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Study guide for research assistants
Read "A note on the dual role of glucose in the protection of glucokinase against inactivation" (S. H. Grossman, Biochimica et Biophysica Acta 452: 392-7, 1976).  The full text of this paper is not available online, so please obtain a hard copy from Greg. 

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 given a letter grade but will be checked!
General background


This paper was selected as an example of research done in the "pre-thermal melt era" that led to the development of thermal melting as a tool for high-throughput screening (as described by M. W. Pantoliano et al., Journal of Biomolecular Screening 6: 429-40, 2001).  As you know, thermal melt assays are based on the concept that the more stable a protein is, the higher the temperature at which it "melts" (i.e., unfolds).  Many factors can stabilize a protein and thus increase its melting temperature (Tm), including substrates and inhibitors that bind to the protein. This study investigated the ability of glucose and sorbitol to stabilize various proteins.

You may have written lab reports whose format included an Abstract (or Summary) followed by the Introduction, Materials and Methods, Results, and Discussion sections. This is a good format with which to be familiar because it is the format used by most journal articles, including this one. (For some very short articles, the Materials and Methods, Results, and Discussion sections are combined. Also, some journals put the Methods section at the end of the paper.)

Summary

• Note the three different kinds of inactivation listed in the opening sentence: thermal denaturation, urea denaturation, and tryptic inactivation.  Thermal denaturation, as the name implies, means heating the protein until it unfolds.  Urea is a chaotropic agent (see http://en.wikipedia.org/wiki/Chaotropic_agent) that, at high concentrations, interacts with proteins' amino acid residues and interferes with their noncovalent interactions with each other. Trypsin is a protease, i.e., an enzyme that chops proteins into smaller polypeptides.

• Also note the EC number given for the enzyme glucokinase (2.7.1.2). Because some enzymes have many different names, the Enzyme Commission (EC) assigns four-part numbers to enzymes so that they can be referred to unambiguously.
Introduction


• "The protective effect became significant: only at glucose concentrations well above that necessary for saturation of the enzyme." The first full paragraph on p. 396 elaborates on this point. 


• What is a polyhydric alcohol?  Wikipedia (http://en.wikipedia.org/wiki/Sugar_alcohol) defines it as "a hydrogenated form of carbohydrate whose carbonyl group (aldehyde or ketone, reducing sugar) has been reduced to a primary or secondary hydroxyl group."  Glucose and sorbitol both fit this description, as does glycerol, a reagent commonly used to store proteins.

Experimental

• In the Materials subsection, the enzymes are listed in terms of their specific activities (units/mg). A "unit" (sometimes abbreviated U) is the amount of enzyme needed to catalyze the consumption of 1 micromole of substrate per minute under standard conditions.

• The Methods subsection is extremely terse with respect to assay procedures, simply referring the reader to previously published methods.  For our purposes, it's important only to understand that these assays are enzyme activity assays, i.e., tests of the enzymes' speed at converting substrate to product.
Results


• Study Figure 1 very carefully.  If you can understand this figure, you will understand the other figures, which are similar, and will grasp the main findings of the paper. In both the left (a) and right (b) panels the Y axis reflects enzyme activity (speed of converting substrate to product).  How did the experiments shown in Fig. 1a differ from those shown in Fig. 1b?  Finally, note the complete absence of error bars and references to numbers of replicates in this and the other figures.  Many biochemists were not very statistics-savvy back in the old days….

• Note the observation that "Glucose does not interfere with the action of trypsin [2]." This is an important point.  Otherwise, we could not tell whether glucose protects glucokinase by binding to and stabilizing glucokinase or by binding to and inhibiting trypsin.
• Figures 1, 2, and 3 show that glucose and sorbitol protect glucokinase from three different types of inactivation.  Are you surprised that these molecules protect against such diverse dangers?  Why or why not?


• The final part of the Results section reports on several enzymes for which neither glucose nor sorbitol is a substrate.  The protection of so many different enzymes by the same molecules may seem odd, especially since our assumption in thermal melt assays is that only very specific interactions will raise a protein's melting temperature.  But note that the concentrations of glucose and sorbitol used here are very high (0.01-0.5 M)!  At such high concentrations, lots of compounds affect proteins.
Discussion


• Top of p. 396: "The greater efficiency of glucose over sorbitol and other polyhydric alcohols particularly at lower concentration, however, indicates that substrate binding at the active site has a significant protective effect." In other words, glucose may protect glucokinase more effectively than sorbitol because it binds specifically to the active site.

• Note the discussion of glucokinase's Km for glucose of 11 mM.  Do you know what a Km is?  If not, go to http://en.wikipedia.org/wiki/Michaelis-Menten_constant and look at the graph at the top right of the page.  In brief, the Km is the substrate concentration at which an enzyme's rate is 50% of its maximum.  This rate approaches its maximum at "saturating" substrate concentrations of three to four times the Km. The author thinks that further stabilization of glucokinase as glucose concentrations rise above 50 mM must be due to effects of glucose away from the active site, since the active site should already be saturated with glucose when the concentration is 50 mM.
Questions for lab notebook
1. Compare Figs. 1b and 2b. Based on these graphs, is 0.3 M glucose more effective in protecting glucokinase from trypsin (0.5 ug/0.13 mL) or urea (2.2 M)?

2. Based upon Fig. 3 and the text accompanying it, what you think the approximate melting temperature (Tm) would be if glucokinase were subjected to a thermal melt assay?  Briefly explain your reasoning.

3. At the bottom of p. 396, the author says, "The stabilization of hexokinase from yeast is to a good measure a substrate effect."  He is referring to the fact that glucose is a substrate of this enzyme, whereas sorbitol is not.  Refer to Fig. 4c.  To what extent do you agree with the author?
4. Suppose that you have been given the task of breaking open a large volume of cells and isolating a particular protein.  What information does this paper provide that might be useful in purifying your protein?
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