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Notes to Instructors

Chapter 16 The Molecular Basis of Inheritance

What is the focus of these activities?

Almost all introductory biology students know that DNA is the hereditary material in
living cells. Many of them have a difficult time visualizing its overall structure, however,
and how that structure and the characteristics of associated enzymes determine its mode
of replication.

What are the particular activities designed to do?

Activity 16.1 Is the hereditary material DNA or protein?
This activity is designed to help students organize and review the experiments and
thought processes that lead first to an understanding that DNA is the hereditary material
and later to the structure of the DNA double helix.

Activity 16.2 How does DNA replicate?
This activity is designed to give students a better understanding of both the overall
process of DNA replication and the experimental evidence used to support the
semiconservative model of replication.

What misconceptions or difficulties can these activities reveal?

Activity 16.1
This activity asks students to review and integrate the evidence from a series of
experiments that together demonstrated that DNA (not protein) is the hereditary material.
The vast majority of introductory biology students already know that DNA is the
hereditary material (and have known this “all their lives”). As a result, they often “can’t
see the point in rehashing old experiments.” It is often necessary to be very explicit about
what you want them to learn from this review. You may need to state that you want
students to understand the logic behind the experiments in addition to the evidence that
the experiments provide.

In addition, many students don’t understand the experiments of Meselson and Stahl. We
offer a couple of reasons:

1. Many don’t understand why growing bacteria in a medium that contains only 15N
means that the DNA the bacteria produce will ultimately contain 15N in its
nucleotides. It is useful to let them know that, like plants, many bacteria are capable
of manufacturing macromolecules (like nucleotides) from inorganic precursors.



2. Students may not understand why DNA that contains 15N will layer out in a
centrifuge tube lower than DNA that contains 14N. They generally don’t understand
that the centrifuge tube contains a density gradient established prior to the addition
of DNA and that centrifugation separates compounds based on their density.
(Note: A density gradient can be set up by centrifuging a concentrated solution of
CsCl in an ultracentrifuge for up to 24 hours.)

Activity 16.2
Students tend to encounter a number of difficulties, misconceptions, and missing
conceptions as they model DNA replication. Here are several possible problems:

1. Many students don’t understand what 5� and 3� mean relative to the structure of
DNA. To explain this, it is useful to draw a deoxyribose molecule and show how the
carbons are numbered clockwise in the ring (from the oxygen). The phosphate group
is attached to the number 5 carbon, the base is attached to the number 1 carbon, and
the number 3 carbon is the only one left with an open hydroxyl group. As a result,
one nucleotide is attached to the next by adding to this hydroxyl group on the
number 3 carbon. The chain of nucleotides appears to grow in the direction of the
number 3 carbon—that is, from the 5� end to the 3� end.

2. Many students want to know why DNA polymerase can add nucleotides only to an
open hydroxyl group at the 3� end of a nucleotide. Remind them that enzymes
operate in a lock-and-key type of operation. The active site has a specific
configuration and can operate only in this configuration, which in this case 
dictates that DNA polymerase can add only onto the 3� end of a nucleotide.

3. The majority of students have difficulty understanding both why and how Okasaki
fragments are produced on the lagging strand. When they understand the limitations
of DNA polymerase, the why is clear. The how becomes more apparent as they work
through the model.

4. Students may not understand how RNA primers on the lagging strand are removed
by a second type of DNA polymerase. Again, the model helps explain this. Knowing
that this removal is done by a second polymerase also helps students understand why
these fragments need to be ligated together by the action of ligase.

5. Most students are able to understand which strand of replicating DNA is the leading
strand and which is the lagging strand if they begin replication at one end of a DNA
strand. It is more difficult for them to visualize this, however, if replication begins in
the middle of the strand. It may be useful to have students look at what happens on
one side of the replication bubble first and then look at the other side. Finally, they
can combine the two images to get the overall picture.
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Answers

Activity 16.1 Is the hereditary material DNA or protein?

Accumulating and Analyzing the Evidence

Build a concept map to review the evidence used to determine that DNA was the genetic
material, the structure of DNA, and its mode of replicaton. Keep in mind that there are
many ways to construct a concept map.

• First, develop a separate concept map for each set of terms (A to D on the next
page). Begin by writing each term on a separate sticky note or sheet of paper.

• Then organize each set of terms into a map that indicates how the terms are
associated or related.

• Draw lines between the terms and add action phrases to the lines to indicate how
the terms are related.

Here is an example:

• After you have completed each of the individual concept maps, merge or
interrelate the maps to show the overall logic used to conclude that DNA
(not protein) is the hereditary material.

• When you have completed the overall concept map, answer the questions.
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1. In the early to mid-1900s, there was considerable debate about whether protein or
DNA was the hereditary material.
a. For what reasons did many researchers assume that protein was the genetic

material?

Biologists understood that chromosomes segregated to opposite poles in mitosis
and that the chromosome number was halved in meiosis. They also knew that
chromosomes were made of both protein and DNA. Chemistry had revealed that
proteins were made up of about 20 different amino acids. In contrast, DNA was
composed of only four different nucleotides: adenine, thymine, guanine, and
cytosine. Proteins were also known to have a more complex structure. As a result,
the general feeling was that protein was more likely than DNA to be the genetic
material.

Terms



b. What key sets of experiments led to the
understanding that, in fact, DNA and
not protein was the hereditary material?

c. What evidence did each experiment
provide?

Griffith experimented with a lethal S strain
of bacteria and a nonlethal R strain of the
same bacterial species. S strain injected
into mice killed them. R strain didn’t, and
neither did heat-killed S strain. If heat-
killed S and live R strains were mixed and
injected simultaneously, however, the mice
died. When autopsied, live S bacteria were
found.

These experiments indicated that some
factor from the heat-killed S strain was
able to transform live R into S bacteria.

Avery, McCarty, and MacLeod repeated
Griffith’s experiments and confirmed his
results. They then separated and purified
the various components of the heat-killed
S strain: carbohydrates, proteins, and 
DNA. They added each of the purified
compounds separately to R bacteria. Only
the DNA fraction caused R bacteria to
transform to S bacterial.

These experiments indicated that it was
the DNA that caused the transformation
and not the protein. Critics argued that the
DNA fraction was not pure, however, that
it contained some protein. They thought it
was the associated protein and not the
DNA that caused the transformation.

Hershey and Chase knew that T2 phage
were made of only protein and DNA. They
also knew that T2 phage could somehow
cause bacteria to produce more T2 phage.
Hershey and Chase grew two different
cultures of phage, one on cells that
contained amino acids labeled with
radioactive sulfur, and the other on cells
that contained nucleotides labeled with
radioactive phosphorus. They used these
viruses to infect unlabeled bacteria. They
added 35S phage to bacteria, waited a few
minutes, and then blended the mixture in a
Waring blender. When they centrifuged
the mixture, bacterial cells pelleted to the
bottom of the tube. Any viruses or virus
parts that were not attached to the cells
remained in the supernate. In a second set
of experiments, they did the same with the
32P-labeled viruses and a new culture of
the bacteria.

These experiments showed that only the
32P- labeled viruses were associated with
the bacterial cells that pelleted out in the
centrifuge. If the researchers cultured
these cells further, they could show that
new viruses were produced. As a result,
they demonstrated that it was the DNA in
the viruses that was transferred to the
bacteria and caused the production of new
viruses. (There was arguably some protein
contamination in these experiments, too,
but by this time, enough evidence had
accumulated that most were willing to
accept this experiment as conclusively
settling the argument—that is, showing
that DNA is the hereditary material.)
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2. Watson and Crick were the first to correctly describe the structure of DNA. What
evidence did they use to do this? How did they use this evidence to put together or
propose the structure of DNA?

Watson and Crick collected the following evidence:

• Chargaff’s rule indicated that the amount of adenine in DNA was equal to the
amount of thymine and that the amount of guanine was equal to the amount of
cytosine.

• The chemical structure of the four nucleotides was known. It was clear from their
structure that adenine and thymine were each capable of forming two hydrogen
bonds with other compounds and that guanine and cytosine were each capable of
forming three hydrogen bonds.

• Rosalind Franklin’s X-ray crystallography data allowed Watson and Crick to
determine the width of the DNA molecule, the fact that it was helical, and the
distance between turns on the helix.

• Chemical analysis of DNA indicated that it also contained phosphate and
deoxyribose sugar.

