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Sandra Orchard (V1.1 01/02/08) 

UniProt – the protein sequence database


www.uniprot.org

UniProt (Universal Protein Resource) is the world's most comprehensive catalogue of information on proteins. It is a central repository of protein sequence and function. The UniProt Knowledgebase (UniProtKB) is the central access point for extensive curated protein information, including function, classification, and cross-reference. The database is divided into two section UniProtKB/SwissProt which is manually curated and UniProtKB/TrEMBL which is automatically maintained. During this course you will concentrate on UniProtKB/SwissProt and learn how to access the entries in the database, extract the maximum amount of information from them. 
Alignments

BLAST (Basic Local Alignment Search Tool), finds regions of sequence similarity and gives functional and evolutionary clues about the structure and function of your novel sequence. WU-BLAST 2.0 and NCBI BLAST2 are distinctly different software packages, although they have a common lineage for some portions of their code, so the two packages do their work differently and obtain different results and offer different features. You can also check for vector contamination with Blast2 EVEC.

Fasta can be very specific when identifying long regions of low similarity especially for highly diverged sequences. You can also conduct sequence similarity searching against complete proteome or genome databases using the Fasta programs.
MPsrch – Smith and Waterman algorithm, capable of identifying hits in cases where Blast and Fasta fail and also reports fewer false-positive hits.  
For this exercise, we will use the BLAST program on the UniProt website, which allows you to restrict your search by taxonomic group.
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( Paste in the sequence on your desktop, or you can just enter the Accession number Q9Z265, which is the murine homologue of the protein which we shall be working with.
If you have run the sequence, the resulting scores should suggest a 100% match to CHK2_HUMAN (O96017)

You should also note a match to isoform 1 (O96017-1) – each isoform is treated as a separate transcript, information which is often lost when using other protein sequence databases.
( Click on the green bar to display the aligned sequences 

The UniProt Consortium is comprised of the European Bioinformatics Institute, the Swiss Institute of Bioinformatics and the Protein Information Resource. The UniProt consortium aims to support biological research by maintaining a high quality database that serves as a stable, comprehensive, fully classified, richly and accurately annotated protein sequence knowledgebase, with extensive cross-references and querying interfaces freely accessible to the scientific community.

All data stored in UniProt can be downloaded from the Download Centre at http://www.ebi.uniprot.org/database/download.shtml
( Open O96017/CHK2_HUMAN
( Click on the EC number link under protein names 

? 1. What is the reaction catalysed by this enzyme.

( Return to the UniProtKB/Swiss-Prot entry and click on the taxonomic identifier.

The NEWT database is a compilation of the information within the NCBI Taxonomy database together with proteins found in the Swiss-Prot and TrEMBL section of UniProtKB.  It is maintained by the Swiss-Prot group in Switzerland. For each species, NEWT displays the following taxonomy data: Swiss-Prot scientific name, Swiss-Prot common name and Swiss-Prot synonym, lineage, number of protein sequence entries in Swiss-Prot and TrEMBL.

The NEWT data is available from the European Bioinformatics Institute

? 2. Use the taxonomic hierarchy to find out many proteins we have from Homo sapiens neanderthalensis.

( Return to the entry and scroll down. 

? 3. How many other species also have proteins which are members of the Chk2 protein kinase subfamily?

(Hint – click on the hyperlink to “CHK2 subfamily” under Sequence Similarities to find this information.)

( Return to the entry and scroll down. 

The binary interactions are described within the IntAct Molecular Interaction database, which you will be looking at later, from which a subset of protein interactions are selected by interaction detection method as representing a direct interactor with CHEK2. 

( Click on the CHEK2-AATF interaction in IntAct (EBI-1180783,EBI-372428) and then on chek2-aatf-3 (EBI-1181029). 

? 4. List all the kinases which phosphorylate AATF (Che-1).

Return to the entry
Chek2 is a protein for which multiple (12) isoforms have been identified. All of these are mapped within UniProtKB, and given stable identifiers. 

