatty
acid in the system. Each part of a cell plays an important role in
the homeostasis of the entire body.

1. What might occur if the cells of the body contained a
malfunctioning mitochondria?

2. What would happen to homeostasis if enzymes were no
longer produced in the body?

3. Knowing what you know about the function of a lysosome,
what might occur if the cells” lysosomes were overproductive
instead of malfunctioning?




Bioethical Focus

DNA Fingerprinting and the Criminal Justice System

Traditional fingerprinting has been used for years to identify
criminals and to exonerate those wrongly accused of crimes.
The opportunity now arises to use DNA fingerprinting in the
same way. DNA fingerprinting requires only a small DNA
sample. This sample can come from blood left at the scene of
the crime, semen from a rape case, or even a single hair root!
Ad: £ DINIA £ inti laim that idantifi

There have also been reported problems with sloppy labora-
tory procedures and the credibility of forensic experts. In one
particular case, Curtis McCarty had been placed on death
row three times by the same team of prosecutor and police
lab analyst. After 21 years in prison, he was exonerated. The

prosecutor has been accused of misconduct, and the police
lah lazot firad £ doifi 1ak data htai
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disturbe
tein call More and more members of the “baby-boomer” generation
The res are willing to spend lavishly for a youthful appearance. Over
able to

30 million Americans have turned to Botox, laser treatments,
and/or tanning to help obtain that vigorous, “healthy” look.
But how safe and effective are these treatments?

Botox

Botox is a drug used to reduce the appearance of facial wrin-
kles and lines. Botox is the registered trade name for a deriv-
ative of

Biology Matters Readings
The Biology Matters readings in the
twelfth edition collectively put the
chapter concepts in the context of
modern-day issues:

Health Focus readings review proce-
dures and technology that can
contribute to your well being.

Science Focus readings describe how
experimentation and observa-
tions have contributed to our
knowledge about the living world.

Bioethical Focus readings describe
modern situations that call for
value judgments and challenge
you to develop a point of view.

Historical Focus readings help you
better understand how the study
of biology has evolved over time.
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Treatmef The Syphilis Research Scandal ~ Figure 1A
GHES: of Tuskegee University Poorly educated
pearand African Americans
mal faci Several sections of this chapter have covered the process of sci- ~ were recruited for
without ence, the way that legitimate research should be conducted, theTuskegee
the injeq and the importance of informed consent when using human ~ Projectwith
Spreadi research subjects. As professionals, scientists have a responsibil- Pm"]ise‘ offree
facial m ity to design moral and ethical research. Unfortunately, as with ~Medical care.
pain an all professionals, not all scientists are ethical. Documented cases

side effe of risky, life-threatening, and, in some cases, inhumane research

perform on humans (often without the subject’s consent or knowledge)

blot scientific history. One of the most extreme examples of such

“research” was that done by Dr. Josef Mengele, the handsome
Nazi doctor called the “Angel of Death.” Mengele tortured con-
centration camp prisoners in multiple horrible ways. Some were
slowly frozen to death, others poisoned, and still others bled to
death—all to fulfill Mengele’s obscene notion of scientific inquiry.

Regrettably, the history of research in the United States is
also stained by misconduct. One notorious example of unethical
research involving human subjects began in the United States in
1932 and continued until 1972. This research was carried out by
the Public Health Service (PHS). Investigators wished to study

were poor, mostly illiterate, sharecropper farmers. None of the
men were informed of their participation in a research study nor
about available treatment options. The men were told that inves-
tigators were testing for and treating “bad blood.” The phrase
described a number of common illnesses, including anemia,
that were widespread at the time. While they participated in the
study, the men were offered medical exams, transportation to
and from clinics, treatments for other ailments, food, and money
for their burial expenses if necessary.

When the study first began, there were few available treat-

Connections and Misconceptions

Connections and Misconceptions

This unique feature presents the types of spontaneous inquiries
that you may have as you study the workings of the human body.
Questions and answers can be serious or funny, but each will capture

your attention.

What causes meningitis?

Meningitis is caused by an infection of the meninges by

either a virus or a bacterium. Viral meningitis is less severe

than bacterial meningitis, which in some cases can result

in brain damage and death. Bacterial meningitis is usually

caused by one of three species of bacteria: Haemophilus

influenzae type b (Hib), Streptococcus pneumoniae, and Neisseria
meningitidis. Vaccines are available for Hib bacteria and some

forms of S. pneumoniae and N. meningitidis. The Centers for

Disease Control (CDC) recommend that individuals between

the ages of 11 and 18 be vaccinated against bacterial
meningitis.




A Student’s Guide to Using This

Textbook: The Art Program

Vivid and Engaging lllustrations Bring the
Study of Biology to Life

Combination Art

Drawings of structures are
paired with micrographs

to provide you with two
perspectives: the explanatory
clarity of line drawings and
the realism of photos.
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Red bone marrow Thymus gland Lymph node Spleen

Small intestine

Multilevel Perspective

Such illustrations guide
you from the more intuitive
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blood villus microvilli

capillaries macroscopic level of learning

gontet MUK to the functional foundations

R revealed through microscopic
images.
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Icons

Icons orient you to the
whole structure or process
by providing small drawings
that help you visualize how
a particular structure is part
of a larger one.
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Process Figures

These figures break down processes into a series of smaller steps and or-

ganize them in an easy-to-follow format.

The nervous and endocrine systems
work together to maintain homeostasis.
The systems listed here in particular
also work with these two systems.

Nervous and Endocrine Systems

The nervous and endocrine systems
coordinate the activities of the other systems.
The brain receives sensory input and controls
the activity of muscles and various glands.
The endocrine system secretes hormones
that influence the metabolism of cells, the
growth and development of body parts, and
homeostasis.

Urinary System

Nerves stimulate muscles that permit
urination. Hormones (ADH and aldosterone)
help kidneys regulate the water-salt balance
and the acid-base balance of the blood.

Digestive System

Nerves stimulate smooth muscle and permit
digestive tract movements. Hormones help
regulate digestive juices that break down food
to nutrients for neurons and glands.

Muscular System

Nerves stimulate muscles, whos
allow us to move out of danger.
promote growth of skeletal mus|
receptors in muscles and joints:
information to the brain. Musclel
neurons and glands.

Integumentary
system

« protects body.

« receives sensory
input.

 helps control
temperature.

+ synthesizes vitamin D.

Cardiovascular
system

« transports blood,
nutrients, gases,
and wastes.

« defends against
disease.

« helps control
temperature, fluid,
and pH balance

Cardiovascular System

Nerves and epinephrine regulate contraction
of the heart and constrictio/dilation of blood
vessels. Hormones regulate biood glucose
and ion levels. Growth factors promote blood
cell formation. Blood vessels transport
hormones to target cells.

Respiratory System

The respiratory center in the brain regulates
the breathing rate. The lungs carry on gas
exchange for the benefit of all systems,
including the nervous and endocrine systems.

Reproductive System

Nerves stimulate contractions that move
gametes in ducts, and uterine contraction that
oceurs during childbirth. Sex hormones
influence the development of the secondary
sex characteristics.

Integumentary System

Nerves activate sweat glands and arrector pil
muscles. Sensory receptors in skin send

to the brain about the external
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Human Systems Work Together

Working-together illustrations use brief concise statements
to tell you how various other systems help a featured sys-
tem achieve homeostasis.

The working-together illustrations have been integrated into
homeostasis sections making a united whole. The homeostasis
sections show how the systems achieve homeostasis despite
real-life experiences that could alter the internal environ-
ment. For example, see page 85.
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balance.
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Teaching and Learning Tools

McGraw-Hill Higher Education
and Blackboard Have Teamed Up

% Blackboard
Blackboard, the Web-based course-

Do More management system, has partnered with
McGraw-Hill to better allow students and faculty to use online
materials and activities to complement face-to-face teaching.
Blackboard features exciting social learning and teaching tools
that foster more logical, visually impactful, and active learning
opportunities for students. You'll transform your closed-door
classrooms into communities where students remain connected
to their educational experience 24 hours a day.

This partnership allows you and your students access
to McGraw-Hill’s Connect™ and Create™ right from within
your Blackboard course—all with one single sign-on.

Not only do you get single sign-on with Connect™ and
Create™, you also get deep integration of McGraw-Hill
content and content engines right in Blackboard. Whether
you're choosing a book for your course or building Con-
nect™ assignments, all the tools you need are right where
you want them—inside of Blackboard.

Gradebooks are now seamless. When a student com-
pletes an integrated Connect™ assignment, the grade for
that assignment automatically (and instantly) feeds your
Blackboard grade center.

McGraw-Hill and Blackboard can now offer you easy
access to industry leading technology and content, whether
your campus hosts it or we do. Be sure to ask your local
McGraw-Hill representative for details.

LearnSmart™

LearnSmart™ is available as an integrated feature of McGraw-
Hill Connect™ Biology and provides students with a GPS
(Guided Path to Success) for your course. Using artificial in-
telligence, LearnSmart™ intelligently assesses a student’s
knowledge of course content through a series of adaptive
questions. It pinpoints concepts the student does not un-
derstand and maps out a personalized study plan for suc-
cess. This innovative study tool also has features that allow
instructors to see exactly what students have accomplished
and a built in assessment tool for graded assignments. Visit the
following site for a demonstration. www.mhlearnsmart.com

Plasma Membrane
Structure and
Function

McGraw-Hill Connect™ Biology

www.mhhe.com/maderhumani2e

B conhect e

|BloLoGY

McGraw-Hill Connect™ Biology
provides online presentation, as-
signment, and assessment solu-
tions. It connects your students with the tools and resources
they’ll need to achieve success.

With Connect™ Biology, you can deliver assignments,
quizzes, and tests online. A robust set of questions and activ-
ities are presented and aligned with the textbook’s learning
outcomes. As an instructor, you can edit existing questions
and author entirely new problems. Track individual student
performance—by question, assignment, or in relation to the
class overall—with detailed grade reports. Integrate grade
reports easily with Learning Management Systems (LMS),
such as WebCT and Blackboard—and much more.

ConnectPlus™ Biology provides students with all the
advantages of Connect™ Biology, plus 24 /7 online access to
an eBook. This media-rich version of the book is available
through the McGraw-Hill Connect™ platform and allows
seamless integration of text, media, and assessments.

To learn more, visit
www.mcgrawhillconnect.com

MORE TEACHING
GREATER

LEARNING

RGAGE STUDENTS WITR
POWERTIAL TOOLS

Croale assignments and assossments fram
 the ibrary or nything you find on the Web.

My Lectures—Tegrity

Tegrity Campus™ records and distributes your class lecture
with just a click of a button. Students can view anytime/
anywhere via computer, iPod, or mobile device. It indexes
as it records your PowerPoint presentations and anything
shown on your computer so students can use keywords to
find exactly what they want to study. Tegrity is available as
an integrated feature of McGraw-Hill Connect™ Biology and
as a standalone.
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Animations for a New Generation

Dynamic, 3D animations of key biological processes bring an
unprecedented level of control to the classroom. Innovative fea-
tures keep the emphasis on teaching rather than entertaining.

* An options menu lets you control the animation’s level
of detail, speed, length, and appearance, so you can cre-
ate the experience you want.

e Draw on the animation using the whiteboard pen to
highlight important areas.

* The scroll bar lets you fast forward and rewind while
seeing what happens in the animation, so you can start
at the exact moment you want.

* A scene menu lets you instantly jump to a specific point
in the animation.

e Pop-ups add detail at important points and help stu-
dents relate the animation back to concepts from lecture
and the textbook.

e A complete visual summary at the end of the animation
reminds students of the big picture.

* Animation topics include: Cellular Respiration, Photo-
synthesis, Molecular Biology of the Gene, DNA Replica-
tion, Cell Cycle and Mitosis, Membrane Transport, and
Plant Transport.

Create

With McGraw-Hill Create™, www.mcgrawhillcreate.com,
you can easily rearrange chapters, combine material from
other content sources, and quickly upload content you have
written like your course syllabus or teaching notes. Find the
content you need in Create by searching through thousands
of leading McGraw-Hill textbooks. Arrange your book to fit
your teaching style. Create even allows you to personalize
your book’s appearance by selecting the cover and adding
your name, school, and course information. Order a Create
book and you’ll receive a complimentary print review copy
in 3-5 business days or a complimentary electronic review
copy (eComp) via e-mail in minutes. Go to www.mcgrawhill-
create.com today and register to experience how McGraw-
Hill Create™ empowers you to teach your students your way.

Presentation Tools
Everything you need for outstanding presentations in one place.
www.mhhe.com/maderhumani2e

e FlexArt Image Powerpoints—including every piece of art that
has been sized and cropped specifically for superior pre-
sentations, as well as labels that can be edited and flexible
art that can be picked up and moved on key figures. Also
included are tables, photographs, and unlabeled art pieces.

e Lecture PowerPoints with Animations—animations illustrating
important processes are embedded in the lecture material.

» Animation PowerPoints—animations only are provided
in PowerPoint.

e Labeled [PEG Images—Full-color digital files of all illus-
trations that can be readily incorporated into presenta-
tions, exams, or custom-made classroom materials.

e Base Art Image Files—unlabeled digital files of all illustrations.

Presentation Center

In addition to the images from your book, this online digital
library contains photos, artwork, animations, and other media
from an array of McGraw-Hill textbooks.

Computerized Test Bank

A comprehensive bank of test questions is provided within a
computerized test bank powered by McGraw-Hill’s flexible
electronic testing program, EZ Test Online. A new tagging
scheme allows you to sort questions by Bloom’s difficulty
level, learning outcome, topic, and section. With EZ Test On-
line, instructors can select questions from multiple McGraw-
Hill test banks or author their own, and then either print the
test for paper distribution or give it online.

Instructor’s Manual

The instructor’s manual contains chapter outlines, lecture
enrichment ideas, and discussion questions.

Laboratory Manual

RATORY MANUAL

The Human Biology Laboratory Manual
is written by Dr. Sylvia Mader. Every
laboratory has been written to help
students learn the fundamental con-
cepts of biology and the specific
content of the chapter to which the
lab relates, as well as gain a better un-
derstanding of the scientific method.

Companion Website
www.mhhe.com/maderhumani2e

The Mader Human Biology companion website allows students
to access a variety of free digital learning tools that include
e Chapter-level quizzing
e Animations and videos

* Vocabulary flashcards
e Virtual labs

XV
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Content Changes

Overview of Content Changes to Human
Biology, Twelfth Edition

Chapter 1: Exploring Life and Science

This chapter previews the text by discussing the character-
istics of life, principles of evolution, organization of the bio-
sphere, and the scientific process. A new chapter opener on
the characteristics of life has been added. Evolutionary trees
are now included to indicate the three domains of life.

Part I: Human Organization

Chapter 2: Chemistry of Life includes a new illustration of
relative pH values to improve student understanding of acid-
base relationships and an illustration of the structure of fiber.
The chapter also contains several new applications: a new case
study on blood chemistry, a new application reading on the or-
igin of elements, and two new Biology Matters: Health Focus
readings on the importance of fiber and omega-3 fatty acids
in the diet. Chapter 3: Cell Structure and Function contains
a new case study on Tay-Sachs disease, a Biology Matters:
Science Focus reading on the use of green fluorescent proteins
in cell biology, and new application readings on cystic fibrosis
and induced pluripotent stem cells. A virtual lab on enzymes
is provided at the end of the chapter. Chapter 4: Organization
and Regulation of Body Systems includes a new case study
on artificial skin and new applications on the safety of tanning
beds and the causes of meningitis.

XVi

Part Il: Maintenance of the Human Body

Chapter 5: Cardiovascular System: Heart and Blood Vessels
includes a case study on peripheral artery disease and a new
application reading on the development of the heart in a
fetus. A virtual lab on blood pressure is included at the end
of the chapter. Chapter 6: Cardiovascular System: Blood was
revised to include a new case study on leukemia and applica-
tion readings on stem cells, blood doping, Christmas disease,
and Bombay syndrome. Chapter 7: Lymphatic System and
Immunity now opens with a case study on lupus. In addi-
tion, application readings on the effects of refrigeration on
the growth of bacteria and the mode of action of aspirin are
now included. The Infectious Diseases supplement has been
moved to follow Chapter 7 for a more logical progression and
includes updated information on the extent of the HIV/AIDS
epidemic, as well as information on the trials to develop an
HIV/AIDS vaccine. Chapter 8: Digestive System and Nutri-
tion opens with a new case study on gastroesophageal re-
flux disease (GERD), and a virtual lab on nutrition has been
placed in the end-of-chapter material. In Chapter 9: Respi-
ratory System, the opening material has been enhanced to
indicate more of the tests for sleep apnea, and a new applica-
tion reading on cystic fibrosis has been included. Chapter 10:
Urinary System has been reorganized so that the discussions
of homeostasis coincide with the coverage of the regulatory
functions of the kidneys. A new case study on polycystic kid-
ney disease (PKD) starts the chapter, and a new application
reading on the causes of a floating kidney is provided.

Part lll: Movement and Support in Humans

Chapter 11: Skeletal System opens with a case study on
knee replacement surgery. A new application reading in-
vestigates the evolutionary reasons why human toes are
shorter than fingers. The Biology Matters: Health Focus
on osteoporosis has been updated with new recommen-
dations on calcium and vitamin D intake. Chapter 12:
Muscular System examines the tests used to detect
muscular dystrophy in the opening case study. The
application readings examine the number of mus-
cles in the body, the interaction of hemoglobin and
muscle tissue, the use of Botox to remove wrinkles,
and the causes of muscle soreness following exer-
cise. A virtual lab on muscle stimulation is provided

at the end of the chapter.

Part IV: Integration and Coordination
in Humans

Chapter 13: Nervous System begins with a case study on
multiple sclerosis (MS) and includes a discussion of how
the disease is diagnosed. A new application on the mode of
action of aspirin is included, as well as new material on the
pharmacology of methamphetamines. Chapter 14: Senses
begins with a case study on the use of cochlear implants,



and a new application reading focuses on the causes of pink-
eye. Chapter 15: Endocrine System opens with a case study
on the tests for diabetes mellitus.

