EE 546: Biological Frameworks for Engineers
                                                                      Handed out on 2-26-04; due on 3-4-04


Breakthroughs in Biology -- Article #6

ASSIGNMENT


Read “Localization of bacterial DNA polymerase: evidence for a factory model of replication” by Katherine P. Lemon and Alan D. Grossman (Science 282: 1516-9, 1998).  To retrieve this article, go to www.pubmed.gov; enter appropriate search terms (e.g., to find articles by A. D. Grossman published in 1998, enter “Grossman AD 1998”); follow the link to the abstract of this article; and click on the “Full text article at www.sciencemag.org” link.  You will then have the option of obtaining a PDF version of the article -- see the top of the gray column on the right-hand side of the page.  You will need to do all this from a University computer (like those in EE 365) in order to take advantage of the U.W.’s subscription to the online version of Science.

We will discuss this article on Thursday, March 4th from 12:00 to 12:50 PM in Room M406 of the EE 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 article is a nice one with which to end the quarter because it integrates three topics covered earlier in the quarter: green fluorescent protein (GFP), induction of transcription by IPTG (a molecule that resembles lactose -- remember the lac operon?), and DNA replication by DNA polymerase.  In particular, you should note how Lemon & Grossman used GFP to monitor the intracellular location of DNA polymerase.  These researchers created a so-called fusion protein, a combination of GFP and the catalytic subunit (PolC) of DNA polymerase; the fluorescent glow of GFP thus allowed them to keep track of PolC's position in the cell.  This use of GFP is somewhat different from what we're doing in lab this week, since our GFP will be expressed on its own (not fused to another protein).

Paragraph 1 (Abstract)

• Note that DNA polymerase is a protein with several subunits, including PolC, the part that actually attaches nucleotides to the growing chain.  (Two other subunits, δ' and т, are mentioned at the top left of p. 1518 and in Figs. 1J and 1K.)  GFP is not a component of the normal enzyme, but Lemon & Grossman used it to track the position of the DNA polymerase.  Specifically, they altered the gene for PolC so that the fusion protein PolC-GFP would be made instead of the normal PolC.  Can you guess how they did this?

Paragraphs 2 and 3


• What is the central question of this study?


• An interesting difference between prokaryotic and eukaryotic chromosomes is mentioned here: prokaryotic chromosomes generally have a single origin of replication (oriC), whereas eukaryotic chromosomes have many.  DNA replication is thus easier to study in prokaryotic organisms, which is why these researchers worked on the bacterium Bacillus subtilis.

Paragraph 4


• The details of how the genes for PolC and GFP were combined are given in Note #5.  We won't worry about all of these details, but you can see that the process involved plasmids, PCR, and a restriction enzyme (Xho I) -- items that should now be familiar to you.


• In general, when studying a biological event, one should try not to disrupt the event in the process of measuring it.  In this particular study, you might wonder whether DNA polymerase can still function when GFP is attached to one of its subunits.  This paragraph has the answer.


• How did the location of the cells' PolC compare to the location of their DNA?  Does this evidence support the "factory model" of DNA replication?

Paragraph 5


• This paragraph addresses the question of, "How do we know that the green-glowing spots (foci) are locations where DNA replication is really taking place?  Couldn't they represent areas where DNA polymerase molecules congregate when they're not doing anything?"  In particular, it lays out the evidence in favor of point (i) -- that "the presence of foci was dependent on continued DNA synthesis."  Lemon & Grossman stopped DNA replication by inhibiting the production of DnaA, a protein that helps form the "replication complex" (a complex of proteins that has to be in place for DNA polymerase to function).  Specifically, they put the gene for DnaA under the control of the Pspac promoter/operator, to which the lac repressor can bind.   Expression of DnaA would then only occur in the presence of the inducer IPTG, which binds to the repressor and prevents it from binding to the operator.  How do Figs. 1C and 1D illustrate the effect of DnaA expression on DNA polymerase?

Paragraphs 6-10


• These paragraphs follow up on point (ii) listed in Paragraph 5 – that “the number of foci per cell increased at faster growth rates.”  The first two sentences of Paragraph 6 provide useful background information: “To sustain growth rates that are faster than the time it takes to replicate the chromosome, bacteria undergo multifork replication; from oriC, new rounds of DNA replication begin before the previous round of replication has finished.  Thus, at faster growth rates, there are multiple DNA replication forks in a single cell.”  Explain how Table 1 provides supporting evidence for these statements.  (“Doubling time” is the time it takes for a cell to divide into two daughter cells.  The shorter the doubling time, the faster the growth rate.)  Why were three different supplements (succinate, glucose, or glucose + aa) used?

• In these paragraphs, many details are provided concerning the exact location of the various foci – whether they’re in the middle of the cell, at the “quarter positions,” etc.  For our purposes, the important issue is simply whether the foci are distributed evenly around the cell (as would be expected if DNA polymerase moves along the DNA template) or whether they stay in certain “fixed” positions (as would be expected if the DNA template moves and the polymerase stays where it is).  Does Fig. 2 show DNA polymerase to be distributed evenly throughout the cell or to be concentrated in certain discrete positions?

Paragraph 11


• A skeptical reader might respond to the first 10 paragraphs by asking, “How do I know that the results you’ve obtained for Bacillus subtilis can be applied to other organisms?”  In Paragraph 11, Lemon & Grossman argue that the DNA polymerase of the bacterium E. coli probably acts similarly to the DNA polymerase that they studied.  What evidence do they cite in support of this viewpoint?
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