EE 400/546: Biological Frameworks for Engineers
                                        Handed out on 1-26-06; due on 1-31-06


"Great Moments in Biology" – Article #1

(required for graduate students enrolled in EE 546; optional for everyone else)
Read “DNA sequencing with chain-terminating inhibitors” (F. Sanger, S. Nicklen, and A. R. Coulson, Proc. Natl. Acad. Sci. USA 74: 5463-7, 1977).  Use the study guide below to help you understand the paper; you don’t have to turn in answers to the questions.  This article is available online at www.pubmedcentral.gov/articlerender.fcgi?tool=pubmed&pubmedid=271968.

We will discuss this article on January 31st from 12:30 to 1:20 PM in Room M406 of the EE building.  Be prepared to discuss the questions below, and bring any additional questions you have about the article.  It is highly recommended that you print out a copy of the article (from the URL above, click on the left-hand-side link to the PDF file, which will print more nicely than the HTML version) and bring it with you to class.

General background


• As you have seen, DNA sequences can be used to gain insight into protein structure and function, to identify the source of a biological sample, to determine evolutionary relationships within and among species, and so forth.  The ability to sequence DNA rapidly is thus tremendously useful to a wide variety of scientists, physicians, and others.


• The paper by Sanger et al. describes a method of sequencing DNA – brand-new at the time – that is still in widespread use today.  (In fact, the UW sequencing facility used a variation of this method to analyze your DNA!)  For discoveries such as this one, Frederick Sanger received a share of the 1980 Nobel Prize in Chemistry.  

• The basics of Sanger’s technique are covered at  www.dnalc.org/ddnalc/resources/shockwave/cycseq.html.  The specific chemical difference between dideoxynucleotides (ddNTPs) and “normal” nucleotides (dNTPs) – a key aspect of this technique – is shown at www.bio.miami.edu/dana/104/dideoxy.html.

Abstract


• Note that the method described in this paper builds upon previously developed methods.  To save time, we will not discuss these other methods.


• The new method involves the use of “chain-terminating inhibitors of DNA polymerase.”  How do these inhibitors compare to the nucleotides that are usually used in DNA synthesis?  If unsure, consult the websites listed above.


• Two types of chain-terminating inhibitors were used in this study.  What were they?  See Paragraph 5 of the Introduction for more information on these inhibitors.

Introduction


• Don’t worry about the details of Paragraphs 1 and 2.  For this assignment, all you need to know about these paragraphs is that, at the time of this paper, other sequencing methods had been developed, but none was considered ideal.


• Paragraphs 4 and 5 (“Principle of the Method”) are critical; read them carefully.  

· If you haven’t already, check out the pictures of normal and dideoxy nucleotides at www.bio.miami.edu/dana/104/dideoxy.html.  Normal nucleotides are called “deoxy” (i.e., “lacking oxygen”) because they do not have an oxygen atom attached to the 2’ carbon atom.  (Incidentally, this is one of the main differences between DNA [deoxyribonucleic acid] and RNA [ribonucleic acid].)  However, dideoxynucleotides have two “deoxy” carbon atoms (the prefix “di-” means “two”); neither the 2’ carbon nor the 3’ carbon has an oxygen atom bonded to it.

· As you know, DNA is normally made up of phosphate, deoxyribose sugar, and bases.  According to the paper, what is arabinose and how does it affect DNA synthesis?

· The second-to-last sentence of Paragraph 5 is especially important: “In order to obtain a suitable pattern of bands from which an extensive sequence can be read it is necessary to have a ratio of terminating triphosphate to normal triphosphate such that only partial incorporation of the terminator occurs.”  If you understand this sentence, you probably understand the essence of the method.  You may want to come back to it after reading the rest of the paper.

Methods


• Don’t worry too much about Paragraphs 1-5 of the Methods (“Preparation of the Triphosphate Analogues”).  It is sufficient to understand that the researchers had to make some of their own dideoxynucleotides because they weren’t commercially available at the time.


• The first sentence of the “Sequencing Procedure” subsection (Paragraph 6) mentions “restriction enzyme fragments” and “øX174.”  Restriction enzymes cut DNA at specific sequences of nucleotides, so restriction enzyme fragments are fragments of DNA generated by restriction enzymes.  øX174 is a bacteriophage, i.e., a virus that infects bacteria.  Since Sanger et al. had recently sequenced this virus’s genome using other methods, it was a convenient source of DNA for their new sequencing procedure.


• As mentioned later in Paragraph 6, the DNA polymerase was supplied with radioactive dATP – specifically [α-32P]dATP.  Why were radioactive nucleotides used?  Also note that several different tubes were prepared: one containing ddTTP, one containing ddATP, one containing ddGTP, one containing ddCTP, and one containing araCTP.  Thus, after DNA polymerase did its thing in each tube, the ddTTP tube contained DNA strands of different lengths, all with ddTTP at the 3’ end; the ddATP tube included strands with ddATP at the 3’ end; etc.  These fragments were then run on gels, as shown in the figures.


• Looking at the contents of each tube, were the concentrations of ddNTPs higher or lower than the concentrations of dNTPs?  Any idea why this was the case?


• Paragraph 7 discusses a “chase” procedure in which extra dATP was added to each tube partway through each incubation (“incubation” meaning the period in which DNA polymerase synthesized DNA from a template).  Why was this done?


• Don’t worry about the details of the single-site ribo substitution procedure (Paragraph 8).

Results

• Note that Sanger et al. did not re-sequence the entire øX174 genome; they only checked the sequence along sections of the genome where they had convenient primers.  (They gave their primers such names as A14, A12, R4, and A8.)

• In each figure, notice the separate lanes for G, A, T, and C.  The DNA from the tube containing ddGTP was run in the “G” lane, the DNA from the tube with ddATP was run in the “A” lane, and so on.  Pieces of DNA migrate through gels based on size, with the smaller pieces traveling more quickly and ending up farther down the gel.


• Sanger et al. note, “With longer restriction enzyme fragments as primers it is necessary to split them off from the newly synthesized DNA chains before the electrophoresis.”  Can you guess why?


• Based on their electrophoresis, Sanger et al. were able to write out sequences (letters typed alongside the gels) for certain sections of the øX174 genome.  But how did they know whether their sequences were correct?  


• In Figure 3, notice how there is both an “aC” lane and a “ddC” lane.  Would you expect these lanes to look similar or different?  Do the data fit your expectations? 

Discussion


• Note that this Discussion section discusses both the advantages and limitations of the researchers’ progress.  I consider this a good, balanced approach.  Students’ lab reports tend to overemphasize their shortcomings, whereas established scientists often trumpet the novelty of their work without properly acknowledging its imperfections.


• Paragraph 3 notes, “The most serious difficulties are due to ‘pile-ups’ of bands, which are usually caused by the DNA forming base-paired loops….”  Although you’re used to thinking of DNA as a double helix held together by bonds between the two strands, a single strand of DNA can sometimes form bonds with itself.  For example, a strand may bend around such that a sequence of several consecutive G’s in one part of the strand may bond to a few consecutive C’s in another part of the strand.  As you might guess, this sort of intra-strand bonding can alter the strand’s migration through a gel and thus complicate the interpretation of gel results.

• Any guesses as to how the original method described in this paper has since been modified to make it quicker and easier?
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