Part V: Reproduction in Humans

Chapter 16: Reproductive System includes a case study that
examines the causes and diagnosis of cervical cancer. New
application readings for this chapter examine polyploidy in
liver cells, hormone replacement therapy, and emergency
contraceptive pills. Chapter 17: Development and Aging
opens with a case study on pregnancy testing. The concept
of females as the “default sex” is highlighted in a new ap-
plication reading, and another new reading examines the
genetic basis of longevity.

Part VI: Human Genetics

Chapter 18: Patterns of Chromosome Inheritance includes
an increased focus on control of the cell cycle (Figure 18.4),
and the role of cell cycle checkpoints. The discussion of Barr
bodies has been moved from Chapter 3 to Chapter 18. The
chapter opens with a new case study on cell cycle control
and breast cancer, and an additional application reading ex-
amines the relationship between the age of a woman and
the risk of Down syndrome in her children. A virtual lab
on the cell cycle and cancer is included at the end of the
chapter. Chapter 19: Cancer includes new illustrations on
the roles of tumor suppressor and proto-oncogenes in the
cell. Data on cancer types (Figures 19.5 and 19.7) have been
updated. Chapter 19 opens with a case study on nephroblas-
toma, and a new application reading explores the potential
link between transposons and cancer. Chapter 20: Patterns
of Genetic Inheritance begins with a case study on phe-
nylketonuria. The new application readings in the chapter
examine the history of the Punnett square, the relationship
between skin color and race, and fragile X syndrome. Vir-
tual labs on the use of Punnett squares and sex-linked traits
are included at the end of the chapter. Chapter 21: DNA
Biology and Technology includes a new figure (21.13) that
diagrams the stages in the regulation of gene expression.
A case study that examines the development of insulin us-
ing recombinant DNA technology opens the chapter, and
the topics of microRNA, and the universal nature of the ge-
netic code, are included in new application readings. Two
virtual labs, classifying using biotechnology and knocking
out genes, are included at the end of the chapter.

Part VII: Human Evolution and Ecology

Chapter 22: Human Evolution presents the new classifi-
cation of humans within the Hominins in Section 22.4 and
opens with a revised case study to include new information
on the Neandertals. The chapter also includes new appli-
cation readings on vestigial organs in humans, intelligent
design, and artificial selection. Chapter 23: Global Ecology

and Human Interferences begins with a scenario of the fu-
ture consequences of human threats to the environment.
The chapter also includes information on greenhouse gases,
and ecosystems on the floor of the ocean. A virtual lab on
modeling ecosystems is provided at the end of the chapter.
Chapter 24: Human Population, Planetary Resources, and
Conservation includes an updated case study with addi-
tional information on overfishing, and application readings
on methylmercury and the topic of birthrates and death
rates in developed and developing countries.
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CASE STUDY THE SEARCH FOR LIFE

hat do Europa, Titan, and Earth all have in common? Besides being
part of our solar system, they are all at the frontline of our species’
effort to understand the nature of life.

Europa is one of the larger moons of Jupiter, and it has had held a
special fascination for astronomers since Galileo first described it in 1610.
Today, Europa is one of the prime candidates to harbor life outside of Earth.
Geologists believe that under Europa’s icy exterior lies a vast ocean of
water. Having analyzed past comet impact sites on the surface of Europa,
geologists also believe that this ocean contains the basic ingredients for
life, including carbon and possibly even free oxygen. Europa’s ocean is
warmed by a constant tug of war between it and Jupiter, and the ocean is
protected by an ice casing almost 19 kilometers thick.

Titan is the second-largest satellite in the solar system, larger than even
our moon. Although it is in orbit around Saturn, and thus located some
distance from the influence of the sun, Titan has become a focal point for the
study of extraterrestrial life since the NASA space probe Cassini-Huygens first
arrived at Saturn in 2004. Cassini has detected the presence of the building
blocks of life on Titan, including lakes of methane and ammonia, and vast
deposits of hydrogen and carbon compounds called hydrocarbons.

On Earth, scientists are exploring the extreme environments near
volcanoes and deep-sea thermal vents to get a better picture of what life
may have looked like under the inhospitable conditions that dominated at
the time we now know life first began on our planet. Already, in the past
few years, marine biologists have discovered new forms of life that cannot
only live off of hydrogen sulfide, a deadly gas to most life, but also thrive
under extreme pressure and temperatures.

As you read through the chapter, think about the following questions.

1. What are the basic characteristics that define life?

2. What evidence would you look for on Europa or Titan that would tell
you that life may have existed on these moons in the past?

3. What does it tell us if we discover life on Europa or Titan and it has
similar characteristics to life on Earth? What if it is very different?

11

1.2

1.3

1.4

1.5

C H A P T E R

Exploring Life
and Science

CHAPTER CONCEPTS

The Characteristics of Life

The process of evolution accounts for the diversity
of living things and why living things share the same
basic characteristics of life.

Humans Are Related to Other Animals
Humans are eukaryotes and are further classified

as mammals in the animal kingdom. We differ from
other mammals, including apes, by our highly
developed brain, upright stance, creative language,
and the ability to use a wide variety of tools.

Science as a Process

Biologists use the scientific process when they study
the natural world. A hypothesis is formulated and
tested to arrive at a conclusion. Theories explain how
the natural world is organized.

Making Sense of a Scientific Study
Data are more easily understood if results

are presented in the form of a graph and are
accompanied by a statistical analysis.

Science and Social Responsibility
Scientific investigations and technology have always
been influenced by human values. Everyone has a
responsibility to ensure that science and technology
are used for the good of all.
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1.1 The Characteristics of Life

1. Explain the basic characteristics that are common to all
living things.

2. Describe the levels of organization of life.

3. Summarize how the terms homeostasis, metabolism,
development, and adaptation all relate to living organisms.

4. Recognize the special relationship between life and
evolution.

Learning Outcomes

Upon completion of this section, you should be able to

The science of biology is the study of living organisms
and their environments. All living things (Fig. 1.1) share
seven basic characteristics. Living things (1) are orga-
nized, (2) acquire materials and energy, (3) reproduce,
(4) grow and develop, (5) are homeostatic, (6) respond to
stimuli, and (7) have an evolutionary history.

Living Things Are Organized

Figure 1.2 illustrates that atoms join together to form
the molecules that make up a cell. A cell is the small-

medicinal leech

meerkats

Figure 1.1 All life shares common characteristics.

est structural and functional unit of an organism. Some
organisms are single cells. Humans are multicellular
because they are composed of many different types of
cells. Anerve cell is one of the types of cells in the human
body. It has a structure suitable to conducting a nerve
impulse.

A tissue is a group of similar cells that perform a
particular function. Nervous tissue is composed of mil-
lions of nerve cells that transmit signals to all parts of the
body. Several types of tissues make up an organ, and each
organ belongs to an organ system. The organs of an organ
system work together to accomplish a common purpose.
The brain works with the spinal cord to send commands
to body parts by way of nerves. Organisms, such as trees
and humans, are a collection of organ systems.

The levels of biological organization extend beyond
the individual. All the members of one species (group of
interbreeding organisms) in a particular area belong to a
population. A tropical grassland may have a population
of zebras, acacia trees, and humans, for example. The
interacting populations of the grasslands make up a com-
munity. The community of populations interacts with the
physical environment to form an ecosystem. Finally, all
the Earth’s ecosystems make up the biosphere.

| bacteria

From the simplest one-celled organisms to complex plants and animals, all life shares seven basic characteristics.
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Figure 1.2 Levels of biological organization.

Living organisms are organized. The smallest unit of living organisms is the
cell. The sum of all living things—and the locations that they inhabit—is
called the biosphere.

Biosphere
Regions of the Earth’s
waters, and atmosphere inhabit
by living things

}

Ecosystem
A community plus the physical environment

Community
Interacting populations in a particular area

!

Population
Organisms of the same species
in a particular area

f

Organism
An individual; complex individuals
contain organ systems

T nervous system
Organ System

Composed of several organs
working together

f

Organ
Composed of tissues functioning
together for a specific task

}

Tissue

A group of cells with a common ; W % %
structure and function - ~ .1 %

T

Cell
The structural and functional
unit of all living things

T

Molecule
Union of two or more atoms
of the same or different elements

f

Atom
Smallest unit of an element composed of
electrons, protons, and neutrons

shoot system

brain leaf

nervous tissue 3 = e photosynthetic tissue




4 Chapter 1 Exploring Life and Science

Living Things Acquire Materials and Energy

Humans, like all living organisms, cannot maintain their orga-
nization or carry on life’s activities without an outside source
of materials and energy. Humans and other animals acquire
materials and energy when they eat food (Fig. 1.3).

Food provides nutrient molecules, which are used as
building blocks or for energy. It takes energy (work) to main-

C.

Figure 1.3 Humans and other animals must acquire energy.
a. Humans eat plants and animals they raise for food. b. A red-tailed hawk
captures prey to feed its young. ¢. Some animals feed only on plants, such
as these grazing sheep.

Connections and Misconceptions

How many cells are in your body?

The number of cells in a human body varies depending on
the size of the person and whether cells have been damaged
or lost. However, most estimates suggest that there are well
over 100 trillion cells in a human body.

tain the organization of the cell and of the organism. Some
nutrient molecules are broken down completely to provide
the necessary energy to convert other nutrient molecules
into the parts and products of cells. The term metabolism
describes all of the chemical reactions that occur within a cell.
The ultimate source of energy for the majority of life on Earth
is the sun. Plants, algae, and some bacteria are able to harvest the
energy of the sun and convert it to chemical energy by a process
called photosynthesis. Photosynthesis produces organic mole-
cules, such as sugars, that serve as the basis of the food chain for
many other organisms, including humans and all other animals.

Life Is Homeostatic

For the metabolic pathways within a cell to function correctly, the
environmental conditions of the cell must be kept within strict
operating limits. The ability of a cell or an organism to maintain
an internal environment that operates under specific conditions
is called homeostasis. In humans, many of our organ systems
work to maintain homeostasis. For example, human body tem-
perature normally fluctuates slightly between 36.5 and 37.5°C
(97.7 and 99.5°F) during the day. In general, the lowest tempera-
ture usually occurs between 2 A.M. and 4 A.M., and the highest
usually occurs between 6 p.M. and 10 p.M. However, activity can
cause the body temperature to rise, and inactivity can cause it
to decline. The cardiovascular system and the nervous system
work together to maintain a constant temperature. However, the
body’s ability to maintain a normal temperature is somewhat
dependent on the external temperature. Even though we can
shiver when we are cold and perspire when we are hot, we will
die if the external temperature becomes overly cold or hot.

This text emphasizes how all the systems of the human
body help maintain homeostasis. The digestive system takes in
nutrients, and the respiratory system exchanges gases with the
environment. The cardiovascular system distributes nutrients
and oxygen to the cells and picks up their wastes. The metabolic
waste products of cells are excreted by the urinary system. The
work of the nervous and endocrine systems is critical because
these systems coordinate the functions of the other systems.
Throughout the text, the Connecting the Concepts sections will
provide you with links to more information on homeostasis.

Living Things Respond to Stimuli

Homeostasis would be impossible without the ability of the
body to respond to stimuli. Response to external stimuli is
more apparent to us because it does involve movement, as



when we quickly remove a hand from a hot stove. Certain sen-
sory receptors also detect a change in the internal environment,
and then the central nervous system brings about an appropri-
ate response. When you are startled by a loud noise, your heart-
beat increases, which causes your blood pressure to increase. If
blood pressure rises too high, the brain directs blood vessels to
dilate, helping to restore normal blood pressure.

Living things respond to external stimuli, often by mov-
ing toward or away from a stimulus, such as the sight of
food. Living things use a variety of mechanisms to move, but
movement in humans and other animals is dependent upon
their nervous and musculoskeletal systems. The leaves of
plants track the passage of the sun during the day; when a
houseplant is placed near a window, its stems bend to face the
sun. The movement of an animal, whether self-directed or in
response to a stimulus, constitutes a large part of its behav-
ior. Some behaviors help us acquire food and reproduce.

Living Things Reproduce and Develop

Reproduction is a fundamental characteristic of life. Cells come
into being only from pre-existing cells, and all living things
have parents. When living things reproduce, they create a copy
of themselves and ensure the continuance of their own kind.
Following the fertilization of the egg by a sperm cell, the result-
ing zygote undergoes a rapid period of growth and develop-
ment. This is common in almost all living organisms. Figure
1.4a illustrates that an acorn progresses to a seedling before it
becomes an adult oak tree. In humans, growth occurs as the
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fertilized egg develops into a fetus (Fig. 1.4b). Growth, recog-
nized by an increase in size and often the number of cells, is
a part of development. In humans, development includes all
the changes that occur from the time the egg is fertilized until
death; therefore, it includes all the changes that occur dur-
ing childhood, adolescence, and adulthood. Development also
includes the repair that takes place following an injury.

The purpose of reproduction is to pass on a copy of the
genetic information to the offspring. DNA contains the hereditary
information that directs not only the structure of each cell but
also its function. The information in the DNA is contained within
genes, short sequences of hereditary material that specify the
instructions for a specific trait. Before reproduction occurs, DNA
is replicated so that an exact copy of each gene may be passed on
to the offspring. When humans reproduce, a sperm carries genes
contributed by a male into the egg, which contains genes contrib-
uted by a female. The genes direct both growth and development
so that the organism will eventually resemble the parents. Some-
times, minor variations in these genes, called mutations, may
result in an organism making it better suited for its environment.
These mutations are the basis of evolutionary change.

Living Things Adapt and Evolve

Evolution is the process by which a species changes through
time. When a new variation arises that allows certain members
of the species to capture more resources, these members tend
to survive and have more offspring than the other, unchanged
members. Therefore, each successive generation will include

b.

Figure 1.4 Growth and development define life.
a. A small acorn becomes a tree, and (b) following fertilization, an embryo
becomes a fetus by the process of growth and development.
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more members with the new variation, which represents an
adaptation to the environment. Consider, for example, a red-
tailed hawk, which catches and eats rabbits. A hawk can fly, in
part, because it has hollow bones to reduce its weight and flight
muscles to depress and elevate its wings. When a hawk dives,
its strong feet take the first shock of the landing and its long,
sharp claws reach out and hold onto the prey. All these charac-
teristics are a hawk’s adaptations to its way of life.

Evolution, which has been going on since the origin of
life and which will continue as long as life exists, explains
both the unity and the diversity of life. All organisms share
the same characteristics of life because their ancestry can be
traced to the first cell or cells. Organisms are diverse because
they are adapted to different ways of life.

Connecting the Concepts

Both homeostasis and evolution are central themes in the
study of biology. For more examples of homeostasis and
evolution, refer to the following discussions.

Section 4.8 explains how body temperature is regulated.
Section 9.5 investigates how the nervous system controls
the rate of respiration.

Section 10.4 explores the role of the kidneys in fluid and salt
homeostasis.

Figure 1.5 The evolutionary
relationships of the three domains

of life.

Living organisms are classified into

three domains: Bacteria, Archaea, O

and Eukarya. A geologic time scale is A

provided on the bottom for reference. Fick bk
ancestor
(first cells)

Check Your Progress 1.1

@ Describe the basic characteristics of life.

Summarize how each characteristic of life contributes to
homeostasis.

e Explain why living things are organized.

1.2 Humans Are Related to Other
Animals

Learning Outcomes -

Upon completion of this section, you should be able to
1. Summarize the place of humans in the overall
classification of living organisms.
2. Describe the relationship between humans and the
biosphere, and the role of culture in shaping that
relationship.

Biologists classify living things as belonging to one of
three domains. The evolutionary relationships of these
domains are presented in Figure 1.5. Two of these domains,
domain Bacteria and domain Archaea, contain prokaryotes,
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Domain Eukarya; Kingdom Protists

* Algae, protozoans,
slime molds, and
water molds

« Complex single cell
(sometimes filaments,
colonies, or even
multicellular)

« Absorb, photosynthesize,
or ingest food

Paramecium, a unicellular protozoan

Domain Eukarya; Kingdom Fungi

*Molds, mushrooms, yeasts,
and ringworms

* Mostly multicellular filaments with
specialized, complex cells

* Absorb food

Coprinus, a shaggy mane mushroom

« Certain algae, mosses, ferns,
conifers, and flowering plants

« Multicellular, usually with
specialized tissues,
containing complex cells

*Photosynthesize food

Passiflora, passion flower, a flowering plant
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Domain Eukarya Kingdom Animals

*Sponges, worms, insects,
fishes, frogs, turtles,
birds, and mammals

*Multicellular with
specialized tissues
containing complex cells

«Ingest food

Vulpes, a red fox

Domain Archaea

. Prokaryotlc cells
of various shapes

» Adaptations to
extreme environments

* Absorb or

\  chemosynthesize food

* Unique chemical
characteristics

Methanosarcina mazei, an archaeon

Domain Bacteria

. Prokaryotlc cells
of various shapes
» Adaptations to
all environments
* Absorb, photosynthesize,
or chemosynthesize food
, *Unique chemical
characteristics

E.coli, a bacterium

Figure 1.6 The classification of life.

This figure provides some of the characteristics of the organisms of each of the major domains and kingdoms of life. Humans belong to the domain

Eukarya and kingdom Animalia.

one-celled organisms that lack a nucleus. Organisms in the
third domain, Eukarya, are classified as being members of
one of four kingdoms (Fig. 1.6)—plants, fungi, animals,
and protists. Most organisms in kingdom Animalia are
invertebrates, such as the earthworm, insects, and mollusks.
Vertebrates are animals that have a nerve cord protected by
a vertebral column, which gives them their name. Fish, rep-
tiles, amphibians, and birds are all vertebrates. Vertebrates
with hair or fur and mammary glands are classified as mam-
mals. Humans, raccoons, seals, and meerkats are examples
of mammals.

Human beings are most closely related to apes. We
are distinguished from apes by our (1) highly developed
brains, (2) completely upright stance, (3) creative language,
and (4) ability to use a wide variety of tools. Humans did
not evolve from apes; apes and humans share a common,
apelike ancestor.

Today’s apes are our evolutionary cousins. Our relation-
ship to apes is analogous to you and your first cousin being
descended from your grandparents. We could not have
evolved from our cousins because we are contemporaries—
living on Earth at the same time.

