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Study guide for research assistants
Read "Enzyme Screens" by T. D. Y. Chung and D. J. Murphy (Chapter 9 in the Handbook of Drug Screening edited by R. Seethala and P. B. Fernandes, 2001).  The full text of this paper is not available online, so please obtain a hard copy from Greg. 
Use the study guide below to help you understand the paper.  You are welcome to discuss the paper with Greg 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 a guide to setting up enzyme activity assays for high-throughput screening (HTS).  It makes this process sound extremely complicated and arduous, and it can be if you strive to address each and every issue considered by the authors.  In our own work on assay development, we take numerous shortcuts in order to cover a bunch of assays relatively quickly, as requested by our funders and collaborators.  However, it's good to be aware of the "proper" procedures for setting up these assays, even if we don't always follow them!

The article is rather long, so I recommend reading it over two to four days rather than trying to digest it all at once.

I. Introduction

• SAR, an abbreviation for Structure-Activity Relationships, is a term that you'll hear a lot.  It essentially refers to the fact that once you get a hit against an enzyme, you (or your collaborators) usually test for inhibition with a bunch of other compounds that are structurally similar to the initial hit.  These studies help define the parts of the compounds that determine their specificity and potency toward the enzyme.  Having a 3D structure of the enzyme can be helpful in predicting these relationships.
III. Principles, strategies, and tactics for enzyme screens

• Bottom of p. 285: "An intracellular enzyme that 'cross-talks' with many other enzymes (e.g., as part of a serial pathway, at a branch point, or part of an amplification cascade) may be difficult to inhibit specifically without undesireable effects on related pathways (e.g., MAP kinases)."  In voicing this concern, the authors may be thinking primarily about drugs for treating noninfectious human conditions (e.g., arthritis, diabetes, etc.).  If an antimalaria drug were to interfere with multiple pathways within the Plasmodium parasite, that would be a good thing!

• Note the reference to post-translational modification of enzymes near the top of p. 286.  The classic example of this is phosphorylation (i.e., addition of phosphate groups to serine, threonine, and/or tyrosine residues), but there are many other types of modifications, as listed by Wikipedia (http://en.wikipedia.org/wiki/Posttranslational_modification).
IV. B. Measurement of initial velocity with enzyme concentration

• Note the very last sentence of this section: "In summary, the concentration of enzyme used must be within its linear range, and the assay method must also be within its linear range for detection."  That's the take-home message here; nothing else need be of great concern to you. 
IV. D. Substrate effects on initial rates and choice of substrate

• In our work, we are generally happy to find either competitive or noncompetitive inhibitors, so we usually follow the recommendation that the [substrate] not exceed 3 times the Km.  One possible exception to our usual habit of setting the [substrate] to 3X the Km occurs when the in-vivo concentration of the substrate is known.  In this case, it might make sense to do the in-vitro assay at the in-vivo substrate concentration to get a sense of inhibitors' likely potencies in vivo.

• The bottom of p. 297 talks about cooperative binding of substrates and Hill coefficients.  Although this is not something you need to understand in depth, you should be comfortable with the general idea that binding one molecule can change a protein's affinity for molecules.  A well-known (though nonenzymatic) example of cooperative binding is hemoglobin's binding of oxygen.  A single hemoglobin molecule can bind up to four molecules of O2, and binding of the first O2 molecule facilitates the binding of additional molecules (as explained by Wikipedia: http://en.wikipedia.org/wiki/Hemoglobin#Cooperative).
VI. A. Membrane utilizing systems

• Numerous references (#41-66) are associated with this section.  Note that seven of them are coauthored by our collaborator Michael H. Gelb!

VI. B. Multitarget or balanced pathway screening


• This is an interesting and important subsection of the paper.  Although none of our current assays are set up quite like this, we may try something similar in the future.
VII. Preferred automation compatible HTS formats, signal generation, and detection


• The take-home message of this section is given at the bottom of p. 303: "As a rule of thumb, the fewer steps and manipulations the better for steady signal and automation friendliness."
Questions for lab notebook
1.  Section II (Pros and cons of enzyme screens) compares isolated assays of individual enzymes (in vitro) to whole-cell screens (in vivo) but does not say much about enzymes versus nonenzymatic proteins.  What would you consider to be the main advantages of assaying enzymes, rather than noncatalytic proteins?  (One such advantage is discussed on page 303.)
2. Middle of p. 288: "Experimentally, one usually finds that the curves are practically straight lines as long as the amount of signal change does not exceed 10-20% of the total during this period (inset Fig. 1 and Fig. 3, curve A)."  Given this general rule, if you had the choice of detecting substrate depletion or product formation in developing a HTS assay, which would you choose?  Why?

3.  Figure 3 (p. 291): which of these curves do you encounter most often in time-course assays?  Why do you think that's the case?

4.  Why do you suppose that most enzymes have a pH optimum of around 7.0-7.5, as shown in Figure 7?  
5.  Consider an assay that includes two enzymes, the second of which gets rid of the product of the first enzyme to keep the first reaction moving forward.  If both of your enzymes were from Plasmodium, would you want the second enzyme to be present in excess, or at levels just sufficient to keep the product concentration low?  Why?  What if the second enzyme were from an unrelated species such as Homo sapiens?
6.  According to section VIII, how might an HTS permit the discovery of new enzymes?  What would you need to try this?
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