Control of Gene Expression

Open the file "Gene Regulation" of the program "Explorations in Cell Biology and Genetics" (George Johnson ISBN 0-697-29214-2 WCB McGraw-Hill). This program is designed to demonstrate the importance of promoters in gene expression and compares the system used in bacteria to that used in higher organisms.

Click on Wcb_pc_(D:)/Startbio/Menu/Gene Regulation. Make sure your speakers are turned "on" in order to hear the audio portion of this exercise.

The bacterium Escherichia coli (E. coli) has often been used to study the control of gene expression. A classic set of experiments in the 1950's by Jacob and Monod involved the study of lactose utilization in this organism. In order to use the sugar lactose as a carbon and energy source, E. coli must express the genes of the so-called "lactose operon" region within its genome. These genes, when expressed, allow the organism to metabolize the sugar lactose. Gene expression depends upon the binding of the enzyme RNA polymerase to a specific part within the operon. As we will see in this exercise, gene expression depends on other additional factors.

To start the investigation, set the concentration parameters at high lactose and no glucose. This represents a situation wherein the bacteria are provided with lots of the lactose sugar but no glucose sugar. Observe the frequency of gene expression (transcription). Now alter the appropriate parameters and answer the following questions.

Question #1: Although RNA polymerase is necessary to get gene expression, it cannot function unless other compounds prepare the promoter for its binding. Identify these compounds.

Question #2: What can prevent these compounds from preparing the promoter for the binding of RNA polymerase?

Question #3: Certain compound(s) can affect the RNA polymerase in a different manner. They can physically interfere with the RNA polymerase's ability to catalyze the transcription process within the operon. What are these compounds called? What substance can prevent these compounds from carrying out the blocking effect?

Question #4: If you have just eaten a candy bar (which is loaded with glucose but contains little lactose), how would E. coli which live naturally in your intestinal tract respond with respect to the expression of the lac operon? Why?

Question #5: Six hours after you have eaten the candy bar (you are now very hungry and thirsty), you drink a large glass of milk (which is loaded with lactose). How would E. coli which live naturally in your intestinal tract respond with respect to the expression of the lac operon? Why?

Question #6: Hypothesize why E. coli has this type of gene expression. (You must include a discussion of both lactose and glucose concentrations to receive full credit!).
Now click on the "Eukaryotic" button on the screen. This switches to an exercise that involves gene expression in a more complex organism. You will notice that many factors are involved in order to express this gene. Study this transcription complex and then answer the following questions.

Question #7: Which factors are bound to the enhancer region before the transcription complex is formed?

Question #8: Which factors are bound to the promoter region before the transcription complex is formed?

Question #9: How is it possible that both the enhancer and promoter are equally responsible for determining whether or not the gene is expressed?

Question #10: With two different sketches, show a eukaryotic transcription complex, one which will lead to gene expression and a second transcription complex which will prevent gene expression (label each factor using the key provided in the program).

Question #11: Pinpoint the exact time, relative to conception, at which a person begins expressing the fetal hemoglobin gene and the exact time at which the person stops expressing the fetal hemoglobin gene.

Now click on the "Navigation" button and enter the "Topic Information" file. Read this information concerning gene expression and answer the following questions.

Question #12: Organisms regulate gene expression by controlling transcription, post-transcription, translation, or post-translation process(es)? Why?
Question #13: An enhancer sequence is not found in the promoter, yet it affects expression of the gene controlled by the promoter. How?

Question #14: Suppose you have an enhancer sequence. You first add a silencer protein and then an activator protein. Will there be gene expression? Why? Why not? 

NOTE: Please show all work to support your answers.

 