Humans Have a Cultural Heritage

Human beings have a cultural heritage in addition to a bio-
logical heritage. Culture encompasses human activities and
products passed on from one generation to the next out-
side of direct biological inheritance. Among animals, only
humans have a language that allows us to communicate
information and experiences symbolically. We are born
without knowledge of an accepted way to behave, but we
gradually acquire this knowledge by adult instruction and
imitation of role models. Members of the previous generation
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pass on their beliefs, values, and skills to the next generation.
Many of the skills involve tool use, which can vary from how
to hunt in the wild to how to use a computer. Human skills
have also produced a rich heritage in the arts and sciences.
However, a society highly dependent on science and technol-
ogy has its drawbacks as well. Unfortunately, this cultural
development may mislead us into believing that humans are
somehow not part of the natural world surrounding us.

Humans Are Members of the Biosphere

All living things on Earth are part of the biosphere, a living
network that spans the surface of the Earth into the atmo-
sphere and down into the soil and seas. Although humans
can raise animals and crops for food, we depend on the
environment for many services. Without microorganisms
that decompose, the waste we create would soon cover the
Earth’s surface. Some species of bacteria can clean up pollut-
ants like heavy metals and pesticides.

Freshwater ecosystems, such as rivers and lakes, pro-
vide fish to eat, drinking water, and water to irrigate crops.
The water-holding capacity of forests prevents flooding, and
the ability of forests and other ecosystems to retain soil pre-
vents soil erosion. Many of our crops and prescription drugs
were originally derived from plants that grew naturally in
an ecosystem. Some human populations around the globe
still depend on wild animals as a food source. And we must
not forget that almost everyone prefers to vacation in the
natural beauty of an ecosystem.

Humans Threaten the Biosphere

The human population tends to modify existing ecosys-
tems for its own purposes (Fig. 1.7). Humans clear forests
and grasslands to grow crops. Later, houses are built on

Figure 1.7 Humans negatively influence many ecosystems.
a.When humans build cities, diversity is lost. Notice the absence of a variety
of plants/trees. b. An overuse of water resources can lead to desertification.

what was once farmland. Clusters of houses become small
towns that often grow into cities. The overuse of water sup-
plies by large human populations can result in desertifica-
tion, or the expansion of desert regions (Fig. 1.7b). Human
activities have altered almost all ecosystems and reduced
biodiversity (the number of different species present). The
present biodiversity of our planet has been estimated to
be as high as 15 million species. So far, under 2 million
have been identified and named. It is estimated that we are
now losing as many as 400 species per day due to human
activities. Many biologists are alarmed about the present
rate of extinction (death of a species). They believe it may
eventually rival the rates of the five mass extinctions that
occurred earlier in our planet’s history. The dinosaurs
became extinct during the last mass extinction 65 million
years ago.

One of the major bioethical issues of our time is pres-
ervation of the biosphere and biodiversity. If we adopt
a conservation ethic that preserves the biosphere and
biodiversity, we will ensure the continued existence of
our species.

Connections and Misconceptions

How many humans are there?

As of the end of 2008, it was estimated that there were over
6.7 billion humans on the planet. Each of those humans
needs food, shelter, clean water and air, and materials to
maintain a healthy lifestyle. We add an additional 75 million
people per year—that is like adding ten New York Cities
per year! This makes human population growth one of the
greatest threats to the biosphere.

Connecting the Concepts

To learn more about the preceding material, refer to the
following discussions.

Chapter 22 examines recent developments in the study of
human evoution.
Chapter 23 provides a more detailed look at ecosystems.

Chapter 24 details some of the emerging threats that
humans pose to the biosphere.

Check Your Progress 1.2

@ Define the term biosphere.

O Explain why it is important to know the evolutionary
relationships between organisms.

e Summarize how the increase in the human population
affects our biosphere.



1.3 Science as a Process

Learning Outcomes

1. Describe the general process of the scientific method.

2. Distinguish between a control group and an experimental
group in a scientific test.

3. Recognize the importance of scientific journals in the
reporting of scientific information.

Upon completion of this section, you should be able to

Science is a way of knowing about the natural world. When
scientists study the natural world, they aim to be objective,
rather than subjective. Objective observations are supported
by factual information, whereas subjective observations
involve personal judgment. For example, the fat content
of a particular food would be an objective observation of a
nutritional study. Reporting about the good or bad taste of
the food would be a subjective observation. It is difficult to
make objective observations and conclusions because we are
often influenced by our prejudices. Scientists must keep in
mind that scientific conclusions can change because of new
findings. New findings are often made because of recent
advances in techniques or equipment.

Importance of Scientific Theories in Biology

Science is not just a pile of facts. The ultimate goal of sci-
ence is to understand the natural world in terms of scientific
theories. Scientific theories are concepts that tell us about
the order and the patterns within the natural world—in
other words, how the natural world is organized. For exam-
ple, following are some of the basic theories of biology.

Theory Concept

Cell All organisms are composed of cells, and new cells only
come from pre-existing cells.

Homeostasis The internal environment of an organism stays relatively

constant.

Genes Organisms contain coded information that dictates their
form, function, and behavior.

Ecosystem Populations of organisms interact with each other and
the physical environment.

Evolution All organisms have a common ancestor, but each is

adapted to a particular way of life.

Evolution is the unifying concept of biology because
it makes sense of what we know about living things. For
example, the theory of evolution enables scientists to under-
stand the variety of living things and their relationships. It
explains common structural features, physiology, patterns of
development, and behaviors. The theory of evolution has
been supported by so many observations and experiments
for over a hundred years that some biologists refer to it as the
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principle of evolution. This term is the preferred terminology
for theories generally accepted as valid by an overwhelming
number of scientists.

The Scientific Method Has Steps

Unlike other types of information available to us, scientific
information is acquired by a process known as the scientific
method. The approach of individual scientists to their work
is as varied as the scientists. For the sake of discussion, it is
possible to speak of the scientific method as consisting of
certain steps (Fig. 1.8).

After making initial observations, a scientist will,
most likely, study any previous data, results and conclu-
sions reported by previous research. Imagination and
creative thinking also help a scientist formulate a hypoth-
esis. The hypothesis becomes the basis for more observation
and/or experimentation. The new data help a scientist come
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Observation

New observations F k
are made, and previous |
data are studied. -

|
Hypothesis

Input from various sources
is used to formulate a
testable statement.

.

Experiment/Observations

Conclusion |

The hypothesis is
tested by experiment
or further observations.

The results are analyzed,
and the hypothesis is
supported or rejected.

m—

Scientific Theory

Many experiments and
observations support a
theory.

Figure 1.8 The scientific method.

On the basis of new and/or previous observations, a scientist formulates a
hypothesis. The hypothesis is tested by further observations and/or
experiments, and new data either support or do not support the
hypothesis. The return arrow indicates that a scientist often chooses to
retest the same hypothesis or to test a related hypothesis. Conclusions
from many different but related experiments may lead to the development
of a scientific theory. For example, studies pertaining to development,
anatomy, and fossil remains all support the theory of evolution.
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to a conclusion that either supports or does not support the
hypothesis. Hypotheses are always subject to modification, so
they can never be proven true; however, they can be proven
untrue. When the hypothesis is not supported by the data, it
must be rejected; therefore, some think of the body of science
as what is left after alternative hypotheses have been rejected.
Science is different from other ways of knowing by its
use of the scientific method to examine a phenomenon. Any
suggestions about the natural world not based on data gath-
ered by employing the scientific method cannot be accepted
as within the realm of science. Scientific theories are concepts
based on a wide range of observations and experiments.

How the Cause of Ulcers Was Discovered

Let’s take a look at how the cause of ulcers was discovered so
we can get a better idea of how the scientific method works.
In 1974, Barry James Marshall was a young resident physician
at Queen Elizabeth Il Medical Center in Perth, Australia. There
he saw many patients who had bleeding stomach ulcers. A
pathologist at the hospital, Dr. J. Robin Warren, told him about
finding a particular bacterium, now called Helicobacter pylori,
near the site of peptic ulcers (open sores in the stomach).
Using the computer networks available at that time, Marshall
compiled much data showing a possible correlation between
the presence of Helicobacter pylori and the occurrence of both
gastritis (inflammation of the stomach) and stomach ulcers.
On the basis of these data, Marshall formulated a hypothesis:
Helicobacter pylori is the cause of gastritis and ulcers.

Marshall decided to make use of Koch'’s postulates, the
standard criteria that must be fulfilled to show that a patho-
gen (bacterium or virus) causes a disease.

Koch’s Postulates

e The suspected pathogen (virus or bacterium) must be
present in every case of the disease;
e the pathogen must be isolated from the host and
grown in a lab dish;
e the disease must be reproduced when a pure culture of the
pathogen is inoculated into a healthy susceptible host; and
e the same pathogen must be recovered again from
the experimentally infected host.

The First Two Criteria

By 1983, Marshall had fulfilled the first and second of Koch’s crite-
ria. He was able to isolate Helicobacter pylori from ulcer patients and
grow it in the laboratory. (Success was achieved only after a petri
dish was inadvertently left in the incubator for six, instead of two,
days.) Further, he had determined thatbismuth, the active ingredi-
ent in Pepto-Bismol, could destroy the bacteria in a petri dish.
Despite presentation of these findings to the scientific com-
munity, most physicians continued to believe that stomach
acidity and stress were the causes of stomach ulcers. In those
days, patients were usually advised to make drastic changes
in their lifestyle or seek psychiatric counseling to “cure” their

% Biology Matters Scien

Robert Koch

Robert Koch (1843-1910) was a German microbiologist who
helped verify the germ theory of disease and established
the standard as to whether an organism causes a particular
disease. Koch was a scientist who studied anthrax, a type
of soil-living bacterium that causes disease in animals and
humans. Anthrax was used as a biological weapon in the
United States by unknown persons following the terrorist
attacks in 2001. Koch expanded on Louis Pasteur’s work by
establishing a series of steps, now known as Koch’s postu-
lates, to identify whether a specific bacterium is responsible
for a disease. His procedures are still widely used by scien-
tists and medical professionals.

Koch is credited not only with his work on the germ
theory but also with the development of several important
scientific instruments. He was one of the first to use an incu-
bator, an instrument that maintains a steady temperature for
growing bacteria outside of an organism. He also was the first
to use gelatin as a medium for growing bacteria in dishes.

ulcers. Many scientists believed that no bacterium would be
able to survive the normal acidity of the stomach.

The Last Two Criteria

Marshall had a problem in fulfilling the third and fourth of
Koch’s criteria. He had been unable to infect guinea pigs and
rats with the bacteria because the bacteria just did not flourish
in the intestinal tract of those animals. Marshall was not able to
use human subjects because our society does not condone the
use of humans as experimental subjects in dangerous or life-
threatening research. Marshall was so determined to support
his hypothesis that, in 1985, he decided to perform the experi-
ment on himself! To the disbelief of those in the lab that day, he
and another volunteer swallowed a foul-smelling and -tasting
solution of Helicobacter pylori. Within the week, they felt lousy
and were vomiting up their stomach contents. Examination by
endoscopy showed that their stomachs were now inflamed,
and biopsies of the stomach lining contained the suspected bac-
terium (Fig. 1.9). Their symptoms abated without need of med-
ication, and they never developed an ulcer. At Marshall’s next
talk, he challenged his audience to refute his hypothesis. Many
tried, but ultimately the investigators supported his findings.

The Conclusion

In science, many experiments that involve a considerable
number of subjects are required before a conclusion can
be reached. By the early 1990s, at least three independent
studies involving hundreds of patients had been published
showing that antibiotic therapy could eliminate Helicobacter



Figure 1.9 Dr.Barry Marshall and the cause of

stomach ulcers.

Dr. Barry Marshall, pictured here, fulfilled Koch’s postulates to show
that Helicobacter pylori is the cause of peptic ulcers. The inset shows the
presence of the bacterium in the stomach.

pylori from the intestinal tract and cure patients of ulcers
wherever they occurred in the tract.

Dr. Marshall received all sorts of prizes and awards,
but he and Dr. Warren were especially gratified to receive
a Nobel Prize in Medicine in 2005. The Nobel committee
reportedly thanked Marshall and Warren for their “pioneer-
ing discovery,” stating that peptic ulcer disease now could
be cured with antibiotics and acid-secretion inhibitors rather
than becoming a “chronic, frequently disabling condition.”

How to Do a Controlled Study

The work that Marshall and Warren did was largely observa-
tional. Often, scientists perform an experiment, a series of proce-
dures to test a hypothesis. As an example, let’s say investigators
want to determine which of two antibiotics best treats an ulcer.
When scientists do an experiment, they try to vary just the exper-
imental variables, in this case, the medications being tested. A
control group is not given the medications, but one or more test
groups are given the medications. If by chance, the control group
shows the same results as a test group, the investigators immedi-
ately know the results of their study are invalid because it would
mean the medications may have nothing to do with the results.

The study depicted in Figure 1.10 shows how investiga-
tors may study this hypothesis.

Hypothesis: Newly discovered antibiotic B is a better
treatment for ulcers than antibiotic A, which is in
current use.

Investigators who perform clinical research must obtain
informed consent from their subjects before proceeding with the
research. The informed consent ensures that subjects know details
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about the research and that their participation is voluntary. The
risks and benefits involved in participating in the research are all
outlined. It is important to reduce the number of possible vari-
ables (differences) such as sex, weight, other illnesses, and so
forth between the groups. Therefore, the investigators randomly
divide a very large group of volunteers (Fig. 1.102) equally into
the three groups. The hope is that any differences will be dis-
tributed evenly among the three groups. This is more likely to
occur if the investigators have a large number of volunteers.
The three groups will be treated (Fig. 1.10b) as follows:

Control group: Subjects with ulcers are not treated with
either antibiotic.

Test group 1: Subjects with ulcers are treated with antibiotic A.

Test group 2: Subjects with ulcers are treated with antibiotic B.

After the investigators have determined that all volun-
teers do suffer from ulcers, they will want the subjects to think
they are all receiving the same treatment. This is an additional
way to protect the results from any influence other than the
medication. To achieve this end, the subjects in the control
group can receive a placebo, a treatment that appears to be
the same as that administered to the other two groups but con-
tains no medication. In this study, the use of a placebo would
help ensure the same dedication by all subjects to the study.

The Results

After two weeks of administering the same amount of medi-
cation (or placebo) in the same way, the intestinal tract of
each subject is examined to determine if ulcers are still pres-
ent. Endoscopy, depicted in the photograph in Figure 1.10c,
is one possible way to examine a patient for the presence
of ulcers. This procedure is performed under sedation and
involves inserting an endoscope—a small, flexible tube with
a tiny camera on the end—down the throat and into the
stomach. It allows the doctor to see the lining of the stomach
and check for possible ulcers. Tests performed during an
endoscopy can also determine if Helicobacter pylori is present.
Endoscopy is somewhat subjective so it is probably best
if the examiner is not aware of which group the subject is in.
Otherwise, the prejudice of the examiner may influence the
examination. When neither the patient nor the examiner is
aware of the specific treatment, it is called a double-blind study.
In this study, the investigators may decide to determine
effectiveness of the medication by the percentage of people
who no longer have ulcers. So, if 20 people out of 100 still have
ulcers, the medication is 80% effective. The difference in effec-
tiveness is easily read in the graph portion of Figure 1.10d.

Conclusion: On the basis of their data, the investigators con-
clude that their hypothesis has been supported.

Publication of Scientific Studies

Scientific studies are customarily published in a scientific jour-
nal, so that all aspects of a study are available to the scientific
community. Before information is published in scientific jour-
nals, it is typically reviewed by experts. These people ensure that
the research is credible, accurate, unbiased, and well executed.
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Another scientist should be able to read about an experi-

a. State Hypothesis: . s epe - . . .
AT B S & i et i ment in a scientific journal, repeat the experiment in a differ-
ulcers than antibiotic A. ent location, and get the same (or very similar) results. Each

article begins with a short synopsis of the study so scientists
can quickly find the articles of greatest interest to them. The
materials and methods of performing each study are clearly
outlined so that researchers can more easily repeat the work.
Some articles are rejected for publication by reviewers when
they believe there is something questionable about the design
or manner in which an experiment was conducted.

Large number
of subjects
were selected.

Further Study

As mentioned previously, the conclusion of one experiment
often leads to another experiment. Scientists reading the study
described in Figure 1.10 may decide that it would be important
to test the difference in the ability of antibiotic A and B to kill
Helicobacter pylori in a petri dish. Or, they may want to test
which medication is more effective in women than men, and
so forth. The need for scientists to expand on findings explains
why science changes and the findings of yesterday may be

Subjects were
divided into
three groups.

b. Perform Experiment: improved upon tomorrow.
Groups were treated the same
except as noted. Scientific Journals Versus
Other Sources of Information
The information in many scientific journals is highly regarded
by scientists because of the review process and because it is
b | “straight from the horse’s mouth,” so to speak. The investiga-
: tor who did the research is generally the primary author of a
Control group:  Test group 1: Test group 2: published study. Reading the actual results of the experiment
received received received tends to prevent the possibility of misinformation and/or bias.
placebo antibiotic A antibiotic B D . u P
0 you remember playing “pass the message” when you were
c. young? When someone started a message and it was passed
e around a circle of people, the last person to hear the message
Each subject was examined . T
for the presence of ulcers. rarely received the original message. As each person passed

along the message, information was added to or deleted from
the original. That same thing may happen to scientific informa-
tion when it is published in magazines or books or reported by
someone other than the original investigator.

Unfortunately, the studies in scientific journals may be
technical and difficult for a layperson to read and understand.
The general public typically relies on secondary sources of
information for its science news. Sometimes, the information
may be out of context or misunderstood by the reporter, and
the result is transmission of misinformation. Ideally, a reference
d. to the original source (scientific journal article) will be provided

o e so that information can be verified. Remember also that it often
< 80
© 80
=
a 60 — 60 . . . .
_ 2 Figure 1.10 Design of a scientific study.
Igl:on(;:tujessligr;; S 40~ In this controlled laboratory experiment to test the effectiveness of
;’Spported: = a medication in humans, subjects were divided into three groups.
Antibiotic B is % 20 10 The control group received a placebo and no medication. Test group 1
a betterf = 0 received antibiotic A and test group 2 received antibiotic B. The results are
tﬁggpsemaﬁr § Control Test Test depicted in a graph, and it shows that antibiotic B was found to be a more
antibiotic A. w Group Group 1 Group 2 effective treatment than antibiotic A for the treatment of ulcers.




takes years to do enough experiments for the scientific commu-
nity to accept findings as well founded. Be wary of claims that
have only limited data to support them and any information
that may not be supported by repeated experimentation.