Watson and Crick used this evidence to build scale models of the molecules that
make up DNA—that is, of adenine, guanine, cytosine, and thymine, deoxyribose
sugar, and phosphate groups. Using these models and what they knew to be the
distance across the DNA molecule and the distance between turns of the helix, they
pieced together a model that not only “fit” the evidence but also suggested a method
of replication. (See pages 308–310 of Campbell Biology, 9th edition, for further details.)

3. How did the results of Meselson and Stahl’s experiments show that DNA replicates
semiconservatively? To answer this, answer the following questions.

a. Diagram the results that would be expected for each type of replication proposed.

Meselson and Stahl grew bacteria for many generations in a medium containing
heavy nitrogen (N15). The bacteria used the heavy nitrogen to make the
nitrogenous bases of their DNA. The scientists isolated the DNA from some of
these bacteria and centrifuged it on a density gradient. The DNA banded out in a
single heavy-density layer. DNA from a different culture of bacteria grown on
N14 medium only banded out in a single lighter-density layer.

Meselson and Stahl then took some of the N15 bacteria, placed them in N14

medium, and allowed them to remain there for one DNA replication cycle. Next,
they took some of these bacteria and allowed them to go through one more DNA
replication cycle in N14 medium.

See Figure 16.10 on page 312 in Campbell Biology, 9th edition, for the proposed
outcomes of the experiment if replication was conservative versus dispersive
versus semiconservative.
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b. What evidence allowed Meselson and Stahl to eliminate the conservative model?

If the DNA replicated conservatively, after one replication cycle the two DNA
molecules produced should have been the original DNA molecule and an 
entirely new DNA molecule. If the original DNA was labeled with N15 and 
the new molecule was labeled with N14, these should have banded out during
centrifugation at two different levels (two different density bands), one light and
one heavy. Instead the DNA was all found in a single intermediate-density band.
This eliminated the conservative model as a possibility.

c. What evidence allowed them to eliminate the dispersive model.

If the dispersive model were correct, after the first division cycle they would
expect to find one band of DNA at an intermediate density. At the end of the
second replication cycle (in N14 medium), they would expect to see one band
again at a density level a bit closer to that of the N14 DNA alone. Instead, after
the second replication in N14 medium, they found the DNA in two bands—one
that was at the N14 level and another that was intermediate between the N14 and
N15 levels. This eliminated the dispersive model and supported the
semiconservative model.

An E. coli cell that contains a single circular chromosome made of double-stranded DNA
is allowed to replicate for many generations in 15N medium until all of the E. coli cells’
DNA is labeled with 15N. One E. coli cell is removed from the 15N medium and is placed
into medium in which all of the available nucleotides are 14N labeled. The E. coli cell is
allowed to replicate until eight E. coli are formed.

1. Given this situation, which of the following is true?
a. Some 15N-labeled DNA will be found in all eight cells.
b. Some 15N-labeled DNA will be found in only four of the cells.
c. Some 15N-labeled DNA will be found in only two of the cells.
d. Some 15N-labeled DNA will be found in only one of the cells.

c is the correct answer. See the drawing on the next page.
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Activity 16.2 How does DNA replicate?

Working in groups of three or four, construct a dynamic (working or active) model of
DNA replication. You may use the materials provided in class or devise your own.

Building the Model

• Develop a model of a short segment of double-stranded DNA.

• Include a key for your model that indicates what each component represents in
the DNA molecule—for example, adenine, phosphate group, deoxyribose.

• Create a dynamic (claymation-type) model of replication. Actively move the
required bases, enzymes, and other components needed to model replication of
your DNA segment.

Your model should describe the roles and relationships of all the following enzymes and
structures in replication:
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15N 15N 15N 15N 15N14N 14N 14N 14N 14N

parental DNA lagging strand Okazaki fragment

nucleotide excision repair telomerase DNA polymerase

daughter DNA 5� end helicase

mutation 3� end DNA ligase

antiparallel strands 3� → 5� versus 5� → 3� primase

single-stranded DNA- nitrogenous bases RNA primers
binding proteins A, T, G, C origin of replication

leading strand replication fork

telomeres replication bubble

2. Draw the sequence of events that occurred to explain your answer.

Note: Although it is drawn in linear format here, the DNA in E. coli would be circular.



Use your model to answer the questions.

1. Explain how Meselson and Stahl’s experiments support the idea that DNA
replication is semiconservative.

Three alternative models for replication of DNA were possible. See Figure 16.10 on
page 312 for diagrams of the conservative, semiconservative, and dispersive models.

Meselson and Stahl grew bacteria in a culture medium that contained nucleotides
labeled with heavy nitrogen (one extra neutron added), or 15N. After many
generations, the DNA in the bacteria was completely labeled with 15N nucleotides.
They grew other bacteria in only 14N-labeled nucleotides. If they disrupted (broke
open or lysed) the bacteria, they could extract the DNA. They could then layer the
DNA on top of a CsCl gradient in a centrifuge tube. When they centrifuged this tube,
the DNA settled out or layered at the density (in the CsCl solution) that was equal to
its own density. When they followed this procedure with the 15N-labeled DNA, it
settled out into a layer at a higher density than when they used the 14N-labeled DNA.

Meselson and Stahl then removed some of the bacteria from this culture medium and
placed them in a medium that contained only 14N-labeled nucleotides. In this culture
medium, the bacteria were known to replicate every 20 minutes. They let the
bacteria replicate two times in this medium. They extracted their DNA, layered the
DNA on CsCl gradients in centrifuge tubes, centrifuged the DNA, and looked to see
where it layered or settled out in the density gradient. Only if the semiconservative
model was true would they find two layers of DNA, one at the 14N density level and
one at a level intermediate between 14N and 15N. (Refer to Figure 16.11, page 312.)

(Note: To develop a CsCl gradient in a centrifuge tube, a concentrated solution of
CsCl is centrifuged for up to 24 hours in an ultracentrifuge. Today, different-colored
beads of known density can be added to the solution. When a compound of unknown
density is layered on top of this density gradient and then centrifuged, the location of
the band relative to the beads allows researchers to easily identify the density of the
compound.)

2. A new form of DNA is discovered that appears to be able to replicate itself both in
the 3� → 5� direction and in the 5� → 3� direction. If this is true, how would this
newly discovered DNA replication differ from DNA replication as we know it?

No Okasaki fragments would be found in this new form of DNA replication.

3. Amazingly, an alien species of cellular organism is found alive in the remains of a
meteorite that landed in the Mojave Desert. As a scientist, you are trying to
determine whether this alien life-form uses DNA, protein, or some other type of
compound as its hereditary material.

a. What kinds of experiments would you propose to determine what the hereditary
material is?
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There are a number of different ways of doing this. Here is one possibility: You
could try to grow some of the organism’s cells in culture and then observe the
cells. Do they have a nucleus and chromosomes? Do the chromosomes behave
like chromosomes in eukaryotes on Earth? Can the chromosomes be observed to
separate during cell divison? If not, what does separate to the daughter cells?
Based on your findings, do some chemical analysis of the possible hereditary
material to determine whether it is protein, DNA, or some other compound.

b. Assuming that the hereditary material turns out to be similar to our DNA,
describe the simplest experiments you could run to try to determine if it is
double-stranded like our DNA, triple-stranded, or something else.

Here is one possible way of doing this: You could do X-ray crystallography of the
DNA from the organism to check the distance across the DNA molecule and the
distance between turns of the helix (assuming it is a helix). You would also need
to do an analysis of the relative amounts of adenine, thymine, guanine, and
cytosine in the cell as well as the relative amounts of phosphate and deoxyribose.
Then use the results of your analysis to build a model similar to that of Watson
and Crick.

4. Some researchers estimate that the mutation rate for any given gene (or its DNA) in
certain strains of bacteria is about 108. This means that one error or mutation in a
given gene is introduced for every 100-million cell divisions.

a. What can cause mistakes in replication?

An incorrect or mismatched nucleotide can be added during replication.
Alteratively, X-rays, UV light, or chemicals can modify the DNA so that errors
are perpetuated during subsequent replication events.

b. How are such mistakes normally corrected?

DNA polymerase inserts new nucleotides during replication. It also checks or
proofreads each new nucleotide against the template for mismatches. If a
mismatch is found, DNA polymerase removes it and replaces it with a correct
nucleotide. Errors introduced by X-rays and other factors are generally repaired
by DNA repair enzymes in the cell. (For an example, see Figure 16.19,
page 318.)
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Notes to Instructors

Chapter 17 From Gene to Protein

What is the focus of this activity?

