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 CHAPTER 7: CELL CYCLE 

7.1 Life of a Cell 

Where do cells come from? 

No matter what the cell, all cells come from preexisting cells through the process of cell division. 
The cell may be the simplest bacterium or a complex muscle, bone, or blood cell. The cell may 
comprise the whole organism, or be just one cell of trillions. 

Cell Division 

Cell division is the process in which one cell, 
called the parent cell, divides to form two new 
cells, referred to as daughter cells. How this 
happens depends on whether the cell is 
prokaryotic or eukaryotic. Cell division is 
simpler in prokaryotes than eukaryotes because 
prokaryotic cells themselves are simpler. 
Eukaryotic cells, in contrast, are more complex 
containing many organelles. All of these cell 
parts must be duplicated and then separated 
when the cell divides.  

Figure 7.1 
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Cell Division in Prokaryotes 
Most prokaryotic cells divide by the process of binary fission. A bacterial cell dividing this way 
is depicted in Figure 7.1. 

The Cell Cycle 

Cell division is just one of several stages that a cell goes through during its lifetime. The cell 
cycle is a repeating series of events that include growth, DNA synthesis, and cell division.  

What is a cell's life like? 

The eukaryotic cell spends most of its 
"life" in interphase of the cell cycle, 
which can be subdivided into the 
three phases, G1, S and G2. During 
interphase, the cell does what it is 
supposed to do. Though cells have 
many common functions, such as 
DNA replication, they also have 
certain specific functions. That is, 
during the life of a heart cell, the cell 
would obviously perform different 
activities than a kidney cell or a liver 
cell. 

The Eukaryotic Cell Cycle 

The diagram in Figure 7.2 represents 
the cell cycle of a eukaryotic cell. As 
you can see, the eukaryotic cell cycle
has several phases. The mitotic 

phase (M) actually includes both mitosis and cytokinesis. This is when the nucleus and then the 
cytoplasm divide. The other three phases (G1, S, and G2) are generally grouped together 
as interphase. During interphase, the cell grows, performs routine life processes, and prepares to 
divide. These phases are discussed below. You can watch a eukaryotic cell going through these 
phases of the cell cycle at the following link:  

Ø http://www.cellsalive.com/cell_cycle.htm. 

Prior to dividing, during the Interphase of the Cell Cycle, all the DNA in a eukaryotic cell’s 
multiple chromosomes is replicated. Its organelles are also duplicated.   

Figure 7.2: Eukaryotic Cell Cycle 



8 

Summary 

• Cell division is part of the life cycle of virtually all cells. Cell division is the process in
which one cell divides to form two new cells.

• Most prokaryotic cells divide by the process of binary fission.

• In eukaryotes, cell division occurs in two major steps: mitosis and cytokinesis.

Practice  

Use the online resource (right) to answer the questions 
that follow:  

1. Cell division has how many steps? What are
they?

2. How do prokaryotic cells divide? How do
eukaryotic cells divide?

3. Describe the process of binary fission.

4. Compare the cells before and after the mitotic division.

5. What is cytokinesis?

Review 

1. Describe binary fission.

2. What is mitosis?

3. Contrast cell division in prokaryotes and eukaryotes. Why are the two types of cell
division different?

http://www.hippocampus.org/Biology 

Ø Non-Majors Biology 
Ø Search: Cell Division 
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7.2 Mitosis and Cytokinesis 

Figure 7.3: Mitosis is the phase of the eukaryotic cell cycle that occurs between DNA replication and the 
formation of two daughter cells. What happens during mitosis? 

What does “division of the nucleus” mean? 

During mitosis, when the nucleus divides, the two chromatids that make up each chromosome 
separate from each other and move to opposite poles of the cell. This is shown in Figure 7.3. 
You can watch an animation of the process at the following link:  

Ø http://www.biology.arizona.edu/Cell_bio/tutorials/cell_cycle/MitosisFlash.html. 

What do you think the colorful picture below shows? If you guessed that it’s a picture of a cell 
undergoing cell division, you are right. But more specifically, the image is a lung cell stained 
with fluorescent dyes undergoing mitosis, during early anaphase. 

Mitosis actually occurs in four phases. The phases are called prophase, metaphase, anaphase, and 
telophase. They are shown in Figure 7.4 and described in greater detail in the following sections. 
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Figure 7.4: Mitosis in the Eukaryotic Cell Cycle. Mitosis is the multi-phase process in which the nucleus 
of a eukaryotic cell divides. 

Prophase 

The first and longest phase of mitosis is prophase. During prophase, chromatin condenses into 
chromosomes, and the nuclear envelope, or membrane, breaks down. In animal cells, 
the centrioles near the nucleus begin to separate and move to opposite poles (sides) of the cell. 

As the centrioles move, a spindle starts to 
form between them. The spindle, shown in 
Figure 7.5, consists of fibers made of 
microtubules. 

Figure 7.5: Spindle. The spindle starts to form 
during prophase of mitosis. Kinetochores on 
the spindle attach to the centromeres of sister 
chromatids. 
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Metaphase 

During metaphase, spindle fibers attach to the 
centromere of each pair of sister chromatids 
(see Figure 7.6). The sister chromatids line up at 
the equator, or center, of the cell. The spindle fibers 
ensure that sister chromatids will separate and go to 
different daughter cells when the cell divides. 

Anaphase 

During anaphase, sister chromatids separate and the 
centromeres divide (see Figure 7.7). The sister 
chromatids are pulled apart by the shortening of the 
spindle fibers. This is like reeling in a fish by 
shortening the fishing line. One sister chromatid 
moves to one pole of the cell, and the other sister 
chromatid moves to the opposite pole. At the end of 
anaphase, each pole of the cell has a complete set of 
chromosomes. 

Telophase 

During telophase, the chromosomes begin to uncoil 
and form chromatin (see Figure 7.8). This prepares 
the genetic material for directing the metabolic 
activities of the new cells. The spindle also breaks 
down, and new nuclear membranes form. 

Cytokinesis 

Cytokinesis is the final stage of cell division in 
eukaryotes as well as prokaryotes. During cytokinesis, the cytoplasm splits in two and the cell 
divides. Cytokinesis occurs somewhat differently in plant and animal cells, as shown in 
Figure 7.9. In animal cells, the plasma membrane of the parent cell pinches inward along the 
cell’s equator until two daughter cells form. In plant cells, a cell plate forms along the equator of 

Figure 7.6: Metaphase 

Figure 7.7: Anaphase 

Figure 7.8: Telophase 
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the parent cell. Then, a new plasma membrane and 
cell wall form along each side of the cell plate. 

Summary 

• Cell division in eukaryotic cells includes mitosis,
in which the nucleus divides, and cytokinesis, in
which the cytoplasm divides and daughter cells
form.

• Mitosis occurs in four phases, called prophase,
metaphase, anaphase, and telophase.

Practice 

Ø Animal Cell Mitosis: http://www.cellsalive.com/mitosis.htm 

1. List the phases of mitosis.

2. What happens during prophase of mitosis?

3. During which phase of mitosis do sister chromatids separate?

4. Describe what happens during cytokinesis in animal cells.

5. If a cell skipped metaphase during mitosis, how might this affect the two daughter cells?

6. Explain the significance of the spindle in mitosis.

Review 

1. Why do cells undergo mitosis?

2. What are sister chromatids?

3. What is the function of the mitotic spindle?

4. In what phase of mitosis do chromosomes line up at the center of the cell?

5. How are sister chromatids separated?

6. Compare cytokinesis in animal and plant cells.

Figure 7.9: Cytokinesis 
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7.3 Cancer and the Cell Cycle 

Cancer is a disease that occurs when the cell cycle is no longer regulated. This may happen 
because a cell’s DNA becomes damaged. Damage can occur due to exposure to hazards such as 
radiation or toxic chemicals. Cancerous cells generally divide much faster than normal cells. 
They may form a mass of abnormal cells called a tumor (see Figure 7.10). The rapidly dividing 
cells take up nutrients and space that normal cells need. This can damage tissues and organs and 
eventually lead to death. 

Figure 7.10: These cells are cancer cells, growing out of control and forming a tumor. 

Cancer is discussed in this video: 
Ø http://www.youtube.com/watch?v=RZhL7LDPk8w 

Summary 

• Cancer is a disease that occurs when the cell cycle is no longer regulated. Cancer cells
grow rapidly and may form a mass of abnormal cells called a tumor.

Review 

1. Define cancer.

2. How might the relationship between cancer and the cell cycle be used in the search for
causes of cancer?
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Vocabulary: 

• Anaphase
• Cancer
• Cell Cycle
• Cytokinesis
• Interphase
• Metaphase
• Mitosis
• Prophase
• Telophase
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CHAPTER 8: GENETICS 

8.1 Meiosis 

How do you make a cell with half the DNA? 

Meiosis. This allows cells to have half the number 
of chromosomes, so two of these cells can come back together 
to form a new organism with the complete number of 
chromosomes.  

Overview Of Meiosis 

The purpose of meiosis is to create genetic variation and make haploid gamete cells. 

Before meiosis begins, all the DNA in the cell is copied, so each chromosome contains 
two identical sister chromatids. Meiosis is divided into two divisions: Meiosis I and Meiosis II. 
Each division can be divided into the same phases: prophase, metaphase, anaphase, and 
telophase. After telophase, the cell divides into two daughter cells. Between the two cell 
divisions, DNA replication does not occur. Through this process, one diploid cell (a cell having 
two sets of chromosomes) will divide into four haploid (half the number of chromosomes) 
gamete (sex cells). 

Phases of Meiosis 

Meiosis I begins after DNA replicates during interphase of the cell cycle. In both meiosis I and 
meiosis II, cells go through the same four phases as mitosis - prophase, metaphase, anaphase and 
telophase. However, there are important differences between meiosis I and mitosis. The 
flowchart in Figure 8.1 shows what happens in both meiosis I and II. You can follow the 
changes in the flowchart as you read about them below. 
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Figure 8.1: Phases of Meiosis. This flowchart of meiosis shows meiosis I in greater detail than meiosis II. 
Meiosis I—but not meiosis II—differs somewhat from mitosis. Compare meiosis I in this flowchart with 

the earlier figure featuring mitosis. How does meiosis I differ from mitosis? 

Meiosis Video: 

Ø https://www.youtube.com/watch?v=D1_-mQS_FZ0	  (1:48) 

Meiosis I 

1. Prophase I: The nuclear envelope begins to break down, and the chromosomes
condense. Centrioles start moving to opposite poles of the cell, and a spindle begins to
form. Importantly, homologous chromosomes pair up, which is unique to prophase I. In
prophase of mitosis and meiosis II, homologous chromosomes do not form pairs in this
way. Crossing-over occurs during this phase.

2. Metaphase I: Spindle fibers attach to the paired homologous chromosomes. The paired
chromosomes line up along the equator (middle) of the cell. This occurs only in
metaphase I. In metaphase of mitosis and meiosis II, it is sister chromatids that line up
along the equator of the cell.

3. Anaphase I: Spindle fibers shorten, and the chromosomes of each homologous pair start
to separate from each other. One chromosome of each pair moves toward one pole of the
cell, and the other chromosome moves toward the opposite pole.
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4. Telophase I and Cytokinesis: The spindle breaks down, and new nuclear membranes
form. The cytoplasm of the cell divides, and two haploid daughter cells result. The
daughter cells each have a random assortment of chromosomes, with one from each
homologous pair. Both daughter cells go on to meiosis II. The DNA does not replicate
between meiosis I and meiosis II.

Meiosis II 

1. Prophase II: The nuclear envelope breaks down and the spindle begins to form in each
haploid daughter cell from meiosis I. The centrioles also start to separate.

2. Metaphase II: Spindle fibers line up the sister chromatids of each chromosome along the
equator of the cell.

3. Anaphase II: Sister chromatids separate and move to opposite poles.

4. Telophase II and Cytokinesis: The spindle breaks down, and new nuclear membranes
form. The cytoplasm of each cell divides, and four haploid cells result. Each cell has a
unique combination of chromosomes.

Genetic Variation 

Sexual reproduction results in infinite possibilities of genetic variation. In other words, sexual 
reproduction results in offspring that are genetically unique. They differ from both parents and 
also from each other. This occurs for a number of reasons. 

• When homologous chromosomes form pairs during prophase I of meiosis I, crossing-over
can occur. Crossing-over is the exchange of genetic material between homologous
chromosomes. It results in new combinations of genes on each chromosome.

• When cells divide during meiosis, homologous chromosomes are randomly distributed to
daughter cells, and different chromosomes segregate independently of each other. This
called is called independent assortment. It results in gametes that have unique
combinations of chromosomes.

• In sexual reproduction, two gametes unite to produce an offspring. But which two of the
millions of possible gametes will it be? This is likely to be a matter of chance. It is
obviously another source of genetic variation in offspring. This is known as random
fertilization.
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All of these mechanisms working together result in an amazing amount of potential variation. 
Each human couple, for example, has the potential to produce more than 64 trillion genetically 
unique children. No wonder we are all different! 

Summary 

• Meiosis is the type of cell division that produces gametes.
• Meiosis involves two cell divisions and produces four haploid cells.
• Sexual reproduction has the potential to produce tremendous genetic variation in

offspring. This is due in part to crossing-over during meiosis.
• This variation is due to independent assortment and crossing-over during meiosis, and

random union of gametes during fertilization.

Review: 

1. What is a fundamental goal of meiosis?

2. List four differences between meiosis and mitosis.

3. Outline the phases of meiosis.

4. Create a diagram to show how crossing-over occurs and how it creates new gene
combinations on each chromosome.

5. Explain why sexual reproduction results in genetically unique offspring.

Practice 

Ø Meiosis: http://www.concord.org/activities/meiosis. 
Ø Meiosis: http://johnkyrk.com/meiosis.html. 

