
Name _____________________      11 The Control of Gene Expression  Test Date _________
                     Study Guide
You must know:  

•  The functions of the three parts of an operon.
•  The role of repressor genes in operons.
•  The impact of DNA methylation and histone acetylation on gene expression.
•  How eukaryotic cells modify RNA after transcription.
•  THe role of oncogenes, proto-oncogenes, and tumor suppressor genes in cancer. 
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1. A prokaryote can respond to changes in its environment by turning genes on and off. In bacteria, genes are grouped, with control 
 sequences called operators and promoters, into clusters called operons. The lac and trp operons are two such gene clusters in the 
 bacterium E. coli.  Match each of the components of the lac and trp operon systems with its function.

lac 
operon

_____ 1. Regulatory gene A. Keeps RNA polymerase from attaching to promoter and transcribing genes

_____ 2. Repressor protein + lactose B. Transcribes genes into RNA for protein synthesis

_____ 3. Repressor protein without lactose C. Repressor protein attaches here

_____ 4. RNA polymerase D. Use lactose

_____ 5. Promoter E. Information for making repressor protein

_____ 6. Operator F. Where RNA polymerase starts transcribing genes

_____ 7. Operon genes G. Allows RNA polymerase to transcribe genes

_____ 8. Enzymes H. Information for making enzymes that use lactose

trp 
operon:

_____ 1. Regulatory gene A. Keeps RNA polymerase from attaching to promoter and transcribing genes

_____ 2. Repressor protein + tryptophan B. Transcribes genes into RNA for protein synthesis

_____ 3. Repressor protein without tryptophan C. Repressor protein attaches here

_____ 4. RNA polymerase D. Make tryptophan

_____ 5. Promoter E. Information for making repressor protein

_____ 6. Operator F. Where RNA polymerase starts transcribing genes

_____ 7. Operon genes G. Allows RNA polymerase to transcribe genes

_____ 8. Enzymes H. Information for making enzymes that make tryptophan

2.  In the following diagram of the lac operon, an operon for inducible enzymes, identify components a through i.
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3.  Repressible enzymes usually function in ________________ pathways.   The pathway’s product serves as a ________________ 
 to activate the repressor and turn off enzyme synthesis and prevent overproduction of the product of the pathway.  Genes for 
 repressible enzymes are usually switched ________________ and the repressor is synthesized in an ________________ form. 

 Inducible enzymes usually function in ________________ pathways.  Nutrient molecules serve as ________________ to 
 stimulate production of the enzymes necessary for their breakdown.  Genes for inducible enzymes are usually switched 
 ________________ and the repressor is synthesized in an ________________ form.

4. Match each of the mechanisms of regulation with the stage of gene expression where it acts. Choose from mRNA breakdown, 
 DNA unpacking and changes, cleavage/modification/activation, protein breakdown, addition of cap and tail, transcription, 
 splicing, translation, and flow through nuclear envelope.
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4.  Give an example of highly methylated and inactive DNA common in mammalian cells.

 Would histone tail deacetylation increase or decrease the transcription of a gene located in that nucleosome?

5. Label the components of the diagram of how enhancers and transcription factors facilitate formation of a transcription initiation 
complex.

6.  Powerful new methods of molecular biology have enabled scientists to explore how gene regulation controls animal 
 development. Researchers have found that one of the first events in fruit-fly development is a sequence of changes that determine 
 which end of an egg will develop into the fly's 1_________________ and which will develop into the 2_________________. One 
 of the first 3_________________ that "turns on" in the egg cell codes for a protein that leaves the egg and signals nearby cells in its 
 follicle, or egg chamber. The signal protein binds to a specific 4_________________ in the membrane of the target cell, which in 
 turn activates a series of relay proteins in the target cell.  The last relay protein activates a 5_________________ factor that triggers 
 transcription of a specific target cell gene. The mRNA produced is then 6_________________ into a protein.
  Via this mechanism, the egg cell signals the follicle cells. This 7_________________ genes in the follicle cells, and they 
 produce proteins that signal back to the egg cell. One of the egg cell's responses is to localize a type of 8_________________ at 
 one end of the egg cell. This marks where the fly's 9_________________ will develop. The other end of the egg will become the
 10_________________. Similar processes establish the other body axes and thus the layout of the overall body plan of the fly.
  After the egg is fertilized, the zygote is transformed into a multicellular embryo by repeated 11_________________. 
 Translation of the "head" mRNA creates a regulatory 12_________________ that is concentrated mostly in the head of the 
 developing fly. This protein in turn influences other genes, and these act to subdivide the embryo into repeating subunits called 
 body 13_________________