It is very difficult for many introductory biology students to sort out and visualize active
processes at the molecular level. Although viewing animations of such processes can help
some students, most need to build active models for themselves to discover what it is they
understand and, more important, what they don’t. After modeling DNA replication in
Activity 17.1, most students won’t have difficulty modeling transcription; however,
modeling and understanding the process of translation are more challenging for many
students.

What is this particular activity designed to do?

Activity 17.1 Modeling transcription and translation: What processes produce RNA
from DNA and protein from mRNA?
This activity allows students to build a visual model of transcription in the nucleus and
translation of the transcript in the cytoplasm. Building an active model gives students a
better understanding of these dynamic processes.

What misconceptions or difficulties can this activity reveal?

Activity 17.1
Students tend to encounter a number of difficulties, misconceptions, and missing
conceptions as they model both transcription and translation. Here are several possible
problems:

1. Most students are able to give the definition of a gene (for example, a gene is the
region of DNA that produces an RNA molecule). However, many have difficulty
defining a gene in terms of the bases in a template strand of DNA.

2. Many students want to know “how we know which strand is the template strand.”
We often answer this by saying, “the one that makes the mRNA transcript.”
However, students may not realize that this means that the only way we know which
strand is the template strand is by comparing the base sequence of the transcript with
that of each DNA strand.
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3. In translation, many students have difficulty understanding what occurs at each of
the various sites (A, P, and E) on the ribosome. Modeling what happens as each
codon moves first into the A site, then the P site, and so on helps them sort this out.

4. Many students don’t understand “where the amino acids in the cell come from” or
“where they are in the cell.” It’s often useful to remind them that the food they eat is
digested or broken down into its monomers, including amino acids. The amino acids
enter the bloodstream and are picked up by cells. Actively metabolizing cells will
contain amino acids in their cytoplasm.

5. Students often ask how the various aminoacyl tRNA synthetases are able to find the
correct amino acids and tRNA molecules. Again, it is useful to remind them that
aminoacyl tRNA synthetases are enzymes. Ask them what properties enzymes have.
This will help them understand that each is specific for a particular type (and
therefore 3-D shape) of amino acid and tRNA. However, many students will still
need to be reminded that interactions between these enzymes and their amino acid
and tRNA molecules occur as a result of random interactions within the cell.

6. The modeling activity helps students to better understand why a stop codon actually
stops polypeptide formation and allows the mRNA and ribosome to dissociate.

Answers

Activity 17.1 Modeling transcription and translation: What
processes produce RNA from DNA and protein from mRNA?

Create a model of the processes of transcription and translation. Your model should be a
dynamic (working or active) representation of the events that occur first in transcription
in the nucleus and then in translation in the cytoplasm.

For the purposes of this activity, assume there are no introns in the mRNA transcript.

When developing and explaining your model, be sure to include definitions or
descriptions of the following terms and structures:
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Building the Model

• Use chalk on a tabletop or a marker on a large sheet of paper to draw a cell’s
plasma membrane and nuclear membrane. The nucleus should have a diameter of
about 12 inches.

• Draw a DNA molecule in the nucleus that contains the following DNA sequence:

Template strand 3� TAC TTT AAA GCG ATT 5�

Nontemplate strand 5� ATG AAA TTT CGC TAA 3�

• Use playdough or cutout pieces of paper to represent the various enzymes,
ribosome subunits, amino acids, and other components.

• Use the pieces you assembled to build a dynamic (claymation-type) model of the
processes of transcription and translation.

• When you feel you have developed a good working model, use it to explain the
processes of transcription and translation to another student or to your instructor.

Use your model of transcription and translation to answer the questions.

1. How would you need to modify your model to include intron removal? Your explanation
should contain definitions or descriptions of the following terms and structures:
pre-mRNA exons

RNA splicing spliceosome

introns
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gene

DNA

nucleotides: A, T, G, and C versus A, U,
G, and C

RNA modification(s) after transcription

mRNA

RNA polymerase

poly(A) tail

5� cap

translation

protein synthesis

ribosome (large versus small subunit)

A, P, and E sites

tRNA

rRNA

start codon (methionine)

aminoacyl-tRNA synthetase

amino acids (see Figure 17.4, page 329, in
Campbell Biology, 9th edition)

peptidyl transferase

polypeptide

energy

codons

stop codons

anticodons

initiation

elongation

termination

polypeptide



To answer this question, review Figures 17.10 and 17.11 and the accompanying text
on pages 334–336 of Campbell Biology, 9th edition.

2. If 20% of the DNA in a guinea pig cell is adenine, what percentage is cytosine?
Explain your answer.

If 20% is adenine, then 20% is thymine. The remaining 60% is composed of
cytosine and guanine in equal percentages so that each makes up 30% of the DNA.

3. A number of different types of RNA exist in prokaryotic and eukaryotic cells. List
the three main types of RNA involved in transcription and translation. Answer the
questions to complete the chart.
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a. Types of RNA b. Where are they
produced?

c. Where and how do they
function in cells?

mRNA In the nucleus, from 
specific genes (often called
structural genes) on the
DNA

mRNA functions in the
cytoplasm, where it is
translated into protein. The
mRNA carries the
information in codons that
determine the order of
amino acids in a protein.

tRNA Other genes in the nuclear
DNA code for tRNA
molecules

tRNA molecules function in
the cytoplasm in translation
Each tRNA molecule can
combine with a specific
amino acid. Complementary
base pairing of tRNA
molecule with a codon in
the A site of the ribosome
brings the correct amino
acid into position in the
growing polypeptide chain.

rRNA Still other genes in the
nuclear DNA code for
rRNA molecules.

rRNA molecules combine
with protein to form the
ribosomes, which serve as
the base for interactions
between mRNA codons and
tRNA anticodons in
traslation in the cytoplasm.
(See Figure 17.17,
page 340)



4. Given your understanding of transcription and translation, fill in the blanks below
and indicate the 5� and 3� ends of each nucleotide sequence. Again, assume no RNA
processing occurs.

5. Scientists struggled to understand how four bases could code for 20 different
amino acids. If one base coded for one amino acid, the cell could produce only four
different kinds of amino acids (41). If two bases coded for each amino acid, there
would be four possible choices (of nucleotides) for the first base and four possible
choices for the second base. This would produce 42 or 16 possible amino acids.

a. What is the maximum number of three-letter codons that can be produced using
only four different nucleotide bases in DNA?

43, or 64

b. How many different codons could be produced if the codons were four bases long?

44, or 256

Mathematical logic indicates that at least three bases must code for each amino acid.
This led scientists to ask:

• How can we determine whether this is true?

• Which combinations of bases code for each of the amino acids?

To answer these questions, scientists manufactured different artificial mRNA
strands. When placed in appropriate conditions, the strands could be used to produce
polypeptides.

Nontemplate strand of DNA: 5� A T G T A T G C C A A T G C A 3�

Template strand of DNA: –� T – – – – – – – – – – – – – – –�

mRNA: –� A – – – – U – – – – – – – – – –�

Anticodons on complementary tRNA: –� – – – / – – – / – – – / – – – / – – – / –�

Template strand of DNA: 3� T A C A T A C G G T T A C G T 5�

mRNA: 5� A U G U A U G C C A A U G C A 3�

tRNA: 3� U A C / A U A / C G G / U U A / C G U / 5�

118 Activity 17.1
Copyright © 2011 Pearson Education, Inc.



Assume a scientist makes three artificial mRNA strands:

(x) 5� AAAAAAAAAAAAAAAAAAAAAAAAAA 3�

(y) 5� AAACCCAAACCCAAACCCAAACCCAAA 3�

(z) 5� AUAUAUAUAUAUAUAUAUAUAUAUAU 3�

When he analyzes the polypeptides produced, he finds that:

x produces a polypeptide composed entirely of lysine.

y produces a polypeptide that is 50% phenylalanine and 50% proline.

z produces a polypeptide that is 50% isoleucine and 50% tyrosine.

c. Do these results support the three-bases-per-codon or the four-bases-per-codon
hypothesis? Explain.

Only if there were three bases per codon would both y and z produce only two
different kinds of amino acids in equal proportions. In fact, each strand would
produce the two in alternating order; for example, the z strand would produce a
polypeptide chain of isoleucine followed by tyrosine followed by isoleucine, then
tyrosine, and so on.

d. This type of experiment was used to discover the mRNA nucleotide codons for
each of the 20 amino acids. If you were doing these experiments, what sequences
would you try next? Explain your logic.