Vocabulary 

• diploid
• fertilization
• gametes
• haploid
• homologous chromosomes
• meiosis
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8.2 Introduction to Genetics 

Objectives: 

• Explain how Independent Assortment, Segregation and random fertilization contribution to
genotypic variation.

• Explain how probability is related to inheritance.
• Describe how to use a Punnett square.
• Explain how Mendel interpreted the results of his experiments

Peas. Some round and some wrinkled. Why? 

That's what Mendel asked. He noticed peas were always 
round or wrinkled, but never anything else. Seed shape was 
one of the traits Mendel studied in his first set of 
experiments.  

Mendel’s First Set of Experiments 

Mendel first experimented with just one characteristic of a pea plant at a time. He began with 
flower color. As shown in Figure	  8.2, Mendel cross-pollinated purple- and white-flowered 
parent plants. The parent plants in the experiments are referred to as the P (for parent) 
generation. You can explore an interactive animation of Mendel’s first set of experiments at this 
link:  

Ø http://www2.edc.org/weblabs/Mendel/mendel.html
. (requires Shockwave Flash) 

F1 and F2 Generations 

• The offspring of the P generation are called the F1
(for filial, or “offspring”) generation. As you can
see from Figure	  8.2, all of the plants in the F1
generation had purple flowers. None of them had

Figure 8.2: This diagram shows Mendel’s first experiment 
with pea plants. The F1 generation results from cross-
pollination of two parent (P) plants. The F2 generation results 
from self-pollination of F1 plants.  
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white flowers, due to the fact that the purple color is dominant to the white trait. 

• Mendel wondered what had happened to the white-flower characteristic. Did the white-
flower factor just disappear in the F1 generation? If so, then the offspring of the F1
generation—called the F2 generation—should all have purple flowers like their parents.

• To test this prediction, Mendel allowed the F1 generation plants to self-pollinate. He was
surprised by the results. Some of the F2 generation plants had white flowers. He studied
hundreds of F2 generation plants, and for every three purple-flowered plants, there was
an average of one white-flowered plant; this is a recessive factor. (See Figure 8.3)

Figure 8.3: This Punnett square shows a cross 
between two heterozygotes, Bb. Do you know 
where each letter (allele) in all four cells comes 
from? Two pea plants, both heterozygous for 
flower color, are crossed. The offspring will 
show the dominant purple coloration in a 3:1 
ratio. Or, about 75% of the offspring will be 
purple.

Predicting Offspring Genotypes 

In the cross shown in Figure 8.3, you can see that one out of four offspring (25 percent) has 
the genotype (gene combination) BB , one out of four (25 percent) has the genotype bb , and two 
out of four (50 percent) have the genotype Bb . These percentages of genotypes are what you 
would expect in any cross between two heterozygous parents. Of course, when just four 
offspring are produced, the actual percentages of genotypes may vary by chance from the 
expected percentages. However, if you considered hundreds of such crosses and thousands of 
offspring, you would get very close to the expected results, just like tossing a coin. 

Predicting Offspring Phenotypes 

You can predict the percentages of phenotypes (physical trait) in the offspring of this cross from 
their genotypes. B is dominant to b, so offspring with either the BB or Bb genotype will have the 
purple-flower phenotype. Only offspring with the bb genotype will have the white-flower 
phenotype. Therefore, in this cross, you would expect three out of four (75 percent) of the 
offspring to have purple flowers and one out of four (25 percent) to have white flowers. These 
are the same percentages that Mendel got in his first experiment. 
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Law of Segregation 

Mendel did the same experiment for all seven characteristics in pea plants. In each case, one 
value of the characteristic disappeared in the F1 plants and then showed up again in the F2 
plants. And in each case, 75 percent of F2 plants had one value of the characteristic and 25 
percent had the other value. Based on these observations, Mendel formulated his first law of 
inheritance. This law is called the law of segregation. It states that there are two factors or alleles 
controlling a given characteristic or trait, one of which dominates the other, and these factors 
separate and go to different gametes when a parent reproduces.  

Mendel’s Second Set of Experiments 

After observing the results of his first set of experiments, Mendel wondered whether different 
characteristics are inherited together. For example, are purple flowers and tall stems always 
inherited together? Or do these two characteristics show up in different combinations in 
offspring? To answer these questions, Mendel next investigated two characteristics at a time. For 
example, he crossed plants with yellow round seeds and plants with green wrinkled seeds.  

F1 and F2 Generations 

In this set of experiments, Mendel observed that plants in the F1 generation were all alike. All of 
them had yellow and round seeds like one of the two parents. When the F1 generation plants 
self-pollinated, however, their offspring—the F2 generation—showed all possible combinations 
of the two characteristics. Some had green round seeds, for example, and some had yellow 
wrinkled seeds. These combinations of characteristics were not present in the F1 or P 
generations. 

Law of Independent Assortment 

Mendel repeated this experiment with other combinations of characteristics, such as flower color 
and stem length. Each time, the results were the same. The results of Mendel’s second set of 
experiments led to his second law. This is the law of independent assortment. It states that factors 
controlling different characteristics are inherited independently of each other. 

Probability, Inheritance and Punnett Squares: 

Lesson:  Predict the outcome of the toss, to introduce the concept of probability. 

1. Toss a coin to see if a head or tail turns up. You will learn how probability is related to
heredity when you read this lesson.
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2. Draw a Punnett square of an Ss x ss cross. The S allele codes for long stems in pea plants
and the s allele codes for short stems. If S is dominant to s, what percentage of the
offspring would you expect to have each phenotype?

3. What letter should replace the question marks (?) in this Punnett square? Explain how you know.

Interactive Web Activity 

The drag-and-drop activity at the URL below uses Punnett squares to determine expected proportions of 
genotypes and phenotypes of offspring: 

Ø http://www.zerobio.com/drag gr11/mono.htm 

Summary 

• Mendel first researched one characteristic at a time. This led to his law of segregation.
This law states that each characteristic is controlled by two factors, which separate and go
to different gametes when an organism reproduces.

• After his first set of experiments, Mendel researched two characteristics at a time.  This
led to his law of independent assortment.  This law states that the factors controlling
different characteristics are inherited of each other.

Review Questions: 

1. How is gamete formation like tossing a coin?

2. What is a Punnett square? How is it used?

3. Define probability. Apply the term to a coin toss. Describe in general terms Mendel’s
first set of experiments.

4. What is the name of Mendel's first law? Explain it.
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5. What was Mendel investigating with his second set of experiments? What was the
outcome?

6. State Mendel’s second law.

7. If a purple-flowered, short-stemmed plant is crossed with a white-flowered, long-
stemmed plant, would all of the purple-flowered offspring also have short stems? Why or
why not?

Vocabulary: 

• allele

• genotype

• phenotype
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CHAPTER 9: DNA & RNA 

9.1 DNA Structure and Replication 

How do these four structures in the figure form DNA?  

In an extremely elegant model, that's how. As you will soon see, the model predicts how the 
DNA sequence can code for proteins, and how the molecule can be replicated.  

Chargaff's Rules 

Other important discoveries about DNA were made in the mid-1900s by Erwin Chargaff. He 
studied DNA from many different species. He was especially interested in the four different 
nitrogen bases of DNA: adenine (A), guanine (G), cytosine (C), and thymine (T) (see Figure 
9.1). Chargaff found that concentrations of the four bases differed from one species to another. 
However, within each species, the concentration of adenine was always about the same as the 
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concentration of thymine. The same was true of the concentrations of guanine and cytosine. 
These observations came to be known as Chargaff’s rules. The significance of the rules would 
not be revealed until the structure of DNA was discovered.  

Figure 9.1 Nitrogen Bases in DNA. The DNA of all species has the same four nitrogen bases. 

The Double Helix 

After DNA, deoxyribonucleic acid, was found to be the genetic material, scientists wanted to 
learn more about it. James Watson and Francis Crick are usually given credit for discovering that 
DNA has a double helix shape, like a spiral staircase (see Figure 9.2). The discovery was based 
on the prior work of Rosalind Franklin and other scientists, who had used X rays to learn more 
about DNA’s structure. Franklin and these other scientists have not always been given credit for 
their contributions.  

You can learn more about Franklin’s work by watching the video at this link: 
Ø  http://www.youtube.com/watch?v=s3whouvZYG8 (7:47). 

The DNA molecule has a double helix shape. This is the same basic shape as a spiral staircase. 
Do you see the resemblance? Which parts of the DNA molecule are like the steps of the spiral 
staircase?  

The double helix shape of DNA, together with Chargaff’s rules, led to a better understanding of 
DNA. DNA, as a nucleic acid, is made from nucleotide monomers, and the DNA double helix 
consists of two strands. Each nucleotide consists of a sugar (deoxyribose), a phosphate group, 
and a nitrogen-containing base (A, C, G, or T).  

Scientists concluded that bonds (hydrogen bonds) between complementary bases hold together 
the two strands of DNA. Adenine always bonds with its complementary base, thymine. Cytosine 
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always bonds with its complementary base, guanine. If you look at the nitrogen bases in Figure 
9.2, you will see why. Adenine and guanine have a two-ring structure. Cytosine and thymine 
have just one ring. If adenine were to bind with guanine and cytosine with thymine, the distance 
between the two DNA chains would be variable. However, when a one-ring molecule binds with 
a two-ring molecule, the distance between the two chains is kept constant. This maintains the 

uniform shape of the DNA double helix. 
These base pairs (A-T or G-C) stick into 
the middle of the double helix, forming, 
in essence, the steps of the spiral 
staircase. 

DNA Replication 

Knowledge of DNA’s structure helped 
scientists understand how DNA 
replicates. DNA replication is the 
process in which DNA is copied. It 
occurs during the synthesis (S) phase of 
the eukaryotic cell cycle. DNA 
replication begins when an enzyme 
breaks the bonds between 
complementary bases in DNA (see 
Figure 9.3). This exposes the bases 
inside the molecule so they can be 
“read” by another enzyme and used to 
build two new DNA strands with 
complementary bases. The two daughter 
molecules that result each contain one 
strand from the parent molecule and one 
new strand that is complementary to it. 

As a result, the two daughter molecules are both identical to the parent molecule. DNA 
replication is a semi-conservative process because half of the parent DNA molecule is conserved 
in each of the two daughter DNA molecules. The process of DNA replication is actually much 
more complex than this simple summary.  

You can see a detailed animation of the process at this link: 
Ø http://www.youtube.com/watch?v=-mtLXpgjHL0&NR=1 (2:05). 

Figure 9.2: DNA Structure 
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Figure 9.3 DNA Replication. DNA replication is a 
semi-conservative process. Half of the parent 
DNA molecule is conserved in each of the two 
daughter DNA molecules.  

Summary 

• Chargaff's rules state that the amount of A
is similar to the amount of T, and the
amount of G is similar to the amount of C.

• Watson and Crick discovered that DNA
has a double helix shape, consisting of two
DNA strands held together by bonds
between complementary bases.

Practice I  

Use these resources to answer the questions that follow. 

Describe the structure of a single strand of DNA. 

1. The phrase "sides of the ladder" refers to what structure(s)?

2. Why is there a specific pairing pattern among the bases?

3. Why are the two strands of the double helix "perfect and specific compliments"?

4. List three functions of DNA that are based on its structure.

http://www.hippocampus.org/Biology 

Ø Non-Majors Biology  
Ø Search: DNA Structure and Function 
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1. Why must DNA be replicated?

2. When does replication occur?

3. Describe the first step of replication.

4. Why is each strand of DNA able to serve as a template for replication?

Vocabulary 

• Chargaff's rules
• Nucleotide
• Nucleic acids
• DNA
• Double Helix

http://www.hippocampus.org/Biology 

Ø Non-Majors Biology 
Ø Search: Replication  
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9.2: RNA 

How does the information move from the nucleus, where the DNA is located, to the 
cytoplasm, where the ribosomes are? 

RNA, the other nucleic acid, that's how. Specifically mRNA. RNA, the middle player in the 
central dogma. This image is an abstract representation of tRNA. Without tRNA, mRNA, and 
rRNA, proteins cannot be made. 

RNA 

DNA alone cannot “tell” your cells how to make proteins. It needs the help of RNA, ribonucleic 
acid, the other main player in the central dogma of molecular biology. Remember, DNA "lives" 
in the nucleus, but proteins are made on the ribosomes in the cytoplasm. How does the genetic 
information get from the nucleus to the cytoplasm? RNA is the answer. 

RNA vs. DNA 

RNA, like DNA, is a nucleic acid. However, RNA differs from DNA in several ways. In 
addition to being smaller than DNA, RNA also 

• consists of one nucleotide chain instead of two,
• contains the nitrogen base uracil (U) instead of thymine,
• contains the sugar ribose instead of deoxyribose.
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Types of RNA 

There are three main types of RNA, all of which are involved in making proteins. 

1. Messenger RNA (mRNA) copies the genetic instructions from DNA in the nucleus, and
carries them to the cytoplasm.

2. Ribosomal RNA (rRNA) helps form ribosomes, where proteins are assembled.

3. Transfer RNA (tRNA) brings amino acids to ribosomes, where they are joined together
to form proteins.

Figure 9.4: Shown are the three types of RNA and their roles: (1) mRNA contains the genetic message, 
(2) tRNA transfers the amino acids to the ribosome, (3) rRNA is the main component of the ribosome. 

More on the roles of the RNAs will be discussed in the "Protein Synthesis" concepts. 

Summary 

• RNA differs from DNA in several ways.
• There are three main types of RNA: messenger RNA (mRNA), ribosomal RNA (rRNA),

and transfer RNA (tRNA).
• Each type plays a different in role in making proteins.
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Practice  

Use this resource to answer the questions that follow. 

1. List three structural differences between DNA and RNA.
2. What is the function of mRNA?

Review 

1. What are the three main types of RNA?
2. Compare and contrast DNA and RNA.

http://www.hippocampus.org/Biology  

Ø Non-majors Biology  
Ø Search: Protein Synthesis 
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9.3 Mutations 

What causes albinism? 

