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Study guide for research assistants
Read "Spiroindolones, a potent compound class for the treatment of malaria" (M. Rottmann et al., Science 329: 1175-80, 2010).  The full text of this paper can be accessed online (from UW computers) by following the links from this web page: http://www.ncbi.nlm.nih.gov/pubmed/20813948.
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

While our work falls under the general category of "target-based drug development," much of drug development is not target-based in the usual sense of the term.  The assigned paper is an interesting example of a common path in drug development: first finding some compounds that kill a parasite, then trying to identify the compounds' specific molecular target(s).  Even when working with compounds that already appear very effective and safe, this target identification process may allow further optimization of the compounds and a better understanding of the data they yield.
Introduction
• Top paragraph, middle column of p. 1175: "Although these compounds may become important in the treatment of malaria, it would be preferable to discover chemotypes with novel mechanisms of action."  In essence, mechanisms of action = targets.  We need new drug targets because drug resistance is a becoming a major problem with the targets that we already have.
• Note the long paragraph in the middle column of p. 1175.  NITD609, the compound shown in Fig. 1A, was not discovered in the initial screen.  Rather, a promising hit from the initial screen was used as a starting point for making 200 related compounds, of which NITD609 seemed best.  This "lead optimization" is a standard part of drug development; the initial hits from a high-throughput screen can virtually always be improved upon through the synthesis and testing of many compounds similar to the initial hit.
Activity against drug-resistant Plasmodium
• "NITD was found to be as effective as artesunate."  Artesunate is one of several derivatives of artemisinin, artemether being another.  These are the drugs that are currently most effective against Plasmodium, though signs of resistance are starting to emerge.
• In the last full paragraph of p. 1175, [3H]hypoxanthine is mentioned.  This was used to measure the inhibition of parasite growth by NITD609 and other compounds.  Hypoxanthine is a purine that gets modified and ultimately incorporated into the parasite’s DNA.  The faster the incorporation of radioactivity into DNA, the faster the growth rate must be.  (Mature erythrocytes have no nuclei or DNA and do not divide, so this measurement reflects only the growth of parasite cells.)  A similar strategy was used to measure protein synthesis via the incorporation of 35S-labeled methionine and cysteine residues.  
Selectivity index and safety profile
• Note that the selectivity index is a ratio: the CC50 (for human cells) divided by the IC50 (for parasite cells). The larger the ratio, the safer the compound is. 

Pharmacokinetic and pharmacodynamic properties
• In this context, half-life (T1/2) is the time needed for a drug’s concentration (in the blood plasma) to drop by 50%.
• Bioavailability, as defined by Wikipedia, is “the fraction of an administered dose of unchanged drug that reaches the systemic circulation…. By definition, when a medication is administered intravenously, its bioavailability is 100%. However, when a medication is administered via other routes (such as orally), its bioavailability decreases (due to incomplete absorption and first-pass metabolism)…. Bioavailability is one of the essential tools in Pharmacokinetics, as bioavailability must be considered when calculating dosages for non-intravenous routes of administration.”
Drug resistance mediated by a P-type cation-transporter ATPase4

• Note the basic strategy discussed in this section: grow the parasite in the presence of low concentrations of compound, let the parasite evolve resistance, and then figure out where the resistance-associated mutations occurred. There were two distinct goals here: “To evaluate the potential for drug resistance and gain insight into the mechanism of action [i.e., the compound’s target].”  The latter can be tricky, as the genes that mutate are sometimes but not always the ones upon which the compounds are acting.  For example, Plasmodium responds to dihydrofolate reductase (DHFR) inhibitors by mutating DHFR, but it responds to chloroquine by mutating a chloroquine transporter (which is not chloroquine’s molecular target).
• The key methodology here is the use of the “high-density tiling array that contains ~6 million single-stranded 25-oligonucleotide probes complementary to the P. falciparum genome.”
Note that the entire genome is about 23,000,000 base pairs and that this set of probes covers 6,000,000 x 25 = 150,000,000 base pairs, essentially covering the genome several times over due to the overlapping of adjacent probes. DNA samples from wild-type and resistant strains of the parasite can then be hybridized to these probes, and differences in binding strength indicate genetic differences between wild-type and resistant parasites – i.e., places where mutations have occurred.  As the paper says, “Detectable genomic changes include single-nucleotide polymorphisms (SNPs), insertion/deletion events, and copy number variations.”  Any of these changes could potentially lead to resistance.
Molecular characterization of PfATP4

• The second-to-last paragraph of the paper provides a nice summary of what can and cannot be concluded about NITD609’s mechanism of action.  
Questions for lab notebook
1.  The abstract says, "Spiroindolones rapidly inhibit protein synthesis in P. falciparum, an effect that is ablated in parasites bearing nonsynonymous mutations in the gene encoding the P-type cation-transporter ATPase4 (PfATP4)."  What does this mean?
2.  The screen covered in this paper "identified 275 primary hits with submicromolar activity against Plasmodium falciparum."  What does this mean?
3.  The paper says, “Our data are indicative of selective pressure operating on this single gene [pfatp4]”  (top left of p. 1179).  Briefly summarize the supporting evidence up to this point in the paper.
4.  How does Figure 4 (A-D) provide additional support for the quote in question #3 above?

5.  The researchers found that parasites in the schizont stage were particularly susceptible to NITD609.  Therefore, they "speculate that the target … might be particularly vulnerable in schizonts" (bottom right of p. 1175).  Is there any reason to think that PfATPase4 is especially vital in the schizont stages?  Go to PlasmoDB.org, look up the gene (PFL0590c), and look at the "Intraerythrocytic 3D7" microarray data (toward the bottom of the gene page) to see whether expression of this gene is increased in the schizont stage.
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