Chapter 11 Detailed Lecture Outline

Introduction
To Clone or Not to Clone

A.
A clone is a genetically identical organism, which originated from a somatic cell nucleus of another organism. All the a


B.
There are a multitude of problems associated with cloning an organism, including rapid onset of “old age” and age-related illnesses of the cloned organism.


C.
Ethical and evolutionary issues are being raised with the ability to clone to curb the extinction of endangered species.


D.
This chapter describes the control of gene expression in prokaryotes and eukaryotes, methods and applications of animal cloning, the connections between embryonic development and gene regulation, and the genetic basis of cancer.


I.
Gene Regulation

Module 11.1
Proteins interacting with DNA turn prokaryotic genes on or off in response to environmental changes.


A.
The process of turning on or turning off a gene is called gene regulation. Gene regulation or control allows an organism to respond quickly to changes in the environment. The flow of information from gene to protein is called gene expression.

B.
This model of gene control was first proposed as a hypothesis in 1961 by Jacob and Monod, for the control of lactose utilization enzymes in E. coli (Figure 11.1A).



NOTE: Much experimental evidence has since confirmed the existence of this and other operons in many bacteria.


C.
Important features of the model: An operon consists of several DNA sequences coding for different enzymes, all involved in the same cellular process. Expression of the operon is controlled as a unit. Other DNA sequences in and near the operon control the operon’s expression. The presence or absence of the enzyme’s substrate turns on or off the controls.


D.
Operon expression normally starts with RNA polymerase binding at the promoter region (the first nongene region of the operon), moving along and transcribing each gene in the operon.


E.
When the lac operon is “turned off,” a regulatory gene is transcribed and translated into a repressor protein. The repressor protein binds with the operator region of the operon, repressing the transcription of the genes further along the operon (Figure 11.1B). Operators are located between the promoter and the utilization-genes for translation.


F.
When the lac operon is “turned on,” the regulatory gene continues to be transcribed and translated into repressor, but the presence of substrate (lactose) interferes with the binding of the repressor to the operator. This permits the expression of the remainder of the operon. Expression continues until the substrate is used up. Then the repressor is free to repress the operator, and the operon turns off as above (Figure 11.1B).


G.
The lac operon is repressed when lactose is absent and transcribed when lactose is present.


H.
Another operon, the trp operon, is transcribed when tryptophan is absent and repressed when tryptophan is present. The enzymes expressed by the trp operon help synthesize tryptophan (Figure 11.1C). Both the trp operon and the lac operon are repressor-controlled operons.


I.
A third type of operon uses activators rather than repressors. Activators are proteins produced by the regulatory genes. The activator proteins bond to DNA and make it easier for RNA polymerase to bind to the promoter region of an operon.

Module 11.2
Differentiation yields a variety of cell types, each expressing a different combination of genes.


A.
Producing eukaryotic organelles and regulating their functions require a much more complex network of gene control.


B.
In multicellular eukaryotes, there is the added complexity of regulating what kinds of cells are produced when and where.


C.
Muscle, pancreas, and blood cells (and other cell types) of a single animal all are derived by repeated cell divisions and differentiation from the zygote. Differentiation of cells is a result of turning on and off genes.


D.
The structure of each cell type is visibly different, reflecting its function (Figure 11.2).


E.
The patterns of gene expression for the cell types in the figure illustrates the role gene expression has in the structure and function of cells. All cells listed have the enzymes for glycolysis, but only red blood cells have hemoglobin.

Module 11.3
Differentiated cells may retain all of their genetic potential.


A.
Experimental evidence supports the retention of all of a multicellular organism’s DNA in each of its differentiated cells, in most cases.


B.
F. C. Steward and his students were the first to demonstrate that fully differentiated plant cells retained the information to grow an entirely new plant (Figure 11.3).


C.
Animals can undergo the process of regeneration (the replacement of a lost part) as demonstrated when a salamander regrows a lost leg. The process requires the dedifferentiation of cells, cell division, and then redifferentiation.