This rare albino alligator must have the specific "instructions," or DNA, to have this quality. The 
cause of albinism is a mutation in a gene for melanin, a protein found in skin and eyes. Such a 
mutation may result in no melanin production at all or a significant decline in the amount of 
melanin. 

A change in the sequence of bases in DNA or RNA is called a mutation. Does the word 
mutation make you think of science fiction and bug-eyed monsters? Think again. Everyone has 
mutations. In fact, most people have dozens or even hundreds of mutations in their DNA. 
Mutations are essential for evolution to occur. They are the ultimate source of all new genetic 
material - new alleles - in a species. Although most mutations have no effect on the organisms in 
which they occur, some mutations are beneficial. Even harmful mutations rarely cause drastic 
changes in organisms. 

Types of Mutations 

Chromosomal alterations are mutations that change chromosome structure. They occur when a 
section of a chromosome breaks off and rejoins incorrectly or does not rejoin at all. Possible 
ways these mutations can occur are illustrated in Figure 9.5.  

Go to this link for a video about chromosomal alterations: 

Ø http://www.youtube.com/watch?v=OrXRSqa_3lU (2:18). 
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Figure 9.5: Chromosomal alterations are major changes in 
the genetic material. 

Chromosomal alterations are very serious. They often 
result in the death of the organism in which they 
occur. If the organism survives, it may be affected in 
multiple ways. 

Not all mutations affect an entire chromosome. If a 
single base is deleted (called a point mutation), there 
can be huge effects on the organism because this may 
cause a frameshift mutation.  

Practice 

Use this resource to answer the questions that follow. 

Ø Mutations are changes in genetic information: 
o http://www.dnaftb.org/27/animation.html .

Ø Types of Mutations: 
o Understanding Evolution:

http://evolution.berkeley.edu/evolibrary/article/mutations_03
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9.4 Effects of Mutation 
Is this rat hairless? 

Yes. Why? The result of a mutation, a change in the DNA sequence. 
The effects of mutations can vary widely, from being beneficial, to 
having no effect, to having lethal consequences, and every possibility 
in between. 

Effects of Mutations 

The majority of mutations have neither negative nor positive effects 
on the organism in which they occur. These mutations are called 
neutral mutations. Examples include silent point mutations. They are 
neutral because they do not change the amino acids in the proteins 

they encode. If a single base is deleted (called a point mutation), there can be huge effects on the 
organism because this may cause a frameshift mutation. 

Many other mutations have no effect on the organism because they are repaired before protein 
synthesis occurs. Cells have multiple repair mechanisms to fix mutations in DNA. One way 
DNA can be repaired is illustrated in Figure 9.6. If a cell’s DNA is permanently damaged and 
cannot be repaired, the cell is likely to be prevented from dividing. 

Figure 9.6: DNA Repair Pathway. This flow chart shows one way that damaged DNA is repaired in E. 
coli bacteria. 
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Beneficial Mutations 

Some mutations have a positive effect on the organism in which they occur. They are called 
beneficial mutations. They lead to new versions of proteins that help organisms adapt to changes 
in their environment. Beneficial mutations are essential for evolution to occur. They increase an 
organism’s changes of surviving or reproducing, so they are likely to become more common 
over time. There are several well-known examples of beneficial mutations. Here are just two: 

• Mutations in many bacteria that allow them to survive in the presence of antibiotic drugs.
The mutations lead to antibiotic-resistant strains of bacteria.

• A unique mutation is found in people in a small town in Italy. The mutation protects them
from developing atherosclerosis, which is the dangerous buildup of fatty materials in blood
vessels. The individual in which the mutation first appeared has even been identified.

Harmful Mutations 

Imagine making a random change in a complicated machine such as a car engine. The chance 
that the random change would improve the functioning of the car is very small. The change is far 
more likely to result in a car that does not run well or perhaps does not run at all. By the same 
token, any random change in a gene's DNA is likely to result in a protein that does not function 
normally or may not function at all. Such mutations are likely to be harmful. Harmful mutations 
may cause genetic disorders or cancer. 

• A genetic disorder is a disease caused by a mutation in one or a few genes. A human
example is cystic fibrosis. A mutation in a single gene causes the body to produce thick,
sticky mucus that clogs the lungs and blocks ducts in digestive organs. You can watch a
video about cystic fibrosis and other genetic disorders at this link:
http://www.youtube.com/watch?v=8s4he3wLgkM (9:31).

• Cancer is a disease in which cells grow out of control and form abnormal masses of cells. It
is generally caused by mutations in genes that regulate the cell cycle. Because of the
mutations, cells with damaged DNA are allowed to divide without limits. Cancer genes can
be inherited. You can learn more about hereditary cancer by watching the video at the
following link: http://www.youtube.com/watch?v=LWk5FplsKwM (4:29)

Summary 

• Mutations are essential for evolution to occur because they increase genetic variation and
the potential for individuals to differ.

• The majority of mutations are neutral in their effects on the organisms in which they
occur.

• Beneficial mutations may become more common through natural selection.
• Harmful mutations may cause genetic disorders or cancer.
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Practice 

Use these resources to answer the questions that follow. 

1. Define genetic disorders.
2. What are the two primary types of genetic aberrations?

1. What are the results of a mutation or defect in a single gene?
2. Describe the causes and effects of cystic fibrosis, Huntington's Disease, and hemophilia.

1. What is a chromosomal disorder?
2. When and how do chromosomal errors occur?
3. Describe Cri-du-chat Syndrome and Down Syndrome.

Review 

1. Why are mutations essential for evolution to occur?
2. What is a genetic disorder?
3. What is cancer? What usually causes cancer?
4. Are mutations typically beneficial to the organism?

Vocabulary 

• Cancer • Genetic disorder
• Genetic variation • Mutation

http://www.hippocampus.org/Biology 

Ø Non-Majors Biology   

Ø Search: Genetic Disorders 

http://www.hippocampus.org/Biology 

Ø Non-Majors Biology 

Ø Search: Gene Defects 

http://www.hippocampus.org/Biology 

Ø Non-Majors Biology  

Ø Search: Chromosomal Abnormalities 
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CHAPTER 10: Protein Synthesis 

10.1: Central Dogma 

Objectives: 

• State the central dogma of molecular biology.
• Outline discoveries that led to knowledge of DNA’s structure and function.
• Describe the structure of RNA, and identify the three main types of RNA.

Is it always DNA to RNA to proteins? 

This is the central dogma of molecular biology, as stated by Francis Crick, "I called this idea the 
central dogma, for two reasons, I suspect. I had already used the obvious word hypothesis in the 
sequence hypothesis, and in addition I wanted to suggest that this new assumption was more 
central and more powerful." 
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Central Dogma of Molecular Biology 

DNA is found in chromosomes. In 
eukaryotic cells, chromosomes always 
remain in the nucleus as shown in 
Figure 10.1, but proteins are made at 
ribosomes in the cytoplasm. How do the 
instructions in DNA get to the site of 
protein synthesis outside the nucleus? 
Another type of nucleic acid is 
responsible. This nucleic acid is RNA, 
or ribonucleic acid. RNA is a small 
molecule that can squeeze through pores 
in the nuclear membrane. It carries the 
information from DNA in the nucleus to 
a ribosome in the cytoplasm and then 
helps assemble the protein. 

In short: DNA → RNA → Protein 

Discovering this sequence of events was 
a major milestone in molecular biology. 
It is called the central dogma of 
molecular biology.  

You can watch a video about the central dogma and other concepts in this lesson at this link: 

Ø http://www.youtube.com/watch?v=ZjRCmU0_dhY (8:07). 

RNA’s Role in the Central Dogma: 

Ø http://learn.genetics.utah.edu/content/molecules/centraldogma/ 

Figure 10.1 
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10.2 Transcription 

How does a cell use the information in its DNA?	  

To transcribe means "to paraphrase or summarize in 
writing." The information in DNA is transcribed into 
RNA that can be used by the cell. This process is called 
transcription. 

Transcription 

The process in which cells make proteins is 
called protein synthesis. It actually consists of two 
processes: transcription and translation. Transcription 
takes place in the nucleus. It uses DNA as a template to 
make an RNA molecule. RNA then leaves the nucleus 
and goes to a ribosome in the cytoplasm, where 
translation occurs. Translation reads the genetic code in 
mRNA and makes a protein. 

Transcription is the first part of the central dogma of 
molecular biology: DNA → RNA. It is the transfer of 

genetic instructions in DNA to messenger RNA (mRNA). During transcription, a strand of 
mRNA is made that is complementary to a strand of DNA. Figure 10.2 shows how this occurs. 

You can watch an animation of the process at this link: 

Ø http://www.biostudio.com/d_%20Transcription.htm. 

A detailed video about transcription is available at this link: 

Ø http://vcell.ndsu.edu/animations/transcription/movie-flash.htm. 
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Figure 10.2: Overview of Transcription. Transcription uses the sequence of bases in a strand of DNA to 
make a complementary strand of mRNA. Triplets are groups of three successive nucleotide bases in 

DNA. Codons are complementary groups of bases in mRNA. 

Steps of Transcription 

Transcription takes place in three steps: initiation, 
elongation, and termination. The steps are illustrated 
in Figure	  10.3. 

1. Initiation is the beginning of transcription. It occurs
when the enzyme RNA polymerase binds to a region
of a gene called the promoter. This signals the DNA
to unwind so the enzyme can "read" the bases in one
of the DNA strands. The enzyme is now ready to
make a strand of mRNA with a complementary
sequence of bases.

2. Elongation is the addition of nucleotides to the
mRNA strand.

3. Termination is the ending of transcription, and occurs
when RNA polymerase crosses a stop (termination)
sequence in the gene. The mRNA strand is complete,
and it detaches from DNA.

Figure 10.3: Steps of 
Transcription. Transcription 

occurs in the three steps - 
initiation, elongation, and 
termination - shown here. 
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Vocabulary 

• protein synthesis
• transcription

Summary 

• Transcription is the DNA → RNA part of the central dogma of molecular biology.

• Transcription occurs in the nucleus.

• During transcription, a copy of mRNA is made that is complementary to a strand of
DNA. In eukaryotes, mRNA may be modified before it leaves the nucleus.

 Review 

1. What is protein synthesis?

2. Describe transcription.

3. Where is transcription taking place?

4. What is the end product of transcription and why is it necessary?

Link – YouTube video on DNA Transcription (basic) from DNA Learning Center: 

Ø http://www.dnalc.org/resources/3d/12-transcription-basic.html 
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10.3 Translation 

RNA to proteins. How? 

You must translate to go from one language to another: Spanish to English, French to German, or 
nucleotides to amino acids. Which type is the translation of molecular biology? Obviously, the 
type of translating discussed here translates from the language of nucleotides to the language of 
amino acids. 

Translation 

Figure 10.4 Translation: 
Translation of the codons in mRNA 
to a chain of amino acids occurs at a 
ribosome. Find the different types of 
RNA in the diagram. What are their 

roles in translation? 
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Translation is the second part of the central dogma of molecular biology: RNA → Protein. It is 
the process in which the genetic code in mRNA is read, one codon at a time, to make a 
protein. Figure 10.4 shows how this happens. After mRNA leaves the nucleus, it moves to 
a ribosome, which consists of rRNA and proteins. The ribosome reads the sequence of codons in 
mRNA. Molecules of tRNA bring amino acids to the ribosome in the correct sequence. 

To understand the role of tRNA, you need to know more about its structure shown below in 
Figure 10.5. Each tRNA molecule has an anticodon for the amino acid it carries. An anticodon 
is a sequence of 3 bases, and is complementary to the codon for an amino acid. For example, the 
amino acid lysine has the codon AAG, so the anticodon is UUC. Therefore, lysine would be 
carried by a tRNA molecule with the anticodon UUC. Wherever the codon AAG appears in 
mRNA, a UUC anticodon on a tRNA temporarily binds to the codon. While bound to the 
mRNA, the tRNA gives up its amino acid. Bonds form between adjacent amino acids as they are 
brought one by one to the ribosome, forming a polypeptide chain. The chain of amino acids 
keeps growing until a stop codon is reached. To see how this happens, go the link below.  

Ø http://www.youtube.com/watch?v=B6O6uRb1D38&feature=related (1:29) 

After a polypeptide chain is synthesized, it may undergo additional processes. For example, it 
may assume a folded shape due to interactions among its amino acids. It may also bind with 
other polypeptides or with different types of molecules, such as lipids or carbohydrates. Many 
proteins travel to the Golgi apparatus to be modified for the specific job they will do. You can 
see how this occurs by watching the animation at this link:  

Ø http://vcell.ndsu.edu/animations/proteinmodification/movie-flash.htm. 

Figure 10.5: The tRNA structure is a very important aspect in its role. Though the 
molecule folds into a 3-leaf clover structure, notice the anticodon in the lower segment of 
the molecule (shown in red [left]), with the amino acid attached at the opposite end of the 

molecule (shown in yellow [right]). 
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Summary 

• Translation is the RNA → Protein part of the central dogma.
• Translation occurs at a ribosome.
• During translation, a protein is synthesized using the codons in mRNA as a guide.
• All three types of RNA play a role in translation.

Practice 

Transcribe and Translate a Gene 

Ø http://learn.genetics.utah.edu/content/begin/dna/transcribe/. 

What is a Protein? 
Ø http://learn.genetics.utah.edu/content/molecules/proteins/ 

Review 

1. Outline the steps of translation.

2. Discuss the structure of a tRNA molecule, and its role in translation.

3. How are transcription and translation related to the central dogma of molecular biology?
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10.4 DNA → RNA → Protein 

How do you go from 
four letters to 20 amino 
acids? 

You need a code. And 
the code that changes the 
information embedded in 
DNA and RNA into 
ordered amino acids and 
proteins is the genetic 
code. Every living 
organism uses the same 
genetic code. 

