EE 546: Biological Frameworks for Engineers
                                               Handed out on 1-22-04; due on 1-29-04


Breakthroughs in Biology – Article #2

ASSIGNMENT


Read "A synthetic oscillatory network of transcriptional regulators" (M. B. Elowitz and S. Leibler, Nature 403: 335-8, 2000) using the attached Study Guide.  There are at least two ways to get this article: (1) open the "repressilator" model in TeraSim (see separate assignment being handed out today) and find the attached "Elowitz00.pdf" file; or (2) go to www.pubmed.gov, enter search terms (e.g., to find articles by M. B. Elowitz published in 2000, enter "Elowitz MB 2000"), follow the link to the appropriate abstract, follow the link to the Nature website, and select "pdf" to get the article in PDF format.  You may need to do the latter steps from a University computer in order to take advantage of the U.W.’s subscription to the online version of Nature.

Then participate in a discussion of this article from 12 to 12:50 PM on Thursday, January 29th in Room M406 of the Electrical Engineering building.  Be prepared to discuss the questions posed by the Study Guide, and bring any additional questions you have about the article.

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 (transcribed and translated).  However, we haven’t really discussed why genes only get expressed at certain times in certain cells.  So what turns gene expression on and off?  Many factors are involved; among the most important ones are proteins called repressors.  Repressors bind to the promoters of genes, slowing or stopping the transcription activity of RNA polymerase.

• Repressors are vital components of cells because they help ensure that the cells can adjust to changing conditions.  A classic example concerns the so-called "lac operon" in the bacterium E. coli.  The lac operon is a cluster of three genes 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, a repressor prevents the lac genes from being transcribed.


• The Elowitz/Leibler paper shows how cells can be engineered to behave in interesting, non-natural ways.  Specifically, Elowitz and Leibler used three interconnected genes to create an artificial cellular "clock" whose levels of green fluorescent protein (GFP) oscillate in a (semi-)predictable manner.

Paragraph 1 (Abstract)


• Why do you think Elowitz and Leibler are careful to note that the transcriptional repressor systems they used "are not part of any natural biological clock"?


• Green fluorescent protein (GFP) is a protein that occurs naturally in organisms such as the Pacific jellyfish (Aequoria victoria).  Because its fluorescence makes it an easy protein to track, it has also been used in many studies having nothing to do with jellyfish.


• A question to come back to once you’ve read the entire article: how do you think the state of the oscillating network is transmitted from generation to generation during cell division?

Paragraph 2 / Box 1


• Figure 1a is a diagram of two plasmids, both present in the same cells.  The left-hand plasmid contains genes for three repressors, each of which prevents transcription of one of the other genes.  Keep in mind that this is a highly artificial situation; these genes are not found together on any naturally occurring plasmid.


• The GFP gene is on the right-hand plasmid….  So how do the regulatory interactions among the left-hand plasmid’s genes affect GFP expression?


• This paragraph says that a network like that shown in Fig. 1a can produce oscillatory behavior and refers you to Box 1 for details.  We will explore Box 1 in a parallel assignment using TeraSim software; for now, focus on the equations for dmi/dt and dpi/dt, the changes in mRNA and protein concentrations, respectively, over time.  The equation for dmi/dt shows that mRNA is degraded at a rate proportional to mRNA concentration, that it is always synthesized at a rate of at least α0, and that its maximum rate of synthesis (in the absence of repressor pj) is (α + α0).  Can you see that?


• It turns out that the Elowitz and Leibler model can either exhibit steady-state stability or oscillations, depending on the values of α and β that are used (Fig. 1b and 1c).  This fact is not obvious from looking at Fig. 1a; hence an advantage of mathematical modeling is that it allows you to predict the behavior of complex systems before trying to verify that behavior empirically.

Paragraph 3


• The terms "strength" and "tightness" refer to promoters and how they are affected by repressors.  A strong promoter causes high rates of transcription in the absence of repressor (i.e., α is high); a tightly repressible promoter allows little transcription in the presence of repressor (i.e., α0 is low).


• What two alterations did Elowitz and Leibler make in their "natural components" to try to get their network to exhibit oscillatory behavior?


• A protease is an enzyme that digests proteins.

Paragraph 4


• An inducer (e.g., IPTG) is a molecule that binds to a repressor, preventing the repressor from binding to the promoter and thus allowing transcription to proceed.

Paragraph 5 / Figure 2


• Why does Fig. 2c show a steady increase in baseline fluorescence along with the cyclical changes?


• What was the period of their experimentally observed oscillations?  How does this compare with the period of their simulations?


• "Septation" is the division of one cell into two daughter cells.

Paragraph 6


• On the issue of deterministic, continuous models versus stochastic ones, the paper refers vaguely to the "discreteness of network components."  All this means is that you can only have whole numbers of certain things, e.g., you can have 5 repressor molecules present in the cell or 6 repressor molecules present, but not 5.32 molecules.  This discreteness is most likely to be important when the total number of molecules is small.

Paragraph 7


• What control experiments did Elowitz and Leibler do?  What were the results?

Paragraph 8


• Is the artificial clock described in this paper a useful one?  What could be done to make it better?
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