People should be especially careful about scientific
information available on the Internet, which is not well regulated.
Reliable, credible scientific information can often be found at
websites with URLs (uniform resource locators or Web addresses)
containing .edu (for educational institution), .gov (for govern-
ment sites such as the National Institutes for Health or Centers
for Disease Control), and .org (for nonprofit organizations such as
the American Lung Association or the National Multiple Sclerosis
Society). Unfortunately, quite a bit of scientific information on the
Internet is intended to entice people into purchasing some sort of
product for weight loss, prevention of hair loss, or similar mala-
dies. These websites usually have URLs ending with .com or .net.
It pays to question and verify the information from these websites
with another source (primary, if possible).

Connecting the Concepts

For more information on the topics presented in this section,
refer to the following discussions.

Section S.3 discusses how resistance to antibiotics occurs.
Section 8.3 provides more information on ulcers.

Check Your Progress 1.3

@ Describe each step of the scientific method.
Explain why a controlled study is an important part of
the experimental design.

@ List afew pros and cons of using a scientific journal
versus other sources of information.

1.4 Making Sense of
a Scientific Study

Learning Outcomes

Upon completion of this section you should be able to
1. Explain the difference between anecdotal and
testimonial data.
2. Interpret information that is presented in a
scientific graph.
3. Recognize the importance of statistical analysis to the
study of science.

When evaluating scientific information, it is important to con-
sider the type of data given to support it. Anecdotal data,
which consist of testimonials by individuals rather than
results from a controlled, clinical study, are never considered
reliable data. An example of anecdotal data would be claims
from people that a particular diet helped them lose weight.
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Obviously, this doesn’t mean the diet will work for everyone.
Testimonial data are suspect because the effect of whatever
is under discussion may not have been studied with a large
number of subjects or a control group.

We must also keep in mind that just because two events
occur at the same time, one factor may not be the cause of the
other. Dr. Marshall had this problem when his data largely
depended on finding Helicobacter pylori at the site of ulcers.
More data were needed before the scientific community could
conclude that Helicobacter pylori was the cause of an ulcer.
Similarly, that a human papillomavirus (HPV) infection usu-
ally precedes cervical cancer could be viewed only as limited
evidence that HPV causes cervical cancer. In this instance,
HPV has turned out to be a cause of cervical cancer, but not
all correlations (relationships) turn out to be causations. For
example, scientific studies do not support the well-entrenched
belief that exposure to cold temperatures results in colds.
Instead, we now know that viruses cause colds.

What to Look For

Although most everyone who examines a scientific paper is
tempted to first read the abstract (synopsis) at the beginning
and then skip to the conclusion at the end of the study, it is a
good idea to also examine the investigators’ methodology and
results. The methodology tells us how the scientists conducted
their study, and the results tell us what facts (data) were discov-
ered. Always keep in mind that the conclusion is not the same
as the data. The conclusion is an interpretation of the data by
the individuals who authored the paper. Although scientific
papers are reviewed by other scientists, ultimataly it is up to us
to decide if the conclusion is justified by the data.

Graphs

Data are often depicted in the form of a bar graph (see Fig. 1.10d)
or a line graph (Fig. 1.11). A graph shows the relationship
between two quantities, such as the taking of an antibiotic and
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Figure 1.11 The presentation of scientific data.

This line graph shows that the diameter of tree trunks varied at four
different places. The bars above each data point represent the variation, or
standard error, in the results.
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the disappearance of an ulcer. As in Figure 1.10, the experi-
mental variable (study groups) is plotted on the x-axis (hori-
zontal), and the result (effectiveness) is plotted along the y-axis
(vertical). Graphs are useful tools to summarize data in a clear
and simplified manner. For example, Figure 1.104 immediately
shows that antibiotic B produced the best results.

The title and labels can assist you in reading a graph; there-
fore, when looking at a graph, first check the two axes to deter-
mine what the graph pertains to. For example, in Figure 1.11,
we can see that the investigators were studying tree trunk
diameters at four sites. By looking at this graph, we know that
trees with the greatest diameter are found at site 2, and we
can also see to what degree the tree trunk diameters differed
between the sites.

Statistical Data

Most authors who publish research articles use statistics to
help them evaluate their experimental data. In statistics, the
standard error tells us how uncertain a particular value is.
Suppose you predict how many hurricanes Florida will have
next year by calculating the average number during the past
ten years. If the number of hurricanes per year varies widely,
your standard error will be larger than if the number per year
is usually about the same. In other words, the standard error
tells you how far off the average could be. If the average num-
ber of hurricanes is four and the standard error is = 2, then
your prediction of four hurricanes is between two and six hur-
ricanes. In Figure 1.11, the standard error is represented by the
bars above and below each data point. This provides a visual
indication of the statistical analysis of the data.

Statistical Significance

When scientists conduct an experiment, there is always the pos-
sibility that the results are due to chance or due to some fac-
tor other than the experimental variable. Investigators take into
account several factors when they calculate the probability value
(p) that their results were due to chance alone. If the probability
value is low, researchers describe the results as statistically signif-
icant. A probability value of less than 5% (usually written as p <
0.05) is acceptable, but, even so, keep in mind that the lower the
p value, the less likely that results are due to chance. Therefore,
the lower the p value, the greater the confidence the investigators
and you can have in the results. Depending on the type of study,
most scientists like to have a p value of <0.05, but p values of
<0.001 are common in many studies.

Connecting the Concepts

For more examples of how graphs can be used to present
scientific data, refer to the following discussions.

Figure 7.14 demonstrates how immunizations increase
antibody concentration in the blood.

Figure 13.3 shows the relationship between an action
potential and voltage across a cell membrane.

Figure 24.1 illustrates human population growth.

Check Your Progress 1.4

@ Explain why anecdotal data are not used in controlled,
clinical studies.

Explain why it is important to study an investigator’s
methodology and results.

@ summarize how the use of graphs and statistics aids in
data analysis.

1.5 Science and Social Responsibility

1. Recognize the importance of ethics in scientific studies.
2. Dicuss the need for the general public to have a general
understanding of science and its relationship to society.

Learning Outcomes

Upon completion of this section you should be able to

As we have learned in this chapter, science is a systematic way
of acquiring knowledge about the natural world. Biologists are
scientists that study living things, from the tiniest microbes to
the tallest trees (Fig. 1.12). Religion, aesthetics, and ethics are
other ways in which human beings seek order in the natural
world. Science differs from these other ways of knowing and
learning by its process, based on the scientific method. Science
considers hypotheses that can be tested only by experimenta-
tion and observation. Only after an immense amount of data
has been gathered do scientists arrive at a scientific theory, a
well-found concept about the natural world. Knowing this
should help you realize that all scientific theories have merit.
Science is a slightly different endeavor from technology, but
science is the driving force behind technology. Technology is the
application of scientific knowledge to the interests of humans. As
members of Western civilization, we have always believed that
science and technology offer us ways to improve our lives. Build-
ing houses, paving roads, growing crops, and curing illnesses all
depend on technology. Just think of how many things you use
each day made of plastic and you will know how much technol-
ogy means to your daily life. Even the field of nuclear physics is
of direct benefit to human beings. The findings of nuclear phys-
ics play a role in cancer therapy, medical imaging, and homeland
security. It has also given us nuclear power and the atomic bomb.
In other words, science and technology are not risk free; uncon-
trolled technology can result in unanticipated side effects.

Science and Technology:
Benefits Versus Risks

Investigations into cell structure and genes led to the bio-
technology revolution of current times. We now know how
to manipulate genes. If you have diabetes and are using
insulin, it was produced by genetically modified (GM) bac-
teria. Despite its benefits, there are risks associated with bio-
technology. Ecologists are concerned that GM crops could



Figure 1.12
Data collection can be done (a) in the laboratory or (b) in the field. Biologists discover basic information about the natural world, including the effects of
technology on human health and the environment.

Biologists work in many environments.

endanger the biosphere. For example, many farmers are now
planting GM cotton that produces an insect-killing toxin.
Though insect pests are their intended target, toxins may also
kill the natural predators that feed on insect pests. It may not
be wise to kill off friendly predatory insects. People are now
eating GM foods and/or foods that have been manufactured
by using GM products. Some people are concerned about
the possible effects of GM foods on human health.

In medicine, gene technology raises even more difficult ethi-
cal issues. These include whether humans should be cloned or
whether gene therapy should be used to modify the inheritance
of people, even before they are born. A current debate centers
around the use of stem cells to cure human illnesses, such as
spinal cord injuries or Alzheimer disease. You may not appreci-
ate this debate until you know that early human embryos are
composed only of cells called embryonic stem cells. Embryonic
stem cells are genetically capable of becoming any type of tis-
sue needed to cure a human illness. Should human embryos be
dismantled and used for this purpose? It means they will never
have the opportunity to become human beings.

Everyone Is Responsible

Science, technology, and society have interacted throughout human
history, and scientific investigation and technology have always
been affected by human values. Studying science, such as human
biology, can give citizens the background they need to fully partici-
pate in ethical debates. All citizens should assume this responsibility
because everyone, notjust scientists, needs to be involved in making
value judgments about the proper use of technology.

Should windmills be placed in Nantucket Sound or
other bodies of water to reduce our use of oil, which causes
global warming? To participate in this debate, you have to
know what windmills might do to the ecology of Nantucket
Sound, what global warming is, and what the evidence for

Chapter 1

Exploring Life and Science 15

global warming is. In other words, you need to review the
data of scientists and only then participate in the debate about
how technology should be used in this particular instance.

Should the rise in human population be curtailed to help
preserve biodiversity? You might hear on the news that we
are in a biodiversity crisis—the number of extinctions exp-
ected to occur in the near future is unparalleled in the history
of the Earth. To help answer this question, you will want to
know how large the human population is, what the benefits
of biodiversity are, how it is threatened, and what the threat
is to humankind if biodiversity is not preserved.

Scientists can inform and educate us, but they need not bear
the burden of making these decisions alone because science
does not make value judgments. This is the job of all of us.

Connecting the Concepts

The topic of bioethics is covered in several of the boxed
readings in this text. For some examples of bioethical
discussions that involve biotechnology, refer to the following
discussions.

Chapter 17 contains a bioethical focus on whether humans
should be cloned.

Chapter 21 examines the increased role of DNA
fingerprinting in the justice system.

Check Your Progress 1.5

@ List examples that demonstrate both the risks and
benefits of technology.
Discuss how human values affect science and
technology.

e Discuss the following: In your opinion, which members
of society should be responsible for deciding how
technology should be used?
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@ Biology Matters:

The Syphilis Research Scandal
of Tuskegee University

Several sections of this chapter have covered the process of sci-
ence, the way that legitimate research should be conducted,
and the importance of informed consent when using human
research subjects. As professionals, scientists have a responsibil-
ity to design moral and ethical research. Unfortunately, as with
all professionals, not all scientists are ethical. Documented cases
of risky, life-threatening, and, in some cases, inhumane research
on humans (often without the subject’s consent or knowledge)
blot scientific history. One of the most extreme examples of such
“research” was that done by Dr. Josef Mengele, the handsome
Nazi doctor called the “Angel of Death.” Mengele tortured con-
centration camp prisoners in multiple horrible ways. Some were
slowly frozen to death, others poisoned, and still others bled to
death—all to fulfill Mengele’s obscene notion of scientific inquiry.

Regrettably, the history of research in the United States is
also stained by misconduct. One notorious example of unethical
research involving human subjects began in the United States in
1932 and continued until 1972. This research was carried out by
the Public Health Service (PHS). Investigators wished to study
the progression of syphilis, a sexually transmitted bacterial dis-
ease, in African-American males. African-American males were
of interest because of diseases associated with African Ameri-
cans, such as sickle-cell anemia. There was interest in determin-
ing if race had an impact on the progression of syphilis.

An untreated syphilis infection has three distinct stages.
During the first stage, sores or ulcers appear on the genitals of
the infected individual. The bacteria associated with the sores can
infect individuals who come into contact with the sores. Stage-
two syphilis typically develops several weeks later. Its symptoms
include those associated with the flu: fever, headaches, and joint
pain. If the disease shows up in a third stage, severe complications
associated with the nervous system occur. Paralysis and insan-
ity are common, and organ failure will eventually kill. Untreated
pregnant women can pass syphilis to a fetus. Congenital syphilis
in an infant causes physical deformity and mental retardation.

The syphilis study began in 1932 at the Tuskegee Institute.
Initially, 600 African-American males were enrolled, with 399
males infected with syphilis and 201 uninfected males. The men

Figure 1A
Poorly educated
African Americans
were recruited for
the Tuskegee
project with
promises of free
medical care.

were poor, mostly illiterate, sharecropper farmers. None of the
men were informed of their participation in a research study nor
about available treatment options. The men were told that inves-
tigators were testing for and treating “bad blood.” The phrase
described a number of common illnesses, including anemia,
that were widespread at the time. While they participated in the
study, the men were offered medical exams, transportation to
and from clinics, treatments for other ailments, food, and money
for their burial expenses if necessary.

When the study first began, there were few available treat-
ments for syphilis. Compounds containing mercury and arsenic
were used, but all were toxic to the patient.

Originally, the study sought to determine if these toxic
compounds helped, or if untreated individuals fared the same
as those treated. The study was intended to last six months but
persisted for decades. Research continued on these men, even af-
ter penicillin became the accepted treatment for syphilis in 1947.
Treatment with penicillin was never offered to the study’s par-
ticipants, even though it would have cured them of the disease.

Objections to the Tuskegee study began in the mid-1960s.
One critic deemed the project “bad science” because some men
had been partially treated during the study. In July 1972, the As-
sociated Press (AP) publicized the story of the syphilis project.
The study was finally discontinued. A class-action lawsuit settle-
ment covering medical and burial expenses for all living partici-
pants was reached in 1974. President Clinton offered a national
apology to survivors and their families in 1997. Even now, there
are some family members of the study’s participants receiving
benefits from that lawsuit.

CASE STUDY CONCLUSION

I n this chapter, you have explored some of the basic
characteristics of life as we know it. The question is, How can
we apply our knowledge of life on Earth to detect life on other
planets? Most likely, the life on these moons is not highly
organized. Most scientists believe that simple multicellular
organisms may be the only life forms that can survive this
distance from the sun. Thus, future missions to Europa and

Titan will likely look for evidence of life acquiring materials
and using energy. When you eat food, you produce carbon
dioxide and other waste products. Living organisms on

other planets should do the same. By studying the extreme
environments of Europa, Titan, and our own planet, we may
be better able to define the basic properties of life and what it
really means when we say that something “is alive”
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Summarizing the Concepts

1.1 The Characteristics of Life
All living organisms share common characteristics; they

¢ have levels of organization—atoms, molecules, cells, tissues,
organs, organ systems, organisms, populations, community,
ecosystem, and biosphere;

® acquire materials and energy from the environment;

¢ reproduce and develop;

* maintain homeostasis;

* respond to stimuli; and

* have an evolutionary history and are adapted to a way of life.

1.2 Humans Are Related to Other Animals

The classification of living things mirrors their evolutionary
relationships. Humans are mammals, a type of vertebrate in
domain Eukarya. Humans differ from other mammals, including
apes, by their

* highly developed brains;

e completely upright stance;

* creative language; and

¢ ability to use a wide variety of tools.

Humans Have a Cultural Heritage

Language, tool use, values, and information are passed on from
one generation to the next.

Humans Are Members of the Biosphere

Humans depend on the biosphere for its many services, such as
absorption of pollutants, sources of water and food, prevention of
soil erosion, and natural beauty. Human population growth and
use of resources threaten the biodiversity of the biosphere.

1.3 Science as a Process
The scientific method consists of
¢ making an observation;
e formulating a hypothesis;
e carrying out experiments and observations;
* coming to a conclusion; and
e presenting results of the study for peer review.

Over time, widely accepted concepts and ideas that explain
patterns in the natural world may become theories.
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How the Cause of Ulcers
Was Discovered

Dr. Marshall followed
Koch'’s postulates to show
that Helicobacter pylori l
causes ulcers. When he was
unable to infect an animal Hypothesis
with the bacterium, he and l

Scientific Method

Observations

another volunteer infected
themselves. His persistence

Experiment/
led to clinical studies that Observations
showed antibiotics can cure
ulcers. l
How to Do a Controlled Conclusion
Study l

¢ Alarge number of
subjects are divided Scientific Theory

randomly into groups.
* The test group/sis/
are exposed to an
experimental variable.
* A control group is not exposed to an experimental variable
and is given a placebo.

o All groups are otherwise treated the same, and it is best if the
subjects and the technicians do not know what group they
are in.

* The results and conclusion are published in a scientific
journal.

Scientific Journals Versus Other Sources of Information

Primary sources of information are best; if secondhand sources
are used, the reader needs to carefully evaluate the source.

The Internet is not regulated, although URLs that end in .edu,
.gov, and .org most likely provide reliable scientific information.

1.4 Making Sense of a Scientific Study

* Beware of anecdotal and correlation data because they need
further study to be substantiated.

¢ Both bar and line graphs clearly show the relationship
between quantities.

Statistical Data

The standard error tells us how uncertain a particular value is.
The statistical significance tells us how trustworthy the results
are. The lower the statistical significance, the less likely the
results are due to chance and the more likely they are due to the
experimental variable.

1.5 Science and Social Responsibility

¢ Scientific information is based on observation and
experimentation. Therefore, scientists need not make value
judgments for us.

® The use of modern technology has its risks, and all citizens
need to be able to make informed decisions regarding how
and when technology should be used.
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Understanding Key Terms

Exploring Life and Science

adaptation 6
atom 2
biodiversity 8
biology 2
biosphere 2
cell 2
community 2
conclusion 10
control group 11
culture 7

data 9
development 5
domains 6
ecosystem 2
evolution 5
experiment 11

Match the key terms to these definitions.

experimental
variable 11
extinction 8
gene 5
growth 5
homeostasis 4
hypothesis 9
invertebrate 7
kingdom 7
metabolism 4
molecule 2
multicellular 2
mutation 5
organ 2
organism 2
organ system 2

photosynthesis 4
placebo 11
population 2
principle 9
reproduce 5
science 9
scientific

method 9
scientific theory 9
species 2
standard error 14
technology 14
test group 11
tissue 2
vertebrate 7

a. Zone of air, land, and water at the surface of
the Earth in which living organisms are
found.

b. Smallest unit of a human being and all living
things.

c. Concept supported by a broad range of
observations, experiments, and conclusions.

d. An internal environment that normally varies
within only certain limits.

e. An artificial situation devised to test a
hypothesis.