Module 11.4
DNA packing in eukaryotic chromosomes helps regulate gene expression.


A.
The total DNA in a human cell’s 46 chromosomes would stretch 3 meters.



NOTE: This amount of DNA is packed in cell nuclei as small as 5 mm in diameter, a reduction factor of almost 1 million!


B.
All the DNA fits because of elaborate packing: DNA wrapping around histones and other proteins into nucleosomes, coiling, supercoiling, and additional folding into chromosomes (Figure 11.4).



NOTE: During interphase, chromosomes of most cells are more loosely packed than the metaphase chromosome shown in Figure 11.4. Heterochromatin in the nucleus is not expressed, while euchromatin is expressed.


C.
DNA packing prevents gene expression, most likely by preventing transcription.

Module 11.5
In female mammals, one X chromosome is inactive in each cell.


A.
An interesting known example of the role of DNA packing in the control of expression is X chromosome inactivation in the cells of female animals. Certain cell lines have one or the other X chromosome (inherited from the individual’s mother or father) inactivated; thus, there can be a random mosaic of expression of these two X chromosomes.


B.
The tortoiseshell cat is a wonderful example of this phenomenon (Figure 11.5). The gene for fur color is on the X chromosome, which is randomly expressed as one allele is turned off and the other is turned on, resulting in a patchwork effect of coat color.

Module 11.6
Complex assemblies of proteins control eukaryotic transcription.


A.
In both prokaryotes and eukaryotes, gene regulation is based on the regulation of transcription. However, whereas prokaryotes combine several regulated genes into one operon, eukaryotes apparently tend to regulate individual genes. Thus, in eukaryotes there are many more regulatory proteins involved and a greater degree of complex interactions than in prokaryotes.


B.
Activation appears to be of greater importance in the regulation of eukaryotic gene expression than is repression. Transcription factors (of which activators are an example) interact with enhancer sites (a DNA sequence) in regulating the binding of RNA polymerase to a gene’s promoter (Figure 11.6).


C.
The binding of activators to enhancers initiates transcription. Unlike the operators in prokaryotes, enhancers in eukaryotes are usually some distance away from the gene they regulate and can be on either side of the gene.


D.
Repressor proteins interact with nucleotide sequences called silencers. Repressor proteins bind to the silencer and inhibit the start of transcription.


E.
Eukaryotes do not have operons, and related genes are often found scattered about the genome. Regulation of functionally related genes seems to be dependent on their association with a specific enhancer(s). Multiple copies of transcription factors bind simultaneously with all the enhancers of a gene group, prompting coordinated gene expression.

Module 11.7
Eukaryotic RNA may be spliced in more than one way.


A.
Introns have been shown to function in gene regulation. RNA splicing may regulate the movement of mRNA from the nucleus to the cytoplasm. Alternative RNA splicing provides a cell with several possible products from one gene region (Figure 11.7). A good example of this is the sex determination of the fruit fly. The pattern of RNA splicing of the same gene determines the sex of the fly. Approximately 100 examples of alternative splicing have been identified in the human genome.


B.
Finally, it has been suggested that introns make genes longer, thereby increasing the possibility of crossovers between exons, and providing another mechanism for increasing genetic diversity.



Review: Crossing over (Module 8.18).

Module 11.8
Translation and later stages of gene expression are also subject to regulation.


A.
In addition to the regulation of transcription and posttranscriptional modification, gene expression can be regulated at the level of mRNA degradation, translation initiation, protein activation, and protein breakdown.


B.
Breakdown of mRNA: The lifetimes of mRNA molecules vary, controlling the amount of protein translated from a single transcription and posttranscriptional processing event. In nonmammalian vertebrates, red blood cells lose their nuclei but not their ribosomes and mRNAs, which can continue to translate into hemoglobin for a month or more.


C.
Initiation of translation: Some inhibitory control of the process of translation is known, such as the inhibitory action of a protein found in red blood cells when heme subunits are not available.