There are many possible ways to answer this question. One possibility follows:
Continue as above and make the remaining three types of mRNA made up of
only one type of nucleotide—that is, poly G, poly U, or poly C. Then make all
possible combinations of the nucleotides taken two at a time—for example,
GCGC, CGCG, AGAG, and so on. Next, make other combinations of nucleotides
taken three at a time—for example, AAAGGGAAAGGG and so on. Continue
with combinations of nucleotides taken four at a time—for example,
AAAAUUUUAAAAUUUUAAAAUUUU and so on. In this last example, if the
codon for each amino acid is three bases long, these combinations of nucleotides
should give you a maximum of three different types of amino acids in equal
proportions or percentages.

6. Now that the complete genetic code has been determined, you can use the strand of
DNA shown here and the codon chart in Figure 17.4 on page 329 in Campbell
Biology, 9th edition, to answer the next questions.

Original template strand of DNA: 3� TAC GCA AGC AAT ACC GAC GAA 5�

a. If this DNA strand produces an mRNA, what does the sequence of the mRNA
read from 5� to 3�?

mRNA � 5� AUG CGU UCG UUA UGG CUG CUU 3�
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b. For what sequence of amino acids does this mRNA code? (Assume it does not
contain introns.)

Sequence of amino acids: methionine-arginine-serine-leucine-tryptophan-
leucine-leucine

c. The chart lists five point mutations that may occur in the original strand of DNA.
What happens to the amino acid sequence or protein produced as a result of each
mutation? (Note: Position 1 refers to the first base at the 3� end of the transcribed
strand. The last base in the DNA strand, at the 5� end, is at position 21.)

Original template strand: 3� TAC GCA AGC AAT ACC GAC GAA 5�

Mutation Effect on amino acid sequence

i. Substitution of T for G at
position 8.

This changes the codon in mRNA to a stop
codon; translation stops at this point. A
shorter (truncated) polypeptide is pro-
duced and this shortened polypeptide is
likely to be nonfunctional.

ii. Addition of T between
positions 8 and 9.

Serine is still incorporated as the third
amino acid, but the amino acids that
follow all differ from the sequence in part b
above. This is a frameshift mutation.

iii. Deletion of C at position 15. The first four amino acids in the chain are
not affected. The fifth amino acid becomes
cysteine and the subsequent amino acids
are also changed from part b.

iv. Substitution of T for C at
position 18.

The original mRNA codon, CUG, and the
one resulting from the substitution, CUA,
both code for leucine, so no change occurs
in the polypeptide sequence.

v. Deletion of C at position 18. Leucine is still inserted as the sixth amino
acid in the polypeptide. However, since
we’re given only a part of the sequence, it
is uncertain what the next amino acid in
the chain will be.

vi. Which of the mutations produces the greatest change in the amino acid
sequence of the polypeptide coded for by this 21-base-pair gene?

The addition of T between positions 8 and 9 still leaves the third amino
acid intact; however, all amino acids after that are different. In the
substitution of T for G at position 8, a stop codon is inserted and only the
first two amino acids are unaltered. As a result, this mutation produces the
greatest change.
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7. Sickle-cell disease is caused by a single base substitution in the gene for the beta
subunit of hemoglobin. This base substitution changes one of the amino acids in the
hemoglobin molecule from glutamic acid to valine. Look up the structures of
glutamic acid (glu) and valine (val) on page 79 of Campbell Biology, 9th edition.
What kinds of changes in protein structure might result from this substitution? Explain.

Glutamic acid is polar, and valine is nonpolar. Being polar, the glutamic acid
molecule would have been able to interact with water and other polar molecules, but
the valine molecule cannot. As a result, unlike glutamic acid, valine is more likely to
have an interior position in the hemoglobin molecule.

8. Why do dentists and physicians cover patients with lead aprons when they take
mouth or other X-rays?

As noted in this and other chapters, X-rays, UV light, and many chemicals can
damage DNA. Such damage can result in point mutations such as base substitutions,
deletions, and insertions. These mutations can cause cancer. If they occur in the cells
that will produce the gametes, the mutations can be passed on to offspring. As a
result, lead aprons are used to shield the rest of your body from any stray radiation.
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17.1 Test Your Understanding

During DNA replication, which of the following would you expect to be true? Explain
your answers.

T/F 1. More ligase would be associated with the lagging strand than with the leading
strand.

True—Okazaki fragments on the lagging strand would need to be connected by
ligase.

T/F 2. More primase would be used for the lagging strand than for the leading strand.

True—Each new Okazaki fragment would be started by addition of a short
RNA sequence by primase.

T/F 3. More helicase would be associated with the lagging strand than with the
leading strand.

False—Both strands would need to be unwound equally.

T/F 4. DNA ligase links the 3� end of one Okazaki fragment to the 5� end of the
another Okazaki fragment in the lagging strand.

True—The end of the first Okazaki fragment would be 3�; the next fragment
would begin at the 5�.

T/F 5. In the lagging strand, the enzyme DNA polymerase III which produces the next
Okazaki fragment also removes the short segment of primer RNA on the
previous Okazaki fragment.

False—A different DNA polymerase removes the primer.



6. You obtain a sample of double-stranded DNA and transcribe mRNA from this DNA.
You then analyze the base composition of each of the two DNA strands and the one
mRNA strand, and get the following results. The numbers indicate percentage of
each base in the strand:

a. Which of these strands must be the mRNA? Explain.

Strand 1 must be the mRNA because it contains U (uracil), which is found only
in RNA.

b. Which one is the template strand for the mRNA? Explain.

Strand 2 is the complement to strand 1. Therefore, it must be the template strand
for the mRNA.

7. In a new experiment, you obtain a different sample of double-stranded DNA and
transcribe mRNA from this DNA. You then analyze the base composition of each of
the two DNA strands and the one mRNA strand, and get the following results. The
numbers indicate percentage of each base in the strand:

a. Which of these strands could be the mRNA? Explain.

Either strand 1 or 3 could be the mRNA.

b. Which one must be the template strand for the mRNA? Explain.

Strand 2 must be DNA and it must also be the template strand for the mRNA
because it is complementary to both strands 1 and 3.

A G C T U

strand 1 40.1 28.9 9.9 0.0 21.1

strand 2 21.5 9.5 29.9 39.1 0.0

strand 3 40.0 29.0 9.7 21.3 0.0

A G C T U

strand 1 29.1 39.9 31.0 0.0 0.0

strand 2 0.0 30.0 39.8 30.2 0.0

strand 3 29.4 39.4 31.2 0.0 0.0
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8. Cystic fibrosis transmembrane conductance regulator (CFTR) proteins function in
cell membranes to allow chloride ions across cell membranes. Individuals with
cystic fibrosis (CF) have abnormal CFTR proteins that do not allow Cl� to move
across cell membranes. Chloride channels are essential to maintain osmotic balance
inside cells. Without properly functioning Cl� channels, water builds up inside the
cell. One result is a thickening of mucous in lungs and air passages.

You are doing research on a different disease, and you hypothesize that it may also
be due to a defect in an ion channel in the cell membrane.

a. Diagram or model production of a normal membrane ion channel.
b. Based on you understanding of cell membrane structure and function, propose at

least three different alterations that could result in a nonfunctional or missing ion
channel.

c. What questions would you need to answer to determine which of these may be
correct?

This question is designed to allow students to integrate their understanding of
general cell structure and function with that of genetic mutation and control.

a. Briefly, the diagram should include:
i. DNA/gene(s) for the channel protein

ii. RNA production and processing, including the target sequence on the gene to
get it to the rER

iii. Properly functioning Golgi that
• finalizes protein structure and
• functions to move the protein to the membrane, e.g., via targeted vesicles

b. Alterations that could result in a nonfunctional or missing channel could include:
i. Error/mutation in the DNA that results in faulty or nonexistent/terminated

protein
ii. Error in target sequence

iii. Error in function of Golgi and/or vesicle transport to membrane

c. Questions to be answered could include:
i. Is the DNA sequence of the gene altered?

ii. Is there an error in the splicing of the RNA or its targeting mechanism?
iii. Is there an error in the translation of the RNA?
iv. Are the Golgi functioning correctly

• in final folding, etc., of the protein channel, and
• in delivery of the protein to the membrane?
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Notes to Instructors

Chapter 18 The Genetics of Viruses and Bacteria

What is the focus of these activities?

Many students try to memorize these systems instead of understanding the logic
associated with their operation. These activities can be used to point out that it is much
easier to understand how these systems work if students look at the logic behind their
operation. Having students build models/diagrams of the systems and their operation is
very useful in this regard.