Testing Your Knowledge of the Concepts

1. Name and describe the basic characteristics of life.

(pages 2-6)

2. What is homeostasis, and why is it important? Give some

examples that show how systems work together to maintain

homeostasis. (pages 4-5)

3. How do human activities threaten the biosphere? (page 8)

4. Discuss the importance of a scientific theory, and describe
several theories basic to understanding biological principles.

(page 9)

5. With reference to the steps of the scientific method, explain

how scientists arrive at a theory. (page 9)

6. What are Koch'’s postulates, and what are they used for?

(page 10)

7. What is a control group, and what is the importance of a
control group in a controlled study? (page 11)

8. How do science and technology improve our lives?

(pages 14-15)

In questions 9-12, match each description with the correct
characteristic of life from the key.

Key:

Life is organized.

Living things reproduce and grow.

Living things respond to stimuli.

Living things have an evolutionary history.

Living things acquire materials and energy.

© 0o an T

Human heart rate increases when the person is scared.
10. Humans produce only humans.

11. Humans need to eat for building blocks and energy.
12. Similar cells form tissues in the human body.

13. The level of organization that includes two or more tissues
that work together is a/an
a. organ.
b. tissue.

C. organ system.
d. organism.

14. The level of organization most responsible for the
maintenance of homeostasis is the level.
a. cellular c. organ
b. organ system d. tissue

15. The level of organization that includes all the populations in a
given area along with the physical environment would be a/an
a. community. c. biosphere.
b. ecosystem. d. tribe.

16. Which best describes the evolutionary relationship between
humans and apes?
a. Humans evolved from apes.
b. Humans and chimpanzees evolved from apes.
¢. Humans and apes evolved from a common apelike ancestor.
d. Chimpanzees evolved from humans.

In questions 17-19, match the explanation with a theory in the key.
Key:

a. homeostasis c. evolution
b. cell d. gene

17. All living things share a common ancestor.
18. The internal environment remains relatively stable.

19. Organisms contain coded information that dictates form and
function.

Thinking Critically About the Concepts

1. Viruses are generally lumped into a “germs” grouping
with bacteria. Viruses are composed of a small amount
of genetic material (DNA or RNA) wrapped in a protein
coat. Can something so simple be considered a living
organism? Why aren’t viruses mentioned in the system
of classification covered in Section 1.2? (Hint: Consider
the shared characteristics of all living organisms.)

2. Can anecdotal data ever be a considered a reliable data
source for scientific research? Why or why not? If not, what
purpose can anecdotal data serve?

3. In the case of Europa and Titan, if life were found to exist
there, would that change our definition of the basic
characteristics of life? Would that change our definition of
a biosphere?



CASE STUDY BLOOD CHEMISTRY AND
NUTRITION

As a 26-year-old male, David knew that he was slightly overweight

and definitely not in the physical condition that he had been five
years earlier. Still, he considered himself to be healthy; therefore, he only
reluctantly agreed to the blood test at his annual physical exam. A few
weeks later, David’s doctor called and asked David to come in for a review
of the results.

In the office, David’s doctor explained that he had some real concerns
about the blood test results. The doctor explained that David had a total
cholesterol value of 218 and a blood triglyceride value of 150 mg/dL.
Furthermore, his good cholesterol (HDL) was low (45 mg/dL) and his bad
cholesterol (LDL) was high (130 mg/dL). If these values remained uncorrected,
there would be an increased risk of heart disease and atherosclerosis and,
potentially, diseases such as diabetes and cancer in David'’s future. David’s
doctor recommended that he reduce his dietary fat intake, increase his
exercise, and come back in three months for a follow-up visit. If his blood
lipids did not come into acceptable ranges, David’s doctor was going to put
him on Lipitor, a cholesterol-reducing medication.

David realized that he had received a wake-up call, and he was curious
about some of the terms the doctor mentioned during the visit. For
example, what is the difference between good and bad cholesterol? And
what is a triglyceride? In doing some online research, he discovered that
actually there is no such thing as “good” and “bad” cholesterol. The LDL
and HDL actually refer to a type of protein that is involved in lipid transport
in the body. David was confused, because his doctor had referred to these
as being cholesterol. David realized that he not only knew very little about
the content of his food but also was in the dark as to what these nutrients
did in his bodly.

As you read through the chapter, think about the following questions.
1. What is it about cholesterol that would make it increase the risk for the
diseases the doctor mentioned?
2. Is all cholesterol bad for the body?
3. What are the roles of proteins in the body, and how do they relate to
David’s cholesterol values?
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CHAPTER CONCEPTS

2.1 From Atoms to Molecules

All matter is composed of atoms, which react with
one another to form molecules.

2.2 Water and Living Things
The properties of water make life, as we know it,
possible. Living things are affected adversely by
water that is too acidic or too basic.

2.3 Molecules of Life
Carbohydrates, lipids, proteins, and nucleic acids are
macromolecules with specific functions in cells.

2.4 Carbohydrates

Glucose is blood sugar, and humans store glucose as
glycogen. Cellulose is plant material that is a source
of fiber in the diet.

2.5 Lipids
Fats and oils, which provide long-term energy, differ
by consistency and can have a profound effect on

our health. Other lipids, such as the sterols, function
differently in the body.

2.6 Proteins

Proteins have numerous and varied functions in cells.
Their shape suits their function.

2.7 Nucleic Acids

DNA is our genetics material. RNA serves as a helper
to DNA. ATP is an energy molecule that is used by the
cell to do metabolic work.

BEFORE YOU BEGIN

Before beginning this chapter, take a few
moments to review the following discussions.

Section 1.1 What are the basic characteristics
of all living organisms?

Figure 1.2 What is the difference between an
atom and a molecule?
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2.1 From Atoms to Molecules

Learning Outcomes

Upon completion of this section, you should be able to
1. Distinguish between atoms and elements.
2. lllustrate the structure of an atom.
3. Define an isotope and summarize its application in both
medicine and biology.
4. Distinguish between ionic and covalent bonds.

Matter refers to anything that takes up space and has mass.
It is helpful to remember that matter can exist as a solid, a
liquid, or a gas. Then we can realize that not only are we
humans composed of matter, but so are the water we drink
and the air we breathe.

Elements

An element is one of the basic building blocks of matter; an
element cannot be broken down by chemical means. Consid-
ering the variety of living and nonliving things in the world,
it’s remarkable that there are only 92 naturally occurring ele-
ments. It is even more surprising that over 90% of the human
body is composed of just four elements: carbon, nitrogen,
oxygen, and hydrogen. Even so, other elements, such as iron,
are important to our health. Iron-deficiency anemia results
when the diet doesn’t contain enough iron for the making
of hemoglobin. Hemoglobin serves an important function in
the body because it transports oxygen to our cells.

Each element has a name and a symbol. For example,
carbon has been assigned the atomic symbol C, and iron has
been assigned the symbol Fe. Some of the symbols we use for
elements are derived from Latin. For example, the symbol
for sodium is Na because natrium, in Latin, means “sodium.”
Likewise, the symbol for iron is Fe because ferrum means
“iron.” Chemists arrange the elements in a periodic table, so
named because all the elements in a column show periodic-
ity. To show periodicity means that each column of elements
behaves similarly during chemical reactions. For example,
all the elements in column VII (7) undergo the same type
of chemical reactions, for reasons we will soon explore. Fig-
ure 2.1 shows only some of the first 36 elements in the periodic
table, but a complete table is available in Appendix A. As you
study each box in the table, note that the atom’s symbol is in
the center. The number above the symbol is the atomic num-
ber. The elements in each row are arranged in order, accord-
ing to increasing atomic number. Finally, the number below
each symbol is that element’s atomic mass. Atomic mass is the
average mass of all atoms of a particular element.

Atoms

An atom is the smallest unit of an element that still retains the
chemical and physical properties of the element. The same
name is given to the element and the atoms of the element.

I VIIL
1 atomic number 2
H atomic symbol atomic mass He
1008 § I v \% vi vim 4003
3] 4 5 6 7 8 9 10
Li Be B C N (o) F Ne

6.941 | 9.012 | 10.81 | 12.01 | 14.01 | 16.00 | 19.00 | 20.18

11 12 13 14 15 16 17 18
Na Mg Al Si P S Cl Ar
2299 2431 26.98 28.09 30.97 32.07 3545 39.95
19 20 31 32 33 34 35 36
K Ca Ga Ge As Se Br Kr

39.10 | 40.08 | 69.72 | 7259 @ 74.92 @ 78.96 | 79.90 | 83.60
Figure 2.1 A Portion of the Periodic Table of Elements.

The number on the top of each square is the atomic number, which increases
from left to right. The letter symbols represent each element and are
sometimes abbreviations of Greek or Latin names. Below the symbol is the
value for atomic mass. A complete periodic table can be found in Appendix A.

Connections and Misconceptions

Where do elements come from?

We are all familiar with elements. Iron, sodium, oxygen, and
carbon are all common terms in our lives, but where do they
originate from?

Normal chemical reactions do not produce elements.
The majority of the heavier elements, such as iron, are
produced only by the intense chemical reactions within
stars. When these stars reach the end of their life, they
explode, producing a supernova. Supernovas scatter the
heavier elements into space, where they eventually are
involved in the formation of planets. The late astronomer
and philosopher Carl Sagan (1934-1996) frequently referred
to humans as “star stuff” In many ways, we—all living
organisms—are formed from elements that originated
within the stars.

Though it is possible to split an atom, an atom is the small-
est unit to enter into chemical reactions. For our purposes,
it is satisfactory to think of each atom as having a central
nucleus and pathways about the nucleus called orbitals.
Even though an atom is extremely small, it contains even
smaller subatomic particles. The subatomic particles, called
protons and neutrons, are located in the nucleus, and elec-
trons orbit about the nucleus in the orbitals (Fig. 2.2). Most
of an atom is empty space. If we could draw an atom the size
of a football stadium, the nucleus would be like a gumball in

the center of the field, and the electrons
Eil Animation

would be tiny specks whirling about in Atomie Structure

the upper stands.
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Particle Charge Atomic Mass
Proton +1 1
hydrogen Neutron 0 1
H Electron -1 0.00055
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Figure 2.2 The Atomic Structure of Select Elements.
Notice how the protons (p) and neutrons (n) are located in the nucleus and
the electrons (blue dots) are found in energy oribitals around the nucleus.

Protons carry a positive (+) charge, and electrons have
a negative (—) charge. To be electrically neutral, an atom of
any given element must have the same number of protons
and electrons, so that the positive and negative charges are
balanced. The atomic number (the number written above
each chemical symbol in Fig. 2.1) tells how many protons—
and therefore how many electrons—an atom has when it
is electrically neutral. For example, the atomic number of
carbon is six; therefore, a neutral atom of carbon has six pro-
tons and six electrons.

How many electrons are there in each orbital of an atom?
Any given orbital can hold only two electrons. Each orbital
is filled with electrons according to its energy level, with
the lowest energy orbitals filled first (just like the lowest
seats in the football stadium fill first, so spectators can get
a good look at the team!). The innermost orbital has the
lowest energy level and holds the first two electrons. After
that, orbitals are arranged into groups called shells. The
first shell has only one orbital. After that, each shell for the
first 18 atoms illustrated in Figure 2.1 can hold up to eight
electrons. Using this information, we can determine how
many electrons are in the outer shells of the atoms shown in
Figure 2.2. Hydrogen (H) has only one orbital that contains
one electron. Helium fills the first orbital—the first shell—
with its two electrons. Carbon (atomic number of six) has
two shells, and the outer shell has four electrons. Nitrogen
(atomic number of seven) has two shells, and the outer shell
has five electrons. Oxygen (atomic number of eight) has two
shells, and the outer shell has six electrons. Elements with
greater than 18 electrons possess additional shells and thus
can accommodate additional electrons.

The mass of an atom represents its quantity of matter. The
subatomic particles are so light that their mass is indicated
by special designations called atomic mass units (abbreviated
amu). Protons and neutrons are each assigned one atomic mass
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unit, whereas electrons have an exceedingly small mass unit
(0.00055 amu or 1/1,836th the mass of a proton). The sum
of protons and neutrons in the atom’s nucleus is called the
mass number. (Don’t confuse an element’s mass number with
its atomic mass, the number below each symbol in Fig. 2.1.)
For example, the mass number for one form of carbon is
6 protons + 6 neutrons = 12. The mass number is written
as a superscript before the atomic symbol, so the symbol for
carbon with a mass number of 12 is 1>C.

Isotopes

Isotopes of the same type of atom have the same number of
protons (thus, the same atomic number) but different num-
bers of neutrons. Therefore, their mass numbers are different.
For example, the element carbon 12 (2C) has six neutrons,
carbon 13 (*C) has seven neutrons, and carbon 14 (**C) has
eight neutrons. You can determine the number of neutrons
for an isotope by subtracting the atomic number (carbon’s
atomic number is 6; see Fig. 2.1) from the mass number.
Unlike the other two isotopes of carbon, carbon 14 is
unstable and breaks down over time. As carbon 14 decays,
it releases various types of energy in the form of rays and
subatomic particles; therefore, itis a radioisotope. The radiation

given off by radioisotopes can be detected in o
various ways. You may be familiar with the F';\) ﬁ;:!“u?:m"

d Mt

use of a Geiger counter to detect radiation.

Low Levels of Radiation

The importance of chemistry to biology and medicine is
nowhere more evident than in the many uses of radioiso-
topes. A radioisotope behaves the same chemically as the
stable isotopes of an element. This means that you can put a
small amount of radioisotope in a sample and it becomes a
tracer by which to detect molecular changes.

Specific tracers are used in imaging the body’s organs and
tissues. For example, after a patient drinks a solution contain-
ing a minute amount of iodine 131, it becomes concentrated
in the thyroid—the only organ to take up iodine to make the
hormone thyroxine. A subsequent image of the thyroid indi-
cates whether it is healthy in structure and function (Fig. 2.3a).
The use of positron-emission tomography (PET) is a way to
determine the comparative activity of tissues. Radioactively
labeled glucose, which emits a subatomic particle known as a
positron, can be injected into the body. The radiation given off is
detected by sensors and analyzed by a computer. The result is
a color image that shows which tissues took up glucose and are
metabolically active (Fig. 2.3b). A PET scan of the brain can help
diagnose a brain tumor, Alzheimer [ .
disease, epilepsy, and can determine @ xﬂgﬁgr Medicine
whether a stroke has occurred.

High Levels of Radiation

Radioactive substances in the environment can harm cells,
damage DNA, and cause cancer. The release of radioac-
tive particles following a nuclear power plant accident can
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Figure 2.3 Medical uses for low-level radiation.

a. The missing area (indicated by the arrow) in this thyroid scan indicates
the presence of a tumor that does not take up radioactive iodine. b. A PET
(positron-emission tomography) scan reveals which portions of the brain
are most active (red surrounded by light green).

have far-reaching and long-lasting effects on human health.
However, the effects of radiation can also be put to good
use. Radiation from radioisotopes has been used for many
years to kill bacteria and viruses and to sterilize medical and
dental products. Increasingly, the technology is being used
to increase the safety of our food supply. By using specific
types of radiation, food can be sterilized without irradiating
or damaging the food (Fig 2.4a).

Radiation can be used to ensure public safety against
bacterial infection. In the wake of the terrorist attacks of
9/11, radiation was used for a time to sterilize the U.S. mail
because of fear of contamination by possible pathogens such
as anthrax bacteria.

The ability of radiation to kill cells is often applied to
cancer cells. Radioisotopes can be introduced into the body
in a way that allows radiation to destroy only cancer cells,
with little risk to the rest of the body (Fig. 2.4b). Another form
of high-energy radiation, X-rays, can be used for medical
diagnosis and cancer therapy.

Molecules and Compounds

Atoms often bond with one another to form a chemical unit
called a molecule. A molecule can contain atoms of the same
type, as when an oxygen atom joins with another oxygen
atom to form oxygen gas. Or, the atoms can be different, as

Figure 2.4 Uses of high-level radiation.
a. Radiation can be used to sterilize food by killing bacteria and fungi.
b. Physicians can use radiation therapy to kill cancer cells.

when an oxygen atom joins with two hydrogen atoms to
form water. When the atoms are different, a compound is
formed. Two types of bonds join atoms: the ionic bond and
the covalent bond.

lonic Bonding

Atoms with more than one shell are most stable when the outer
shell contains eight electrons. During an ionic reaction, atoms
give up or take on an electron or electrons to achieve a stable
outer shell.

Figure 2.5 depicts a reaction between a sodium (Na)
atom and a chlorine (Cl) atom. Sodium, with one electron
in the outer shell, reacts with a single chlorine atom. Why?
Once the reaction is finished and sodium loses one electron
to chlorine, sodium’s outer shell will have eight electrons.
Similarly, a chlorine atom, which has seven
electrons already, needs to acquire only one Ei
more electron to have a stable outer shell.

Ions are particles that carry either a positive (+) or nega-
tive (—) charge. When the reaction between sodium and
chlorine is finished, the sodium ion carries a positive charge
because it now has one less electron than protons, and the
chloride ion carries a negative charge because it now has one
more electron than protons:

& Animation
{2} 1onic Bonds

\d i

Sodium lon (Na™) Chloride lon (CI")

11 protons (+) 17 protons (+)

10 electrons (—) 18 electrons (—)

One (+) charge One (—) charge

The attraction between oppositely charged sodium
ions and chloride ions forms an ionic bond. The resulting
compound, sodium chloride, is table salt, which we use to
enliven the taste of foods.

