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Study guide for research assistants
Read "High-throughput screening for potent and selective inhibitors of Plasmodium falciparum dihydroorotate dehydrogenase" (J. Baldwin et al., Journal of Biological Chemistry 280: 21847-53, 2005).  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/15795226.
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

Some of your current work in the lab entails optimization of enzyme activity assays for high-throughput screening (HTS).  This reading assignment is designed to give you a better sense of why and how high-throughput screens are done and what can come out of them if things go well.

Abstract


• As you know, the nucleotide bases found in DNA and RNA can be divided into purines and pyrimidines.  Plasmodium only has one way of making pyrimidines: the de novo ("from scratch") biosynthesis pathway (www.chem.qmul.ac.uk/iubmb/enzyme/reaction/misc/pyrimid.html).  In contrast, humans also have a pyrimidine salvage pathway in which such molecules as uridine, thymidine, and cytidine can be used to re-make pyrimidine nucleotides.

• Dihydroorotate dehydrogenase (DHODH) is "flavin-dependent."  This just means that a flavin (flavin mononucleotide, to be specific) is one of its substrates.

• The IC50's (concentrations that achieve 50% inhibition of enzyme activity) reported here give you some idea as to what potencies are considered good.  In this study, compounds with IC50's below 600 nM were characterized further, and the best inhibitor had an IC50 of 16 nM.


• The last sentence cover the fact that many inhibitors of the P. falciparum DHODH did not inhibit the human enzyme very effectively, and that this specificity can be explained by differences in certain amino acid residues in the enzyme's active site.
Introduction

• DHODH's place in the pyrimidine biosynthesis pathway is indicated in Scheme 1.  Note that after flavin mononucleotide (FMN) accepts an electron pair to form FMNH2, the enzyme pair is transferred to Coenzyme Q (CoQ).  This latter transfer is also catalyzed by DHODH. 

• The second paragraph of the Introduction is excellent.  After reiterating the point that Plasmodium cannot salvage pyrimidines, it explains why, among the enzymes of the de novo biosynthesis pathway, DHODH may have the most promise as a drug target.
Materials and Methods


• Chemical Library:  The compounds "were selected for drug-like properties."  This is important because the ultimate goal is not simply to find an inhibitor of DHODH but to develop a new drug.  A compound that inhibits DHODH but that is much larger than most drugs, way more hydrophobic than usual, etc. would not be a useful starting point for the drug development process (in which chemical modifications are made to improve the compound's potency, selectivity, absorption, etc.). 

• Assay Methodology:  The readout of the assay was absorbance by 2,6-dichloroindophenol (DCIP).  Although Scheme 1 shows FMN as the primary electron acceptor and CoQ as the secondary acceptor, the assay can be done with CoQ as the primary acceptor and DCIP as the secondary acceptor. That's why FMN is not listed among the assay ingredients.  (This is not explained well in the paper!)  Reduction of DCIP leads to a change in absorbance at 600 nm that can easily be monitored with a plate reader. 

• Compound Verification:  This part of the study reflects the fact that chemical compound samples are not 100% pure and that enzyme inhibition attributed to a compound might actually be due to a contaminant.  Baldwin et al. collected fractions as they came off of the mass spectrometer and tested each one to make sure that inhibition of DHODH was caused by the major component of each sample rather than a contaminant.

• Site-directed Mutagenesis:  Changing a single amino acid of a protein is fairly straightforward these days because of the availability of kits like the "QuikChange" one used here.
Results


• High-throughput Screen of a Compound Library to Identify PfDHODH Inhhibitors:  Note that all 220,000 compounds were initially screened at a single concentration (3 µM) and that hits from this first round of screening were then tested over a range of concentrations.  This is a pretty standard approach.  The paper says, "A number of other inhibitors from unique structural classes were also identified in the screen…."  Finding inhibitors from multiple chemical classes is useful because enzyme inhibition studies alone do not tell you which compounds are most likely to be developed into drugs. If your best enzyme inhibitors stall somewhere in the drug development pipeline, it's nice to have back-up options that can also be tried.

• Verification of Inhibition Properties by Kinetic Rate Assays:  Notice the considerable attention given to hits from the initial screen.  They were tested again with kinetic (i.e., time-course) assays and also assays with a different readout (absorbance at 296 nm to measure orotate production directly). 

• Identification of Inhibitor-binding Site on PfDHODH:  Understanding how the compounds fit into the enzyme's binding site facilitates further progress in designing more potent and selective inhibitors. One way to obtain this knowledge is to get detailed structural information on enzyme-compound complexes through X-ray crystallography. Another approach, discussed here, is to mutate residues that might be important and see how those mutations affect binding of the compound.

Discussion


• Note that Table I shows three different classes of inhibitors.  Review the table and confirm that compounds 1-3, 4-10, and 11-13 represent distinct groups.

• The inhibitors of DHODH discovered in this screen did not kill P. falciparum cells, but the authors say, "A second generation library of the most potent inhibitors is likely to lead to compounds that are effective in whole cells."  In other words, if chemistry is used to prepare many different variations on the structures of the best DHODH inhibitors, some of them may kill cells as well as inhibit the enzyme. This optimism has proven appropriate, as subsequent studies by this same team have led to compounds that cure mice of malaria through their effects on DHODH.
Questions for lab notebook
1. In the Introduction, the authors give reasons for being optimistic that they can find "inhibitors that exhibit a high degree of selectivity toward malarial DHODH" – i.e., inhibitors that affect the Plasmodium enzyme but not the human enzyme.  Given that humans have a salvage pathway for pyrimidine biosynthesis, whereas Plasmodium does not, why should these researchers care whether or not the human DHODH is affected by these inhibitors?
2. In the enzyme activity assay, does conversion of DCIP to its reduced form lead to an increase or a decrease in absorbance at 600 nm?

3. What conclusion do you draw from Figure 2B?
4. How might kinetic assays be better than end-point assays in identifying true enzyme inhibitors?
5. Explain how the data in Figure 4 are consistent with compound 6 being a competitive inhibitor of CoQ.  (Feel free to do some Internet research on competitive vs. noncompetitive inhibition, if necessary.)
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