The Genetic Code 

How is the information in a gene encoded? The 
answer is the genetic code. The genetic 
code consists of the sequence of nitrogen 
bases—A, C, G, U—in an mRNA chain. The 
four bases make up the “letters” of the genetic 
code. The letters are combined in groups of 
three to form code “words,” called codons. 
Each codon stands for (encodes) one amino 
acid, unless it codes for a start or stop signal. 
There are 20 common amino acids in proteins. 
There are 64 possible codons, more than 
enough to code for the 20 amino acids. The 
genetic code is shown in Figure 10.6.  

To see how scientists cracked the genetic code, 

go to this link: 

Ø http://www.dnalc.org/view/16494-
Animation-22-DNA-words-are-three-
letters-long-.html.  

Figure 10.6 The Genetic Code:. To find the 
amino acid for a particular codon, find the cell in 

the wheel for the first and second bases of the 
codon. Then, within that cell, find the codon with 
the correct third base. For example CUG codes for 
leucine, AAG codes for lysine, and GGG codes for 

glycine. 
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Reading the Genetic Code 

As shown in Figure 10.6, the codon AUG codes for the amino acid methionine. This codon is 
also the start codon that begins translation. The start codon establishes the reading frame of 
mRNA. The reading frame is the way the letters are divided into codons. After the AUG start 
codon, the next three letters are read as the second codon. The next three letters after that are 
read as the third codon, and so on. The mRNA molecule is read, codon by codon, until a stop 
codon is reached. UAG, UGA, and UAA are all stop codons. They do not code for any amino 
acids.  

Characteristics of the Genetic Code 

The genetic code has a number of important characteristics. 

• The genetic code is universal. All known living organisms use the same genetic code.
This shows that all organisms share a common evolutionary history.

• The genetic code is unambiguous. Each codon codes for just one amino acid (or start or
stop). What might happen if codons encoded more than one amino acid?

• The genetic code is redundant. Most amino acids are encoded by more than one codon.

Summary 

• The genetic code consists of the sequence of bases in DNA or RNA.
• Groups of three bases form codons, and each codon stands for one amino acid (or start or

stop).
• The codons are read in sequence following the start codon until a stop codon is reached.
• The genetic code is universal, unambiguous, and redundant.

Review 

1. How do the 4 nucleotides code for 20 amino acids?
2. What amino acid do the following codons encode: AUG, UCU, GCC, CUU, and UAG?
3. What is the genetic code? What are codons?
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Vocabulary 

• Anticodon
• Codon
• Protein Synthesis
• Ribosome
• Transcription
• Translation
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CHAPTER 11: CELLULAR TRANSPORT 

11.1 Passive Transport 

Figure 11.1: What will eventually happen to these dyes? 

What will eventually happen to these dyes? 

They will all blend together. The dyes will move through the water until an even distribution is 
achieved. The process of moving from areas of high amounts to areas of low amounts is called 
diffusion. 

Passive Transport 

Probably the most important feature of a cell’s membranes is that they are selectively permeable 
or semipermeable. A membrane that is selectively permeable has control over what molecules or 
ions can enter or leave the cell, as shown in Figure 11.2 below. The permeability of a membrane 
is dependent on the organization and characteristics of the membrane lipids and proteins. In this 
way, cell membranes help maintain a state of homeostasis within cells (and tissues, organs, and 
organ systems) so that an organism can stay alive and healthy.  

Figure 11.2: A selectively permeable membrane allows certain 
molecules through, but not others. 
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Transport Across Membranes 

The molecular make-up of the lipid bilayer limits the types of molecules that can pass through it. 
For example, hydrophobic (water-fearing) molecules, such as carbon dioxide (CO2) and oxygen 
(O2), can easily pass through the lipid bilayer, but ions such as calcium (Ca2+) and polar 
molecules such as water (H2O) cannot. The hydrophobic interior of the lipid bilayer does not 
allow ions or polar molecules through because they are hydrophilic (water loving). In addition, 
large molecules such as sugars and proteins are too big to pass through the bilayer. Transport 
proteins within the membrane allow these molecules to pass through the membrane, and into or 
out of the cell. This way, polar molecules avoid contact with the nonpolar interior of the 
membrane, and large molecules are moved through large pores.  

Every cell is contained within a membrane punctuated with transport proteins that act as 
channels or pumps to let in or force out certain molecules. The purpose of the transport proteins 
is to protect the cell's internal environment and to keep its balance of salts, nutrients, and proteins 
within a range that keeps the cell and the organism alive.  

There are three main ways that molecules can pass through a lipid bilayer. 

1. The first way requires no energy input by the cell and is called passive transport.

2. The second way requires that the cell uses energy to pull in or pump out certain
molecules and ions and is called active transport.

3. The third way is through vesicle transport, in which large molecules are moved across the
membrane in bubble-like sacks that are made from pieces of the membrane.

Passive transport is a way that small molecules or ions move across the cell membrane without 
input of energy by the cell. The three main kinds of passive transport are diffusion, osmosis, and 
facilitated diffusion.  

Diffusion is the movement of molecules from an area of high concentration of the molecules to 
an area with a lower concentration. The difference in the concentrations of the molecules in the 
two areas is called the concentration gradient. Diffusion will continue until this gradient has 
been eliminated. Since diffusion moves materials from an area of higher concentration to the 
lower, it is described as moving solutes "down the concentration gradient." The end result of 
diffusion is an equal concentration, or equilibrium, of molecules on both sides of the membrane. 

If a molecule can pass freely through a cell membrane, it will cross the membrane by diffusion as 
shown in Figure 11.3 below.  
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Molecules move from an area of high concentration to an area of lower concentration until an 
equilibrium is met. The molecules continue to cross the membrane at equilibrium, but at equal 
rates in both directions. 

Summary 

• The cell membrane is selectively permeable, allowing only certain substances to pass
through.

• Passive transport is a way that small molecules or ions move across the cell membrane
without input of energy by the cell. The three main kinds of passive transport are
diffusion, osmosis, and facilitated diffusion.

• Diffusion is the movement of molecules from an area of high concentration of the
molecules to an area with a lower concentration.

Review 

1. What is diffusion?

2. What is a concentration gradient?

3. What is meant by passive transport?

Figure 11.3 
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11.2 Osmosis 

Saltwater Fish vs. Freshwater Fish? 

Fish cells, like all cells, have semi-permeable membranes. 
Eventually, the concentration of "stuff" on either side of 
them will even out. A fish that lives in salt water will 
have somewhat salty water inside itself. Put it in the 
freshwater, and the freshwater will, through osmosis, 
enter the fish, causing its cells to swell, and the fish will 
die. What will happen to a freshwater fish in the ocean? 

Osmosis 

Imagine you have a cup that has 100ml water, and you 
add 15g of table sugar to the water. The sugar dissolves
and the mixture that is now in the cup is made up of a 

solute (the sugar) that is dissolved in the solvent (the water). The mixture of a solute in a solvent 
is called a solution.  

Imagine now that you have a second cup with 100ml of water, and you add 45 grams of table 
sugar to the water. Just like the first cup, the sugar is the solute, and the water is the solvent. But 
now you have two mixtures of different solute concentrations. In comparing two solutions of 
unequal solute concentration, the solution with the higher solute concentration is hypertonic, 
and the solution with the lower solute concentration is hypotonic. Solutions of equal solute 
concentration are isotonic. The first sugar solution is hypotonic to the second solution. The 
second sugar solution is hypertonic to the first.  

You now add the two solutions to a beaker that has been divided by a selectively permeable 
membrane, with pores that are too small for the sugar molecules to pass through, but are big 
enough for the water molecules to pass through. The hypertonic solution is on one side of the 
membrane and the hypotonic solution on the other. The hypertonic solution has a lower water 
concentration than the hypotonic solution, so a concentration gradient of water now exists across 
the membrane. Water molecules will move from the side of higher water concentration to the 
side of lower concentration until both solutions are isotonic. At this point, equilibrium is reached. 

Osmosis is the diffusion of water molecules across a selectively permeable membrane from an 
area of higher concentration to an area of lower concentration. Water moves into and out of cells 
by osmosis. If a cell is in a hypertonic solution, the solution has a lower water concentration than 
the cell cytosol, and water moves out of the cell until both solutions are isotonic. Cells placed in 

Figure 11.4 
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a hypotonic solution will take in water across their membrane until both the external solution and 
the cytosol are isotonic.  

A cell that does not have a rigid cell wall, such as a red blood cell, will swell and lyse (burst) 
when placed in a hypotonic solution. Cells with a cell wall will swell when placed in a hypotonic 
solution, but once the cell is turgid (firm), the tough cell wall prevents any more water from 
entering the cell. When placed in a hypertonic solution, a cell without a cell wall will lose water 
to the environment, shrivel, and probably die. In a hypertonic solution, a cell with a cell wall will 
lose water too. The plasma membrane pulls away from the cell wall as it shrivels, a process 
called plasmolysis. Animal cells tend to do best in an isotonic environment; plant cells tend to do 
best in a hypotonic environment. This is demonstrated in Figure 11.5 below.  

Watch the video clip of Diffusion and Osmosis. 

Ø http://www.ck12.org/biology/Diffusion/web/Cells%253A-Diffusion-and-Osmosis-
Activity/ (4:32) 

Figure 11.5: Unless an animal cell 
(such as the red blood cell in the top 

panel) has an adaptation that allows it to 
alter the osmotic uptake of water, it will 
lose too much water and shrivel up in a 
hypertonic environment. If placed in a 
hypotonic solution, water molecules 
will enter the cell, causing it to swell 

and burst.  

Osmotic Pressure 

When water moves into a cell by osmosis, osmotic pressure may build up inside the cell. If a cell 
has a cell wall, the wall helps maintain the cell’s water balance. Osmotic pressure is the main 
cause of support in many plants. When a plant cell is in a hypotonic environment, the osmotic 
entry of water raises the turgor pressure exerted against the cell wall until the pressure prevents 
more water from coming into the cell. At this point the plant cell is turgid. The effects of osmotic 
pressures on plant cells are shown in Figure 11.6 below.  
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Figure 11.6 The central vacuoles of the 
plant cells in the left image are full of water, 
so the cells are turgid. The plant cells in the 
right image have been exposed to a 
hypertonic solution; water has left the 
central vacuole and the cells have become 
plasmolysed.  

The action of osmosis can be very harmful to organisms, especially ones without cell walls. For 
example, if a saltwater fish (whose cells are isotonic with seawater), is placed in fresh water, its 
cells will take on excess water, lyse, and the fish will die. Another example of a harmful osmotic 
effect is the use of table salt to kill slugs and snails.  

Diffusion and osmosis are discussed at 
Ø http://www.youtube.com/user/khanacademy#p/c/7A9646BC5110CF64/34/aubZU0iWtgI 

(18:59). 

Summary 

• Osmosis is the diffusion of water.

• In comparing two solutions of unequal solute concentration, the solution with the higher
solute concentration is hypertonic, and the solution with the lower concentration is
hypotonic. Solutions of equal solute concentration are isotonic.

Review 

1. What is osmosis? What type of transport is it?

2. How does osmosis differ from diffusion?

Take the “Quiz” to check your understanding of diffusion and osmosis. 

Ø http://www.ck12.org/biology/Osmosis/exercise/Osmosis/ 
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11.3 Facilitated Diffusion 

Can you help me move? 

What is one of the questions no one likes to be asked? Sometimes the cell needs help moving 
things as well, or facilitating the diffusion process. And this would be the job of a special type of 
protein. 

Facilitated Diffusion 

Facilitated diffusion is the diffusion of solutes through transport proteins in the plasma 
membrane. Facilitated diffusion is a type of passive transport. Even though facilitated diffusion 
involves transport proteins, it is still passive transport because the solute is moving down the 
concentration gradient.  

Small nonpolar molecules can easily diffuse across the cell membrane. However, due to the 
hydrophobic nature of the lipids that make up cell membranes, polar molecules (such as water) 
and ions cannot do so. Instead, they diffuse across the membrane through transport proteins. A 
transport protein completely spans the membrane, and allows certain molecules or ions to diffuse 
across the membrane. Channel proteins, gated channel proteins, and carrier proteins are three 
types of transport proteins that are involved in facilitated diffusion.  

A channel protein, a type of transport protein, acts like a pore in the membrane that lets water 
molecules or small ions through quickly. Water channel proteins allow water to diffuse across 
the membrane at a very fast rate. Ion channel proteins allow ions to diffuse across the membrane. 

A gated channel protein is a transport protein that opens a "gate," allowing a molecule to pass 
through the membrane. Gated channels have a binding site that is specific for a given molecule 
or ion. A stimulus causes the "gate" to open or shut. The stimulus may be chemical or electrical 
signals, temperature, or mechanical force, depending on the type of gated channel. For example, 
the sodium gated channels of a nerve cell are stimulated by a chemical signal which causes them 
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to open and allow sodium ions into the cell. Glucose molecules are too big to diffuse through the 
plasma membrane easily, so they are moved across the membrane through gated channels. In this 
way glucose diffuses very quickly across a cell membrane, which is important because many 
cells depend on glucose for energy.  

A carrier protein is a transport protein that is specific for an ion, molecule, or group of 
substances. Carrier proteins "carry" the ion or molecule across the membrane by changing shape 
after the binding of the ion or molecule. Carrier proteins are involved in passive and active 
transport. A model of a channel protein and carrier proteins is shown in Figure 11.7 below.  

Figure 11.7 

Facilitated diffusion through the cell membrane. Channel proteins and carrier proteins are shown 
(but not a gated-channel protein). Water molecules and ions move through channel proteins. 
Other ions or molecules are also carried across the cell membrane by carrier proteins. The ion or 
molecule binds to the active site of a carrier protein. The carrier protein changes shape, and 
releases the ion or molecule on the other side of the membrane. The carrier protein then returns 
to its original shape. 