What are the particular activities designed to do?

Activity 18.1 How is gene expression controlled in bacteria?
Activity 18.2 Modeling the lac and trp operon systems: How can gene expression be
controlled in prokaryotes?
Activity 18.1 provides students with a mechanism to sort out similarities and differences
in the control of gene expression for inducible versus repressible operons. Activity 18.2
asks students to develop a visual model of how gene expression can be controlled in
prokaryotes. Both activities are designed to help students develop a better understanding
of how bacteria control gene activity. In particular, they should help clarify both what
operons are and how operons act to control gene expression.

Activity 18.3 How is gene activity controlled in eukaryotes?
Activity 18.3 asks students to integrate information from both Chapter 18 and earlier
chapters to develop an understanding of the various levels (or mechanisms for)
controlling gene expression in eukaryotes. For example, by this time, students understand
the DNA → RNA → protein sequence. However, they may not have considered how
many different types of control can exist in this general pathway or which of the available
types of control allow for fast versus slow responses by the organism.

Activity 18.4 What controls the cell cycle?
Activity 18.4 asks students to review the major controls or checkpoints that regulate cell
division. Cancer, uncontrolled cell division, can result if these controls fail.

What misconceptions or difficulties can these activities reveal?

Activity 18.1
Activity 18.2
Students tend to encounter a number of difficulties, misconceptions, and missing
conceptions in their understanding of what operons are and how they function to control
gene expression. We present three possible problems.
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1. Many students try to memorize these systems. Modeling is used to help students
develop and understand the logic associated with the systems’ operation. As students
work on the chart comparing the two types of operons and as they model the system,
it is helpful to ask questions that focus on the logic. For example, if specific
enzymes function to break down compound X, is it energetically efficient (or logical
from an energy standpoint) for the cell to produce the enzymes when compound X is
not present? Is it energetically efficient for the cell to produce glucose by
hydrolyzing lactose if a supply of glucose is already present in the cell? Bacteria are
capable of producing the amino acids they need from inorganic precursors; for
example, E. coli produce tryptophan as the end product of a series of five reactions.
This requires considerable energy expenditure. What would happen if the bacteria
came upon a source of ready-made tryptophan in their environment? What type of
control would allow the cell to simultaneously shut down production of all the
enzymes required for tryptophan synthesis?

2. Students often have difficulty understanding why there are two levels of control for
the lac operon. Again, it helps to direct students to look at these from an energetics
viewpoint. As noted, if lactose is not present, there is no need for the cell to produce
the enzymes for its digestion. However, is it energetically efficient for the cell to
produce the enzymes for lactose digestion when glucose is readily available in the
cell? One level of control determines whether or not the genes for lactose digestion
can be transcribed. Another level of control (the cAMP-CRP complex) determines
the binding efficiency of the RNA polymerase to the promoter site.

3. Many students don’t understand why cAMP levels vary relative to the level of glucose
in the cell. To understand this, they need to realize that when glucose levels are high,
the rate of metabolism and cell respiration in the cell is also likely to be high. As a
result, the cell’s supply of AMP is converted to ADP and the ADP is converted to ATP.
Under these conditions, the ratio of AMP to ATP in the cell is low and the amount of
cAMP is correspondingly low. When glucose supplies run low, the cell uses the energy
stored in its ATP by converting it to ADP. To gain additional energy, the ADP is
converted to AMP. The ratio of AMP to ATP increases, and the level of cAMP in the
cell also increases.

Activity 18.3
Before you assign this activity, it is a good idea to remind students that they already know
the DNA → RNA → protein pathway. Given this understanding and their knowledge of
how DNA, RNA, and protein function in the cell, you can ask them to work in small
groups. Their assignment is to use simple logic (don’t look in the textbook) to answer
these questions:

• Under what conditions would a cell find it necessary to control expression of its
genes?

• Which of these types of control would occur over the long term and which would
have to occur quickly (in the short term)?
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Collect ideas from the students and write them on the board. Then ask the following question:

• Given the answers to the previous questions, what types of control might exist in
cells to deal with the longer-term versus shorter-term responses?

Doing this exercise before assigning Activity 19.1 serves two purposes:

• It teaches students the types of questions they should be asking themselves as
they study.

• It helps students understand how to put what they learn into a logical context that
makes learning (and remembering what they learn) easier.

Activity 18.4
Many students are unaware of how complex the cell cycle controls are. It is often
counterintuitive to many that some of the controls actually function to disable or kill cells
with damaged control systems.

Answers

Activity 18.1 How is gene expression controlled in bacteria?

Fill in the chart to organize what we know about the lac and trp operons.
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(Continued on next page)

Operon: lac trp

Is the metabolic
pathway
anabolic or
catabolic?

Catabolic 
Hydrolyzes or breaks down
lactose(a disaccharide) into
glucose and galactose (two six-
carbon surgars)

Anabolic 
Synthesizes tryptophan from
precursors

What
regulatory
genes are
associated with
the operon and
what functions
does each
serve?

Genes:
lacI
promotor,
CRP
binding
site
operator

Functions: 
lacI produces an
active repressor
protein that binds
to the operator in
the absence of
lactose. The
promotor is the site
where RNA
polymerase binds to
the DNA. Binding
of RNA polymerase
is enhanced when
cAMP interacts with 

Genes:
trpR
promoter,
operator

Functions: 
trpR produces an
inactive repressor
protein that binds to
the operator only
when complexed
with excess trypto-
phan. RNA poly-
merase binds at the
promotor site and
transcribes the genes
for making trypto-
phan as long as trypto-
phan is not is excess.
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CRP and the
complex bind at the
CRP site on the
promotor region. As
a result, the enzymes
for lactose digestion
are produced only
when needed and
only when glucose is
not present.

What structural
genes are
included in
each operon
and what does
each produce?

Genes:
lacZ
lacy
lacA

Products: 
LacZ codes for the
�-galactosidase
enzyme, which
digest lactose into
glucose and
galactose. LacY
codes for a permease
to allow lactose to
enter the cell. LacA
codes for
transacetylase. Its
function is unclear.

Genes:
tryA
tryB
tryC
tryD
tryE

Products: 
These five genes
code for the five
enzymes required to
convert a precursor
molecule to
tryptophan (one of
the amino acids
required for protein
synthesis)

Is the operon
inducible or
repressible?

The lac operon is inducible. The trp operon is repressible.

Is the repressor
protein
produced in
active or
inactive from?

The repressor protein is produced
in its active form. (The active
form binds to the operator and
stops transcription of the
structural genes)

The repressor protein is produced
in its inactive form.

The repressor
protein
becomes active
when it
interacts with:

The repressor is active until it
complexes with lactose (or
allolactose). Then it becomes
inactive.

The repressor is inactive until it
complexes with excess
tryptophan in the cell.
Tryptophan changes the
configuration of the repressor,
and it is capable to binding to the
operator and stopping
transcription of the enzymes that
synthesize or make tryptophan.

Operon: lac trp



Activity 18.2 Modeling the lac and trp operon systems: How can
gene expression be controlled in prokaryotes?

Using the information in Activity 18.1 and in Chapter 18 of Campbell Biology, 
9th edition, construct a model or diagram of the normal operation of both the lac and trp
operon systems.

In your models or diagrams, be sure to include these considerations:

regulatory and structural genes

inducible versus repressible control

anabolic versus catabolic enzyme activity

negative versus positive controls

Use your model to answer the questions.

1. Under what circumstances would the lac operon be “on” versus “off”? The trp operon?

The lac operon would be off when there is no lactose in the cell. The lac operon
would be on when lactose is present and there is little or no glucose in the cell.
However, the lac operon would be off (or operating at very low levels) even when
lactose is present if sufficient glucose is simultaneously present.

The trp operon would be off when excess tryptophan is readily available to the cell.
It would be on at all other times.

2. How are the lac and trp operons similar (in structure, function, or both)?

Both have regulatory genes that produce repressor proteins that can interact with the
operator and shut down transcription of the structural genes.

3. What are the key differences between the lac and trp operons?

The lac operon is inducible; the presence of lactose induces production of the
enzymes needed for lactose digestion. The trp operon is repressible; it is ordinarily
on, producing tryptophan, which is needed for protein production by the cells. It is
turned off or repressed only when an excess of tryptophan is available to the cell.

