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[2-1] 
In this chapter we explored histones as an example of a protein that can be challenging to study because it is part of a large gene family. Another challenging example is ubiquitin. How many ubiquitins are there in the human genome, and what is the sequence of a prototypical (that is, representative) ubiquitin? 
Solution. From the home page of NCBI, click TaxBrowser and select Homo sapiens, then click the link to Gene. Currently (July 2009) there are 45,444 human entries in Entrez Gene. Add the search term ubiquitin (hence txid9606[Organism:exp] ubiquitin in Entrez Gene) and there are 1547 entries, of which 1134 have the status “current.” These include ubiquitin-conjugating enzymes, factors, peptidases, and other ubiquitin-related molecules. Try using the search string “txid9606[Organism:exp] ubiquitin NOT pseudogene NOT associated NOT "-like" NOT peptidase NOT ligase NOT enzyme.” As another approach, visit the Pfam protein family database (Chapter 10) but there you will find dozens of ubiquitin-related families. As another approach, go to the Protein Data Bank (www.pdb.org; the central repository of protein structures), enter ubiquitin as a query, sort the results by year, obtain the earliest structures of ubiquitin, download the sequence in the fasta format (it’s a 76 amino acid protein, MQIFVKTLTGKTITLEVEPSDTIENVKAKIQDKEGIPPDQQRLIFAGKQLEDGRTLSDYNIQKESTLHLVLRLRGG). Use this as a blastp query (Chapter 4) restricted to human RefSeq entries and restricted to human proteins. There are several dozen ubiquitin homologs, including several proteins that serve as ubiquitin precursors (NP_002945 for ubiquitin and ribosomal protein S27a precursor, NP_003324, NP_066289 for ubiquitin C, NP_061828 for ubiquitin B).  
[2-2]
How many human proteins are bigger than 300,000 daltons? Hints: Try to first limit your search to human by using TaxBrowser. Then follow the link to Entrez Protein, where all the results will be limited to human. Enter a command in the format xxxxxx:yyyyyy[molwt] to restrict the output to a certain number of Daltons; for example, 002000:010000[molwt] will select proteins of molecular weight 2,000 to 10,000.
Solution. Enter the Entrez Protein command txid9606[Organism:exp] 300000:999999[molwt]. As of July 2009 there are 1438 proteins, of which 262 RefSeq proteins. For proteins larger than 600,000 daltons there are currently 22 RefSeq entries. The biggest is obscurin (7968 amino acids; NP_001092093).

[2-3]
You are interested in learning about genes involved in breast cancer. Which genes have been implicated? What are the DNA and protein accession numbers for several of these genes? Try all five of these approaches: PubMed, Entrez, LocusLink, OMIM, and SRS at ExPASy.

Solution. In PubMed a search for breast cancer returns over 200,000 articles (and over 25,000 reviews). It can be helpful to restrict the search using the MeSH database on the left sidebar of PubMed. An Entrez Gene search, restricted to human, reveals 1198 current genes; some genes, sorted by relevance, appear at the top of the list (such as BRCA2). LocusLink is an expired database that was replaced by Entrez Gene. OMIM (described in Chapter 20) is perhaps the best resource for solving this problem because a team of expert curators provides a text-based overview of breast cancer. SRS at ExPASy is an excellent resource for studying particular proteins once you know what you are interested, but (like Entrez Protein) is not necessarily an efficient way of studying this problem.

[2-4]
An ATP (adenosine triphosphate) binding cassette (ABC) is an example of a common protein domain that is found in many so-called ABC transporter proteins. However, you are not familiar with this motif and would like to learn more. Approximately how many human proteins have ABC domains? Approximately how many bacterial proteins have ABC domains? Which of the resources you used in problem 2.3 is most useful in providing you a clear definition of an ABC motif ? (We will discuss additional resources to solve this problem in Chapter 8.)