An animation depicting facilitated diffusion can be viewed at 

Ø http://www.youtube.com/watch?v=vKGN_Zhz8AY (1:18). 

Ion Channels 

Ions such as sodium (Na+), potassium (K+), calcium (Ca2+), and chloride (Cl-), are important for 
many cell functions. Because they are polar, these ions do not diffuse through the membrane. 
Instead they move through ion channel proteins where they are protected from the hydrophobic 
interior of the membrane. Ion channels allow the formation of a concentration gradient between 
the extracellular fluid and the cytosol. Ion channels are very specific, as they allow only certain 
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ions through the cell membrane. Some ion channels are always open, others are "gated" and can 
be opened or closed. Gated ion channels can open or close in response to different types of 
stimuli, such as electrical or chemical signals.  

Summary 

• Facilitated diffusion is the diffusion of solutes through transport proteins in the plasma
membrane. Channel proteins, gated channel proteins, and carrier proteins are three types
of transport proteins that are involved in facilitated diffusion.

Review 

1. Assume a molecule must cross the plasma membrane into a cell. The molecule is a very
large protein. How will it be transported into the cell? Explain your answer.

2. Compare and contrast simple diffusion and facilitated diffusion. For each type of
diffusion, give an example of a molecule that is transported that way.

3. Give at least one biological example of each of the three types of passive transport in
cells.
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11.4 Active Transport 

Objectives: 

• Compare the mechanisms of passive and active transport (e.g. energy needs, direction of
transport, type of substance being transported, and/or use of a carrier).

 Need to move something really heavy? 

If you did, it would take a lot of energy. Sometimes, moving things into or out of the cell also 
takes energy. How would the cell move something against a concentration gradient? It starts by 
using energy. 

Active Transport 

In contrast to facilitated diffusion, which does not require energy and carries molecules or ions 
down a concentration gradient, active transport pumps molecules and ions against a 
concentration gradient. Sometimes an organism needs to transport something against a 
concentration gradient. The only way this can be done is through active transport, which uses 
energy that is produced by respiration (ATP). In active transport, the particles move across a cell 
membrane from a lower concentration to a higher concentration. Active transport is the energy-
requiring process of pumping molecules and ions across membranes "uphill" - against a 
concentration gradient.  
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• The active transport of small molecules or ions across a cell membrane is generally
carried out by transport proteins that are found in the membrane.

• Larger molecules such as starch can also be actively transported across the cell
membrane by processes called endocytosis and exocytosis.

Homeostasis and Cell Function 

Homeostasis refers to the balance, or equilibrium, within the cell or a body. It is an organism’s 
ability to keep a constant internal environment. Keeping a stable internal environment requires 
constant adjustments as conditions change inside and outside the cell. The adjusting of systems 
within a cell is called homeostatic regulation. Because the internal and external environments of 
a cell are constantly changing, adjustments must be made continuously to stay at or near the set 
point (the normal level or range). Homeostasis is a dynamic equilibrium rather than an 
unchanging state. The cellular processes discussed in both the "Passive Transport" and "Active 
Transport" concepts all play an important role in homeostatic regulation.  

Failure of Homeostasis 

Many homeostatic mechanisms work continuously to maintain stable conditions in the human 
cells throughout the body. Sometimes, however, the mechanisms fail. When they do, cells may 
not get everything they need, or toxic wastes may accumulate in the body. If homeostasis is not 
restored, the imbalance may lead to disease or even death. 

Ø Active and Passive Transport (6:11): http://www.youtube.com/watch?v=kfy92hdaAH0 

Ø Transport Across Cell Membranes (13:57): 
http://www.youtube.com/watch?v=RPAZvs4hvGA 

Summary 

• Active transport is the energy-requiring process of pumping molecules and ions across
membranes against a concentration gradient.

• Active transport processes help maintain homeostasis.

• If homeostasis fails, death or disease may result.
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Review 

1. What is active transport?

2. Give at least two examples of active transport in cells.

3. Explain how cell transport helps an organism maintain homeostasis.

Vocabulary List 

• Active transport
• Passive transport
• Osmosis
• Diffusion
• Facilitated diffusion
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CHAPTER 12: PHOTOSYNTHESIS 

12.1 What is Photosynthesis? 

How Photosynthesis Works 

Almost all life on Earth depends on photosynthesis. Photosynthesis is the process that converts 
the energy of the sun, or solar energy, into carbohydrates, a type of chemical energy. During 
photosynthesis, carbon dioxide and water combine with solar energy, yielding glucose (the 
carbohydrate) and oxygen. As mentioned previously, plants can photosynthesize, but plants are 
not the only organisms with this ability. Algae, which are plant-like protists, and cyanobacteria 
(certain bacteria which are also known as blue-green bacteria, or blue-green algae) can also 
photosynthesize. Algae and cyanobacteria are important in aquatic environments as sources of 
food for larger organisms. 

Photosynthesis mostly takes place in the leaves of a plant. The green pigment in leaves, 
chlorophyll, helps to capture solar energy. The veins within a leaf carry water which originates 
from the roots, and carbon dioxide enters the leaf from the air through special pores called 
stomata (Figure 12.1). 

Figure 12.1 
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Stomata are special pores that allow gasses to enter and exit the leaf. The water and carbon 
dioxide are transported within the leaf to the chloroplast (Figure 12.2), the organelle in which 
photosynthesis takes place. The chloroplast has two distinct membrane systems; an outer 
membrane surrounds the chloroplast and an inner membrane system forms flattened sacs called 
thylakoids. As a result, there are two separate spaces within the chloroplast. The interior space 
that surrounds the thylakoids is filled with a fluid called stroma. The inner compartments formed 
by the thylakoid membranes are called the thylakoid space. 

Figure 12.2 

The chloroplast is the photosynthesis factory of the plant. The overall chemical reaction for 
photosynthesis is 6 molecules of carbon dioxide (CO2) and 6 molecules of water (H20), with the 
addition of solar energy, yields 1 molecule of glucose (C6H12O6) and 6 molecules of oxygen 
(O2). Using chemical symbols the equation is represented as follows: 

Figure 12.3 



62 

Oxygen: An Essential Byproduct 

Oxygen is a byproduct of the process of photosynthesis and is released to the atmosphere 
through the stomata. Therefore, plants and other photosynthetic organisms play an important 
ecological role in converting carbon dioxide into oxygen. Animals need oxygen to carry out the 
energy-producing reactions of their cells. Without photosynthetic organisms, many other 
organisms would not have enough oxygen in the atmosphere to survive. Oxygen is also used as a 
reactant in cellular respiration, so essentially, oxygen cycles through the processes of 
photosynthesis and cellular respiration. 

The Light Reactions And The Calvin Cycle 

The overall process of photosynthesis does not happen in one step, however. The chemical 
equation of photosynthesis shows the results of many chemical reactions. The chemical reactions 
that make up the process of photosynthesis can be divided into two groups: the light reactions 
(also known as the light-dependent reactions, because these reactions only occur during daylight 
hours) and the Calvin Cycle, or the light-independent reactions. During the light reactions, 
sunlight splits water to release oxygen and captures it’s energy, while during the Calvin Cycle, 
carbon dioxide is converted into glucose, which is a type of sugar. This is summarized in Figure 
12.4. 

Figure 12.4 
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The light reactions include the movement of electrons down the electric transport chain, splitting 
water and releasing hydrogen ions into the thylakoid space. (Figure 12.5)  

Figure 12.5 

Steps of the Light reaction: 

1. Light hits chlorophyll
2. Electrons are excited
3. Water is split into Oxygen & Hydrogen ions
4. Hydrogen ion gradient produced
5. Hydrogens move through ATP synthase producing ATP
6. Hydrogens from ATP synthase combines with NADP to form NADPH

The Calvin Cycle begins with carbon dioxide attaching to the carbon molecule RuBP, forming a 
6-carbon molecule and splitting immediately in to two 3-carbon molecules. After 2 cycles 
Glucose is the final product. The 3-carbon product of the Calvin Cycle can be converted into 
many types of organic molecules: Glucose, the energy source of plants and animals; cellulose, a 
structural carbohydrate; or starch, a long-term storage carbohydrate. 
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Photosynthesis is crucial to most ecosystems since animals obtain energy by eating other 
animals, or plants and seeds that contain these organic molecules. In fact, it is the process of 
photosynthesis that supplies almost all the energy to an ecosystem. 

Lesson Summary 

• The net reaction for
photosynthesis is that
carbon dioxide and
water, together with
energy from the sun,
produce glucose and
oxygen.

• During the light reactions
of photosynthesis, solar
energy is converted into
the chemical energy of
ATP and NADPH, and
releases oxygen.

• During the Calvin Cycle,
the chemical energy of
ATP and NADPH is
used to convert carbon
dioxide into glucose.

Links for more understanding: 
Ø • Photosynthesis crash course; http://www.youtube.com/watch?v=sQK3Yr4Sc_k 
Ø • Photosynthesis song; http://www.youtube.com/watch?v=C1_uez5WX1o 

Review Questions 

1. What is the energy-capturing stage of photosynthesis?

2. What are the products of the light reactions?

3. What are the ATP and NADPH from the light reactions used for?

4. Where does the oxygen released by photosynthesis come from?

5. What happens to the glucose produced from photosynthesis?

6. Describe the structures of the chloroplast where photosynthesis takes place.

Figure 12.6 
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7. What is the significance of the electron transport chain?

8. What are the reactants required for photosynthesis?

9. What are the products of photosynthesis?

10. Points to Consider

11. How is glucose turned into an usable form of energy called ATP?

12. How do you gain energy from the food you eat?

13. What would provide more energy- a bowl of pasta or a small piece of candy?

14. What “waste” gas do you exhale?
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12.2 Autotrophs vs. Heterotrophs 

Name one major difference between a plant and an animal. 

There are many differences, but in terms of energy, it all starts with sunlight. Plants absorb the 
energy from the sun and turn it into food. You can sit in the sun for hours and hours. You will 
feel warm, but you're not going to absorb any energy. You have to eat to obtain your energy. 

Autotrophs vs. Heterotrophs 

Living organisms obtain chemical energy in one of two ways. Autotrophs, shown in Figure 12.7, 
store chemical energy in carbohydrate food molecules they build themselves. Food is chemical 
energy stored in organic molecules. Food provides both the energy to do work and the carbon to 
build bodies. Because most autotrophs transform sunlight to make food, we call the process they 
use photosynthesis. Only three groups of organisms - plants, algae, and some bacteria - are 
capable of this life-giving energy transformation. 

Figure 12.7: Photosynthetic autotrophs, which make food using the energy in sunlight, include (a) plants, 
(b) algae, and (c) certain bacteria. 

Autotrophs make food for their own use, but they make enough to support other life as well. 
Almost all other organisms depend absolutely on these three groups for the food they produce. 
The producers, as autotrophs are also known, begin food chains which feed all life. 
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Heterotrophs cannot make their own food, so they must eat or absorb it. For this reason, 
heterotrophs are also known as consumers. Consumers include all animals and fungi and many 
protists and bacteria. They may consume autotrophs or other heterotrophs or organic molecules 
from other organisms.  

Heterotrophs show great diversity and may appear far more fascinating than producers. But 
heterotrophs are limited by our utter dependence on those autotrophs that originally made our 
food. If plants, algae, and autotrophic bacteria vanished from earth, animals, fungi, and other 
heterotrophs would soon disappear as well. All life requires a constant input of energy. Only 
autotrophs can transform that ultimate, solar source into the chemical energy in food that powers 
life. 

Summary 

• Autotrophs store chemical energy in carbohydrate food molecules they build themselves.

• Most autotrophs make their "food" through photosynthesis using the energy of the sun.

• Heterotrophs cannot make their own food, so they must eat or absorb it.

Practice 

Use this resource to answer the questions that follow. 

Ø http://www.hippocampus.org/Biology 

1. Compare an autotroph to a heterotroph.
2. Give an example of an organic compound and an inorganic compound.

Review 

1. Compare autotrophs to heterotrophs, and describe the relationship between these two
groups of organisms.

2. Name and describe the two types of food making found among autotrophs, and give an
example of each. Which is quantitatively more important to life on earth?
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Vocabulary 

• Photosynthesis: the process that converts the energy of the sun, or solar energy, into
carbohydrates, a type of chemical energy

• Stomata: special pores that allow gasses to enter and exit the leaf
• Glucose: the energy source of plants and animals
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CHAPTER 13: CELLULAR RESPIRATION 

Objectives 

• State why living things need energy

• Define cellular respiration

• Identify all terms in the chemical equation for cellular respiration

• Identify the relationships between the reactants, products and energy flow between
photosynthesis and cellular respiration

Introduction 

You have just read how photosynthesis stores energy in glucose. How do living things make use 
of this stored energy? The answer is cellular respiration. This process releases the energy in 
glucose to make ATP, the molecule that powers all the work of cells. 

Like this caterpillar, all living things need energy, which is defined as the ability to do work. You 
can often see energy at work in living things—a bird flies through the air, moving your finger or 
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blinking your eyes. These are obvious ways that living things use energy, but living things 
constantly use energy in less obvious ways as well. 

Why Living Things Need Energy 

Inside every cell of all living things, energy is needed to carry out life processes. Energy is 
required to break down and build up molecules and to transport molecules across plasma 
membranes. All life’s work needs energy. A lot of energy is simply lost to the environment as 
heat. The story of life is a story of energy flow—its capture, its change of form, its use for work, 
and its loss as heat. Energy, unlike matter, cannot be recycled, so organisms require a constant 
input of energy. Life runs on chemical energy. Where do living organisms get this chemical 
energy? 

The chemical energy that organisms need comes from food. Food consists of organic molecules 
that store energy in their chemical bonds. In terms of obtaining food for energy, there are two 
types of organisms: autotrophs and heterotrophs. 

