Greg Crowther, UW Dept. of Medicine

                                                                               July 15, 2011                                        


Study guide for research assistants
Read "Triazolopyrimidine-based dihydroorotate dehydrogenase inhibitors with potent and selective activity against the malaria parasite Plasmodium falciparum" (M. A. Phillips et al., Journal of Medicinal Chemistry 51: 3649-53, 2008).  The full text of this paper can be accessed from UW computers by following the links from this web page: www.ncbi.nlm.nih.gov/pubmed/18522386.
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 article reports further progress on research covered by a previous study guide (“High-throughput screening for potent and selective inhibitors of Plasmodium falciparum dihydroorotate dehydrogenase” by J. Baldwin et al., 2005).  As you will recall, that paper described a high-throughput screen (HTS) leading to the discovery of compounds that inhibited the P. falciparum DHODH but that had minimal effects on the growth of P. falciparum cells.  So how did the researchers make further progress toward a new antimalaria drug?

Introduction

• Top of right column on p. 3649: “Recent studies have suggested that the sole function of the parasite mitochondrial electron transport chain is to provide oxidized CoQ to DHODH for the synthesis of pyrimidines.”  This statement applies to the asexual stages of the parasite life cycle, when parasites are assumed to rely on glycolysis as their sole source of chemical energy.  Mitochondria become more prominent during gametocyte development (N. Lang-Unnasch & A.D. Murphy, Annu Rev Microbiol 52: 561, 1998) and may play other roles during non-asexual stages.

• The existence of a drug against the human DHODH is taken as evidence that the Plasmodium DHODH may be “druggable” (inhibitable by small, drug-like molecules).  Thus the researchers argue that the human and parasite enzymes are similar enough that they are both druggable, but different enough that parasite-selective inhibitors can be created.  
• Note the mention of “chemical validation” in the last sentence.  There are two general types of drug target validation: chemical validation, in which inhibition of a protein by a compound leads to the desired effect (e.g., death of the pathogen), and genetic validation, in which the protein’s importance is verified by a genetic experiment such as a deletion of the corresponding gene.  Both are useful, but both have their limitations.  A genetic experiment doesn’t address whether the protein is druggable; a chemical experiment doesn’t prove that the compound’s effect on cells occurs downstream of its effect on the particular protein being studied (as opposed to another unrelated protein).
Results and Discussion

• The data in Table 1, showing a correlation between activity against the enzyme and activity against the cells, suggest that this series of compounds is “on target.”  That is, the compounds appear to kill the cells by stopping DHODH activity. 

• Lipinski’s “Rule of Five,” referred to at the end of p. 3651, is a rule summarizing the typical properties of drugs that can be taken orally.  Look up the Rule of Five in Wikipedia to learn more.  Compounds that meet the criteria of the Rule of Five are considered “drug-like” and therefore may be suitable for further development, whereas compounds that are, say, large and hydrophobic are unlikely to be absorbed well and are likely to be a dead end from a drug development perspective.
Experimental Section


• The following abbreviations are used in the “Physical Properties” section: Mp = melting point, MS = mass spectrometry, m/z = mass/charge ratio, s = singlet, m = multiplet.  300 MHz represents the strength of the NMR spectrometer’s magnetic field; the  values are chemical shifts in parts per million (ppm).  Note that the denominator of m/z is generally 1 and that the MS-determined mass of each compound includes one more or one fewer proton than is present in its normal structure.

Questions for lab notebook
1. This paper reports inhibition of DHODH by a “substituted triazolopyrimidine” and related compounds.  Look up and draw the structures of pyrimidine and triazole, then explain why compound 7 can be called a substituted triazolopyrimidine.

2. The Results and Discussion begins by noting that compound 7, discovered in the previous high-throughput screen (HTS), inhibits DHODH and kills Plasmodium falciparum cells.  Was this compound mentioned in the previous paper?  Speculate as to why it wasn’t featured prominently in that paper.
3. What is the chemical formula of compound 7?  Is that formula consistent with the data shown in Figures 2C and 2D?  Explain.
4. The discussion of Structure-Activity Relationships (SAR) toward the top right of p. 3651 notes, “(iv) the naphthalene attached at the 2-position is optimal, whereas naphthalene attached at the 1-position showed reduced activity.”  Explain how Table 1 illustrates this statement.
5.  Referring to Scheme 2, explain which step of electron transfer is inhibited by compound 7.  What evidence supports this conclusion?

 6.  Proton (1H) NMR spectra of compounds were acquired with deuterated DMSO (DMSO-d6) as a solvent.  Why is DMSO-d6 a good solvent for 1H NMR?
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