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Study guide for research assistants
Read "The Seattle Structural Genomics Center for Infectious Disease (SSGCID)" (P. J. Myler et al., Infectious Disorders – Drug Targets 9: 493-506, 2009).  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/19594426.

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
Your research experience here has been focused on biochemical assays of enzymes’ catalytic activity.  These assays are dependent on having stocks of the enzymes to be tested, of course.  Up to now we have not spent much time discussing expression and purification of recombinant proteins; with this assignment we will try to flesh out your understanding of this process (and thus your understanding of the work being done by some others in the Van Voorhis group and collaborating groups). 
Abstract

Note that the words “protein” and “target” are sometimes used interchangeably.  In phrases such as “target selection” and “drug targets,” the word “protein” can be substituted for “target.”  However, in other contexts, “target” may also refer to a target pathway (a series of proteins working together) or a target organism.

INTRODUCTION
The first paragraph introduces the term Structural Genomics, with “Structural” referring to the three-dimensional structure of proteins (as determined by X-ray crystallography or NMR spectroscopy), and “Genomics” referring to the study of many genes/proteins simultaneously.  Structural Genomics centers thus try to solve the structures of many proteins in a relatively high-throughput fashion. 
The National Institutes of Health (NIH) are collectively the major funders of biomedical research here in the United States.  NIH currently consists of 27 institutes and centers, two of which are most relevant here and mentioned in the article: the National Institute of General Medical Sciences (NIGMS) and the National Institute of Allergy and Infectious Diseases (NIAID).
SSGCID VISION AND GOALS
SSGCID and the CSGCID devote most of their attention to NIAID Category A-C pathogens and organisms.  Do a Google search to find out how these categories are defined and which pathogens fall into which categories.  Is Plasmodium included?  

Key sentences: “SSGCID intends to provide a blueprint for structure-based design of new drug and vaccine therapeutics to combat infectious diseases.  This goal will be facilitated by the annual selection of several high-impact targets for a fragment-based drug lead discovery campaign.”  These sentences highlight a central paradox of structural genomics for infectious diseases.  On the one hand, solving protein structures in a high-throughput manner would seem to be very useful.  On the other hand, merely solving the structure of lots of proteins does not guarantee that anyone will exploit these structures in developing new drugs.  Characterizing the binding of small molecules (fragments) to some proteins is intended as a first step in drug development beyond solving the structure of an isolated protein; perhaps the binding of a fragment will indicate ways in which modified druglike molecules might bind to the protein and disrupt its function.
SSGCID LEADERSHIP AND INFRASTRUCTURE
Note the four institutions involved in SSGCID, including UW.  (deCODE biostructures is now known as Emerald BioStructures.)

TARGET PROTEINS
SSGCID and CSGID work to provide 3D structures that are “experimentally determined.”  This phrase implicitly contrasts experimental work with modeling work.  If you don’t know the structure of your favorite protein, you can often get a reasonable idea of its structure by modeling it after a template from a similar protein.  (This is the basis of Andrej Sali’s ModBase software, among others.)  However, given that drug potency and specificity usually depend on the exact details of binding sites, structural models are considered inadequate for true structure-based drug design. 
STRUCTURE DETERMINATION PIPELINE
The “multi-pronged serial escalation approach,” consisting of Tiers 1-9, is described briefly here and spelled out a bit more in the section “Cloning and Expression Screening.”
Target Selection
SSGCID avoids proteins with “low complexity sequences,” i.e., regions that are not tightly folded.  See the Wikipedia entry on “Intrinsically unstructured proteins” for additional information.  It also avoids proteins with transmembrane domains “except for N-terminal signal sequences.”  Such signal sequences get cleaved from the protein and thus are not part of the mature protein’s structure (and thus are not important to retain).  They can be left out of the cloned gene so that the recombinant proteins do not have the signal sequences.
Note the reference to the DrugBank database.  Protein druggability – the ease of modulating a protein’s function with small druglike molecules – remains difficult to predict.  SSGCID takes a mainstream approach to druggability in assuming that proteins similar to known drug targets are themselves likely to be druggable.
Cloning and Expression Screening

