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Study guide for research assistants
Read "Chemical screening methods to identify ligands that promote protein stability, protein crystallization, and structure determination" (M. Vedadi et al., Proc. Natl. Acad. Sci. USA 103: 15835-40, 2006).  The full text of this paper is available online (as a web page and also as a PDF file) at: http://www.pnas.org/content/103/43/15835. 

Use the study guide below to help you understand the paper.  You are welcome to discuss the paper with Greg at any time.  When you are satisfied with your overall understanding of the paper, please answer the "Questions for lab notebook" in your notebook; these won't be graded but will be checked!
General background

• This paper is interesting for several reasons.  It was published by a "rival" group at the University of Toronto that has many research interests similar to ours, and this study applied the thermal melt technique to a wide variety of proteins, just as we have done.  It also compares thermal melting (which it calls differential scanning fluorimetry, or DSF) with a somewhat similar technique called differential static light scattering (DSLS). 
Abstract
• The first two sentences read, "The 3D structures of human therapeutic targets are enabling for drug discovery. However, their purification and crystallization remain rate determining."  What does this mean?  The first sentence is a reminder that if you want to design a drug that inhibits a particular protein, it's easier to do so if you know the protein's 3D structure.  The second sentence is referring to the fact that most 3D structures are determined via X-ray crystallography, which requires crystals of highly purified proteins.  (Wikipedia has a good page on X-ray crystallography: http://en.wikipedia.org/wiki/X-ray_crystallography.)  Producing a pure protein and getting it to form crystals are both difficult, which explains the relatively small number of proteins whose structure is known.   
• The authors say that their methods "measure the increase in protein thermal stability … without the need to monitor enzyme activity."  This is one of the main advantages of DSF and DSLS: the same protocol works for many different proteins, whereas enzyme activity assays are unique to each enzyme.  Recall that the previously assigned paper (S. H. Grossman, Biochimica et Biophysica Acta 452: 392-7, 1976) reported the activities of several different enzymes, each of which had to be monitored in a different way.
Introduction

• "To improve the general rates of protein purification, efforts have focused largely on alterations of the recombinant host … changes of the construct encoding the protein…"  The recombinant host is the organism in which the protein is expressed – usually E. coli.  The construct encoding the protein is generally a plasmid containing the gene encoding the protein of interest.  The gene is usually given a host-specific or engineered promoter to ensure that it expressed at high levels.
• "Ligands that interact preferentially (specifically or nonspecifically) with the native state of a protein would increase the thermal stability, provided that the ligand concentration exceeds its KD value."  The KD is a binding constant – the concentration at which one half of the ligand is bound to the protein.  It is analogous to the Km of an enzyme for a substrate.  Why should the [ligand] exceed KD for maximum thermal stability?

Results

• Table 1 summarizes results for 63 of the 221 proteins studied in this project.  Four of the proteins are marked "HF," meaning that a melting temperature (Tm) could not be determined due to high fluorescence at low temperatures.  In your experience with thermal melt assays, does a high baseline fluorescence prevent measurement of Tm?
• "Neither a T agg nor a T m could be measured for 10 proteins, presumably because of high thermal stability or some other property of the protein that was incompatible with the method (e.g., not properly folded)."  Skip down to the Materials and Methods section to find out the highest temperatures to which the proteins were subjected.  Based on your experience with thermal melts, is it likely that some proteins would be stable enough to stay folded at these temperatures?

Materials and Methods

• Differential Static Light Scattering (DSLS) is not fully explained here, but details are provided in another publication (G. A. Senisterra et al., Journal of Biomolecular Screening 11: 940-8, 2006).  In brief, this technique takes advantage of the fact that, once proteins denature, they often stick together (aggregate).  This aggregation, in turn, causes an increased scattering of the light shone upon the samples (i.e., less of the light passes straight through the samples).  The increased scattering is reported as an increase in "Intensity" on the Y axis of Figure 1B.

• Note that one advantage of DSLS is that no fluorescent dye is needed.  Can you think of any advantages of differential scanning fluorimetry (DSF) over DSLS?
Questions for lab notebook
1.  The Results subsection titled "Screening against solutions containing ranges of pH and salt" describes experiments that were somewhat like the "buffer optimization" experiments we did here at UW.  In what ways were these researchers' experiments similar?  In what ways were they different?  It may be helpful to look at Table 4, which is available as part of the online supplementary information (http://www.pnas.org/content/103/43/15835/suppl/DC1#T4).
2.  In the Materials and Methods section, the authors report that "The rate of heating was found to affect the observed Tm."  Is this surprising to you?  Why or why not?
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