Greg Crowther, UW Dept. of Medicine

                                                                     March 16, 2012                                        


Study guide for research assistants
Read "Recent developments in sterol 14-demethylase inhibitors for Chagas disease" (F. S. Buckner and J. A. Urbina, International Journal for Parasitology: Drugs and Drug Resistance, 2012).  As of March 2012, this paper has not been published in final form, but a preprint can be obtained from UW computers by going to the journal’s website (www.elsevier.com/locate/ijpddr) and selecting “Access Full Text” and then “Articles in Press.”
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

Unlike most assigned articles, this one is a review article – a secondary source, as opposed to “primary literature.”  Reviews have the advantage of summarizing lots of previous studies without getting bogged down in experimental details; however, a full understanding of the material often requires consulation of the sources cited by the review. 

This article concerns Chagas disease, which is caused by Trypanosoma cruzi.  To begin with, review the life cycle of this parasite.  (Google it and find a good diagram or two.)

An underlying theme of this article is that of “piggyback drug discovery,” in which modulators of a protein in one organism may be adapted for use against a different protein in a different organism.  Targeting of T. cruzi’s sterol 14-demethylase was based on previous targeting of this enzyme by antifungal drugs.  The Buckner lab’s work on another favorite target set, the T. cruzi and T. brucei methionyl tRNA synthetases, has also piggybacked onto previous work – in that case, work showing diaryl diamines to be potent inhibitors of bacterial methionyl tRNA synthetases.
Title/Abstract

• Enzyme nomenclature: Note that the sterol 14-demethylase is also called CYP51.  This is an abbreviation reflecting the fact that a cytochrome P450 family of enzymes catalyzes this reaction.  Cytochrome P450 enzymes require a heme-based cofactor similar to the cytochromes found in the electron transport chain. 
• Clinical trials: The abstract notes that two inhibitors are in Phase II studies.  Make sure you understand the different phases of clinical trials.  (Information is available from clinicaltrials.gov, among other sources.)
1. Introduction to Chagas disease

• The two existing drugs for Chagas disease were “developed empirically over 40 years ago.”  This means that they were found to be effective in treating the disease, but their mechanisms of action were not known at the time.  This is in contrast with target-based drug development, in which one attempts to kill the pathogen by modulating a specific target (generally a protein).
2. Sterol biosynthesis and CYP51 of T. cruzi
• Note that the major sterols produced by T. cruzi are different for the epimastigote (insect) and amastigote (human) stages of the life cycle.  While the reasons for this may not be fully understood, the paper points out that sterols help control membrane fluidity (among other roles). Since membrane fluidity is also affected by temperature, perhaps the different body temperatures of humans and insects lead the parasite to adjust its membrane composition so as to maintain an optimal fluidity.
3. History of azole drug testing on T. cruzi
• “Posaconazole is an extremely expensive drug,” the article says.  We can partly understand why even if we are not medicinal chemists.  First, it is a relatively large compound, with a molecular weight of 700, and larger compounds tend to be harder to make (requiring more synthetic steps).  Second, it has four chiral centers, such that generation of the desired isomer requires several stereochemistry-specific catalytic steps and/or separations of the desired isomer from the others. 
Questions for lab notebook
1.  In brief, how are the parasites Trypanosoma cruzi and Plasmodium falciparum similar and different?
2. Toward the end of the first page, the article notes that cardiomyopathy is one of the main problems caused by chronic Chagas disease.  Look up a cited article (Marin-Neto et al. or Rassi et al.) and explain in 3-4 sentences how this chronic infection may lead to heart disease.
3.  Refer to Figure 1.  Copy the chemical structure of 24-ethyl-cholesta-5,7,22-trien-3β-ol.  Circle and label the 5, 7, and 22 double bonds, the 24 ethyl group, and the 14 position where CYP51 removes a methyl group.
4.  Citing Molina et al. (2000), the paper refers to a “chronic murine model of T. cruzi infection.”  What is that?
5. A look at posaconazole’s structure shows that, in some ways, it breaks the rules – specifically, Lipinski’s “Rule of 5” (Google it), which indicates that most orally available drugs obey four chemical rules based on multiples of 5.  Posaconazole has a logP (log of octanol:water partition coefficient of about 5, putting it right on the border of being too lipophilic (and thus not water-soluble enough and/or a danger to accumulate in fat tissue).  Which other Lipinski rule does posaconazole violate?

6.  What is an azole?  Of the compounds shown in Figures 3 and 5, which are azoles and which aren’t?
7.  The final section of the paper notes the possibility of synergy between a CYP51 inhibitor and “ergosterol biosynthesis inhibitors acting at a different step of the biosynthetic pathway, e.g., squalene synthase.”  In Figure 1, which step is catalyzed by squalene synthase?
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