(For this assignment I will assume that you are familiar with the basics of PCR, cloning of genes into plasmids with selectable markers such as ampillicin resistance, and transformation of bacterial cells.)
Note the mention of ligation-independent cloning (LIC).  In traditional cloning, the piece of DNA to be cloned is cut with restriction enzymes and then ligated into a vector cut with the same restriction enzymes.   LIC does not require restriction enzymes or DNA ligase.
Note the two major plasmids used, BG1861 and AVA0421, and how they add different histidine-based tags to the target protein.
A good explanation of cell-free protein expression is available at piercenet.com’s Protein Methods Library (http://www.piercenet.com/browse.cfm?fldID=4E53C1E3-5056-8A76-4E0E-DA9DEC1400D1).

Expressed proteins that are not soluble in bacterial cells wind up in clumps called inclusion bodies.  Tier 5 is for rescuing these proteins through refolding.  In general, proteins must be solubilized (unclumped) with the use of denaturants such as urea or guanidine HCl, then allowed to refold by diluting the denaturant away.  The following PowerPoint slide set has additional information: http://structure.biochem.queensu.ca/labjournalclub/Kateryna/refolding.pdf.

Baculovirus expression of protein is yet another approach that is worth knowing about.  The basic idea is that a baculovirus is used to introduce a target gene into insect cells, which then express and modify the protein as eukaryotic cells normally would.  This system thus has potential advantages over E. coli for the expression of proteins from eukaryotic organisms.  More information is available at http://www.bioc.cam.ac.uk/baculovirus/info/Baculo_virus_system.php.

Crystallization
Getting a protein to pack into a perfect crystal (so that its structure can then be revealed with X-rays) remains a trial-and-error process. Bunches of different possible crystallization conditions are tried in parallel – crystallization screening – in the hope that at least one of them will lead to actual formation of crystals.
LIGAND SCREENING
Ligand Co-crystallization or Soaking (Tier 11)

The difference between co-crystallization and soaking is simply that, in co-crystallization, the protein and potential ligands are mixed together before crystals form, whereas, with soaking, possible ligands are added after protein crystals have already formed.

COMMUNITY INTERACTIONS

SSGCID uses sequence analysis to identify “potential domain boundaries for large targets.”  Proteins often consist of subdomains that act relatively independently of each other.  If expression and purification of a full-length protein isn’t possible, researchers may instead express only the particular domain in which they are interested.
SSGCID PROGRESS TO DATE

Note the “PDB” column of Table III.  Each structure is given a unique 4-character code by the Protein Data Bank (PDB).  If you go to pdb.org and enter a code in the search box, you can easily find the protein entry and view its 3D structure.
In the various protein structures shown in Fig. 3, note the prevalence of alpha-helices and beta-sheets, the two types of secondary protein structure stemming from the carbon-nitrogen backbones of proteins.

Questions for lab notebook
[Note: Most of these questions require searching the web in addition to reading the article.]

1.  SSGCID tends to avoid proteins that are long and/or have transmembrane domains.  Speculate as to why these features decrease the chances for soluble expression of a protein.
2.  In what way is cysteine unique among  protein residues?  Speculate as to why having too many cysteine residues in a protein might cause problems in determining the protein’s 3D structure.
3.  How does having a 6-histidine tag on a protein aid in the purification of that protein?  Google Immobilized Metal Affinity Chromatography (IMAC) if you’re not sure.

4.  Explain this sentence: “The synthetic genes are designed using Gene ComposerTM software [11] to harmonize the codon usage of the gene to the E. coli expression host.”
5.  After Ni2+ affinity chromatography (IMAC), Size Exclusion Chromatography (SEC) is used for further purification of proteins.  How does SEC work?

6. Surface Plasmon Resonance (SPR) is described as follows: “the target protein of interest is immobilized on a chip surface in a microfluidic chamber, and the ligand/fragment solutions passed over the surface, where their binding is detected by a change in refractive index of the surface.”  How does this definition relate to the words “plasmon resonance”?

7. O’-methyl RNA methyltransferase is a protein of interest because O-methylation is a means by which bacteria can resist the effects of aminoglycosides.  How does this enzyme lead to resistance to these drugs?
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