In contrast to sodium, why would calcium, with two
electrons in the outer shell, react with two chlorine atoms?



sodium atom (Na) chlorine atom (Cl)

Figure 2.5
a. During the formation of sodium chloride, an electron is transferred from the sodium

atom to the chlorine atom. At the completion of the reaction, each atom has eight electrons
in the outer shell, but each also carries a charge as shown. b. In a sodium chloride crystal,
ionic bonding between Na* and Cl~ causes the ions to form a three-dimensional lattice
configuration in which each sodium ion is surrounded by six chloride ions and each chloride
ion is surrounded by six sodium ions.

Chapter 2 Chemistry of Life 23

Formation of an ionic bond.

chloride ion (CI7)
|

sodium ion (Na*)
[

I
sodium chloride (NaCl)

a. b.

Whereas calcium needs to lose two electrons, each chlorine,
with seven electrons already, requires only one more elec-
tron to have a stable outer shell. The resulting salt (CaCl,) is
called calcium chloride. Calcium chloride is used as a deicer
in northern climates.

The balance of various ions in the body is important to our
health. Too much sodium in the blood can contribute to high
blood pressure. Calcium deficiency leads to rickets (a bow-
ing of the legs) in children. Too much or too little potassium
results in heartbeat irregularities and can be fatal. Bicarbonate,

oxygen
o] 2H
a. When an oxygen and two hydrogen atoms covalently bond, water results.

2 hydrogen

oxygen
(0] (0]
b. When two oxygen atoms covalently bond, oxygen gas results.

oxygen

hydrogen, and hydroxide ions are all involved in maintaining
the acid-base balance of the body (see pages 26-27).

Covalent Bonding

Atoms share electrons in covalent bonds. The overlapping,
outermost shells in Figure 2.6 indicate that the atoms are
sharing electrons. Just as two hands participate in a hand-
shake, each atom contributes one electron to the shared pair.
These electrons spend part of their time in the outer shell of

water

H,0 Figure 2.6 Covalent bonds.

Covalent bonds allow atoms to fill

their outer shells by sharing electrons.
Because the electrons are being shared,
it is necessary to count the electrons

in the outer shell as belonging to both
bonded atoms. Hydrogen is most
stable with two electrons in the outer
shell; oxygen is most stable with eight
electrons in the outer shell. Therefore,

oxygen gas
o, the molecular formula for water is
(a) H,0, and for oxygen gas it is (b) O,.
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each atom; therefore, they are counted as belonging to both
bonded atoms.

Double and Triple Bonds Besides a single bond, in which
atoms share only a pair of electrons, a double or a triple
bond can form. In a double bond, atoms share two pairs
of electrons; in a triple bond, atoms share three pairs of
electrons. For example, in Figure 2.6b, each oxygen atom
(O) requires two more electrons to achieve a total of eight
electrons in the outer shell. Four electrons are placed in the
outer, overlapping shells in the diagram.

Structural and Molecular Formulas Covalent bonds can be
represented in a number of ways. In contrast to the diagrams
in Figure 2.6, structural formulas use straight lines to show
the covalent bonds between the atoms. Each line represents
a pair of shared electrons. Molecular formulas indicate only
the number of each type of atom making up a molecule.
A comparison follows:

Structural formula: H—O—H, O=0
Molecular formula: H,O, O,

What would be the structural and molecular formulas for
carbon dioxide? Carbon, with four electrons in the outer
shell, requires four more electrons to complete its outer shell.
Each oxygen, with six electrons in the outer shell, needs only
two electrons to complete its outer shell. Therefore, carbon
shares two pairs of electrons with each oxygen atom, and the
formulas are as follows:

Structural formula: O=C=0
Molecular formula: CO,

Connecting the Concepts

The study of biology has a firm foundation in chemistry.
To see this relationship in more detail, refer to the following
discussions.

Section 3.3 describes how cells move ions across cell
membranes.

Section 10.3 explains how our urinary system uses ions to
maintain homeostasis.

Check Your Progress 2.1

o How is an atom organized?

One isotope of calcium is “°Ca, whereas a second is *éCa.
How many neutrons are found in each isotope? (Hint:

The atomic number of calcium is 20.) Animation
e What are radioisotopes, and how F‘; lonic and
e

can they benefit humans? Covalent Bonds

@ What are two basic types of bonds A vr3
formed between atoms to form Chemical
;) Bonding

molecules?

2.2 Water and Living Things
_

Learning Outcomes

Upon completion of this section, you should be able to

1. Describe how hydrogen bonds are formed.

2. List the properties of water.

3. Summarize the structure of the pH scale and the
importance of buffers to biological systems.

Water is the most abundant molecule in living organisms,
usually making up about 60-70% of the total body weight.
Furthermore, the physical and chemical properties of water
make life as we know it possible.

In water, the electrons spend more time circling the oxy-
gen (O) atom than the hydrogens because oxygen, the larger
atom, has a greater ability to attract electrons than do the
smaller hydrogen (H) atoms. The negatively charged elec-
trons are closer to the oxygen atom, so the oxygen atom
becomes slightly negative. In turn, the hydrogens are slightly
positive. Therefore, water is a polar molecule; the oxygen
end of the molecule has a slight negative charge (37), and the
hydrogen end has a slight positive charge (8¥).

In Figure 2.7a, the diagram on the left shows a structural
model of water, and the one on the right is called a space-
filling model.

Hydrogen Bonds

A hydrogen bond is the attraction of a slightly positive,
covalently bonded hydrogen to a slightly negative atom in
the vicinity. These usually occur between a hydrogen and
either an oxygen or nitrogen atom. A hydrogen bond is rep-
resented by a dotted line because it is relatively weak and
can be broken rather easily.

In Figure 2.7b, you can see that each hydrogen atom,
being slightly positive, bonds to the slightly negative oxygen
atom of another water molecule.

Properties of Water

Water molecules are cohesive, meaning that they cling
together, because of their polarity and hydrogen bonding.
Polarity and hydrogen bonding cause T
P

>

water to have many characteristics ) Q::;?g:;g:mes

beneficial to life. ~

1. Water is a liquid at room temperature. Therefore, we are able
to drink it, cook with it, and bathe in it. Compounds with
a low molecular weight are usually gases at room tem-
perature. For example, oxygen (O,), with a molecular
weight of 32, is a gas; but water, with a molecular weight
of 18, is a liquid. The hydrogen bonding between water
molecules keeps water a liquid and not a gas at room
temperature. Water does not boil and become a gas until
100°C, one of the reference points for the Celsius temper-
ature scale (see the chart inside the back cover). Without



Electron Model Space-filling Model

Oxygen attracts the shared
/" electrons and is partially negative.

@ 87
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Hydrogens are partially positive.

a. Water (H,0)

T

b. Hydrogen bonding between water molecules

Figure 2.8 A few of the properties of water.
a. Water becomes gaseous at 100°C. If it was a gas at a lower temperature, life could not exist. b. Body heat vaporizes sweat. In this way, bodies cool when
the temperature rises. c. Ice is less dense than water, so it forms a protective layer on top of ponds during the winter.
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Figure 2.7 Hydrogen bonds and water molecules.

a. Two models for the structure of water. The diagram on the left shows
the sharing of electrons between the oxygen and hydrogen atoms. The
diagram on the right illustrates that water is a polar molecule because
electrons are not equally shared. Electrons move closer to oxygen, creating
a partial negative charge, whereas hydrogen has a partial positive charge.
b. The partial charges allow hydrogen bonds (dotted lines) to form
temporarily between water molecules.

hydrogen bonding between water molecules, our body
fluids—and indeed our bodies—would be gaseous!

2. The temperature of liquid water rises and falls slowly, prevent-
ing sudden or drastic changes. The many hydrogen bonds
that link water molecules cause water to absorb a great
deal of heat before it boils (Fig. 2.84). A calorie of heat
energy raises the temperature of 1 g of water 1°C.! This
is about twice the amount of heat required for other co-
valently bonded liquids. On the other hand, water holds
heat, and its temperature falls slowly. Therefore, water
protects us and other organisms from rapid tempera-
ture changes and helps us maintain our normal internal
temperature. This property also allows great bodies of
water, such as oceans, to maintain a relatively constant
temperature. Water is a good temperature buffer.

3. Water has a high heat of vaporization, keeping the body from
overheating. It takes a large amount of heat to vaporize

!Be aware that a calorie—spelled with a lowercase c—is not the same as
a Calorie (capital C), which is used to measure the heat energy of food.
A Calorie is 1,000 calories, or one kilocalorie.
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water, that is, change water to steam (Fig. 2.84). (Con-
verting 1 g of the hottest water to steam requires an
input of 540 calories of heat energy.) This property of
water helps moderate the Earth’s temperature so that
life can continue to exist. Also, in a hot environment,
most mammals sweat, and the body cools as body heat is
used to evaporate sweat, mostly liquid water (Fig. 2.8b).

. Frozen water is less dense than liquid water, so ice floats on water.

Remarkably, water is more dense at 4°C than at 0°C. Most
substances contract when they solidify. By contrast, water
expands when it freezes because in ice, water molecules
form a lattice in which the hydrogen bonds are farther apart
than in liquid water (Fig. 2.8c). This is why cans of soda
burst when placed in a freezer or why frost heaves make
northern roads bumpy in the winter. Also, because ice is
lighter than cold water, bodies of water freeze from the top
down. The ice acts as an insulator to prevent the water be-
low it from freezing. Thus, aquatic organisms are protected
and have a better chance of surviving the winter.

. Water molecules are cohesive, yet still flow freely. Therefore, lig-

uids fill vessels, such as blood vessels. Water molecules cling
together because of hydrogen bonding. You've seen that
cohesive property of water in your everday life if you've
ever washed drinking glasses and then stacked them
while wet. Big mistake! The glasses will stick together as
if glued because of hydrogen bonding in the film of water
on the glass. Yet, though its molecules cling to each other,
water still is able to flow freely. Water’s cohesive property
allows dissolved and suspended molecules to be evenly
distributed throughout a system. Therefore, water is an
excellent transport medium. Within our bodies, blood
fills our arteries and veins because it is 92% water. Af-
ter blood transports oxygen and nutrients to cells, these
molecules are used to produce cellular energy. Blood also
removes wastes, such as carbon dioxide, from cells.

. Water is a solvent for polar (charged) molecules and thereby

facilitates chemical reactions both outside and inside our bod-
ies. When ions and molecules disperse in water, they
move about and collide, allowing reactions to occur.
Therefore, water is a solvent that facilitates chemical re-
actions. For example, when a salt such as sodium chlo-
ride (NaCl) is put into water, the negative ends of the
water molecules are attracted to the positively charged
sodium ions, and the positive ends of the water mol-
ecules are attracted to the negatively charged chloride
ions. This causes the sodium ions and the chloride ions
to separate and to dissolve in water:

SIHAH &
™
6,

The salt NaCl
dissolves in water.

Connections and Misconceptions

How do lungs stay open and keep from collapsing?

Our lives depend on water’s cohesive property. A thin film of
water coats the surface of the lungs and the inner chest wall.
This film allows the lungs to stick to the chest wall, keeping
the lungs open so we can breathe.

Tons and molecules that interact with water are said to be
hydrophilic, that is, “water-loving.” Nonionized and nonpo-
lar molecules that do not interact with water are said to be
hydrophobic, that is, “water-fearing.”

Acids and Bases

When water molecules dissociate (break up), they release an
equal number of hydrogen ions (H") and hydroxide ions (OH™):

H—O—H —= {+ + OH-
water hydrogen hydroxide
ion ion

Only a few water molecules at a time dissociate, and the actual

number of H* or OH™ is 1077 moles/liter.
A mole is a unit of scientific measure-
ment for atoms, ions, and molecules.

MP3
Water and pH

Acidic Solutions (High H* Concentrations)

Lemon juice, vinegar, tomatoes, and coffee are all acidic
solutions. What do they have in common? Acids are sub-
stances that dissociate in water, releasing hydrogen ions
(H™). The acidity of a substance depends on how fully it dis-
sociates in water. For example, an important inorganic acid
is hydrochloric acid (HCI), which dissociates in this manner:

HCl— H™* + CI~

Dissociation of HCl is almost complete. If hydrochloric acid
is added to a beaker of water, the number of hydrogen ions
(H*) increases greatly. Therefore, HCl is called a strong acid.
Hydrochloric acid is produced by the stomach and aids in food
digestion.

Basic Solutions (Low H* Concentrations)

Milk of magnesia and ammonia are commonly known basic
substances. Bases are substances that either take up hydro-
genions (H") or release hydroxide ions (OH™). For example,
an important base is sodium hydroxide (NaOH), which dis-
sociates almost completely in this manner:

NaOH— Na*™ + OH~

If sodium hydroxide is added to a beaker of water, the num-
ber of hydroxide ions increases. Thus, sodium hydroxide is
called a strong base. Sodium hydroxide is also called Iye and
is contained in many drain-cleaning products.



You should not taste strong acids or bases because they
are destructive to cells. Many household cleansers, such as
ammonia or bleach, have poison symbols and carry a strong
warning not to ingest the product.

pH Scale

The pH scale is used to indicate the acidity and basicity
(alkalinity) of a solution. Pure water with an equal number
of hydrogen ions (H*) and hydroxide ions (OH™) has a pH
of exactly 7.

The pH scale was devised to simplify discussion of the
hydrogen ion concentration [H*] and consequently of the
hydroxide ion concentration [OH™]. It eliminates the use of
cumbersome numbers. To understand the relationship between
hydrogen ion concentration and pH, consider the following:

[H'] pH
(moles per liter)
0.000001 = 1X10°¢ 6
0.0000001 = 1X107 7
0.00000001 = 1X10°%8 8

You will notice that to determine pH, each number is first
expressed in scientific notation. The negative value of the
exponent (remember, the exponent is the superscript num-
ber) equals pH. So for a solution of 0.000001 moles per liter
of hydrogen ions, the scientific notation is 1 X 107, and the
pHis —[—6] or pH 6.

Of the two values above and below pH 7, which one
indicates a higher hydrogen ion concentration than pH 7
and, therefore, refers to an acidic solution? A number with
a smaller negative exponent indicates a greater quantity of
hydrogen ions (H") than one with a larger negative expo-
nent. Therefore, the pH 6 solution is an acidic solution.

Basic solutions have fewer hydrogen ions (H) than hydrox-
ide ions. Of the three values, the pH 8 solution is a basic solution
because it indicates a lower hydrogen ion concentration [H*]
(greater hydroxide ion concentration) than the pH 7 solution.

The pH scale (Fig. 2.9) ranges from 0 to 14. As we move
toward a higher pH, each unit has 10 times the basicity of
the previous unit; and as we move toward a MP3
lower pH, each unit has 10 times the acidity @ Acid-Base
of the previous unit.2 Balances

Buffers

In living things, the pH of body fluids needs to be main-
tained within a narrow range or else health suffers. Nor-
mally, pH stability is possible because the body and the
environment have buffers to prevent pH changes. A prob-
lem arises when precipitation in the form of rain or snow

2 pH is defined as the negative log of the hydrogen ion concentration [H]. In
the logarithmic scale, a change from one whole number to another represents
a change by a factor of 10. Therefore, a pH of 5.0 is 10 times more acidic than
a pH of 6.0.
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H* lon
Concentration pH Value Examples
100 hydrochloric acid
10!
o 10?2 stomach acid, lemon juice
241073 3 vinegar, cola, beer
® | 10-4 4 tomatoes
10-3 5 black coffee
1076 — 6 ————— urine
1077 7 pure water
[10-8 8 seawater
10-° 9 baking soda
10°°0—— 10 Great Salt Lake
'§ 410 ——1 11 household ammonia
L | 10-12
10-13 household bleach
10-4 sodium hydroxide

Figure 2.9 The pH scale.

The pH scale ranges from 0 to 14, with 0 being the most acidic and 14
being the most basic. A solution at pH 7 (neutral pH) has equal amounts of
hydrogen ions (H*) and hydroxide ions (OH"). An acidic pH has more H*
than OH™ and a basic pH has more OH™~ than H*.The pH of familiar solutions
can be seen on the scale.

becomes so acidic that the environment runs out of natural
buffers in the soil or water. Rain normally has a pH of
about 5.7, but very acidic rain—sometimes with a pH as
low as 2.1—is recorded every year across the Appalachian
Mountains. Why is the pH of the rain so low? Rain becomes
acidic because the burning of fossil fuels emits sulfur diox-
ides (SO,) and nitrogen oxides (NO,) into the atmosphere.
They combine with water to produce sulfuric acid (H,SO,)
and nitric acid (HNQO;). Acid deposition destroys statues
and kills forests (Fig. 2.10). It also leads to fish kills in lakes
and streams.

a. b.

Figure 2.10 The effects of acid rain.
Acid rain formed during the burning of fossil fuels causes (a) statues to
deteriorate and (b) trees to die.
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Buffers help keep the pH within normal limits because
they are chemicals or combinations of chemicals that take
up excess hydrogen ions (H") or hydroxide ions (OH™). For
example, carbonic acid (H,CO;) is a weak acid that mini-
mally dissociates and then re-forms in the following manner:

H,CO; dissociates H* i+ HCO;s
carbonic ~ <———  hydrogen bicarbonate
acid re-forms ion ion

The pH of our blood when we are healthy is always
about 7.4—just slightly basic (alkaline). Blood always
contains a combination of some carbonic acid and some
bicarbonate ions. When hydrogen ions (H") are added to
blood, the following reaction occurs:

H+ + HCO3_ — H2C03

When hydroxide ions (OH™) are added to blood, this reac-
tion occurs:

OH_ + H2C03—> HCO3_ + Hzo

These reactions prevent any significant change in blood pH.

Connecting the Concepts

The properties of water play an important role in human
physiology and maintaining homeostasis. For a few
examples, refer to the following discussions.

Section 5.6 provides a description of how the body moves
nutrients using the circulatory system.

Section 10.4 examines how the kidneys maintain the
water balance of the body.

Section 10.4 explores the relationship between the water
balance of the body and homeostasis.

Check Your Progress 2.2

@ List the characteristics of water that help
support life.
Contrast the hydrogen ion concentration of acids and
bases.

@ Summarize why the pH of the environment (soil and
water) and the body rarely changes.

2.3 Molecules of Life
|

1. List the four classes of organic molecules that are found
in cells.

2. Describe the processes by which the organic molecules
are assembled and disassembled.

Learning Outcomes

Upon completion of this section, you should be able to

Four categories of organic molecules—carbohydrates,
lipids, proteins, and nucleic acids—are unique to cells.
In biology, organic doesn’t refer to how food is grown; it
refers to a molecule that contains carbon (C) and hydro-
gen (H) and is usually associated with living things.

