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Study guide for research assistants
Read "Clinical mutants of human glucose 6-phosphate dehydrogenase: impairment of NADP+ binding affects both folding and stability" (Xiao-Tao Wang and Paul C. Engel, Biochimica et Biophysica Acta 1792: 804-809, 2009).  The full text of this paper can be accessed online by following the links from this web page: http://www.ncbi.nlm.nih.gov/pubmed/19465117.

Use the study guide below to help you understand the paper.  You are welcome to discuss the paper with Greg and/or other people 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
Many malaria experts now believe that progress against the disease needs to be made on several fronts simultaneously – e.g., that we should prioritize the development of vaccines as well as drugs, work toward elimination of Plasmodium vivax as well as P. falciparum, and target the non-erythrocyte stages of the life cycle as well as the erythrocyte stages.  
Primaquine is unique among existing malaria drugs in that it kills P. vivax hypnozoites (dormant parasites that reside in the liver for weeks or months before re-emerging) and mature Plasmodium gametocytes (which continue the life cycle inside mosquitos).  However, primaquine carries the major liability that multi-day administration causes hemolytic anemia in patients with glucose 6-phosphate dehydrogenase (G6PD) deficiency, whose geographical distribution mirrors the incidence of malaria.  G6PD deficiency can arise from any of >100 point mutations that compromise the enzyme’s function.  A compound that improves the safety of primaquine among G6PD-deficient patients would permit more widespread use of primaquine in malaria-endemic areas, thus reducing both transmission and P. vivax reactivation.  This route to safe, effective elimination of hypnozoites and mature gametocytes may well be cheaper and faster than creating brand-new therapeutics.
The assigned paper is interesting in part because it raises the question of whether the structure and function of diverse mutant G6PD’s could be stabilized with small druglike molecules that could be co-administered with primaquine.
Abstract

Note the convention of reporting point mutations in amino acids as [wild-type a.a.][a.a. number][mutant a.a.].  For example, R393G means that the 393rd amino acid in the protein has mutated from Arginine (R) to Glycine (G).  Note also that each G6PD mutation also has a “geographical” name, e.g., Wisconsin or Nashville.
What is a Kd?  Check in a biochemistry textbook or online, if necessary.
CD is short for circular dichroism.  This is a technique that works a bit like thermal melting in assessing protein folding and stability.

1. Introduction
The end of the second paragraph explains a possible connection between point mutations and low G6PD levels: if the mutation causes impaired folding, the protein may aggregate and/or be cleaved by proteases, leaving less of it available to do its job.
The fourth paragraph talks about the locations of G6PD mutations in relation to the “structural” NADP+ binding site.  These are hard to visualize without the aid of a graphics program, so we will use PyMOL software to look at G6PD’s 3D structure.  To download and install PyMOL, follow the links and instructions presented here: 
www.pymolwiki.org/index.php/Category:Installation

Then consult the “Practical PyMOL For Beginners” tutorial:






 www.pymolwiki.org/index.php/Practical_Pymol_for_Beginners
The structures that are most interesting to us have Protein Data Bank (PDB) codes 2BHL (human G6PD with glucose 6-phosphate bound) and 2BH9 (human G6PD with NADP+ bound).  To display the first one in PyMOL, type fetch 2BHL in the PyMOL command line (at the PyMOL > prompt).
I generally find the “cartoon” view of the proteins, which shows their alpha helices and beta strands, to be most useful.  To see a protein as a cartoon, you can click on H in the upper right of the PyMOL Viewer window and select “Hide everything.”  Then click on S (upper right of PyMOL Viewer window) and select “Show cartoon.”  To see ligands bound to the protein, select S => Show => organic => sticks.  From their size and shape, you should be able to distinguish glucose 6-phosphate and NADP+ from glycerol, which is also shown as a ligand.)
Note that structure 2BH9 displays as a monomer in PyMOL, while 2BHL shows it as a dimer.  (You can see dimeric 2BH9 on the PDB site by going to www.pdb.org and searching for 2BH9.)
In PyMOL, to find the location of a specific amino acid in the protein, click on the S in the lower right of the PyMOL Viewer window.  The amino acid sequence will appear at the top of this window; click on the amino acid you wish to see, and its atoms will become highlighted.

Use PyMOL to confirm the claims of the fourth paragraph of the Introduction, i.e., that amino acids R393 and G488 are near the “structural” NADP+ binding site, and that R393 is also near the dimer interface.

2.2 Construction, expression and purification of recombinant proteins

For methodological details, this paper refers the reader to previous papers, which then refer to other papers.  If you go back far enough, you’ll see that expression of the G6PD in E. coli cells was induced with IPTG.  If you don’t know how IPTB is used to induce genes that have been cloned into plasmids, use Google to find out.
2.5 Protease digestion of G6PD wild-type and mutant enzymes

Aside from doing thermal melt assays, an alternative way of measuring a protein’s folding state is to see how sensitive it is to digestion with a protein-cleaving enzyme (protease).  The more loosely or poorly folded a protein is, the more of the protein the protease can access and the more digestible the protein will be.
2.7 Protein unfolding and refolding
To compare the ability of proteins to fold properly, you need to start them off in the same state.  Hence the strategy here of denaturing the proteins with concentrated guanidinium-HCl (Gdn-HCl), then allowing them to refold by diluting away the Gdn-HCl and introducing folding-promoting ingredients like L-arginine.

2.8 Circular dichroism analysis

Note that spectra were taken over a “far-UV” range (200-260 nm), which allows assessment of a protein’s secondary structure (alpha helices, beta sheets, and random coils), as opposed to its tertiary structure, which is monitored over “near-UV” wavelengths (250-350 nm).

3.1 Kinetic properties of human G6PD wild type and mutants

See Table 1.  At this point you should have a clear understanding of what Km means.  You might or might not also be familiar with kcat -- the “turnover number” or maximum number of reactions that a single copy of the enzyme can catalyze per second.  The Dalziel coefficients (φ’s) are not of particular concern here.
Discussion

Read the final paragraph carefully.  Therapeutic delivery of NADP+ is unlikely because NADP+ is a large, charged molecule which does not cross cell membranes easily.  However, the authors imagine that another, more permeant compound could stabilize G6PD effectively.

Questions for lab notebook
1. Why can’t reticulocytes and red blood cells synthesize new G6PD to replace any that is lost due to instability?  
2. According to the paper, what was the purpose of this study?
3. At a conceptual level, what sort of measurements are needed to calculate the dissociation constant (Kd) of G6PD for the “structural” NADP+?  Refer to reference #13 as needed.
4. In Figure 2, the activity of the various G6PD’s is shown over time at various [NADP+]’s.  Are the differences between wild-type and mutants due to the structural NADP+’s role in stabilizing the folded protein?  Or do the mutants simply bind the catalytic NADP+ more poorly than the wild-type, thus slowing the reaction rates?

5. The Discussion says, “The decreased binding capacity for “structural” NADP+ in the mutant enzymes G6PDWisconsin (R393G) [25] (Kd ~ 53 nM) and G6PDNashville (R393H) [26] (Kd ~ 500 nM), could also account for the disease phenotypes.”  To what extent do you agree?
6. More generally, to what extent can the results in this paper account for the severe G6PD deficiency accompanying the four mutations?  

3