Autotrophs are organisms that make their own food. Most autotrophs use the energy in sunlight 
to make food in the process called photosynthesis. Only three types of organisms—plants, algae, 
and some bacteria—can make food through photosynthesis. Heterotrophs are living things that 
cannot make their own food. They get their food by consuming other organisms. Heterotrophs 
include all animals and fungi and many single-celled organisms. 

Glucose 

Glucose is a simple carbohydrate with the chemical formula C6H12O6. In your body, glucose is 
the form of energy that is carried in your blood and taken up by each of your trillions of cells. 
Glucose is the end product of photosynthesis, and it is the nearly universal food for life. ATP 
(adenosine triphosphate) is the energy-carrying molecule that cells use for energy. ATP is made 
during the first half of photosynthesis and then used for energy during the second half of 
photosynthesis, when glucose is made. It is also used for energy by cells for most other cellular 
processes. ATP releases energy when it gives up one of its three phosphate groups and changes 
to ADP (adenosine diphosphate [two phosphates]). 

Making and Using Food 

The flow of energy through living organisms begins with photosynthesis. This process stores 
energy from sunlight in the chemical bonds of glucose. By breaking the chemical bonds in 
glucose, cells release the stored energy and make the ATP they need. The process in which 
glucose is broken down and ATP is made is called cellular respiration. 
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Photosynthesis and cellular 
respiration are like two sides of 
the same coin. This is apparent 
from Figure 13.1. The products 
of one process are the reactants 
of the other. Together, the two 
processes store and release 
energy in living organisms. The 
two processes also work 
together to recycle oxygen in 
Earth’s atmosphere.  

Figure 13.1 This diagram 
compares and contrasts 
photosynthesis and cellular 
respiration. It also shows how the 
two processes are related. 

Photosynthesis 

Photosynthesis is often 
considered to be the single most important life process on Earth. It changes light energy into 
chemical energy and also releases oxygen. Without photosynthesis, there would be no oxygen in 
the atmosphere. Photosynthesis involves many chemical reactions, but they can be summed up in 
a single chemical equation: 

Ø 6CO2 + 6H2O + Light Energy → C6H12O6 + 6O2. 

Photosynthetic autotrophs capture light energy from the sun and absorb carbon dioxide and water 
from their environment. Using the light energy, they combine the reactants to produce glucose 
and oxygen, which is a waste product. They store the glucose, usually as starch, and they release 
the oxygen into the atmosphere. 

Cellular Respiration 

Cellular respiration actually “burns” glucose for energy. However, it doesn’t produce light or 
intense heat as some other types of burning do. This is because it releases the energy in glucose 
slowly, in many small steps. It uses the energy that is released to form molecules of ATP. 
Cellular respiration involves many chemical reactions, which can be summed up with this 
chemical equation: 

Ø C6H12O6 + 6O2 → 6CO2 + 6H2O + Chemical Energy (in ATP) 
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Cellular respiration occurs in the cells of all living things. It takes place in the mitochondria of 
both autotrophs and heterotrophs. All of them burn glucose to form ATP. 

Figure 13.2 The structure of a mitochondrion is defined by an inner and outer membrane. This structure 
plays an important role in aerobic respiration. 

Aerobic and Anaerobic Respiration 

In the presence of oxygen, many ATP are made. This process is called aerobic respiration. All 
animals, fungi, and many plants perform this type of respiration. However, some producers live 
in places that do not receive oxygen. Therefore these organisms evolved the ability to produce 
cellular energy without oxygen. This process is called anaerobic respiration. How do you think 
they make energy? 

Review 

1. Define energy, and state where living things get the energy they need.

2. How does photosynthesis change energy?

3. ATP and glucose are both molecules that organisms use for energy. They are like the tank
of a tanker truck that delivers gas to a gas station and the gas tank that holds the fuel for a
car. Which molecule is like the tank of the delivery truck, and which is like the gas tank
of the car? Explain your answer.

4. Compare and contrast photosynthesis and cellular respiration. Why are the processes like
two sides of the same coin?

5. Define aerobic and anaerobic respiration.
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6. What role do mitochondria play in cellular respiration?

Vocabulary 

• Cellular respiration

• Energy flow

• Reactant

• Product

• Photosynthesis

• Energy

• Reaction

• Sugar (glucose C6H12O6)

• Carbon dioxide (CO2)

• Water (H2O)

• Oxygen (O2)
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CHAPTER 14: BIOGEOCHEMICAL CYCLES 

14.1 The Water Cycle 

Objectives: 

• Diagram the key processes of the water cycle and show how they interact.
• Explain how matter is cycled through biotic and abiotic processes during the water cycle.
• Explain and give examples of how human activities impact the water cycle.

Where does the water come from that is needed by your cells? 

Unlike energy, matter is not lost as it passes through an ecosystem. Instead, matter, including 
water, is recycled. This recycling involves specific interactions between the biotic and abiotic 
factors in an ecosystem. Chances are, the water you drank this morning has been around for 
millions of years, or more.  

The Water Cycle 
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The chemical elements and water that are needed by organisms continuously recycle in 
ecosystems. They pass through biotic and abiotic components of the biosphere. That’s why their 
cycles are called biogeochemical cycles. For example, a chemical might move from organisms 
(bio) to the atmosphere or ocean (geo) and back to organisms again. Elements or water may be 
held for various periods of time in different parts of a cycle.  

Water on Earth is billions of years old. However, individual water molecules keep moving 
through the water cycle. The water cycle is a global cycle. It takes place on, above, and below 
Earth’s surface, as shown in Figure 14.1 below.  

Figure 14.1 

Like other biogeochemical cycles, there is no beginning or end to the water cycle. It just keeps 
repeating.  

During the water cycle, water occurs in three different states: gas (water vapor), liquid (water), 
and solid (ice). Many processes are involved as water changes state in the water cycle.  

Evaporation, Sublimation, and Transpiration  

Water changes to a gas by three different processes: 
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1. Evaporation occurs when water on the surface changes to water vapor. The sun heats the
water and gives water molecules enough energy to escape into the atmosphere. 

2. Sublimation occurs when ice and snow change directly to water vapor. This also happens
because of heat from the sun. 

3. Transpiration occurs when plants release water vapor through leaf pores called stomata.
Plant leaves have many tiny stomata. They release water vapor into the air. 

Condensation and Precipitation 

Rising air currents carry water vapor into the atmosphere. As the water vapor rises in the 
atmosphere, it cools and condenses. Condensation is the process in which water vapor changes 
to tiny droplets of liquid water. The water droplets may form clouds. If the droplets get big 
enough, they fall as precipitation—rain, snow, sleet, hail, or freezing rain. Most precipitation 
falls into the ocean. Eventually, this water evaporates again and repeats the water cycle. Some 
frozen precipitation becomes part of ice caps and glaciers. These masses of ice can store frozen 
water for hundreds of years or longer.  

Groundwater and Runoff 

Precipitation that falls on land may flow over the surface of the ground. This water is called 
runoff. It may eventually flow into a body of water. Some precipitation that falls on land may 
soak into the ground, becoming groundwater. Groundwater may seep out of the ground at a 
spring or into a body of water such as the ocean (seepage). Some groundwater may be taken up 
by plant roots (root uptake). Some may flow deeper underground to an aquifer. This is an 
underground layer of rock that stores water, sometimes for thousands of years.  

The water cycle is demonstrated in a short (4:00) video at: 
Ø http://www.youtube.com/watch?v=iohKd5FWZOE&feature=related 

The "Water Cycle Jump" (1:31) can be viewed at: 
Ø http://www.youtube.com/watch?v=BayExatv8lE 

Summary 

• Chemical elements and water are recycled through biogeochemical cycles. The cycles
include both biotic and abiotic parts of ecosystems.

• The water cycle takes place on, above, and below Earth’s surface. In the cycle, water occurs
as water vapor, liquid water, and ice. Many processes are involved as water changes state in
the cycle.
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• The atmosphere is an exchange pool for water. Ice masses, aquifers, and the deep ocean are
water reservoirs.

Practice I 

Use these resources to answer the questions that follow. 

1. Describe the role of each of the following in the water cycle:

a. condensation

b. surface runoff

c. groundwater movement

d. evaporation

e. transpiration

Review Questions 

1. What is the water cycle? Draw a simple version of the water cycle and label the key parts.

2. Identify and define two processes by which water naturally changes from a solid or liquid
to a gas.

3. Identify and explain how human activities can affect the water cycle.

4. Assume you are a molecule of water. Describe one way you could go through the water
cycle, starting as water vapor in the atmosphere.

http://www.hippocampus.org/Earth Science 

Ø Environmental Science  
Ø Search: Water Cycle (6:59) 
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14.2 The Carbon Cycle 

Objectives: 

• Diagram the key processes of the carbon cycle and show how they interact.
• Explain how matter is cycled through biotic and abiotic processes during the carbon

cycle.
• Explain and give examples of how human activities impact the carbon cycle.

How could releasing this much pollution into the atmosphere not be a poor idea? 

Burning of fossil fuels, such as oil, releases carbon into the atmosphere. This carbon must be 
cycled - removed from the atmosphere - back into living organisms, or it stays in the atmosphere. 
Increased carbon in the atmosphere contributes to the greenhouse effect on Earth. 

The Carbon Cycle 

Flowing water can slowly dissolve carbon in sedimentary rock. Most of this carbon ends up in 
the ocean. The deep ocean can store carbon for thousands of years or more. Sedimentary rock 
and the ocean are major reservoirs of stored carbon. Carbon is also stored for varying lengths of 
time in the atmosphere, in living organisms, and as fossil fuel deposits. These are all parts of the 
carbon cycle, which is shown in Figure 14.2 below.  
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Figure 14.2 

The Carbon Cycle. Carbon moves from one reservoir to another in the carbon cycle. What role 
do organisms play in this cycle?  

Carbon in the Atmosphere 

Though carbon can be found in ocean water, rocks and sediment and other parts of the biosphere, 
the atmosphere may be the most recognizable reservoir of carbon. Carbon occurs in various 
forms in different parts of the carbon cycle. Some of the different forms in which carbon appears 
are described in Table 14.1. 
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Table 14.1 

Form of 
Carbon Chemical Formula State Main Reservoir 

Carbon Dioxide  CO2 Gas Atmosphere 

Carbonic Acid  H2CO3 Liquid Ocean 

Bicarbonate Ion  HCO3
− 

Liquid(dissolved 
ion)  

Ocean 

Organic 
Compounds 

Examples: C6H12O6 (Glucose), CH4 
(Methane)  

Solid Gas 
Biosphere Organic 
Sediments (Fossil 
Fuels)  

Other Carbon 
Compounds  

Examples: CaCO3 (Calcium 
Carbonate), CaMg(CO3)2 (Calcium 
Magnesium Carbonate)  

Solid Solid 
Sedimentary Rock, 
Shells, Sedimentary 
Rock  

KEY: C = Carbon, O = Oxygen, H = Hydrogen 

Carbon in Carbon Dioxide 

Carbon cycles quickly between organisms and the atmosphere. In the atmosphere, carbon exists 
primarily as carbon dioxide (CO2). Carbon dioxide cycles through the atmosphere by several 
different processes, including those listed below.  
• Living organisms release carbon dioxide as a byproduct of cellular respiration.

• Photosynthesis removes carbon dioxide from the atmosphere and uses it to make organic
compounds.

• Carbon dioxide is given off when dead organisms and other organic materials decompose.

• Burning organic material, such as fossil fuels, releases carbon dioxide.

• Carbon cycles far more slowly through geological processes such as sedimentation. Carbon
may be stored in sedimentary rock for millions of years.

• When volcanoes erupt, they give off carbon dioxide that is stored in the mantle.
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• Carbon dioxide is released when limestone is heated during the production of cement.

• Ocean water releases dissolved carbon dioxide into the atmosphere when water temperature
rises.

• Carbon dioxide is also removed when ocean water cools and dissolves more carbon dioxide
from the air.

Because of human activities, there is more carbon dioxide in the atmosphere today than in the 
past hundreds of thousands of years. Burning fossil fuels and producing concrete has released 
great quantities of carbon dioxide into the atmosphere. Cutting forests and clearing land has also 
increased carbon dioxide into the atmosphere because these activities reduce the number of 
autotrophic organisms that use up carbon dioxide in photosynthesis. In addition, clearing often 
involves burning, which releases carbon dioxide that was previously stored in autotrophs.  

Summary 

• Carbon must be recycled through living organisms or it stays in the atmosphere.

• Carbon cycles quickly between organisms and the atmosphere.

• Due to human activities, there is more carbon dioxide in the atmosphere today than in the
past hundreds of thousands of years.

Practice I 

Use these resources to answer the questions that follow. 

1. Describe the role of each of the following in the carbon cycle:

a. photosynthesis
b. respiration
c. decomposition
d. combustion
e. sedimentation
f. weathering

http://www.hippocampus.org/Earth%20Science 

Ø Environmental Science  
Ø Search: Carbon Cycle (1:28) 
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Review 

1. What is the role of the carbon cycle.

2. Why is cycling carbon important?

3. Identify and explain how human activities can affect the carbon cycle.

4. Describe a major method that carbon is cycled.
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14.3 The Nitrogen Cycle 

Objectives: 

• Diagram the key processes of the nitrogen cycle and show how they interact.

• Explain how matter is cycled through biotic and abiotic processes during the nitrogen
cycle.

• Explain and give examples of how human activities impact the nitrogen cycle.

Alfalfa, clover, peas, beans, lentils, lupins, mesquite, carob, soy, and peanuts. What are 
these?  