Each type of organic molecule in cells is composed
of subunits. When a cell constructs a macromolecule, a
molecule that contains many subunits, it uses a dehy-
dration reaction, a type of synthesis reaction. During a
dehydration reaction, an —OH (hydroxyl group) and an
—H (hydrogen atom), the equivalent of a water mole-
cule, are removed as the molecule forms (Fig. 2.11a). The
reaction is reminiscent of a train whose length is deter-
mined by how many boxcars it has hitched together. To
break down macromolecules, the cell uses a hydrolysis
reaction in which the components of water are added
during the breaking of the bond between the molecules
(Fig. 2.11D).
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Figure 2.11 The breakdown and synthesis of macromolecules.
a. Subunits bond in a dehydration reaction. Water is given off and a
macromolecule forms. b. In the reverse reaction, macromolecules are
divided into subunits by hydrolysis.



Connecting the Concepts

The organic nutrients not only play an important role in

the building of cells but also serve as sources of energy.

For more information, refer to the following discussions.
Section 3.6 explains how the body uses organic nutrients as
energy sources.

Sections 8.1-8.4 explore how the digestive system processes
the organic nutrients and prepares them for transport.

Check Your Progress 2.3

@ Explain the difference between an organic and an
inorganic molecule.
List the four classes of molecules that are unique to cells.
0 Describe the type of reaction that occurs during the
synthesis of a macromolecule.

2.4 Carbohydrates
- A

Learning Outcomes

Upon completion of this section, you should be able to
1. Summarize the basic chemical properties of a
carbohydrate.
2. State the roles of carbohydrates in human physiology.
3. Compare the structure of simple and complex
carbohydrates.
4. Explain the importance of fiber in the diet.

Carbohydrate molecules are characterized by the presence
of the atomic grouping H—C—OH, in which the ratio of
hydrogen atoms (H) to oxygen atoms (O) is approximately
2:1. This ratio is the same as the ratio in water (hydros in Greek
means “water,” so the name “hydrates of carbon” seems

CH,OH CH,OH
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appropriate). Carbohydrates, first and foremost, function
for quick and short-term energy storage in all organisms,
including humans.

Simple Carbohydrates

If a carbohydrate is made up of just one ring and its num-
ber of carbon atoms is low (from five to seven), it is called a
simple sugar, or monosaccharide. The designation pentose
means a 5-carbon sugar, and the designation hexose means
a 6-carbon sugar. Glucose, the hexose our bodies use as an
immediate source of energy, can be written in any one of
these ways:

6CH,OH CH,OH
5 Cm=O O (@)
H | \I‘ll H H
|/ Ha L
4 . s / [
HO 3(|:_2C| OH  HO OH
H OH H OH
CeH1206

Other common hexoses are fructose, found in fruits, and
galactose, a constituent of milk.

A disaccharide (di, “two”; saccharide, “sugar”) is made
by joining only two monosaccharides together by a dehy-
dration reaction. Maltose is a disaccharide that is formed
by a dehydration reaction between two glucose molecules
(Fig. 2.12).When our hydrolytic digestive juices break
down maltose, the result is two glucose molecules. When
glucose and fructose join, the disaccharide sucrose forms.
Sucrose, ordinarily derived from sugarcane and sugar
beets, is commonly known as table sugar.

Complex Carbohydrates (Polysaccharides)

Macromolecules such as starch, glycogen, and cellulose are
polysaccharides that contain many glucose units.

Starch and glycogen are readily stored forms of
glucose in plants and animals, respectively. Some of the

CH,OH CH,OH

O O
H H dehydration reaction
+ <
OH HO hydrolysis reaction

glucose C¢Hy,O4 glucose C¢H;,O4

O O
(@] + HO0

maltose C;,H,,04; water

monosaccharide + monosaccharide

disaccharide +  water

Figure 2.12 The synthesis and breakdown of a dissacharide.

Maltose, a dissacharide, is formed by a dehydration reaction between two glucose molecules. The breakdown of maltose occurs following a hydrolysis

reaction and the addition of water.
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CHZOH CHZOH CHZOH CHZOH

starch
granule

cell wall

potato cells

Figure 2.13 Starch is a plant complex carbohydrate.
Starch has straight chains of glucose molecules. Some chains are also
branched, as indicated. The electron micrograph shows starch granules
in potato cells.

macromolecules in starch are long chains of up to 4,000
glucose units. Starch and glycogen have slightly different
structures. Starch has fewer side branches, or chains, than
does glycogen. A side chain of glucose branches off from
the main chain, as shown in Figures 2.13 and 2.14. Flour,
used for baking and typically obtained from grinding
wheat, is high in starch. Pasta and potatoes are also high-
starch foods.

After we eat starchy foods, such as potatoes, bread,
and cake, glucose enters the bloodstream and, normally,
the liver stores glucose as glycogen. The release of the hor-
mone insulin from the pancreas promotes the storage of
glucose as glycogen. In between eating, the liver releases
glucose so that, normally, the blood glucose concentration
is always about 0.1%.

The polysaccharide cellulose is found in plant cell walls.
In cellulose, the glucose units are joined by a slightly differ-
ent type of linkage than that in starch or glycogen (Fig. 2.15).
Though this might seem to be a technicality, it is important
because we are unable to digest foods containing this type
of linkage; therefore, cellulose largely passes through our
digestive tract as fiber, or roughage.

granule

liver cells

Figure 2.14 Glycogen is an animal complex carbohydrate.
Glycogen is more branched than starch. The electron micrograph shows
glycogen granules in liver cells.

cellulose

Notice how
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Figure 2.15 Fiber is a plant complex carbohydrate.

Unlike starch, we don't get energy directly from fiber. This is because of the
arrangements of the chemical bonds in the fiber chains. However, fiber is an
important component of our diet and helps keep our digestive system healthy.
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¥ Biology Matters

Fiber in the Diet

Fiber, also called roughage, is mainly composed of the
undigested carbohydrates that pass through the digestive
system. Most fiber is derived from the structural carbohy-
drates of plants. This includes such material as cellulose,
pectins, and lignin. Fiber is not truly a nutrient because
we do not use it directly for energy or building cells, but
it is an extremely important component of our diet. Fiber
adds bulk to material in the intestines, keeping the colon
functioning normally, and it binds many types of harmful
chemicals in the diet, including cholesterol, and prevents
them from being absorbed.

There are two basic types of fiber—insoluble and soluble.
Soluble fiber dissolves in water and acts in the binding of cho-
lesterol. Soluble fiber is found in many fruits, as well as oat
grains. Insoluble fiber provides the bulk to the fecal material
and is found in bran, nuts, seeds, and whole wheat foods.

An adult male should bring in around 38 grams per
day of fiber, whereas the average adult female should
consume approximately 25 grams per day. One serving of
whole grain bread (one slice) provides about 3 grams of
fiber, and a single serving of beans (1/2 cup) contains 4 to
5 grams of fiber. A diet high in fiber has been shown to
reduce the risk of cardiovascular disease, diabetes, colon
cancer, and diverticulosis.

Connecting the Concepts

In humans, carbohydrates primarily serve as energy molecules,
although fiber does act to ensure the health of the digestive
system. For more information on the interaction of the human
body with carbohydrates, refer to the following discussions.

Section 3.6 explores the use of carbohydrates for energy at
the cellular level.

Section 8.3 examines how the digestive system processes
carbohydrates.

Section 8.6 explains how fiber promotes the health of the
digestive system.

Check Your Progress 2.4

o Explain the function of simple carbohydrates and
polysaccharides in humans.
Describe the difference in structure between a simple
carbohydrate and the various
complex carbohydrates.

@ summarize the benefits of fiber in
the diet.

MP3
i Carbohydrates

2.5 Lipids
g |

1. Compare the structure of fats, phospholipids, and steroids.
2. State the function of each class of lipids.

Learning Outcomes

Upon completion of this section, you should be able to

Lipids are diverse in structure and function, but they have a
common characteristic: They do not dissolve in water. Their
low solubility in water is due to an absence of polar groups.

They contain little oxygen and consist mostly of carbon and
hydrogen atoms.

Lipids contain more energy per gram than other biological
molecules; therefore, fats in animals and oils in plants function
well as energy-storage molecules. Others (phospholipids) form
a membrane so that the cell is separated from its environment
and has inner compartments as well. Steroids are a large class of
lipids that includes, among other molecules, the sex hormones.

Fats and Oils

The most familiar lipids are those found in fats and oils. Fats,
usually of animal origin (e.g., lard and butter), are solid at
room temperature. Oils, usually of plant origin (e.g., corn oil
and soybean oil), are liquid at room temperature. Fat has sev-
eral functions in the body. It is used for long-term energy stor-
age, insulates against heat loss, and forms a protective cushion
around major organs. Steroids are formed from smaller lipid
molecules and function as chemical messengers.

Emulsifiers can cause fats to mix with water. They con-
tain molecules with a nonpolar end and a polar end. The
molecules position themselves about an oil droplet so that
their polar ends project outward. The droplet disperses in
water, which means that emulsification has occurred. Emul-
sification takes place when dirty clothes are washed with
soaps or detergents. Also, prior to the digestion of fatty
foods, fats are emulsified by bile. The liver manufactures bile
and the gallbladder stores it.

Fats and oils form when one glycerol molecule reacts
with three fatty acid molecules (Fig. 2.16). A fat is sometimes
called a triglyceride because of its three-part structure, or
the term neutral fat can be used because the molecule is
nonpolar and carries no charges.

Waxes are molecules made up of one fatty acid combined
with another single organic molecule, usually an alcohol
(chemists refer to “alcohols” as an entire group of molecules
that includes drinking alcohol and rubbing alcohol). Waxes
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Figure 2.16 Structure of a triglyceride.

Triglycerides are formed when three fatty acids combine with glycerol by dehydration synthesis reactions. The reverse reaction starts digestion of fat;

hydrolysis introduces water, and fatty acid-glycerol bonds are broken.

prevent loss of moisture from body surfaces. Cerumen, or ear
wayx, is a very thick wax produced by glands lining the outer
ear canal (see Chap. 14). It protects the ear canal from irrita-
tion and infection by trapping particles, bacteria, and viruses.
When ear wax is completely washed away by swimming or
diving, the result is a painful “swimmer’s ear.”

Saturated, Unsaturated, and Trans-Fatty Acids

A fatty acid is a carbon-hydrogen chain that ends with the
acidic group —COOH (Fig. 2.16, left). Most of the fatty acids
in cells contain 16 or 18 carbon atoms per molecule, although
smaller ones with fewer carbons are also known. Fatty acids are
either saturated or unsaturated. Saturated fatty acids have no
double bonds between the carbon atoms. The chain is saturated,
so to speak, with all the hydrogens it can hold. Unsaturated
fatty acids have double bonds in the carbon chain wherever
the number of hydrogens is less than two per carbon (Fig. 2.17).

In general, oils, present in cooking oils and bottle mar-
garines, are liquids at room temperature because the pres-
ence of a double bond creates a bend in the fatty acid chain.
Such kinks prevent close packing between the hydrocarbon
chains and account for the fluidity of oils. On the other hand,

_e=c- —c—c- —e=c-
BB B
Unsaturated cis fats Saturated Unsaturated trans fats

(oils) (butter) (hydrogenated oils)

Figure 2.17 Comparison of saturated, unsaturated,

and trans fats.

Saturated fats have no double bonds between carbons in the fatty acid.
Unsaturated fats have one or more double bonds in the fatty acid. For a
fat to be a trans fat, the hydrogens need to be on opposite sides of the
carbon-carbon double bond.

butter, which contains saturated fatty acids and no double
bonds, is a solid at room temperature.

Saturated fats, in particular, contribute to the disease
atherosclerosis. Atherosclerosis is caused by formation of
lesions, or atherosclerotic plaques, on the inside of blood ves-
sels. The plaques narrow blood vessel diameter, choking off
the blood and oxygen supply to tissues. Atherosclerosis is
the primary cause of cardiovascular disease (heart attack
and stroke) in the United States. Even more harmful than
naturally occurring saturated fats are the so-called trans fats
(trans in Latin means “across”; Fig. 2.17), which are created
artificially using vegetable oils. Trans fats may be partially
hydrogenated to make them semisolid. Complete hydroge-
nation of oils causes all double bonds to become saturated.
Partial hydrogenation does not saturate all bonds. It recon-
figures some double bonds, but some of the hydrogen atoms
end up on different sides of the chain. Trans fats are found
in shortenings and solid margarines. They also occur in pro-
cessed foods (snack foods, baked goods, and fried foods).

Current dietary guidelines from the American Heart
Association (AHA) advise replacing trans fats with unsaturated
oils. In particular, monounsaturated oils (like olive oil, with one
double bond in the carbon chain) are recommended. Polyunsat-
urated oils (many double bonds in the carbon chain) such as corn
oil, canola oil, and safflower oil also fit in the AHA guidelines.

Dietary Fat

For good health, the diet should include some fat; but, for the
reasons stated, the first thing to do when looking at a nutrition
label is to check the total amount of fat per serving. The total rec-
ommended amount of fat in a 2,000-calorie diet is 65 grams. That
information results in the % Daily Value (DV) given in the sample
nutrition label for macaroni and cheese in Figure 2.18. As of Janu-
ary 2006, food manufacturers are required to o

list the amount of trans fats greater than 0.5 g Ei Animation

G

Food Label
in the nutrition label for a food.



Nutrition Facts
Serving Size 1 cup (228g)
Servings Per Container 2
Start here. Amount Per Serving
Calories 250 Calories from Fat 110
% Daily Value
Total Fat 129 18%
Saturated Fat 3g 15%
Limi_t these Trans Fat 1.59
nutrients. Cholesterol 30mg 10%
Sodium 470mg 20%
Total Carbohydrate 31g 10%
Dietary Fiber Og 0%
Sugars 59
Get enough ProteinSg—
of these Vitamin A 4%
nutrients. Vitamin C 2%
Calcium 20%
Iron 4%

Figure 2.18 Understanding a food label.

Food labels provide some important information about the product. Each
of the items listed on the label is referenced to the % Daily Value, which is
based on a 2,000-calorie diet. In general, total fat, cholesterol, and sodium
should be limited in the diet.

¥ Biology Matters Healtl

The Omega-3 Fatty Acids

Not all fats are bad. In fact, some of them are essential to
our health. A special class of unsaturated fatty acids, the
omega-3 fatty acids, is considered both an essential and
developmentally important nutrient. The name omega-3
(also called n-3 fatty acids) is derived from the location of
the double bond in the carbon chain.

The three important omega-3 fatty acids are lino-
lenic acid (ALA), docosahexaenoic acid (DHA), and
eicosapentaenoic acid (EPA). Omega-3 fatty acids are
a major component of the fatty acids in the brain, and
adequate amounts of them appear to be important in
children and young adults. A diet that is rich in these
fatty acids also offers protection against cardiovascular
disease, and research is ongoing with regard to other
health benefits. DHA may reduce the risk of Alzheimer
disease. DHA and EPA may be manufactured from APA
in small amounts within our bodies. Some of the best
sources of omega-3 fatty acids are cold-water fish such
as salmon and sardines. Flax oil, also called linseed oil, is
an excellent plant-based source of omega-3 fatty acids.

Although the fatty acids are an important component
of the diet, nutritionists warn not to overdo the diet with
excessive supplements as the omega-3s may cause health
issues when taken in large doses.
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Phospholipids

Phospholipids have a phosphate group (Fig. 2.19). They are con-
structed like fats, except that in place of the third fatty acid, there
is a phosphate group or a grouping that contains both phos-
phate and nitrogen. These molecules are not electrically neu-
tral, as are fats, because the phosphate and nitrogen-containing
groups are ionized. They form the polar (hydrophilic) head of
the molecule, and the rest of the molecule becomes the nonpolar
(hydrophobic) tails. (Remember that hydrophilic means “water-
loving” and hydrophobic is “water-fearing.”)

Phospholipids are the primary components of cellular
membranes. They spontaneously form a bilayer (a sort of
molecular “sandwich”) in which the hydrophilic heads (the
sandwich “bread”) face outward toward watery solutions,
and the tails (the sandwich “filling”) form the hydrophobic
interior (Fig. 2.19b).

Steroids

Steroids are lipids that have an entirely different structure
from those of fats. Steroid molecules have a backbone of
four fused carbon rings. Each one differs primarily by the
attached molecules, called functional groups, attached to
the rings. Cholesterol is a component of an animal cell’s
plasma membrane and is the precursor of several other ste-
roids, such as the sex hormones estrogen and testosterone.
The liver usually makes all the cholesterol the body needs.

polar
head

nonpolar —
tails

outside cell

a. Phospholipid structure b. Membrane structure

Figure 2.19 Structure of a phospholipid.

a. Phospholipids are structured like fats with one fatty acid is replaced by

a polar phosphate group. Therefore, the head is polar, whereas the tails are
nonpolar. b. This causes the molecules to arrange themselves in a“sandwich”
arrangement when exposed to water—polar phosphate groups on the
outside of the layer, nonpolar lipid tails on the inside of the layer.
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Dietary sources should be restricted because elevated lev-
els of cholesterol, saturated fats, and trans fats are linked to
atherosclerosis, a disease of the blood vessels in which fatty
plaques accumulate inside blood vessel linings and reduce
blood flow (see page 206).

The male sex hormone, testosterone, is formed pri-
marily in the testes; the female sex hormone, estrogen, is
formed primarily in the ovaries. Testosterone and estrogen
differ only by the functional groups attached to the same
carbon backbone. However, they have a profound effect on
the body and the sexuality of humans and other animals
(Fig. 2.20). The taking of anabolic steroids, usually to build
muscle strength, is illegal because the side effects are harm-
ful to the body (see Chap. 12, Bioethical Focus).

Connecting the Concepts

Fats and lipids have a variety of uses in the human body.
To see how they interact with the various systems of the
body, refer to the following discussions.

Section 5.7 provides more information on atherosclerosis.
Section 8.3 explores the digestion and absorption of fats.

Section 15.1 examines how some lipids act as hormones in
the body.