The lac operon is controlled by both a regulatory protein, which interacts with the
operator and blocks RNA polymerase action, and a CRP site. RNA polymerase does
not attach effectively to the operator unless CRP (complexed with cAMP) is
attached at the CRP site. Once attached, it enhances the interaction of RNA
polymerase with the promoter region. cAMP levels in cells tend to be low when
glucose is present. As a result, even if lactose is present at relatively high levels, this
second control keeps production of the enzymes for digesting lactose at very low
levels if glucose is also present in the cells.
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4. What advantages are gained by having genes organized into operons?

As they are needed, both systems are set up to simultaneously turn on (or off) all of
the genes required in a metabolic pathway. This is much more efficient than having
each gene under independent control.

5. Strain X of E. coli contains a mutated lac regulatory gene on its bacterial genome.

As a result, the gene produces a nonfunctional lac repressor protein. You add a
plasmid (an extra circular piece of double-stranded DNA) to these cells. The plasmid
contains a normal regulatory gene and a normal lac operon.

Build a model or diagram of what one of these modified E. coli cells would look like.
Then answer the questions and use your model or diagram to explain your answers.

a. Before the addition of the plasmid, would the E. coli strain X cells be able to
produce the enzymes for lactose digestion? Explain.

Yes. The lacI gene ordinarily produces an active repressor protein that inhibits
production of the genes for lactose digestion. In this case, this gene is mutated so
that it cannot produce the repressor protein.

b. After the addition of the plasmid, would the plasmid’s lac operon produce the
enzymes for lactose digestion constitutively (all the time) or only when lactose
was the available sugar source? Explain.

The plasmid contains a normal regulatory gene and a normal lac operon. As a
result, the plasmid’s lac operon should produce the genes for lactose digestion
only when lactose was the available sugar source.

c. After the addition of the plasmid, would the bacterial genome’s lac operon
produce the enzymes for lactose digestion constitutively or only when lactose
was the available energy source? Explain.

The regulatory gene on the plasmid could produce enough repressor protein
molecules to affect both the plasmid operon and the bacterial chromosome’s
operon. So, after addition of the plasmid, the bacterial genome’s lac operon
would produce enzymes for lactose digestion only when lactose was the available
energy source.

d. If equal amounts of lactose and glucose were present in the cell, would the lac
operon in the bacterial DNA be off or on? Would the lac operon on the
introduced plasmid be off or on? Explain.

In combination with cAMP, CAP (catabolic activator protein) is an activator of
transcription for the lac operon. When glucose is present, cAMP levels in the cell
tend to be low. As a result, cAMP does not interact with CAP and CAP is unable
to bind to the DNA. Therefore, even if lactose is present, little lac mRNA will be
synthesized from either the E. coli or plasmid DNA.
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Activity 18.3 How is gene activity controlled in eukaryotes?

Human genes cannot all be active at the same time. If they were, all the cells in our
bodies would look the same and have the same function(s). For specialization to occur,
some genes or gene products must be active while others are turned off or inactive.

1. In eukaryotes, gene expression or gene product expression can be controlled at
several different levels. Indicate what types of control might occur at each level of
gene or gene product expression.

Note: The table presents a representative sample of the various types of control
mechanisms. It does not include all possible mechanisms of control.

Level Types of control

a. The gene or DNA itself Whole chromosomes or parts of chromosomes
can be inactivated by DNA packing as
heterochromatin.

Transcription from DNA can also be controlled
by enhancing or inhibiting the action of various
proteins that interact with the DNA and/or RNA
polymerase to make it more or less likely to
produce an mRNA transcript.

b. The mRNA product of the
gene

At the mRNA level, controls can affect whether
the pre-mRNA is processed into mRNA, how
long the mRNA is active in translation, and
whether the mRNA is capable of attaching to
the ribosome and being translated.

c. The protein product of the
mRNA

The protein product may be made in an inactive
form that becomes active only in specific
environments. For example, digestive enzymes
are usually produced in inactive form and
activated only under specific conditions of pH
or in the presence of specific activator molecules.

If produced in active form, the protein may be
inactivated by the presence of a molecule that
changes its allosteric form.

The protein product may have a very limited
life span and, as a result, have a limited time
of functioning in the cell.
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Single-celled organisms such as Amoeba and Paramecia often live in environments that
change quickly. Which of the following types of control allow organisms like Amoeba to
respond most quickly to frequent short-term environmental changes? Explain your
reasoning.

a. Control of mRNA transcription from DNA
b. Control of enzyme concentration by controlling the rate of mRNA translation
c. Control of activity of existing enzymes
d. Control of the amount of DNA present in the cell

The answers to this question may vary depending on how frequently the changes occur
and how one defines “short-term.” For example, overall, controlling the activity of
existing enzymes allows the organism to respond very quickly to short-term changes in
environmental conditions. However, maintaining a number of different enzymes in the
cell is energetically efficient only if the short-term changes occur frequently over time. If
the changes occur infrequently and do not result in the death of the organism but rather
reduced function, then it is energetically more efficient to instead control the rate of
mRNA transcription from DNA.

Activity 18.4 What controls the cell cycle?

1. Checkpoints in the normal cell cycle prevent cells from going through division if
problems occur—for example, if the DNA is damaged.

a. What forms do the checkpoints take? That is, how do they control whether or not
cell division occurs?

A number of different cyclins are produced during interphase. Three of the major
checkpoints in mitosis—the G1, G2, and M phase checkpoints—appear to be
controlled by Cdks (cyclin-dependent kinases). The ratio of Cdks to their cyclins
determines their activity. The activities of the different activated Cdks control the
cell cycle. The cell can move past a given stage of the cycle only when the
appropriate checkpoint’s Cdk has been activated.

b. In the space below, develop a handout or diagram to explain how these
checkpoints work under normal conditions. Your diagram should include a
description of each checkpoint, where it acts in the cell cycle, and what each does
to control cell division.

Refer to Figure 12.17, page 240, of Campbell Biology, 9th edition, which shows
the molecular mechanisms associated with activity of the cyclin-Cdk complex called
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18.3 Test Your Understanding



MPF. Here is an easy way to repesent the G1 and G2 control points and their
actions:

Following Figure 12.17, draw the inner circle of arrows, with a diameter of about
3 inches, on a piece of paper.

On another piece of paper, draw a circle about 4 inches in diameter, and around
this draw another circle about 6 inches in diameter. Draw and label the lines that
show the activity of cyclins versus Cdk (Figure 12.17) between these two lines.

Cut out the center of this double circle.

Place the circle over the cell cycle arrow diagram you drew first to create the
same diagram you see in Figure 12.17.

Next, substitute the words “G1 checkpoint” for MPF on the drawing. Now rotate
the top sheet of paper so that the G1 checkpoint lines up with its position in G1 on
the arrow diagram.

Do the same for the G2 checkpoint.

c. Cancer results from uncontrolled cell division. Explain how mutations in one or
more of the checkpoints might lead to cancer.

The basic function of each checkpoint is to determine whether or not the cell is
functioning normally and should enter into or continue through division. If these
checkpoints break down, they could allow any cell to continue through the cell
cycle—that is, to divide. Cancer is uncontrolled cell division, so cancer can result
from a breakdown of the operation of these checkpoints.
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Notes to Instructors

Chapter 19 Viruses

What is the focus of these activities?

Although almost all students recognize that viruses exist and are pathogenic organisms,
few have a good understanding of how viruses cause disease and why they are so difficult
to treat.

What are the particular activities designed to do?

Activity 19.1 How do viruses, viroids, and prions affect host cells?
Activity 19.1 provides students with a mechanism to sort out what viruses are and how
they affect host cells. Given an understanding of various pathogen characteristics and
replication requirements, students are asked to consider what aspects of their structures or
life cycles could be interrupted and therefore serve as effective treatments against
infection.

What misconceptions or difficulties can these activities reveal?

Activity 19.1
Like most people, many students do not understand that antibiotics are designed to treat
bacterial infections. Antibiotics do this by attacking bacteria-specific structures or
functions—e.g., 70s ribosomes, bacterial cell wall structures, or bacteria-specific
enzymes. As a result, antibiotics (antibacterials) are not effective against viruses.

Answers

Activity 19.1 How do viruses, viroids, and prions affect host cells?

1. By definition, viruses are obligate intracellular parasites. What does this mean?

An obligate intracellular parasite is one that can neither survive long term nor
reproduce outside its host.

2. In general, how are viruses classified?

Viruses are often classified based on the type of nucleic acid they contain—e.g., ss
or ds RNA or ss or ds DNA. See Chapter 19 of Campbell Biology, 9th edition.
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3. What is reverse transcriptase?