Legumes. Legume plants have the ability to fix atmospheric nitrogen, due to a mutualistic 
symbiotic relationship with bacteria found in root nodules of these plants.  
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The Nitrogen Cycle 

Nitrogen makes up 78 percent of Earth’s atmosphere. It’s also an important part of living things. 
Nitrogen is found in proteins, nucleic acids, and chlorophyll. The nitrogen cycle moves nitrogen 
through the abiotic and biotic parts of ecosystems. Figure 14.3 below shows how nitrogen cycles 
through a terrestrial ecosystem. Nitrogen passes through a similar cycle in aquatic ecosystems.  

Figure 14.3 Nitrogen Cycle in a Terrestrial Ecosystem: Nitrogen cycles between the atmosphere and 
living things 

Plants cannot use nitrogen gas from the air to make organic compounds for themselves and other 
organisms. The nitrogen gas must be changed to a form called nitrates, which plants can absorb 
through their roots. The process of changing nitrogen gas to nitrates is called nitrogen fixation. 
It is carried out by nitrogen-fixing bacteria. The bacteria live in soil and roots of legumes, such 
as peas.  

When plants and other organisms die, decomposers break down their remains. In the process, 
they release nitrogen in the form of ammonium ions. This process is called ammonification. 
Nitrifying bacteria change the ammonium ions into nitrites and nitrates. Some of the nitrates are 
used by plants. The process of converting ammonium ions to nitrites or nitrates is called 
nitrification. Still other bacteria, called denitrifying bacteria, convert some of the nitrates in soil 
back into nitrogen gas in a process called denitrification. The process is the opposite of nitrogen 
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fixation. Denitrification returns nitrogen gas back to the atmosphere, where it can continue the 
nitrogen cycle.  

See The Nitrogen Cycle: An Aquatic Perspective at 
Ø http://www.youtube.com/watch?v=pdY4I-EaqJA&feature=fvw (5:08) for a summary of 

this cycle. 

The cycle is also summarized at 
Ø http://www.youtube.com/watch?v=w03iO_Yu9Xw&feature=related (2:04). 

Summary 

• The nitrogen cycle moves nitrogen back and forth between the atmosphere and
organisms.

• Bacteria change nitrogen gas from the atmosphere to nitrogen compounds that plants can
absorb.

• Other bacteria change nitrogen compounds back to nitrogen gas, which re-enters the
atmosphere.

Practice 

Use these resources to answer the questions that follow. 

1. Describe the role of each of the following in the nitrogen cycle:

a. nitrogen fixation

b. nitrification

c. decomposition

d. denitrification

http://www.hippocampus.org/Earth%20Science 

Ø Environmental Science  
Ø Search: Nitrogen Cycle 
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Review 

1. What is nitrogen fixation?

2. Explain why bacteria are essential parts of the nitrogen cycle.

3. Identify and explain how human activities can affect the nitrogen cycle.

Vocabulary List 

• Biogeochemical cycle

• Water cycle

o evaporation

o transpiration

o condensation

o precipitation

o run off

o seepage

o ground water

o root uptake

• Carbon cycle

o photosynthesis

o respiration

o decomposition

o geochemical fossil fuel

• Nitrogen cycle

o nitrogen fixation
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CHAPTER 15: NATURAL RESOURCES 

15.1 Renewable and Nonrenewable Resources 

Objectives: 

• Define natural resource.
• Describe renewable resources.
• Define nonrenewable resource.
• Discuss the use of fossil fuels as an energy source.
• List alternative uses to fossil fuels.
• Discuss how reducing, reusing, and recycling can help conserve resources.

Renewable or nonrenewable, what's the difference? 

That's like asking the difference between having an endless supply and having a limited supply. 
Will this planet eventually run out of oil? Probably. So oil is a nonrenewable resource. 

Renewable and Nonrenewable Resources 

A natural resource is something supplied by nature that helps support life. When you think of 
natural resources, you may think of minerals and fossil fuels. However, ecosystems and the 
services they provide are also natural resources. Biodiversity is a natural resource as well. 

Renewable Resources 

Renewable resources can be replenished by natural processes as quickly as humans use them. 
Examples include sunlight and wind. They are in no danger of being used up (see Figure 
15.1 below ).Metals and other minerals are renewable too. They are not destroyed when they are 
used and can be recycled. 

Questions to Think About: 

• What are our natural resources?
• What is the difference between a renewable and nonrenewable resource?
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Figure 15.1 Wind is a renewable resource. Wind turbines like this one harness just a tiny fraction of wind 
energy. 

Living things are considered to be renewable. This is because they can reproduce to replace 
themselves. However, they can be over-used or misused to the point of extinction. To be truly 
renewable, they must be used sustainably. Sustainable use is the use of resources in a way that 
meets the needs of the present and also preserves the resources for future generations. 

Nonrenewable Resources 

Nonrenewable resources are natural resources that exist in fixed amounts and can be used up. 
Examples include fossil fuels such as petroleum (Figure 15.2), coal (Figure 15.3), and natural 
gas. These fuels formed from the remains of plants over hundreds of millions of years. We are 
using them up far faster than they could ever be replaced. At current rates of use, petroleum will 
be used up in just a few decades and coal in less than 300 years. Nuclear power is also 

Figure 15.2 Figure 15.3 
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considered to be a nonrenewable resource because it uses up uranium, which will sooner or later 
run out. It also produces harmful wastes that are difficult to dispose of safely. 

Discussion Questions 

• How would the world be different if all of our resources were nonrenewable?

• What do you think the challenges posed by the transition to renewable energy would be?

• Geothermal energy is a renewable energy that has the potential to power the entire world,
but it remains as a small fraction of renewable energies used. Explain the potential
advantages/disadvantages of geothermal energy.

Summary 

• Renewable resources can be replaced by natural processes as quickly as humans use
them. Examples include sunlight and wind.

• Nonrenewable resources exist in fixed amounts. They can be used up. Examples include
fossil fuels such as coal.

Practice 

Use this resource to answer the questions that follow. 

1. What was the energy source for much of the Industrial Revolution? How were these
fuels made?

2. Why are carbon dioxide levels rising in the atmosphere?

http://www.hippocampus.org/Biology 

Ø Non-Majors Biology    
Ø Search: Human Impacts on Biogeochemical Cycles 
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Review 

1. Define natural resource.

2. Distinguish between renewable and nonrenewable resources and give examples.

3. Infer factors that determine whether a natural resource is renewable or nonrenewable.

Vocabulary 

• Biodiversity
• Natural Resource
• Non-renewable resource
• Renewable resource
• Sustainable use



91 

15.2 Soil and Water Resources 

Could this land be used for agriculture? 

Probably not. The quality of soil is very important in 
determining what can grow in a particular area. Good soil 
is not so easy to come by. Soil should be considered 
another resource that we, as a population, must strive to 
protect. 

Soil and Water Resources 

Theoretically, soil and water are renewable resources. However, they may be ruined by careless 
human actions. 

Soil 

Soil is a mixture of eroded rock, minerals, partly decomposed organic matter, and other 
materials. It is essential for plant growth, so it is the foundation of terrestrial ecosystems. Soil is 
important for other reasons as well. For example, it removes toxins from water and breaks down 
wastes. 

Although renewable, soil takes a very long time to form—up to hundreds of millions of years. 
So, for human purposes, soil is a nonrenewable resource. It is also constantly depleted of 
nutrients through careless use, and eroded by wind and water. For example, misuse of soil caused 
a huge amount of it to simply blow away in the 1930s during the Dust Bowl (see Figure 15.4 
and 15.5). Soil must be used wisely to preserve it for the future. Conservation practices include 
contour plowing and terracing. Both reduce soil erosion. Soil also must be protected from toxic 
wastes. 

Figure 15.4 and Figure 15.5 The Dust Bowl occurred between 1933 and 1939 in Oklahoma and other 
southwestern U.S. states. Plowing had exposed prairie soil. Drought turned the soil to dust. Intense dust 
storms blew away vast quantities of the soil. Much of the soil blew all the way to the Atlantic Ocean. 
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Water 

Water is essential for all life on Earth. For human use, water must be fresh. Of all the water on 
Earth, only 1 percent is fresh, liquid water. Most of the rest is either salt water in the ocean or ice 
in glaciers and ice caps. 

Although water is constantly recycled through the water cycle, it is in danger. Over-use and 
pollution of freshwater threaten the limited supply that people depend on. Already, more than 1 
billion people worldwide do not have adequate freshwater. With the rapidly growing human 
population, the water shortage is likely to get worse. 

KQED: Are We in Danger of Running Out of Water? 

California's population is growing by 600,000 people a year, but much of the state receives as 
much annual rainfall as Morocco. With fish populations crashing, global warming, and the 
demands of the country's largest agricultural industry, the pressures on our water supply are 
increasing. Is the U.S.'s largest population in danger of running out of water? See  

Ø http://www.kqed.org/quest/television/state-of-thirst-californias-water-future 
(26:54mins.)  

for additional information. 

Too Much of a Good Thing 

Water pollution comes from many sources. One of the biggest 
sources is runoff. Runoff picks up chemicals such as fertilizer 
from agricultural fields, lawns, and golf courses. It carries the 
chemicals to bodies of water. The added nutrients from 
fertilizer often cause excessive growth of algae, creating algal 
blooms (see Figure 15.6). The algae use up oxygen in the 
water so that other aquatic organisms cannot survive. This has 
occurred over large areas of the ocean, creating dead zones , 
where low oxygen levels have killed all ocean life. A very 
large dead zone exists in the Gulf of Mexico. Measures that 
can help prevent these problems include cutting down on 
fertilizer use. Preserving wetlands also helps because wetlands 
filter runoff water. 

Figure 15.6 Algal Bloom. 
Nutrients from fertilizer in 
runoff caused this algal bloom. 
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• Soil and water are renewable resources but may be ruined by careless human actions. Soil
can be depleted of nutrients. It can also be eroded by wind or water.

• Over-use and pollution of freshwater threaten the limited supply that people depend on.

Practice I 

Use this resources to answer the questions that follow. 

1. What happens when fertilizer ends up in waterways?

2. Describe eutrophication.

3. What has happened at the mouth of the Mississippi River? (this is a repeat of the
previous section link)

Practice II 

• Will There Be Enough Fresh Water?
Ø http://www.concord.org/activities/will-there-be-enough-fresh-water . (5 parts

estimated time 225 minutes) 

Review 

1. What is soil?

2. Why is soil considered a nonrenewable resource?

3. How much water is drinkable?

4. Why would you expect a dead zone to start near the mouth of a river, where the river
flows into a body of water?

http://www.hippocampus.org/Biology 

Ø Non-Majors Biology   
Ø Search: Human Impacts on Biogeochemical Cycles 

Summary 
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• Algal Bloom
• Dead zone
• Runoff
• Water Cycle

Vocabulary 
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15.3 Air Pollution 

Why is the atmosphere important? 

Well, it contains all of the air that we 
breathe. The atmosphere also has other roles 
and functions, so when we interfere with the 
atmosphere, we interfere with some 
important biological processes. And this can 
have consequences. 

The Atmosphere 

The atmosphere plays an important part in maintaining Earth’s freshwater supply. It is part of 
the water cycle. It refills lakes and rivers with precipitation. The atmosphere also provides 
organisms with gases needed for life. It contains oxygen for cellular respiration and carbon 
dioxide for photosynthesis. 

Air Pollution 

Earth’s atmosphere is vast. However, it has been seriously polluted by human activities. Air 
pollution consists of chemical substances and particles released into the atmosphere, mainly by 
human actions. The major cause of outdoor air pollution is the burning of fossil fuels. Power 
plants, motor vehicles, and home furnaces all burn fossil fuels and contribute to the problem (see 
Table 15.1). Ranching and using chemicals such as fertilizers also cause air pollution. Erosion of 
soil in farm fields and construction sites adds dust particles to the air as well. Fumes from 
building materials, furniture, carpets, and paint add toxic chemicals to indoor air.  

Table 15.1 

Pollutant Example/Major Source Problem 

Sulfur oxides (SO x ) Coal-fired power plants Acid Rain

Nitrogen oxides (NO x ) Motor vehicle exhaust Acid Rain

Carbon monoxide (CO) Motor vehicle exhaust Poisoning 
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Pollutant Example/Major Source Problem 

Carbon dioxide (CO 2 ) All fossil fuel burning Global Warming

Particulate matter (smoke, 
dust) 

Wood and coal burning 
Respiratory disease, Global 
Dimming 

Mercury
Coal-fired power plants, medical 
waste 

Neurotoxicity 

Smog Coal burning 
Respiratory problems; eye 
irritation 

Ground-level ozone Motor vehicle exhaust 
Respiratory problems; eye 
irritation 

In humans, air pollution causes respiratory and cardiovascular problems. In fact, more people die 
each year from air pollution than automobile accidents. Air pollution also affects ecosystems 
worldwide by causing acid rain, ozone depletion, and global warming. Ways to reduce air 
pollution from fossil fuels include switching to nonpolluting energy sources (such as solar 
energy) and using less energy. What are some ways you could use less energy? 

Acid Rain 

All life relies on a relatively narrow range of 
pH, or acidity. That’s because protein structure 
and function are very sensitive to pH. Air 
pollution can cause precipitation to become 
acidic. Nitrogen and sulfur oxides, mainly from 
motor vehicle exhaust and coal burning, create 
acids when they combine with water in the air. 
The acids lower the pH of precipitation, 
forming acid rain. If acid rain falls on the 
ground, it may damage soil and soil organisms. 

If it falls on plants, it may kill them 
(see Figure 15.7). If it falls into lakes, it lowers 
the pH of the water and kills aquatic 
organisms. 

Figure 15.7 Effects of Acid Rain. These trees 
in a European forest were killed by acid rain.  
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Ozone Depletion 

There are two types of ozone. You can think of them as bad ozone and good ozone. Both are 
affected by air pollution. 

• Bad ozone forms near the ground when sunlight reacts with pollutants in the air. Ground-
level ozone is harmful to the respiratory systems of humans and other animals.