D.
Protein activation: Posttranslational control mechanisms in eukaryotes often involve cutting polypeptides into smaller, active final products (Figure 11.8).


E.
Protein breakdown: Another posttranslational control affects how fast protein products are degraded.

Module 11.9
Review: Multiple mechanisms regulate gene expression in eukaryotes.


A.
In multicellular eukaryotes, the control mechanisms of gene expression are varied and complex (Figure 11.9).


B.
Cellular differentiation of eukaryotic cells depends on turning on and off genes in the proper sequence. Each cell retains all the genetic material necessary to clone a new organism.


II.
Animal Cloning

Module 11.10
Nuclear transplantation can be used to clone animals.


A.
The process of animal cloning, referred to as nuclear transplantation, uses the nucleus of a somatic cell and places it into a surrogate egg devoid of its nucleus.


B.
If the result of the cloning process culminates in the live birth of an organism, it is called reproductive cloning.

C.
Embryonic stem (ES) cells come from the blastocyst. These cells can be used to produce any type of cell, provided the proper conditions exist. Therapeutic cloning is performed with ES cells.

Module 11.11
Connection: Reproductive cloning has valuable applications, but human reproductive cloning raises ethical issues.


A.
Cloning mammals presents an advantage that previously was not available to researchers. Now geneticists can investigate the effects of a single gene or group of genes.


B.
Scientists in the agriculture industry are using cloning technology to breed genetically identical stock with desired traits. The pharmaceutical industry is experimenting with animals that could produce drugs that can be used in treating a variety of diseases, for example cystic fibrosis.


C.
Figure 11.11 shows piglets that were cloned as a source of organ transplants. Severe tissue rejection has been reduced and possibly eliminated through genetically engineered pigs that have been cloned.


D.
The first human embryo clone was reported in 2001 by the biotechnology company ACT. This was quickly followed by the announcement by a South Korean research team of a human clone developing to the blastocyst stage.


E.
Two issues are raised when performing cloning of any type, but particularly human clones.


1.
Is it really practical and cost effective?


2.
Is it morally the right thing to do?

Module 11.12
Connection: Therapeutic cloning can produce stem cells with great medical potential.


A.
Embryonic stem (ES) cells can divide indefinitely under the right laboratory conditions and, when stimulated, give rise to a wide variety of cell types (Figure 11.12). The hope of medical scientists is to some day be able to grow any tissue and even organs in the lab that can be used to treat patients in need of such therapy.


B.
An alternative with less controversy surrounding the research is the use of adult stem cells. Many adult tissues have stem cells that can give rise to selected cell types. This avenue of research has promise and is currently under investigation with some degree of success. The controversy over ES cells versus adult stem cells still continues with no apparent resolution in the near future.


III.
The Genetic Control of Embryonic Development

Module 11.13
Cascades of gene expression and cell-to-cell signaling direct the development of an animal.



NOTE: An example of these cascades can be seen in the determination of which end of a fruit-fly egg cell will become the head and which end will become the tail. These events occur within the ovaries of the mother fly and involve the following series of events (Figure 11.13B).


A.
Early studies on fruit flies led to work that revolutionized the concepts of development and gene expression. Figure 11.13A illustrates how improper cell-to-cell signaling can cause mutations in an organism.


B.
The egg cell produces (by gene activation) a protein that signals the adjacent follicle cells.


C.
These follicle cells are stimulated (in gene activation) to produce proteins that provide feedback to the egg cell.


D.
As a result, the new fly’s head-to-tail axis is determined by a specific mRNA located at one end of the cell.


E.
After fertilization, repeated mitosis results in the development of the embryo from the zygote. Translation of the head mRNA results in the production of a protein concentration gradient from head to tail. This protein concentration gradient corresponds to a gradient of gene expression.


F.
This gradient of gene expression results in the development of the fly’s body segments.


G.
The cascade continues as this gradient of gene expression results in further differentiation and specialization of the body segments.