Solution (July, 2009). ABC proteins are extremely common in organisms ranging from bacteria to animals. In yeast, there are about 30 members of this family. They are called transporters (having 12 predicted transmembrane-spanning domains) or half-transporters (having six predicted transmembrane domains). To find out how many human proteins have this domain, try using the proteome resources at the European Bioinformatics Institute (EBI)(http://www.ebi.ac.uk/proteome/). Enter "Homo sapiens" (in the search box) then go to proteome analysis and click "Top 200 hits" under the InterPro heading. Searching that page, you can see that there are 75 human ABC proteins. Following the link to the InterPro database (http://www.ebi.ac.uk/interpro/IEntry?ac=IPR003439), you can see that a total of 104,000 proteins have been identified in this family in all species. This same page shows that 94,000 ABC proteins have been described in bacteria. 

[2-5]
Find the accession number of a lipocalin protein (e.g., retinol-binding protein, lactoglobulin, any bacterial lipocalin, glycodelin, or odorant-binding protein). First, use Entrez, then UniGene, then OMIM. Which approach is most effective? What is the function of this protein?

Solution (July 2009). Try looking up information on rat odorant-binding protein.

· Using Entrez Gene, enter the term "odorant-binding protein." There are about 1000 loci found from organisms such as Drosophila, human, mouse, and rat. The Drosophila odorant-binding proteins happen to not be lipocalins. Thus, proteins with the same name as a protein you are interested in are not necessarily homologous. In fact, a human entry for an olfactory receptor (a protein predicted to span the membrane seven times) is also matched with this query term. Next, limit your query to rat: there are now just 1 current loci found. Many of them (e.g. symbol Obp2b) are lipocalins. This is a gene family that has undergone duplication. We will discuss gene duplication in Chapters 16 (with specific reference to segmental duplication of lipocalin genes), 17 (fungi), and Chapter 19 (on the human genome). 

· In UniGene, there are currently 219 matches to the query "odorant-binding protein". You can sort these by organism. There are three UniGene entries for rat. 

· In OMIM, a search for "rat odorant-binding protein" yields five results, all of which are for human genes. 

· In Entrez nucleotide, a search for "rat odorant-binding protein" produces 25 RefSeq matches. These include a related globulin, an odorant-metabolizing enzyme, and two OBPs (RY2G12 and OBP-1f). The DNA accession number of an odorant-binding protein that was purified based on its ability to bind odorants is J03093 (official symbol Obp1f). 

· In Entrez protein, similar results are obtained as in Entrez nucleotide. The protein accession number P08937 corresponds to the DNA entry J03093. 

[2-6]
Three prominent tools for text-based searching of molecular information are:

●
the National Center for Biotechnology Information’s PubMed, Entrez, and OMIM tools (► http://www.ncbi.nlm.nih.gov),

●
the European Bioinformatics Institute (EBI) Sequence Retrieval System (SRS) (► http://srs.ebi.ac.uk) or its related SRS site (► http://www.expasy.ch/srs5/), and

●
DBGET, the GenomeNet tool of Kyoto University, and the University of Tokyo (► http://www.genome.ad.jp/dbget/dbget2.html) literature database LitDB.

You are interested in learning more about West Nile virus. What happens when you use that query to search each of these three resources?

Solution (July 2009). 

· At NCBI, a search for "west nile virus" produces 8 results in OMIM, over 3200 citations in PubMed, and 35 RefSeq protein entries. We will explore NCBI tools for investigating genomes in Chapter 13, while in Chapter 14 we will focus specifically on viral genomes. 

· At SRS, an all-text query for "west" and "nile" yields the Swiss-Prot entry, SWISS_PROT:POLG_WNV (accession P06935). This entry summarizes key information about West Nile Virus including literature links, links to other databases, and data on a variety of features of proteins encoded by the West Nile Virus genome. 

· At DBGET, a search for "West Nile Virus" yields a series of hits. Each of these hits links to a literature citation, or nucleotide, protein or structure as well as OMIM entries. 
[2-7]
You would like to know what articles about viruses have been published in the journal BMC Bioinformatics. Do this search using PubMed.

Solution (July 2009). In PubMed, a search for "virus" yields over 650,000 entries. However, a search with the query " virus AND "BMC bioinformatics"[journal]" yields just 84 entries, all from the journal BMC Bioinformatics. You can click "Journals Database" on the left sidebar to find journals (and abbreviations) for your search. 