Reverse transcriptase is the enzyme that allows retroviruses to make DNA from
�RNA strands and then + and �RNA from the DNA.

a. Where was reverse transcriptase first found?

It was discovered in retroviruses.

b. Of what use is reverse transcriptase to viruses? Of what use is it to scientists?

It is useful in genetic recombination to make cDNA from mRNA and avoid the
problem of eucaryotic introns. Reverse transcriptase allows viruses that invade
eukayotic cells to make DNA from their RNA genome and use that DNA to make
more viruses or to incorporate into the host’s DNA.

4. Why must viruses invade other cells to reproduce?

a. Describe the general process. Include a discussion of lytic and lysogenic viral
cycles.

Some viruses are only lytic. They enter the cell and take over the cell’s
machinery to make more viruses. Then they lyse the cell to allow the new viruses
to escape and attack other cells. Some viruses also have a lysogenic stage and
alternate between lysogenic and lytic stages throughout their life cycle. In the
lysogenic stage, the virus incorporates the viral DNA into the host DNA and
remains quiescent there, replicating with the host’s DNA. It can later come out of
the host’s DNA and enter a lytic cycle. Environmental conditions that stress the
host cell may trigger this.

b. Which types of viruses are more likely to have a lysogenic phase?

A number of double-stranded DNA viruses and retroviruses that can produce
double stranded DNA can become lysogenic (incorporate into the host DNA).
RNA viruses that do not produce DNA as templates for their reproduction are
unable to incorporate into the host DNA.

5. More than 100 different viruses can cause the “common cold” in humans. Many of
these are rhinoviruses. Other viruses—influenza viruses—cause the flu. While there
are many different antibiotics for treating bacterial infections, there are relatively
few drugs available to treat viral infections. Explain.

Antibiotics used to counteract bacterial infections target bacteria-specific structures or
functions such as 70s ribosomes, bacterial cell wall structures, or bacteria-specific
enzymes. It is more difficult to find something that a virus requires for its function
and replication that is not also required by the host for its normal metabolic functions.
When a virus-specific coat protein or enzyme, such as reverse transcriptase, is found,
high rates of mutation often make it difficult to develop a drug or vaccine against it.
(For example, reverse transcriptase has an error rate of about 1/8000 bases where
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other DNA polymerase and RNA polymerase error rates are about 1/million or so. In
addition, reverse transcriptase has no proofreading capacity.)

6. a. How do viruses, viroids and prions differ in terms of both composition and
function?

Composition: Viruses � nucleic acid core with protein coat or capsid. 
Viroid � bare RNA. Prion � altered 3-D structure of normally active protein.

Function: Viruses take over cell machinery and ultimately kill the cells they
invade. Viroids can do the same in plants. Prions accumulate in brain tissue and
destroy it. The complete mechanisms of prion replication and action are still
unknown.

b. Compared to viral infections, do these differences make it easier or harder to
treat viroid and prion infections? Explain your reasoning.

Because viroids are basically bare RNA and prions are altered proteins, there are
no easy ways of attacking them without simultaneously attacking the native
RNAs and proteins required for normal cell function. As a result, these pathogens
are even more difficult than viruses to treat.
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Notes to Instructors

Chapter 20 Biotechnology

What is the focus of this activity?

Almost all students have heard of DNA technology and know that DNA typing (or
profiling or fingerprinting) can be used in forensic analysis. Yet, fewer have a good
understanding of the methods that are used, why these methods are used (that is, what
they allow us to do), and what types of results can be expected.

What is the particular activity designed to do?

Activity 20.1 How and why are genes cloned into recombinant DNA vectors?
This activity is designed to help students understand:

• how genes from other species can be cloned by incorporating them into bacterial
plasmids, and

• how such recombinant bacteria can be used to produce a wide range of products,
including human insulin.

Activity 20.2 How can PCR be used to amplify specific genes?
This activity is designed to help students understand:

• how using known primers and PCR allows us to amplify only targeted genes, and
• how DNA fingerprinting using RFLPs or STRs can be applied in forensics.

What misconceptions or difficulties can this activity reveal?

Activity 20.1
Students tend to encounter a number of difficulties, misconceptions, and missing
conceptions that become evident as they try to build a model to demonstrate how genes
can be cloned by incorporation into bacterial plasmids. Here are three possible problems:

1. The news media can help educate the public, but in some cases, it can also cause
confusion. Some students have been “convinced” by what they read that gene
cloning and recombinant technology are “bad” things with no redeeming value. To
help counter this idea, this activity has students investigate the production of human
insulin (Humulin) by bacteria.

2. If it hasn’t surfaced before this time, you may notice that some students have the
idea that the DNA in bacteria is single-stranded. This misconception often comes
from their misunderstanding or misinterpreting statements like: “The bacterial
chromosome is composed of a single circular DNA molecule.”
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3. Many students don’t understand how restriction enzymes “cut” DNA. It is helpful to
mention that the “cuts” are in the phosphate sugar backbone of the DNA molecule.
These cuts are similar to the gaps left between Okazaki fragments. When the
phosphate sugar backbone is cut, the hydrogen bonds between complementary bases
are the only forces holding the structure together. Changes in the physiological
conditions of the medium, including heating the solution, can cause these hydrogen
bonds between complementary bases to break and produce the “sticky ends”
required to interact with the complementary “sticky ends” of the gene of interest.

Activity 20.2
Though the overall process of PCR is not conceptually complex, it is difficult to visualize
without modeling or diagramming it. This exercise asks student to diagram what happens
in several rounds or cycles of PCR. Having students do this will help them understand 
the whole process and how known primers can be used to specifically target genes 
for amplification.

Answers

Activity 20.1 How and why are genes cloned into recombinant
DNA vectors?

Develop a model to explain how a human gene can be cloned into a bacterial plasmid.
Your model should be a dynamic (working or active) representation of the events that
need to occur in order to

• clone the insulin gene into a bacterial plasmid, and
• transform the plasmid into E. coli.

When you develop and explain your model, be sure to include definitions or descriptions
of the following terms and components:

restriction enzyme(s)

ligase

plasmid DNA

human mRNA (the mRNA for insulin)

reverse transcriptase

transformation

E. coli

marker genes (an antibiotic resistance
gene)

cloning vector

Activity 20.1 137
Copyright © 2011 Pearson Education, Inc.



Building the Model

• Use chalk on a tabletop or a marker on a large sheet of paper to draw at least
two test tubes and an E. coli cell’s plasma membrane. The E. coli should have
a diameter of at least 12 inches. The test tubes should have a width of at least
6 inches. Use the test tubes for producing the insulin gene and for cloning
the gene into the plasmid. Then transform your recombinant plasmid into the
E. coli cell.

• Use playdough or cutout pieces of paper to represent the enzymes, RNA
molecules, and other components.

• Use the pieces you assembled to develop a dynamic (claymation-type) model to
demonstrate how a gene can be cloned into a plasmid and how the plasmid can
then be transformed into a bacterial cell.

• When you feel you have developed a good working model, demonstrate it to
another student or to your instructor.

Use your model to answer the questions.

1. Prior to recombinant gene technology, the insulin required to treat diabetes was
obtained from the pancreases of slaughtered farm animals. Because the insulin was
from other species, some humans developed immune responses or allergic reactions
to it. As recombinant gene technology advanced, researchers explored the possibility
of incorporating the human insulin gene into a plasmid that could be transformed
into E. coli. If this technology was successful, the E. coli would produce human
insulin that could be harvested from the bacterial culture medium.

Researchers first needed to isolate the gene for insulin. To do this, they isolated
mRNA (rather than DNA) from the beta cells of human pancreas tissue. Using
reverse transcriptase, they made double-stranded DNA molecules that were
complementary to the mRNA molecules they extracted from the pancreas cells.

a. Based on what you know about eukaryotic chromosomes and genes, why did
researchers choose to isolate mRNA rather than DNA?

Eukaryotic genes contain introns, which must be excised from any pre-mRNA
transcript produced. Bacterial cells do not contain the machinery (spliceosomes)
required for doing this.

b. What further adjustments might researchers need to make in the DNA molecules
produced by reverse transcriptase before the molecules could be incorporated
into bacterial plasmids?

To incorporate the DNA molecules into the plasmid DNA, researchers would
need to add the “sticky ends” for a specific restriction site. They would need to
cut the plasmid DNA with the same restriction enzyme. When they combined the
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plasmid DNA with the insulin DNA, some of the plasmid DNA could then
combine with the insulin DNA and incorporate it.