H.
The master control genes that regulate these major features of the body plan (body segments and the body parts that develop at each segment) are called homeotic genes.

I.
Homeotic genes are master controls that function during embryonic development in animals to determine the developmental fates of different groups of cells destined to become different tissues.



Preview: Embryonic development is discussed in detail in Modules 27.9–27.15.


J.
The improper functioning of homeotic genes can lead to bizarre changes in morphology (Figure 11.13A).

Module 11.14
Signal transduction pathways convert messages received at the cell surface to responses within the cell.


A.
As shown in Module 11.13, the gene expression of one cell can affect the gene expression of other cells. This is the result of signal transduction pathways.


Review: Signal transduction plays a major role in the regulation of the cell cycle (Module 8.9).



Preview: The importance of signal transduction pathways is also shown in the discussions of cancer (Module 11.16) and control systems (Chapters 26 and 33).


B.
The main components of a signal transduction pathway are shown in Figure 11.14 and are listed below.


1.
The signaling cell secretes signal molecules.


2.
The signal molecules bind to receptors on the target cell’s plasma membrane.


3.
This results in a cascade of events.


4.
That leads to the activation of a specific transcription factor.


5.
The transcription factor activates a specific gene.


6.
This results in the expression of the protein for which the gene codes.

Module 11.15
Key developmental genes are very ancient.


A.
Virtually every homeotic gene found in fruit flies contains a common 180-nucleotide sequence. Very similar sequences have been found in virtually all eukaryotic organisms studied and even some prokaryotes.


B.
These organisms range from unicellular organisms such as yeast to plants, earthworms, frogs, chickens, mice, and humans.



NOTE: This is evidence for the common origin of life and is relevant to the material in Module 1.5 (Unity in Diversity).


C.
These nucleotide sequences, called homeoboxes, translate into a small polypeptide sequence that binds to specific DNA sequences and thereby regulates their expression. See Figure 11.15 for a comparison of the fruit fly and mouse homeotic genes.


III.
The Genetic Basis of Cancer

Module 11.16
Cancer results from mutations in genes that control cell division.



Preview: Table 11.20 lists the incidence of several types of cancer.


A.
In all its forms, cancer is a disease of gene expression.



Preview: Diet influences cancer risk (Module 21.24).


B.
Viruses can cause cancer by inserting cancer-causing genes (oncogenes) into the host genome.



Review: Modules 10.17–10.19 and 10.21 discuss how viruses insert genes into a host’s genome.


C.
A normal gene with the potential to become an oncogene is called a proto-oncogene. Proto-oncogenes usually code for proteins that stimulate cell division or affect growth-factor synthesis or function. There are three ways to change a proto-oncogene into an oncogene, which can lead to cancer (Figure 11.16A).


1.
A mutation that results in a failure to regulate the production of these proteins will result in the conversion of a proto-oncogene into an oncogene.


2.
Formation of multiple copies of a proto-oncogene will result in the conversion to an oncogene.


3.
Relocation of a proto-oncogene to an alternate location under new controls will result in the conversion to an oncogene.


D.
Most cancers occur in somatic cells; thus, they are not inherited.


E.
Mutations in tumor-suppressor genes, genes whose products inhibit cell division, also contribute to uncontrolled cell division and tumor formation (Figure 11.16B).

Module 11.17
Oncogene proteins and faulty tumor-suppressor proteins can interfere with normal signal-transduction pathways.



Review: Regulation of the cell cycle (Module 8.10) and signal-transduction pathways (Module 11.14).


A.
In response to a growth factor, a signal-transduction pathway can act to stimulate cell division (Figure 11.17A). In response to a growth-inhibiting factor, a signal-transduction pathway can act to inhibit cell division (Figure 11.17B).


B.
A mutation in a proto-oncogene may produce an oncogene that may produce a hyperactive version of a protein that stimulates cell division, even in the absence of growth factor. Moreover, abnormal amounts or versions of growth factor, transcription factor, and so on, could all result in the abnormal excess production of proteins that stimulate cell division.


