ChemE 355/599: Biological Frameworks for Engineers
                                                                      October 29, 2003


Breakthroughs in Biology -- Article #3

ASSIGNMENT


Read pages 2415-7 of “The lac operator is DNA” by Walter Gilbert and Benno Müller-Hill (Proc. Natl. Acad. Sci. USA 58: 2415-21, 1967).  You can retrieve this article by going to www.jstor.org/search, entering appropriate search terms (such as an author’s last name), and selecting “Proceedings of the National Academy of Sciences of the United States of America” (listed under the “General Science” heading) as the journal.  You may need to do this from a University computer (like those in Benson) in order to take advantage of the U.W.’s subscription to the JSTOR archives.

You can discuss this article in Room 111 of Johnson Hall on Wednesday, November 5th from 11:30 to 12:20 or on Thursday, November 6th from 2:30 to 3:20.

STUDY  GUIDE

General background

• This course has already covered transcription and translation in some detail.  We’ve also noted that, in a given cell at a given time, only a small fraction of all the genes in the genome get expressed (i.e., transcribed and translated).  However, we haven’t really discussed why genes only get expressed at certain times in certain cells.  Gilbert (a Nobel Laureate) and Müller-Hill were among the first researchers to tackle the problem of how gene expression is controlled.

• A lot of what we know about gene expression comes from studies of the so-called "lac operon" in E. coli.  An operon essentially is a cluster of genes that are transcribed and translated together; the lac operon includes three genes (lacZ, lacY, and lacA) which code for proteins involved in digesting lactose, a sugar that E. coli can use as food.  When lactose is the only source of carbon in E. coli's environment, these genes are transcribed and translated so that the lactose can be taken into the cell and broken down.  However, when E. coli has access to other sugars, such as glucose, the lac genes are not transcribed.  Clearly, the expression of these genes is regulated in response to environmental changes … but how?

• At the time of Gilbert & Müller-Hill's study, it was known that the lac operon was controlled in part by a repressor, a protein that prevents transcription.  It was thought that the repressor binds to an operator, a section of DNA next to the promoter, thus preventing RNA polymerase from transcribing lacZ, lacY, and lacA.  However, the effects of the repressor could be reversed by an inducer (such as IPTG), which binds to the repressor and prevents it from binding to the operator.  (Yes, the terminology is confusing, but it's important!  To keep track of the key players, I strongly suggest drawing a picture similar to the "Gene Structure" diagram we went over in class on October 8th.)  A schematic flow chart of this information is as follows:
- Inducer present ( inducer binds to repressor ( repressor can't bind to operator ( RNA polymerase transcribes genes

- No inducer ( repressor binds to operator ( RNA polymerase is blocked ( no transcription

Paragraph 1

• The main questions addressed by Gilbert & Müller-Hill were the following.  Does the repressor bind to DNA?  Does the repressor bind specifically to the operator region of the DNA?  And do inducers prevent the repressor from binding to the operator?  Brief answers to these questions appear at the end of this paragraph, as well as in the Summary paragraph on p. 2419.

Paragraph 2


• It is mentioned that DNA from a phage (virus) was studied.  This particular virus was used because it had been given the lac genes normally present in E. coli.  The viral DNA was mixed with the E. coli repressor protein (see Paragraph 3) in order to determine whether the two would bind to each other.


• "An alternative approach is to prepare radioactive repressor…."  This "alternative approach" is what Gilbert & Müller-Hill actually did.  Cells were grown in the presence of radioactive sulfate, which was then incorporated into proteins such as the repressor.

Paragraph 3


• Note the first sentence; you can find methodological details on pp. 2419-20.  In brief, E. coli proteins were fractionated with ammonium sulfate, run on a Sephadex column, and centrifuged in a glycerol gradient.  You don’t need to know all the details of these techniques, but be aware that they served to separate the proteins so that the repressor protein could be purified.  In the case of the glycerol gradient, a tube was prepared in which the concentration of glycerol varied from the top of the tube to the bottom.  Proteins placed at the top of the tube then migrated to different levels when subjected to centrifugation.  It was found that the repressor migrated to the “7.6S” level of the 5-30% gradient.  By keeping only the protein found in that section of the tube, the repressor was isolated from most of the other proteins.


• The repressor was then mixed with phage DNA and centrifuged in another glycerol gradient.  Results of this experiment are shown in Figures 1, 2, and 3.  The x axis, “Tube No.,” indicates vertical position along the gradient (samples from different sections of the gradient were collected in different tubes).  The y axis gives “CPM” (counts per minute), a measure of radioactivity.


• There are two main peaks in Figure 1a: at tubes 4-5 and at tubes 14-15.  (Note that the y-axis scale for tubes 1-10 is shown on the left side of the graph and the scale for tubes 12-18 is shown on the right side.)  What does each peak represent?  Why is the peak at tubes 4-5 missing in Figure 1b?

Paragraph 4

 
• RNase is an enzyme that digests RNA.  Why did Gilbert & Müller-Hill examine the effect of RNase on the repressor-DNA binding?


• “Unlabeled, purified lac repressor competes for this binding.”  Is this surprising or not?  Why did Gilbert & Müller-Hill mention this?

Paragraphs 5-6

• What is the point of Figure 2?

• The second half of this paragraph is rather confusing.  The sentence that begins, “Furthermore…” should be reworded as follows: “Furthermore, one can use operator-constitutive (oc) mutants carried on the phage DNA to address the more specific question, Does the repressor bind to the operator region?”  Operator-constitutive mutants have mutations in the operator, which might mean that the repressor can’t bind to them as tightly and can’t repress them as well as in a normal operon.  Are the results of Figure 3 consistent with this idea?  Does the repressor bind more tightly to the 20% oc or the 1% oc?

Paragraph 7


• Read this paragraph and the Summary paragraph on p. 2419 to get the take-home message of this study.  You do not have to read the rest of the paper, which involves quantifying the strength of the binding between the repressor and the operator.


• The lac operon is a good model system of how gene expression works because the general principles apply to most other genes.  However, the specific control mechanisms vary considerably from gene to gene and from species to species.  Could you design an operon that would behave differently from the lac operon but would still respond to environmental and/or cellular changes?  How would it work?
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