For the bacteria to produce the mRNA for the insulin gene, researchers would
also need to include a promoter site upstream of the insulin gene.

c. Not all the DNA molecules produced by reverse transcription from pancreatic
mRNA contained the gene for insulin. Some contained other genes. What
mechanisms can be used to locate those bacterial colonies that picked up
plasmids containing any of the genes produced by reverse transcription from
pancreatic mRNAs?

Grow the bacteria on a medium containing an antibiotic and X-gal. The plasmid
selected has an antibiotic resistance gene on it and a lacZ gene. The restriction
site used lies in the lacZ gene. As a result, only cells that have picked up
plasmids will grow on medium containing the antibiotic. Cells with intact lacZ
genes—that is, cells that picked up plasmids without an additional gene inserted
into the lacZ site—will produce �-galactosidase. The �-galactosidase hydrolyzes
X-gal and produces a blue compound. Colonies of these cells appear blue in
color. Therefore, only the white bacterial colonies on the plate will contain
plasmids carrying inserted genes.

d. What mechanisms can be used to locate bacterial colonies that picked up only
plasmids containing the insulin gene?

A replica plate or blot of these white colonies can be made (see Figure 20.7,
page 402). The filter used to make the replica separates the DNA into single
strands and can be probed with labeled strands of DNA complementary to the
desired gene. The label may be radioactive or fluorescent so that the colonies that
carry the insulin gene can be easily identified on the blot. These colonies are then
removed from the original plate and grown in culture medium. The bacteria from
these colonies can be used to produce human insulin. Note: the bacteria produce
the insulin, but do not use it themselves.

(Note: Today almost all the insulin used for the treatment of human diabetes is
produced using recombinant technology.)

Activity 20.2 How can PCR be used to amplify specific genes?

1. Assume you are using PCR to make multiple copies of a gene (shaded in grey below).

DNA containing gene of interest:

3� TATAAAGACTTACAAATTTGTCCCCATTTTGC5�

5� ATATTTCTGAATGTTTAAACAGGGGTAAAACG3�
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On separate sheets of paper, describe the overall process and diagram the results
you would obtain for 1, 2 and 3 rounds of PCR replication using the primers,
ATGTT and CCATT.

(Note: For simplicity we are showing DNA primers that are only 5 bases in length. In
actual use, the DNA primers used are at least 17 bases long. This length is used to help
reduce the risk that the primer anneals with [base pairs with] anything other than the
specific segment of DNA to be amplified.)

The explanation and diagram should look something like the following:

a. Heat is applied (heat to 95°C) to separate the strands of the DNA molecule(s).

3� TATAAAGACTTACAAATTTGTCCCCATTTTGC5�

(Temperature � 95°C)
5� ATATTTCTGAATGTTTAAACAGGGGTAAAACG3�

b. The temperature is reduced to between 45° and 60°C.

3� TATAAAGACTTACAAATTTGTCCCCATTTTGC5�

(Temperature � 50°C)
5� ATATTTCTGAATGTTTAAACAGGGGTAAAACG3�

c. This allows the DNA primers to anneal.

3� TATAAAGACTTACAAATTTGTCCCCATTTTGC5�

5� ATGTT

CCATT 5�

5� ATATTTCTGAATGTTTAAACAGGGGTAAAACG3�

d. and e. The Taq polymerase adds DNTPs to the open 3’ ends of the DNA primers.

3� TATAAAGACTTACAAATTTGTCCCCATTTTGC5�

5� ATGTTTAAACAG 3�

3� TTTGTCCCCATT 5�

5� ATATTTCTGAATGTTTAAACAGGGGTAAAACG3�

TOTAL Copies: 2n � 21 � 2
(n � number of cycles of PCR completed)

f. In the next cycle, heating, cooling, primers annealing, and Taq polymerase
elongating the DNA strands occurs again, but now on both of the daughter products
of the first cycle:

3� TATAAAGACTTACAAATTTGTCCCCATTTTGC5�

ATGTT



Activity 20.2 141
Copyright © 2011 Pearson Education, Inc.

CCATT
5� ATGTTTAAACAGGGGTAAAACG3�

3�TATAAAGACTTACAAATTTGTCCCCATT 5�

ATGTT

CCATT
5� ATATTTCTGAATGTTTAAACAGGGGTAAAACG3�

The products of the second cycle are:

3� TATAAAGACTTACAAATTTGTCCCCATTTTGC5�

5� ATGTTTAAACAGGGGTAAAACG3�

3� TACAAATTTGTCCCCATT5�

5� ATGTTTAAACAGGGGTAAAACG3�

3�TATAAAGACTTACAAATTTGTCCCCATT 5�

5�ATGTTTAAACAGGGGTAA3�

3� TATAAAGACTTACAAATTTGTCCCCATT5�

5� ATATTTC TGAATGTTTAAACAGGGGTAAAACG3�

TOTAL Copies � 2n � 22 � 4

g. In the third cycle, heat separates the double strands of DNA. The system is then
cooled to allow DNA primers to anneal, and the Taq polymerase produces the
following 8 products:

3� TATAAAGACTTACAAATTTGTCCCCATTTTGC5�

5�ATGTT
CCATT5�

5� ATGTTTAAACAGGGGTAAAACG3�

3� TACAAATTTGTCCCCATT5�

5�ATGTT
CCATT5�

5� ATGTTTAAACAGGGGTAAAACG3�

3�TATAAAGACTTACAAATTTGTCCCCATT 5�

5�ATGTT
CCATT5�

5�ATGTTTAAACAGGGGTAA3�

3� TATAAAGACTTACAAATTTGTCCCCATT5�

5�ATGTT
CCATT5�

5� ATATTTC TGAATGTTTAAACAGGGGTAAAACG3�

TOTAL Copies � 2n � 23 � 8



2. PCR (polymerase chain reaction) is often used in forensics to amplify small amounts
of DNA found at crime scenes. The amplified DNA is then tested for differences in
RFLP (restriction fragment length polymorphisms) or STR (single tandem repeat)
lengths.

a. Explain what RFLPs and STRs are.

RFLPs (restriction fragment length polymorphisms) are defined as the different
restriction fragment patterns produced when DNA is cut using specified
restriction enzymes. An individual’s RFLPs are inherited in a Mendelian fashion.

STRs (single tandem repeats) are very short lengths of DNA (a few base pairs)
that are repeated many times within single gene loci. These are also genetically
inherited. In forensics, the variations in STRs in satellite DNA are generally used
to identify individuals.

b. How do STRs compare for unrelated individuals versus for closely related
individuals (for example, parent and child or brother and sister)?

STRs are genetically inherited. Therefore, since half of a child’s DNA comes
from each parent, each of the STRs found in the child should be found in at least
one of the parents. Similarly, on average, brothers and sisters share at least a
quarter of their genes. Therefore, you would expect at least one-fourth of the
STRs to compare between siblings. The same relationships should hold true for
RFLPs.

c. How reliable are these types of DNA fingerprinting for identifying individuals?
What factors affect their reliability?

Only a small portion of the DNA is selected for DNA fingerprinting. The specific
RFLP or STR sites on the DNA that are commonly used tend to be highly
variable among unrelated individuals. Probability estimates indicate that for any
two unrelated individuals, there is a 1 in 100,000 to 1 in a billion chance that
their DNA will match based on chance alone.

Factors that can affect the reliability of DNA fingerprinting are how closely
related the individuals are, the number of markers used in the tests, and the
frequency of the specific markers in the population. For example, a specific
ethnic group may share a marker more frequently than individuals outside of that
ethnic group. This problem may be overcome by using more markers.
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1. Which of the following sequences (on one strand of a double stranded DNA
molecule) is likely to be a cleavage site for a restriction enzyme? Explain your
answer.

a. CGTACC
b. ATGTCG
c. GATATG
d. TGCGCA

The correct answer is d. The complementary strand for d would read: ACGCGT, i.e.,
the reverse of the sequence in d.

2. After undergoing electrophoresis, the gel in the figure below shows the RFLP
analysis of DNA samples obtained from a crime scene. Bloodstains on a suspect’s
shirt (B) were analyzed and compared with blood from the victim (V) and from the
suspect (S). Are the bloodstains on the shirt from the victim or from the suspect?
Explain.

If you examine the lane that contains the blood stains, you can find bands that do not
match a band in either the victim’s or the suspect’s lane. As a result, the blood that
contains this band could not have come from the suspect or the victim.
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20.2 Test Your Understanding

V S B



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