C.
Faulty tumor-suppressor genes produce faulty tumor-suppressor proteins that may fail to inhibit cell division.


D.
Figures 11.17A and B illustrate two different types of gene mutations (ras and p53) that have been implicated in 30% and 50% of all cancers, respectively.

Module 11.18
Multiple genetic changes underlie the development of cancer.


A.
More than one somatic mutation is required to produce a significant cancer (Figure 11.18B). An example of this is the development of colon cancer.


B.
Colon cancer first appears as an unusually high rate of cell division occurring in apparently normal cells. Next, a benign tumor (polyp) appears, followed by the development of this benign tumor into a malignant tumor (Figure 11.18A).


C.
Underlying these changes are changes at the DNA level (that are passed on to daughter cells in the cell cycle) to proto-oncogenes and tumor-suppressor genes (including tumor-suppressor genes that code for proteins involved in the repair of damaged DNA). That several mutations are required explains why some cancers can take a long time to develop.

Module 11.19
Talking about Science: Mary-Claire King discusses mutations that cause breast cancer.


A.
Dr. King, currently a professor at the University of Washington, has spent 25 years studying the genetic basis of breast cancer (Figure 11.19).


B.
Breast cancer strikes 1 out of every 10 American women in her lifetime.



NOTE: At the populational level, the risk of cardiovascular disease is greater. However, an individual’s risk will vary with genetics and lifestyle (Module 11.18).


C.
Most breast cancer does not appear to have a heritable basis.


D.
However, the study of familial cases of breast cancer may provide insight into the underpinnings of nonhereditary breast cancer.


E.
King and her colleagues have succeeded in identifying a gene on chromosome 17, BRCA1, that is mutated in many families with a history of familial breast cancer.


F.
The presence of a mutated BRCA1 gene greatly increases a woman’s risk of developing breast and ovarian cancer.


G.
There is evidence that the normal version of BRCA1 is a tumor-suppressor gene, but the exact function of the protein produced from BRCA1 is not known.


H.
In addition to BRCA1, another gene, BRCA2, has also been linked to an increased risk of familial breast cancer.


I.
The discovery of these genes allows for genetic testing of women to determine their risk for breast and ovarian cancer. Unfortunately, current treatment for the prevention of these cancers is radical. There is also the question of how insurance companies will deal with people with known genetic predisposition.

Module 11.20
Avoiding carcinogens can reduce the risk of cancer.



NOTE: There is much evidence that the tendency to get certain cancers is hereditary (Module 11.19).



Review: The cellular basis of cancer is discussed earlier in this chapter and in 
Module 8.23.


A.
Cancer-causing agents (other than viruses) are called carcinogens.

B.
Mutagenic chemicals cause mutations. In general, mutagens are carcinogens. Two significant mutagens are X-rays and UV radiation.



NOTE: Almost inevitably there will be a student in the class who goes to a tanning salon. Damage to the skin by exposure to UV radiation results in a tan. UV radiation is a mutagen that greatly increases the risk of skin cancer, and the younger the age at which the exposure occurs, the greater the risk. Depletion of the ozone layer increases the amount of UV radiation that reaches the Earth’s surface.


C.
The largest group of carcinogens are mutagenic chemical compounds. Substances from tobacco are known to cause more cases and types of cancer than any other single agent (Table 11.20).


D.
Exposure to carcinogens is addictive, so long-term exposure to these agents is more likely to cause cancer.


E.
Tissues in which cells have a high rate of cell division are more likely to become cancerous.


F.
Many factors that expose a person to cancer-causing agents involve voluntary behaviors. But other voluntary behaviors, such as choosing to reduce the animal fat and include more fiber, certain vitamins, and certain phytochemicals (compounds found in plants) in one’s diet, can lower the risk.



Preview: Diet can influence cancer risk (Module 21.24).

of Gene Expression    #