Good and Bad Cholesterol

Blood tests to analyze your lipid profile are part of many
annual medical exams. After your annual exam, your doctor
tells you that your total cholesterol is 210, your HDL value
is low (34), and your LDL value is high (84). You know that
you need to get your total cholesterol below 200, the thresh-
old of a healthy diet; but like most people, you have no idea
what the other two numbers mean. Then you remember that
LDL is commonly referred to as “bad” cholesterol, and HDL
is called the “good” cholesterol. In actuality, these molecules
are not forms of cholesterol; they are types of proteins. The
lipoproteins in the body serve as a form of fat and cholesterol
carrier, moving these nutrients around as needed. An LDL
is a lipoprotein that is full of triglycerides and cholesterol,
whereas an HDL is basically empty. Thus, a high LDL value
indicates that your carriers were usually full, meaning that
your diet must be providing too many of these nutrients.
After additional research, you find out that other factors,
such as the amount of dietary fiber, daily exercise, and even
genetics, can play a role in regulating “good” and “bad” lev-
els of these lipoproteins. Furthermore, the numbers that the
doctor gave you were actually concentrations of these mol-
ecules in your blood (in milligrams per deciliter, or mg/dL).
In today’s world, it is important that we all understand the
terminology associated with our own medical history.

Figure 2.20

Examples of steroids.

a. All steroids are made from
cholesterol and have four
carbon rings. Compare the
structure of (b) testosterone
and (c) estrogen, and notice the
slight changes in their attached
groups (shown in blue).

HO

a. Cholesterol

b. Testosterone c. Estrogen

Check Your Progress 2.5

@ state the function of fats and oils in the human body.
List the uses of phospholipids and steroids in the body.

e Hypothesize what would happen if all fats were removed
from the body.

2.6 Proteins

Learning Outcomes

Upon completion of this section, you should be able to

1. Describe the structure of an amino acid.
2. Explain how amino acids are combined to form proteins.
3. Summarize the four levels of protein structure.

Proteins are of primary impor-
tance in the structure and func-
tion of cells. Some of their many
functions in humans follow.

Support: Some proteins are
structural proteins. Keratin,
for example, makes up hair
and nails. Collagen lends sup-
port to ligaments, tendons,
and skin.

Hair is a protein.



Enzymes: Enzymes bring reactants together and thereby speed
chemical reactions in cells. They are specific for one particular
type of reaction and only function at body temperature.

Transport: Channel and carrier proteins in the plasma
membrane allow substances to enter and exit cells. Some
other proteins transport mol- - —

ecules in the blood of animals; Ik ‘? ’"} ,:“ ! 'T'
hemoglobin in red blood cells o ﬁ
is a complex protein that trans- \ ,
ports oxygen. ¥

Defense: Antibodies are pro-
teins. They combine with for-
eign substances, called antigens.
In this way, they prevent anti-
gens from destroying cells and
upsetting homeostasis.

Hemoglobin is a protein.

Hormones: Hormones are regu-
latory proteins. They serve as intercellular messengers that
influence the metabolism of cells. The hormone insulin regu-
lates the content of glucose in the
blood and in cells. The presence
of growth hormone determines
the height of an individual.

Motion: The contractile proteins
actin and myosin allow parts of
cells to move and cause muscles
to contract. Muscle contraction
facilitates the movement of ani-

mals from place to place. Muscle contains protein.

The structures and functions of vertebrate cells and tis-
sues differ according to the type of proteins they contain.
For example, muscle cells contain actin and myosin, red
blood cells contain hemoglobin, and support tissues contain
collagen.

Amino Acids: Subunits of Proteins

Proteins are macromolecules with amino acid subunits. The
central carbon atom in an amino acid bonds to a hydrogen
atom and also to three other groups of atoms. The name amino
acid is appropriate because one of these groups is an —NH,
(amino group) and another is a —COOH (carboxyl group, an
acid). The third group is the R group for an amino acid:

amino  H acid

group group
H,N -COOH

R R = rest of
group molecule

Amino acid
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Figure 2.21 The structure of a few amino acids.

Amino acids all have an amine group (H;N™), an acid group (COO~), and an
R group, all attached to the central carbon atom. The R groups (screened

in blue) are all different. Some R groups are nonpolar and hydrophobic;
others are polar and hydrophilic. Still others are polar and ionized.

Amino acids differ according to their particular R group.
The R groups range in complexity from a single hydrogen atom
to a complicated ring compound. Some R groups are polar and
some are not. Also, the amino acid cysteine ends with an —SH
group, which often serves to connect one chain of amino acids
to another by a disulfide bond, —S—S—. Several amino acids
commonly found in cells are shown in Figure 2.21.

Peptides

Figure 2.22 shows how two amino acids join by a dehydra-
tion reaction between the carboxyl group of one and the
amino group of another. The covalent bond between two
amino acids is called a peptide bond. When three or more
amino acids are linked by peptide bonds, the chain that
results is called a polypeptide. The atoms associated with the
peptide bond share the electrons unevenly because oxygen
attracts electrons more than nitrogen. Therefore, the hydro-
gen attached to the nitrogen has a slightly positive charge
(8"), whereas the oxygen has a slightly negative charge (87):

0% peptide
| l_ bond
& = slightly negative I|{6+
& = slightly positive
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amino acid amino acid dipeptide water

Figure 2.22 Synthesis and breakdown of a protein.

Amino acids join by peptide bonds using a dehydration reaction, and a water molecule is given off. In the reverse reaction, peptide bonds are broken by

hydrolysis, and a water molecule is introduced.

Shape of Proteins

Proteins cannot function unless they have a specific shape.
When proteins are exposed to extremes in heat and pH, they
undergo an irreversible change in shape called denaturation.
For example, we are all aware that the addition of vinegar
(an acid) to milk causes curdling. Similarly, heating causes
coagulation of egg whites, which contain a protein called
albumin. Denaturation occurs because the normal bonding
between the R groups has been disturbed. Once a protein
loses its normal shape, it is no longer able to perform its
usual function. Researchers recognize a change in protein
shape is responsible for both Alzheimer
disease or Creutzfeldt-Jakob disease (the
human form of mad cow disease).

Animation
Protein
Denaturation

Levels of Protein Organization

The structure of a protein has at least three levels of orga-
nization and can have four levels (Fig. 2.23). The first level,
called the primary structure, is the linear sequence of the
amino acids joined by peptide bonds. Each particular poly-
peptide has its own sequence of amino acids.

The secondary structure of a protein comes about when
the polypeptide takes on a certain orientation in space.
Once amino acids are assembled into a polypeptide, the
resulting C=0 section between amino acids in the chain
is polar, having a partially negative charge. (Remember
that oxygen holds on to electrons longer than carbon, and
that’s what causes the partially negative charge.) Hydro-
gen bonding is possible between the C=O of one amino
acid and the N—H of another amino acid in a polypep-
tide. Coiling of the chain results in an « (alpha) helix, or a
right-handed spiral , and a folding of the chain results in a
pleated sheet. Hydrogen bonding between peptide bonds
holds the shape in place.

The tertiary structure of a protein is its final, three-
dimensional shape. In enzymes, the polypeptide bends and
twists in different ways. In most enzymes, the hydropho-
bic portions are packed on the inside and the hydrophilic
portions are on the outside where they can make contact
with water. The tertiary structure of the enzymes determines
what types of molecules with which they will interact. The
tertiary shape of a polypeptide is maintained by various
types of bonding between the R groups; covalent, ionic, and
hydrogen bonding all occur.

Primary Structure:
sequence of amino acids

Secondary Structure:
alpha helix or a pleated sheet

hydrogen bond

Tertiary Structure:
final shape of polypeptide

Quaternary Structure:
two or more associated
polypeptides

Figure 2.23 Levels of protein structure.

The structure of proteins can differ significantly. Primary structure, the
sequence of amino acids, determines secondary and tertiary structure.
Quaternary structure is created by assembling smaller proteins into a
large structure.



Some proteins have only one polypeptide, and others have
more than one polypeptide, each with its own primary, sec-
ondary, and tertiary structures. These separate polypeptides
are arranged to give these proteins a fourth level of structure,
termed the quaternary structure. Hemoglobin is a complex pro-
tein having a quaternary structure; many enzymes also have a
quaternary structure. Each of four polypeptides in hemoglobin
are tightly associated with a nonprotein heme group. A heme
group contains an iron (Fe) atom that binds to oxygen; in that
way, hemoglobin transports O, to the tissues.

Connecting the Concepts

Almost every function of the body is somehow connected
to the activity of a protein. For more information on these
processes, refer to the following discussions.

Section 7.1 gives more information on how misfolded
proteins may cause disease.

Section 8.3 explains how the digestive system processes
proteins.

Section 13.1 explores how some proteins are used as
neurotransmitters in the nervous system.

Section 21.2 examines the process of protein synthesis in a cell.

Check Your Progress 2.6

o Describe the major functions of proteins in organisms.
() Explain the structure of an amino acid.
@ Describe how the shape of a protein relates to its function.

Chapter 2 Chemistry of Life 37

2.7 Nucleic Acids
|

Learning Outcomes

Upon completion of this section, you should be able to

1. Explain the differences between RNA and DNA.
2. Summarize the role of ATP in cellular reactions.

The two types of nucleic acids are DNA (deoxyribonu-
cleic acid) and RNA (ribonucleic acid) (Fig. 2.24). Early
investigators called them nucleic acids because they were
first detected in the nucleus of cells. The discovery of the
structure of DNA has had an enormous influence on biology
and on society in general. DNA stores genetic information
in the cell and in the organism. DNA replicates and trans-
mits this information when each cell—and each organism—
reproduces. Researchers are beginning to understand how
genes function and are working on ways to manipulate
them. The science of biotechnology is largely devoted to
altering the genes in living organisms.

Function of DNA and RNA

Each DNA molecule contains many genes, and genes
specify the sequence of the amino acids in proteins.
RNA is an intermediary that conveys DNA'’s instruc-
tions regarding the amino acid sequence in a protein.
If DNA’s information is faulty, illness can result. The
relationship between a gene, a protein, and an illness is
illustrated by sickle-cell disease. In sickle-cell disease,

Hydrogen bond

Guanine (G)

Cytosine (C)

—H--4t--0
V 0
N_ - — = —
H—N s
HN CH
Adenine (A) Thymme (T)
(DNA only)
Uracil (U)
backbone (RNA only)

a. DNA structure with base pairs: A with T and G with C
Figure 2.24 The structure of DNA and RNA.

b. RNA structure with bases G, U, A, C

a. In DNA, adenine and thymine are a complementary base pair. Note the hydrogen bonds that join them (like the “steps”in a spiral staircase). Likewise,
guanine and cytosine can pair. b. RNA has uracil instead of thymine, so complementary base pairing isn't possible.
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the individual’s red blood cells are sickle-shaped. This
occurs because in one particular spot in the hemoglobin
molecule, an amino acid called valine substitutes for
an amino acid called glutamine. Exchanging one amino
acid for another—a seemingly small change—makes red
blood cells lose their normal round, flexible shape and
become weak and easily torn. Profound effects on the
person’s health result. When these abnormal red blood
cells go through small blood vessels, they clog the flow
of blood and break apart. Sickle-cell disease is another
cause of anemia, and it also results in pain and organ
damage.

How the Structure of DNA
and RNA Differs

Though both DNA and RNA are polymers of nucleotides,
there are some small differences in the types of subunits
each contains and in their final structure. These differ-
ences give DNA and RNA their unique functions in the
body.

Nucleotide Structure

Each nucleotide is a molecular complex of three types of
subunit molecules—phosphate (phosphoric acid), a pentose
(5-carbon) sugar, and a nitrogen-containing base:

nitrogen-
containing

phosphate ' p
base

5'

Nucleotide

sugar

The nucleotides in DNA contain the sugar deoxy-
ribose, and the nucleotides in RNA contain the sugar
ribose; this difference accounts for their respective
names (Table 2.1). There are four different types of bases
in DNA: adenine (A), thymine (T), guanine (G), and

1WA DNA Structure Compared to RNA Structure

DNA RNA
Sugar Deoxyribose Ribose
Bases Adenine, guanine, Adenine, guanine,

thymine, cytosine uracil, cytosine

Strands Double-stranded with Single-stranded
base pairing
Helix Yes No

cytosine (C). The base can have two rings (adenine or
guanine) or one ring (thymine or cytosine). In RNA, the
base uracil (U) replaces the base thymine. These struc-
tures are called bases because their presence raises the
pH of a solution.

Polynucleotide Structure

The nucleotides link to make a polynucleotide called a
strand, which has a backbone made up of phosphate—
sugar—phosphate-sugar. The bases project to one side
of the backbone. The nucleotides of a gene occur in a
definite order, and so do the bases. After many years of
work, researchers now know the sequence of the bases
in human DNA—the human genome. This breakthrough
is expected to lead to improved genetic counseling, gene
therapy, and medicines to treat the causes of many human
illnesses.

DNA is double-stranded, with the two strands
twisted about each other in the form of a double helix (see
Fig. 2.24a). In DNA, the two strands are held together by
hydrogen bonds between the bases. When coiled, DNA
resembles a spiral staircase. When unwound, it resembles
a stepladder. The uprights (sides) of the ladder are made
entirely of phosphate and sugar molecules, and the rungs
of the ladder are made only of complementary paired
bases. Thymine (T) always pairs with adenine (A), and
guanine (G) always pairs with cytosine (C). Complemen-
tary bases have shapes that fit together.

Complementary base pairing allows DNA to repli-
cate in a way that ensures that the sequence of bases
will remain the same. This is important because it is
the sequence of bases that determines the sequence of
amino acids in a protein. RNA is single-stranded. When
RNA forms, complementary base pairing with one DNA
strand passes the correct sequence of bases to RNA
(Fig. 2.24b). RNA is the nucleic acid directly involved in
protein synthesis.

ATP: An Energy Carrier

In addition to being the subunits of nucleic acids, nucleo-
tides have metabolic functions. When adenosine (adenine
plus ribose) is modified by the addition of three phosphate
groups instead of one, it becomes ATP (adenosine triphos-
phate), which is an energy carrier in cells.

Structure of ATP Suits Its Function

ATP is a high-energy molecule because the last two phos-
phate bonds are unstable and easily broken. Usually
in cells, the last phosphate bond is hydrolyzed, leav-
ing the molecule ADP (adenosine diphosphate) and
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Figure 2.25 ATP is the universal energy currency of cells.

ADP

ATP is composed of the base adenosine and three phosphate groups (called a triphosphate). When cells need energy, ATP is hydrolyzed (water is added)
forming ADP and (®. Energy is released. To recycle ATP, energy from food is required and the reverse reaction occurs: ADP and (® join to form ATP,

and water is given off.

a molecule of inorganic phosphate (® (Fig. 2.25). The
energy released by ATP breakdown is used by the cell to
synthesize macromolecules, such as carbohydrates and
proteins. In muscle cells, the energy is used for muscle
contraction; and in nerve cells, it is used for the conduc-
tion of nerve impulses. After ATP breaks down, it can
be recycled by adding ® to ADP. Notice
in Figure 2.25 that an input of energy is
required to re-form ATP.

Glucose Breakdown Leads to
ATP Buildup

A glucose molecule contains too much energy to be used
as a direct energy source in cellular reactions. Instead, the
energy of glucose is converted to that of ATP molecules.
ATP contains an amount of energy that makes it usable to
supply energy for chemical reactions in cells. Muscles use
ATP energy and produce heat when they contract. This is
the heat that warms the body.

As we shall see in Chapter 3, oxygen is involved in
the breakdown of glucose. Insufficient
oxygen limits glucose breakdown and
limits ATP buildup.

MP3
- Nucleic Acids

CASE STUDY CONCLUSION

fter three months of work, David felt more prepared for

his visit with his physician. Not only had he made some
important adjustments to his diet by limiting the amount
of dietary fat and watching the cholesterol content of food
but he had also increased his weekly exercise regime. More
importantly, he now had a better understanding of the terms
the doctor had used in his initial visit. David now recognized
that cholesterol was an important molecule in his body;
however, because it was also hydrophobic, it could cause

Connecting the Concepts

As the information-carrying and energy molecules of the
body, the nucleic acids play an important role in how our
cells, tissues, and organs function. For more information on
this class of molecules, refer to the following discussions.
Section 21.1 provides a more detailed look at the structure
of DNA and RNA.

Sections 18.1-18.5 explain the relationship between cell
division and patterns of inheritance.

Section 21.2 explores how DNA contains the information to
make proteins.

Section 21.4 examines how advances in biotechnology
are giving scientists the ability to manipulate DNA in the
laboratory.

Check Your Progress 2.7

@ Describe the structure of ATP.
State the type of bond that joins the bases within a DNA
double helix. Why are these bonds used?

0 Compare the structure of DNA and RNA. What impact do
these differences have on their function?

problems with his circulatory system. Furthermore, he also
understood what his doctor meant by the terms good and bad
cholesterol. David’s doctor was actually referring to lipoproteins,
a form of protein that transports lipids and cholesterol in the
blood. A high level of LDL—the “bad cholesterol’—meant

that his body had an excess of fat to be transported, and HDL
represented empty transport proteins. Ideally, low LDL and
high HDL values signified a healthy cardiovascular system and
a reduced risk for a number of diet-related diseases.
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Media Study Tools

www.mhhe.com/maderhumani2e

Enhance your study of this chapter with study tools and practice
tests. Also ask your instructor about the resources available through
ConnectPlus, including the media-rich eBook, interactive learning
tools, and animations.

® conhect )

|BloLoGY

Virtual Lab

The virtual lab “Nutrition” provides a more detailed look at
how your diet provides you with daily amounts of nutrients
such as protein, carbohydrates, calories, and fats. The lab
allows you to select a variety of foods for breakfast, lunch, dinner,
and snacks; and it charts how these selections influence your % Daily
Value (DV) of these nutrients.

Summarizing the Concepts

2.1 From Atoms to Molecules

* Matter is composed of elements; each element is made up of
just one type of atom.

* An atom’s mass is based on the number of protons and neutrons
in the nucleus, as well as the electrons orbiting the nucleus.

* An atom’s chemical properties depend on the number of
electrons in its orbitals and outer shell.

* Atoms react by forming ionic bonds or covalent bonds.

2.2 Water and Living Things

e Water is a liquid, instead of<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>