5



  Protein products of the axis-forming and segment-forming genes now trigger another round of gene 14_________________ 
 that shapes the details of the fly. Master control genes called 15_________________ genes determine what body parts - antennae, 
 legs, and so on - will develop in each segment. Every homeotic gene contains a sequence of about 180 nucleotides called a 
 16_________________ which is translated into a protein segment of about 60 17_________________. This homeobox polypeptide 
 segment binds to specific 18_________________ base sequences, enabling the homeotic protein to turn groups of genes on and off 
 during development.
  19_________________ in homeotic genes produce flies with spectacular changes in body structure, such as extra pairs of 
 wings, or heads bearing legs instead of antennae. Such changes attracted the attention of researchers, which led to the discovery of
 homeotic genes and study of their important role in 20_________________. Further research has shown that homeoboxes are 
 virtually identical in every eukaryotic organism studied so far - from yeast to plants to chickens to humans. For example, the 
 chromosomes of a mouse and a fruit fly bear similar homeotic genes in the same 21_________________, and the genes are ordered 
 from 22 “_________________” to 23 “_________________” on the chromosomes. These great similarities suggest that many
 of the base sequences in genes that control development arose 24_____________ in the history of life and have changed little since.

7. Review the causes and mechanisms of cancer by filling in the blanks in the following story.
  In the United States, lung cancer kills about 160,000 people per year. About 177,000 Americans will be diagnosed with lung 
 cancer this year. Long the most common kind of cancer in men, lung cancer recently passed breast cancer to become the most 
 frequent cancer in women as well. There has been a 136% increase in lung cancer deaths among women over a 20-year period.
  Cancer is uncontrolled multiplication of cells. The 1_________________ control system is responsible for regulating cell 
 2_________________   and 3_________________. Sometimes cells escape from this control and multiply wildly. The cells form 
 abnormal masses called tumors, which displace nearby normal tissues and can spread through the body.  Because the growing 
 tumors block breathing passages, the first symptoms of lung cancer are usually coughing and difficulty breathing. The tumorous 
 masses show up on chest X-rays, and usually a small sample of lung tissue is taken to examine the tumor cells.
  What causes lung cancer? Cancer-causing agents are called 4_________________.  Radiation, such as X-rays and UV light, 
 are known to cause some cancers, but most are caused by chemicals. Carcinogens in tobacco smoke appear to be the major cause 
 of lung cancer. An increase in cigarette smoking over the last century has been paralleled by a rise in lung cancer rates. Tobacco 
 has also been linked to other forms of cancer, such as cancer of the throat and stomach.
  Scientists have discovered much about the cellular mechanisms of cancer by studying cancers caused by viruses in humans 
 and other animals. They were surprised to find that cancer-causing viruses carry cancer-causing genes, called 5________________, 
 as part of their genome. When the viruses insert their genes into the chromosomes of a host cell, the cancer-causing genes are 
 inserted as well. Even more surprising, researchers found that oncogenes are simply altered versions of genes normally found in all 
 cells.  These genes, called 6_________________, usually code for proteins called 7_________________ factors - which normally 
 stimulate cell 8_________________ - or for other proteins that affect growth factors. What appears to cause most cancers is a 
 9_________________ in a proto-oncogene in a body (somatic) cell that changes it into an oncogene.
  Changes in genes whose products inhibit cell division - so-called 10_________________ genes - can also contribute to the 
 development of cancer. The normal products of proto-oncogenes and tumor-suppressor genes are involved in 11_______________ 
 transduction pathways. Normally, the 12_________________ product of a proto-oncogene might act to conduct a signal from a 
 13_________________ factor to the interior of a cell, stimulating 14_________________ to occur. When the proto-oncogene 
 mutates into an oncogene, it might produce a protein that increases cell division even in the
 15_________________ of the growth factor.
  A tumor-suppressor protein might act as a 16_________________ factor, which normally promotes production of a protein 
 that blocks cell division. A mutant tumor-suppressor gene could produce a defective transcription factor. In this case, the inhibitory 
 protein would not be transcribed, causing an 17_________________ rate of cell division.
  Evidence suggests that more than one somatic 18_________________ is needed to produce cancer. These mutations are 
 cumulative and passed to all of a cell's 19_________________. In most cases studied so far, changes in both proto-oncogenes and 
 tumor-suppressing genes seem to be necessary for a full-fledged tumor to develop. Recent research has also brought to light a 
 different kind of tumor suppressor gene, like the BRCA1 gene implicated in breast cancer, whose function is to 
 20_________________ damaged DNA. If this gene is defective, cancer is more likely to develop.
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