• Good ozone forms in a thin layer high up in the atmosphere, between 15 and 35
kilometers above Earth’s surface. This ozone layer shields Earth from most of the sun’s
harmful UV radiation. It plays an important role in preventing mutations in the DNA of
organisms.

Unfortunately, the layer of good ozone is being destroyed by air pollution. The chief culprits are 
chlorine and bromine gases. They are released in aerosol sprays, coolants, and other products. 
Loss of ozone has created an ozone hole over Antarctica. Ozone depletion results in higher 
levels of UV radiation reaching Earth. In humans, this increases skin cancers and eye cataracts. It 
also disturbs the nitrogen cycle, kills plankton, and disrupts ocean food webs. The total loss of 
the ozone layer would be devastating to most life. Its rate of loss has slowed with restrictions on 
pollutants, but it is still at risk. 

Summary 

• Air pollution consists of chemical substances and particles released into the air, mainly by
human actions.

• The major cause of outdoor air pollution is the burning of fossil fuels.

• Indoor air can also be polluted.

• Air pollution causes acid rain, ozone depletion, and global warming.

Practice I 

Use these resources to answer the questions that follow. 

1. What is photochemical smog?

http://www.hippocampus.org/Biology 

Ø Biology for AP   
Ø Search: Environmental Degradation 
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2. What is ozone and how is it produced?

3. What causes depletion of the ozone layer? What are some of the consequences of this
depletion?

4. What is acid rain? How does it form?

5. What are the consequences of acid rain?

1. What beneficial consequences will result from reducing the amount of air pollution?

2. What are examples of "cleaner" sources of energy?

3. Using ozone friendly chemicals will have what effect?

4. How do we solve the issue of acid rain?

Review 

1. What two environmental effects are mainly associated with the burning of fossil fuels?
2. Explain how air pollution is related to acid rain and ozone depletion.
3. What benefits does the ozone layer provide?

Vocabulary 

• Air Pollution
• Acid rain
• Ozone

http://www.hippocampus.org/Biology 

Ø Biology for AP  
Ø Search: Saving Our Planet 
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15.4 Global Warming 
Is the Earth really fragile? 

Maybe not the planet, but how about the ecosystems? It 
may soon be hard to argue that global climate change 
does not exist. Climate change can definitely be seen in 
numerous ecosystems. So what will we do about it? 

Global Climate Change 

Another major problem caused by air pollution is global 
climate change. Gases such as carbon dioxide from the 
burning of fossil fuels increase the natural greenhouse 
effect. This raises the temperature of Earth’s surface. 

What Is the Greenhouse Effect? 

The greenhouse effect is a natural feature of Earth’s atmosphere. It occurs when gases in the 
atmosphere radiate the sun’s heat back down to Earth’s surface (see Figure 15.8). Otherwise, 
the heat would escape into space. Without the greenhouse effect, Earth’s surface temperature 
would be far cooler than it is. In fact, it would be too cold to support life as we know it. 

Figure 15.8 The Greenhouse Effect. Without greenhouse 
gases, most of the sun’s energy would be radiated from 

Earth’s surface back out to space. 
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Global Warming 

Global warming refers to a recent increase in Earth’s average surface temperature (see Figure 
15.9). During the past century, the temperature has risen by almost 1°C (about 1.3°F). That may 
not seem like much. But consider that just 10°C is the difference between an ice-free and an ice-
covered Earth. 

Figure 15. 9 The average annual temperature on Earth has been rising for the past 100 years. 

Most scientists agree that global warming is caused by more carbon dioxide in the atmosphere 
(see Figure 15.10). This increases the greenhouse effect. There is more carbon dioxide mainly 
because of the burning of fossil fuels. Destroying forests is another cause. With fewer forests, 
less carbon dioxide is removed from the atmosphere by photosynthesis. 
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Figure 15.10 This graph shows the recent trend in carbon dioxide in the atmosphere. 

Effects of Climate Change 

How has global warming affected Earth and its life? Some of its effects include: 

• Decline in cold-adapted species such as polar bears.
• Melting of glaciers and rising sea levels.
• Coastal flooding and shoreline erosion.
• Heat-related human health problems.
• More droughts and water shortages.
• Changing patterns of precipitation.
• Increasing severity of storms.
• Major crop losses.

These two videos discuss some of the consequences from changes in ecosystems: 

Ø http://www.youtube.com/watch?v=jHWgWxDWhsA (7:47) 
Ø http://www.youtube.com/watch?v=5qblwORXwrg (2:26). 

KQED: Climate Watch: California at the Tipping Point 

The world's climate is changing and California is now being affected in both dramatic and subtle 
ways. In 2008, scientists determined that California’s temperatures increased by more than 2.1°F 
during the last century. What’s more, the data showed that human activity has played a 
significant role in that climate change. "What's just 2 degrees?" you may wonder. But, as the 
science shows, just 2 degrees is extremely significant. 



102 

What does all this temperature change mean? For starters, declining mountain snowpack and 
prolonged drought conditions could pose a threat to limited water supplies. Heat waves are 
projected to be longer, bringing increased danger from wildfires and heat-related deaths. Rising 
sea levels due to temperature shifts jeopardize life in coastal areas, both for human communities 
and the plants and animals that rely on intertidal and rich wetland ecosystems. Also, more 
precipitation is expected to fall as rain rather than snow, thereby increasing the risk of floods. 
And, as heat increases the formation of smog, poor air quality could get even worse. 

Climate change may also profoundly affect the economy in California and elsewhere. Shorter ski 
seasons and damage to the marine ecosystem mean a reduction in tourism. Water shortages mean 
issues with the commercial and recreational fishing industry, and higher temperatures will affect 
crop growth and quality, weakening the agricultural industry, to name just a few of the economic 
issues associated with climate change. 

Get an in-depth look at the science behind climate change at 
http://www.kqed.org/quest/television/climate-watch-california-at-the-tipping-point-part-one . 
(22:10) 

KQED: Giant Redwoods and Global Warming 

Forest ecologist Steve Sillett is leading a team of scientists as they climb and measure every 
branch of some of the last and tallest old growth redwoods in California. Their goal is to learn 
how these ancient giants have historically responded to climatic shifts and to monitor how they 
are being impacted today by global warming. See 

Ø  http://www.kqed.org/quest/television/science-on-the-spot-measuring-redwood-
giants (6:17) 

for additional information. 

KQED: Acidic Seas 

Melting glaciers, rising temperatures and droughts are all impacts of global warming. But how 
does global warming actually affect the oceans? The sea, it turns out, absorbs carbon dioxide 
emissions. The ocean acts like a giant sponge, absorbing carbon dioxide emissions from the air. 
And as we add more and more carbon dioxide to air by burning fossil fuels, the ocean is 
absorbing it. On one level, it's done us a big favor. Scientists say that we would be experiencing 
much more extreme climate change were it not for the ocean's ability to remove the heat-trapping 
gas. However, these emissions are causing the oceans to become more acidic. Changing pH 
levels threaten entire marine food webs, from coral reefs to salmon. See  

Ø http://www.kqed.org/quest/radio/acidic-seas (5:15) 

for additional information. 
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As carbon dioxide levels increase in the atmosphere, the levels also increase in the oceans. What 
effects does this have? Can ocean acidification make it difficult for sea life to produce their hard 
exoskeletons? Find out at 

Ø  http://science.kqed.org/quest/video/your-videos-on-quest-dan-griffin-of-gg-films/ (2:00). 

What Can Be Done? 

Efforts to reduce future global warming mainly involve energy use. We need to use less energy, 
for example, by driving more fuel-efficient cars. We also need to switch to energy sources that 
produce less carbon dioxide, such as solar and wind energy. At the same time, we can increase 
the amount of carbon dioxide that is removed from air. We can stop destroying forests and plant 
new ones. 

Summary 

• Gases such as carbon dioxide from the burning of fossil fuels increase the natural
greenhouse effect. This is raising the temperature of Earth’s surface, and is called global
warming.

Practice I 

Use this resource to answer the questions that follow. 

1. What is global warming?

2. How does the burning of fossil fuels lead to global warming?

3. Describe the role of water vapor in global warming.

4. What causes sea levels to rise?

http://www.hippocampus.org/Biology 

Ø Biology for AP*    
Ø Search: Environmental Degradation 
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Practice II 

• Greenhouse effect interactive simulation:

Ø http://phet.colorado.edu/en/simulation/greenhouse

Review 

1. How does air pollution contribute to global warming?
2. What is the greenhouse effect?
3. What are three effects of global warming?

Vocabulary 

• Greenhouse Effect

http://www.hippocampus.org/Biology 

Ø Non-Majors Biology   
Ø Search: Global Challenges and Opportunities 
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15.5 What is biodiversity? 

How many species exist? We don't really know for 
sure. But all those species together, from the smallest 
bacteria, the deadliest protist, the most bizarre fungi, 
the prettiest plant, and the biggest mammal, compile 
the diversity of life, or biodiversity. 

What Is Biodiversity? 

Biodiversity refers to the variety of life and its processes, 
including the variety of living organisms, the genetic 
differences among them, and the communities 
and ecosystems in which they occur. Scientists have 
identified about 1.9 million species alive today. They are 
divided into the six kingdoms of life shown in Figure 
15.11. Scientists are still discovering new species. Thus, 
they do not know for sure how many species really exist 
today. Most estimates range from 5 to 30 million species. 

Cogs and Wheels 

“The first rule of intelligent tinkering is to save all the 
pieces.” 

 - attributed to Aldo Leopold, but probably a 
shortened version of:  

"To save every cog and wheel is the first precaution of 
intelligent tinkering." 

 - Aldo Leopold, Round River: from the Journals of 
Aldo Leopold , 1953 

What are the “cogs” and “wheels” of life? 

Although the concept of biodiversity did not become a 
vital component of biology and political science until 
nearly 40 years after Aldo Leopold’s death in 1948, 
Leopold – often considered the father of modern ecology 
–would have likely found the term an appropriate
description of his “cogs and wheels.” Literally, 

Figure 15.11 Known species represent 
only a fraction of all species that exist on 
Earth. 
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biodiversity is the many different kinds (diversity) of life (bio-). Biologists, however, always 
alert to levels of organization, have identified three measures of life’s variation. Species 
diversity best fits the literal translation: the number of different species in a particular ecosystem 
or on Earth. A second measure recognizes variation within a species: differences among 
individuals or populations make up genetic diversity. Finally, as Leopold clearly understood, the 
“cogs and wheels” include not only life but also the land, sea, and air that support 
life. Ecosystem diversity describes the many types of functional units formed by living 
communities interacting with their environments. Although all three levels of diversity are 
important, the term biodiversity usually refers to species diversity. 

A discussion of biodiversity is available at 

Ø http://www.youtube.com/watch?v=vGxJArebKoc(6:12). 

Summary 

• Biodiversity refers to the number of species in an ecosystem or the biosphere as a whole.

Practice 

Use this resource to answer the questions that follow. 

1. Define biodiversity.

2. What factors help a region survive?

3. What is genetic biodiversity? Why is it important?

4. What is species diversity? Why is it important?

5. What is ecosystem diversity? Why is it important?

6. What is meant by interdependent ?

Review 

1. What is biodiversity?

2. What are the three measures of life’s variations?

Biodiversity at 

Ø http://vimeo.com/14105623 
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3. What is meant by ecosystem diversity?

Vocabulary 

• Biodviersity

• Ecosystem diversity

• Genetic diversity

• Species diversity
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15.6 Why is biodiversity important? 

Think about how many species exist. Most likely well over 5 
million. Now think about how much information about those 
species we do not yet understand. We do not know what we 
can learn from them. 

Why Is Biodiversity Important? 

Human beings benefit in many ways from biodiversity. 
Biodiversity has direct economic benefits. It also provides 
services to entire ecosystems. 

Economic Benefits of Biodiversity 

The diversity of species provides humans with a wide range of economic benefits: 

• Wild plants and animals maintain a valuable pool of genetic variation . This is important
because domestic species are genetically uniform. This puts them at great risk of dying out
due to disease.

• Other organisms provide humans with many different products. Timber, fibers, adhesives,
dyes, and rubber are just a few.

• Certain species may warn us of toxins in the environment. When the peregrine falcon
nearly went extinct, for example, it warned us of the dangers of DDT.

• More than half of the most important prescription drugs come from wild species. Only a
fraction of species have yet been studied for their medical potential.

• Other living things provide inspiration for engineering and technology. For example, the
car design in Figure 15.12 was based on a fish.
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Figure 15.12 From flowers to fish, biodiversity benefits humans in many ways. 

Ecosystem Services of Biodiversity 

Biodiversity generally increases the productivity and stability of ecosystems . It helps ensure that 
at least some species will survive environmental change. It also provides many other ecosystem 
services. For example: 

• Plants and algae maintain the atmosphere. During photosynthesis, they add oxygen and
remove carbon dioxide.

• Plants help prevent soil erosion. They also improve soil quality when they decompose.

• Microorganisms purify water in rivers and lakes. They also return nutrients to the soil.

• Bacteria fix nitrogen and make it available to plants. Other bacteria recycle the nitrogen
from organic wastes and remains of dead organisms.

• Insects and birds pollinate flowering plants, including crop plants.

• Natural predators control insect pests. They reduce the need for expensive pesticides,
which may harm people and other living things.

Summary 

• Biodiversity has direct economic benefits. It also provides services to entire ecosystems.

Practice 

Use this resource to answer the questions that follow. 
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1. Why is biodiversity an "essential natural resource"?

2. How have humans threatened biodiversity?

3. Distinguish between a threatened and endangered species.

Review 

1. List three economic benefits of biodiversity.

2. Identify three ecosystem services of biodiversity.

3. Predict what would happen to other organisms in an ecosystem in which all the
decomposers went extinct?

Vocabulary 

• Genetic Variation

http://www.hippocampus.org/Biology 

Ø Biology for AP  
Ø Search: The Loss of Biodiversity 
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