Name: _____________________________

ASSIGNMENT:  Exploring  selenocysteine biosynthesis across all three Domains using the National Microbial Pathogen Data Resouce (www.nmpdr.org)

Background

Suggested reading:  On the road to selenocysteine,   Identification and characterization of phosphoseryl-tRNA[Ser]Sec kinase,  Biosynthesis of Selenocysteine on Its tRNA in Eukaryotes
Synopsis:

Selenocysteine (Sec), the 21st amino acid, has its own tRNA (tRNASec), which decodes the codon UGA.  Although UGA is most commonly used as a termination codon, in some organisms, specific secondary structure in the mRNA downstream of a UGA directs Sec-tRNASec to it, leading to the insertion of selenocysteine into the nascent polypeptide.  Selenocysteine-containing proteins occur in some species (not all) from all three domains, Archaea, Bacteria and Eucarya (including you and I).  Biosynthesis of Sec occurs on its own tRNA, after initial (mis)aminoacylation with serine by seryl-tRNA synthetase.  In Bacteria, the product of the selA gene then removes the hydroxyl group from the seryl moiety and replaces it with selenium, donated by an activated selenium donor, selenophosphate.  Although it has been known for over 30 years that eukaryotes (and later, archaea) can phosphorylate seryl-tRNA to produce phosphoseryl-tRNA, an intermediate in the synthesis of selenocysteine, no gene had been associated with this kinase activity.  Only very recently has the biosynthetic pathway for selenocysteine in Eucarya and Archaea been elucidated.  In this assignment we will explore how the use of bioinformatics tools available at NMPDR could help the experimental scientist resolve some of the issues in this pathway.  You will ask, "If I wanted to find the eukaryotic and archaeal pathway for selenocysteine biosynthesis, how can bioinformatics guide my search?"

Questions

1) Use the NMPDR to search for the selA gene in E. coli K12.  Describe your search strategy: From which page did you begin, the home or search page? What parameters did you use for your search? (There are multiple ways to get there; you do not need to specify them all; just what worked for you.) 

Type your response here:
2) Open the Annotation Overview page for L-seryl-tRNA(Sec) selenium transferase from E. coli K12 (click the FIG id).  Examine the Compare Regions graphic. Genes that are functionally coupled to the focus gene (red) are shown with grey background boxes.  The names of genes in the display are shown in a pop-up upon mouse-over, and they are listed in the tabular view (click the grey tab).  Name the genes that are functionally coupled to the focus protein-encoding gene (PEG):

response:
3) In the tabular view of Compare Regions, click on the FC score links for all three functionally coupleed genes. Examine the table that opens in a new window. These are "Pairs of Close Homologs," or a list of other organisms in which homologs of the scored protein are located close to homologs of the focus protein.  Look at the phylogenetic distribution of organisms listed in these tables.  From these results, can you make any conjectures as to how confident you are about the statement that these genes are functionally related?  Provide a rationale for your conjectures.

response:
4) Return to the Annotation Overview and look at the visual display of Compare Regions.  Click the Advanced button for Display options. In the dialog box for number of regions shown, enter a number substantially greater than the value of  the coupling scores for rhs element and alcohol dehydrogenase. In the field labeled "Genome selection" select "Collapse close genomes."  Click on the draw button and examine the returned results. Does the information displayed confirm or refute your conjectures above?  Explain.

response:
5) Based on this display of Compare Regions, what is the gene (or genes) most often clustering with the focus PEG?  

response:
6) Formate dehydrogenase O alpha subunit is nearly always represented by two arrows in the display.  Given what you know about the encoding of selenocysteine, why is that?

response:
7) Scroll up to the top of the page, and click on the link "feature evidence."  This will open a new page that provides evidence supporting the annotation of the PEG. The page opens with a visual display—click the grey tab to see the tabular view.  A table of 50 similar proteins is shown.  Click on the grey tab "Sims Filter."  Increase the max sims to 250 and resubmit. As you scroll through the table, you’ll see that the vast majority of the similarities are bacterial genes (pink background for organism name); there are two exceptions: two eukaryotes, colored in yellow.  What are they?