( Press the button “Align” and select isoform 1 and the catalytically inactive isoform 12. Scroll to the bottom of the page and press the button to align these two isoforms. Make a note of the missing residues for later. Return to the entry.

? 5. Where in the cell is isoform to be found (hint – look in Comments – Subcellular location)
( Return to “Sequence annotation (Features) 

?6. Using the information in the table, explain why isoform 12 is catalytically inactive

?7. What is the length of isoform 12
Adding information using the InterPro Database

At the bottom of the entry, are all the database cross-references for this protein. Look for those contained within the InterPro database. InterPro is an integrated documentation resource for protein families, domains and sites. InterPro combines a number of databases (referred to as member databases) that use different methodologies and a varying degree of biological information on well-characterised proteins to derive protein signatures. By uniting the member databases, InterPro capitalises on their individual strengths, producing a powerful integrated diagnostic tool. InterPro unifies: 

· PROSITE regular expressions and profiles 

· Pfam, SMART, TIGRFAMs, PIRSF, PANTHER, Gene3D and SUPERFAMILY hidden Markov models (HMMs) 

· PRINTS, provider of fingerprints (groups of aligned, un-weighted motifs)

. PRODOM who use Clustr analysis to group sequences

Signatures describing the same protein family, domain repeat or site are grouped into unique InterPro entries. Each combined InterPro entry has a unique accession number, an abstract describing the features of proteins associated with the entry and literature references and has links to the relevant member database(s). All UniProtKB protein sequences that have matches to a particular InterPro entry are listed in the Match Table associated with that entry. There are also links to the InterPro graphical views. The graphical views, which can be sorted by UniProtKB accession number, structure or taxonomy, show the position of the signatures on the protein, mousing over the signature brings up a pop-box, giving the accession, name and position.

InterPro graphically represents the location of a protein domain and information pertaining to the origin of that domain and the proteins that contain it. Families are also defined and may contain several InterPro domains which are often, but not always, in the same order.  Through the InterPro Domain Architecture view, the composition and order of the different domains within a family are clearly displayed for easy comparison, as well as for simple navigation between the entries for individual domains. 

InterPro and InterProScan are accessible for interactive use over the EBI web server (www/ebi.ac.uk/interpro), they are distributed as stand-alone copies by anonymous ftp.

InterPro entries are linked to one another through PARENT/CHILD and CONTAINS/FOUND IN relationships. PARENT/CHILD relationships indicate superfamily/family/subfamily relationships, as well as domain hierarchies, where sequences can be subdivided into more specific sub-sets. CONTAINS/FOUND IN relationships apply to domains, repeats and sites within families, and are used to describe the composition of protein sequences.
( Moving back and forwards between the entry and the InterPro domains and active sites which it contains, answer the following questions

?8. Which domains contained within Chk2 are known to be protein binding domains (Hint – look for “Interactions” within the InterPro record)

? 9. What GO mapping could be added to the entry from Protein kinase (IPR000719)
Searching UniProtKB

Return to the search engine at the top of the entry page and click on Fields
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( Use the fields to search on keyword = Apoptosis AND Organism=human to see how many human proteins involved in apoptosis you can find. 

? 10. How many of those are in Swiss-Prot (i.e. reviewed records)

Further Reading
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1.ATP + a protein = ADP + a phosphoprotein

1. 2

2. 8 proteins in 5 species

3. Chek2, Chek1, ATM, ATR

4. Nucleus

5. The isoform is missing residues (337-365) which are within the protein kinase domain (220-486), specifically the proton acceptor Asp-347 in the active site.
6. 514aa
7. FHA (IPR000253), Protein kinase (IPR000719), Serine/threonine protein kinase, active site (IPR008271) and Serine/threonine protein kinase (IPR002290)

8. GO:0006468 protein amino acid phosphorylation,  GO:0004672 protein kinase activity, GO:0005524 ATP binding

9.  342
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