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Study guide for research assistants
Read "High-throughput Plasmodium falciparum growth assay for malaria drug discovery" (M.L. Baniecki et al., Antimicrobial Agents and Chemotherapy 51: 716-723, 2007).  The full text of this paper can be accessed online by following the links from this page: http://www.ncbi.nlm.nih.gov/pubmed/17116676. 

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


This paper is of particular interest to us because it reveals the method by which the Broad Institute's "cell-active" compounds (which we are currently studying) were identified. It also has a nice Introduction section, and it discusses some important issues that are relevant to high-throughput screening (HTS) in general (and thus apply to our enzyme activity assays as well as to their growth assays). 

Abstract

• The final sentence notes, "181 small molecules were identified as highly active against multidrug-resistant parasites."  That is, the researchers performed their screens with P. falciparum strains HB3 and Dd2, which are resistant to various drugs (see Table 2 later in the article and the bottom right of p. 721), as well as the standard drug-sensitive lab strain 3D7.  In searching for antimalaria compounds, you want to find compounds that are good at killing drug-resistant strains that are representative of what's out there in the real world.
Introduction


• The paragraph beginning at the end of page 716 lists the (probable) targets of current antimalaria drugs.  The very limited number of them could be interpreted in an optimistic way ("Wow, there are lots of good targets that haven't been exploited yet – let's study them!") or more pessimistically ("Geez, the number of targets that are actually exploitable must be much lower than we think").  Also note that the drugs listed were discovered and developed without knowledge of their specific targets, which came later.  Thus the "target-based" approach we're taking has yet to prove valuable in the malaria community.  For more on this topic, see the last full paragraph of page 722.

• As you know, Plasmodium parasites invade erythrocytes (red blood cells) and therefore are commonly grown in the lab using red blood cells.  DNA staining is a useful way of quantifying parasite growth (see the last two paragraphs of the Introduction) because red blood cells have no DNA.

• Note that Baniecki et al. cite prior studies of staining of parasite DNA, including at least one (#17) that claims to be HTS-compatible, but then add, "These methods are not sufficiently robust."  This diss is partly explained in the first paragraph of the Results (p. 718) and the third paragraph of the Discussion (p. 722).  Note that heme is present in high concentrations in (both infected and uninfected) red blood cells, so a high background signal from heme is indeed a problem.
Materials and Methods


• Try not to get too bogged down in the methods section.  For both this section and the Results, use the bold-faced subheadings to see how the information is organized, but don't obsess over all of the details.  

• "Cultivation of P. falciparum": It's good to know what ingredients are necessary to grow Plasmodium in culture, so read this over.  Albumax contains synthetic bovine serum albumin similar to that found in blood.  Gentamycin is an antibiotic for preventing contamination of the cultures.  Hypoxanthine is a purine used by the parasite to make purine nucleotides for nucleic acid synthesis, a process that is the basis of the [3H]hypoxanthine method discussed below.

• "DAPI P. falciparum growth assay HTS design":  Don't worry about all of these details!  Figure 1 is a good summary.  Also, make sure the formula for calculating the percentage of parasite growth in the test wells (about two thirds of the way down the right-hand column) makes sense to you.  CQ(LD90) represents the minimum signal – the signal that you'd get from cells that aren't dividing at all (because they're exposed to high chloroquine concentrations) – whereas Avg+ is the maximum signal – the signal from parasites growing in the absence of any drug.

• "Assessment of the percentage of P. falciparum-infected erythrocytes":  Note that three different methods of quantifying growth were used.  The method of [3H]hypoxanthine incorporation into DNA is a well-known and trusted technique against which the newer fluorescence-based methods were compared.  The reasons for looking at both "fluorimetry-based" and "imaging based" approaches are mentioned in the fourth paragraph of the Discussion.


• "Quantitative assay evaluation and optimization":  The Z' values mentioned here are the same as the Z' factors we've used to show that buffer optimization improved thermal melt data for some Plasmodium proteins.
Results


• As in the Methods section, a lot of information is presented here.  Try to keep the "big picture" in mind, using the bolded subheadings as a summary of the overall progression of the study. 

• To validate the new DAPI-based methods of quantifying parasite growth, the researchers needed to show that they give results comparable to those obtained with an already-trusted method ([3H]hypoxanthine incorporation). This validation took place in two steps.  First, in the absence of any drugs, the fluorescence measurements were shown to correlate closely to the [3H]hypoxanthine data (Fig. 2). Second, all methods were shown to yield similar IC50 values for known antimalarials (Table 1).

• Page 721 says that the compounds were screened at concentrations of "approximately" 30 µM and 6 µM.  Why do you think these concentrations were considered approximate?  A couple of possibilities are that (a) they didn't have enough of some compounds to make stocks yielding final concentrations of 30 and 6 µM, so lower concentrations were used, and (b) some compounds weren't very soluble, so the concentrations of these compounds in solution may have been lower than 30 and 6 µM.
Discussion


• The third paragraph makes an interesting point about the emission and excitation wavelengths of heme.  However, note that many compounds in chemical libraries have absorption and emission wavelengths similar to those (355/460) used in the DAPI assay.  This limits the DAPI assay's ability to measure growth inhibition by compounds that fluoresce in this region of the spectrum.

• The final paragraph lists the "five hallmarks of a successful high-throughput screen": robustness, reproducibility, technical simplicity, suitability for automation….  Hmm….
Questions for lab notebook
1.  What if the DNA stain used in this sort of study was not totally specific to DNA but rather stained RNA as well?  Would that limit its usefulness for quantifying parasite growth?  Explain.
2.  The right-hand column of page 719 says, "the DAPI P. falciparum growth assay using imaging-based detection had a far superior detection sensitivity."  What does this mean and what does the detection range have to do with it?
3.  Tables 1 and 2 look quite similar.  Explain how each table answers a different question posed by the researchers.

4.  Compare Table 2 with Figure 3.  Do the data presented in each agree with each other?  Can you explain any apparent discrepancies?  (Hint: is the scale of Fig. 3's x-axis of Fig. 3 linear or logarithmic?)

5.  Does Figure 4 agree with the authors' claim (in the Abstract) that "181 molecules were identified as highly active against multidrug-resistant parasites"?  Explain.
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