response:
8) Click on the ID for one of the two eukaryotic proteins listed in the table of similarities.  This will open the Annotation Overview page for that protein.  Click the button to run Psi-BLAST from the table at the top of the page.  A new tab/window of your browser will open, and the analysis/results are shown within a frame.  When the results are computed, scroll down to see the graphic.  Mouse over some of the top hits, and look at the names that appear in the window—are they bacteria or eukaryotes?  Scroll down below the graphic and click the link to view the "Distance tree of results."  Does your eukaryotic query protein group with any eukaryotes in a group distinctly separate from the bacterial hits?   Explain.
response:
9) Open the Annotation Overview pages for both eukaryotic sequences by clicking on the respective FIG id numbers in the table. Now you will use BLAST to search for significant homologs in other eukaryotes.  There are two ways to accomplish this; you must do only one:

A)  To use BLAST from the Annotation Overview, use the tools available in the summary table.  Psi-BLAST is shown because it is listed first in the menu. Click the button to run the Psi-BLAST tool. (The result of the first iteration of Psi-BLAST is the same as the result of BLASTP.)  Results will appear on a new page in a frame within the NMPDR page. Scroll within the frame to view all results. Name the top five most significant hits.   What evidence supports the significance of the match?  
response:
B)  Alternatively, click on the sequence link in the summary table.  Select protein and then click the button to show FASTA.  Copy the protein sequence including the header.  Now point to Search in the grey menu bar, and select "BLAST or Scan."  Paste your sequence into the sequence query box.  Select BLASTP for your tool.  Now scroll through the list of genomes and select, with control-click, a variety of other eukaryotes from the alphabetized list of genomes. Click the Blast button.  Are there any significant hits?  What evidence supports your conclusion? 
response:
10) From the summary table for one of these two proteins, follow the link to the FIGfam protein family. In the bottom of the right (grey) column is a taxonomy that shows which groups have homologs of this protein.  You may expand categories, select with the check box, and click the button "Refresh Context" to redraw the compare regions display. What can you conclude about these two eukaryotic sequences from these exercises? Propose scenarios in which you could come across sequences in a eukaryotic genome project with very good similarity to bacterial sequences, and no similarity to any other eukaryotic sequence.

response:
11) As pointed out in Background, some Archaea encode selenocysteine-containing proteins (such as Methanopyrus kandleri, Methanocaldococcus jannaschii and Methanococcus maripaludis); other Archaea do not (including Aeropyrum, Archaeoglobus, Halobacterium, some methanogens such as Methanothermobacter thermoautotrophicus, all the Pyrococcus, all the Sulfolobus, all the Thermoplasma).  You hypothesize that the first set of organisms will have genomes encoding a kinase activity responsible for the synthesis of phosphoseryl-tRNA (a known intermediate in the nonbacterial synthesis of selenocysteine), while the second set of organisms will lack such an activity.  The Signature Genes Tool may be used to find a set of possible candidate genes encoding such an activity.  Choose Methanopyrus kandleri as your reference organism, archaea that encode selenocysteine-containing proteins as the Inclusion Set, and those that do not as the Exclusion Set.  How many results do you get looking at all genes that distinguish selenocysteine-containing Archaea from those that do not contain selenocysteine?  Do all genes listed perfectly distinguish the two groups? Explain.

response:
12) Narrow these results by typing "kinase" in the search words field in the form at the bottom of the search results page, and resubmit the search.  List the results that have a score of 1.000.

response:
13) Explore the Annotation Overview pages for the results with perfect scores, and specifically look at similarities in the feature evidence.  What is the phylogenetic distribution of the homologs for both proteins?  Is it consistent with their annotation?  Explain.

response:
14) Use NMPDR to determine whether orthologs of the archaeal phosphoseryl tRNA kinase exist in primates (Homo sapiens, Pan troglodytes) or plants ( Arabidopsis thaliana, Oriza sativa).  Outline your strategy and provide the answer.

response:
