Greg Crowther, UW Dept. of Medicine

                                                                     November 11, 2009                                        


Study guide for research assistants
Read "An FKBP destabilization domain modulates protein levels in Plasmodium falciparum" (C. M. Armstrong and D. E. Goldberg, Nature Methods 4: 1007-9, 2007).  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/17994030. 

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


In the search for good drug targets, there are two general types of validation: chemical validation and genetic validation.  Chemical validation, at its best, means that if you inhibit a particular target (and only that target) with a particular compound, the parasite dies (or becomes avirulent).  Genetic validation means that the parasite cannot survive deletion of the target gene or an equivalent stoppage of production of the corresponding protein (e.g., RNA interference to prevent translation of the mRNA).

One of the major roadblocks of malaria drug research has been the difficulty of validating targets genetically.  It is relatively easy to prove that a gene is nonessential: if you delete the gene and the cells survive, then you've done it.  Proving that a gene is essential is more difficult; if you are unable to create a parasite that survives without the gene, you need a positive control to show that this negative result was not due to technical limitations (e.g., not making enough attempts to delete the gene).  And of course it's the essential genes that are of greatest interest!

An "inducible knockout" is, in some ways, an ideal option with which to pursue genetic validation.  You can grow the parasite normally, then turn off production of the (possibly essential) protein and see how the organism responds.  It is this type of approach that is described in the present paper.
Abstract

• Adding the destabilization domain ddFKBP to a protein causes rapid degradation of the fusion protein (the ddFKBP plus whatever it's attached to) except in the presence of the ligand Shld1.  Shld1 is pronounced "Shield-1," which should remind you that its presence shields the protein from the destructive effects of the ddFKBP.  Binding of Shld1 to ddFKBP alters its three-dimensional shape so that the fusion protein is no longer targeted for degradation.
Main text

• Paragraph 1 reviews the need for better systems of genetic validation in Plasmodium, as discussed above.  Our lab and many others use RNA interference (RNAi) to study targets in T. brucei, but this technique does not appear effective in Plasmodium, perhaps because Plasmodium may lack enzymes needed to convert double-stranded RNA (dsRNA) into the small inhibitory RNAs (siRNA) that reduce protein expression.
• Question #1 for lab notebook:  Paragraph 3 of the main text states, "The original study used an analog of rapamycin named Shld1 because both of the common FKBP ligands FK506 and rapamycin have pleiotropic effects on mammalian cells."  What are pleiotropic effects, and why might they be problematic?
• Paragraph 4 refers to Supplementary Figure 1, which is available online.  It is rather confusing unless you're very familiar with cloning procedures, so don't worry if you don't understand it completely.  The main point is that the "Multisite Gateway" plasmid system allows you to create customized genes from multiple pieces, e.g., a hsp86 promoter and coding regions for ddFKBP and YFP.  Also note this bit of nomenclature from Paragraph 4: ddFKBP-YFP and YFP-ddFKBP refer to YFP with ddFKBP attached at its N- and C-termini, respectively.
• Question #2 for lab notebook:  For the first part of this study, the researchers chose to fuse ddFKBP with yellow fluorescent protein (YFP), a protein not normally found in Plasmodium.  One probable reason for this is that fluorescent proteins like green fluorescent protein (GFP), red fluorescent protein (RFP), and YFP tend to behave well when fused to other proteins – i.e., they still fold normally and fluoresce without interfering with the proteins to which they are fused.  Can you think of additional reasons why the researchers might have chosen to work initially with YFP?
• It may seem odd that an anti-GFP antibody was used to detect YFP, as reported in the legend to Figure 1.  However, GFP and YFP are so similar in structure that the anti-GFP antibody can recognize YFP as well.
• The final sentence of paragraph 8 says, "These results [showing large changes in ddFKBP-YFP within 20 hours] demonstrate that Shld1 acts quickly and can be used to modulate protein levels within a single round of the parasite life cycle."  Although the complete Plasmodium life cycle is quite complex, the authors are probably thinking of the 48-hour cycle during which a parasite invades an red blood cell, multiplies, and then escapes from the rupturing cell.  Twenty hours is relatively brief compared to this 48-hour period.
• Question #3 for lab notebook:  Figure 2a shows that Shld1 increases the concentration of the falcipain-2 fusion protein (FP2-ddFKBP) present in cells.  That in and of itself does not prove that falcipain-2 is functional when fused to the ddFKBP, but Figures 2b-c address the functionality issue.  How?
• Question #4 for lab notebook:  Paragraph 10 states, "Although fusion of ddFKBP to either terminus of a target protein allowed Shld1-tunable modulation of protein level, N-terminal fusion allowed more complete downregulation than C-terminal fusion."  Which data is this statement referring to?  Be specific.  Do we know whether the statement is true of target proteins in general?  Why or why not?

• Paragraph 10 points out two ways in which the researchers may have "gotten lucky."  First, they observe that "native P. falciparum proteins are subject to modulation by the degradation domain system."  This could not have been known beforehand, since previous work showed only that attachment of destabilization domains caused destruction of proteins in mammalian cells (whose protein degradation machinery is not identical to that of Plasmodium cells).  Second, falcipain-2 has a membrane-spanning region, so adding the ddFKBP could have interfered with insertion of the protein into the membrane.  Apparently, it did not.
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