
PROTEIN DATABASES



The ideal sequence database for 
computational analyses and data-mining:

• It must be complete with minimal redundancy
• It must contain as much up-to-date information 

(annotation) as possible on each sequence
• All the information items must be retrievable 

by computer programs in a consistent manner
• It must be highly interoperable with other 

databases 



PROTEIN DATABASES

• SWISS-PROT - Manually curated (EBI/SIB)
• TrEMBL - Translation of EMBL (EBI)
• PIR - annotated sequences (NCBI)
• GenPept -GenBank translations
• NRL_3D - Sequences from PDB
• OWL - Non-redundant sequences
• RefSeq - Non-redundant sequence set 
• Kabat & IMGT - Immunological proteins



PIR (Protein Information Resource)

• http://pir.georgetown.edu/pirwww/pirhome.shtml
• Sources: GenBank/EMBL/DDBJ translations, 

literature, direct submissions
-PIR-PSD (merging, annotation, classification)
-PIR-Archive (original sequences)

• Total ~200 000 non-redundant sequences



Annotation in PIR
• Annotation is from literature and available databases
• Uses controlled vocabulary and std nomenclature 

(Enzyme nomenclature)
• Includes status tags “validated, expt’l, similarity, 

predicted, absent”
• Classification into superfamilies and homology 

domain superfamilies
• Classification is used for applying common 

annotation to similar sequences and integrity checks



Example of a PIR entry (1)
Link to list of entries for this species

Acc no.s of sequences merged with this entry

Link to other entries with same citation
Links to EMBL/GenBank/DDBJ etc

Link creates sequence reported for 
this reference



Example of a PIR entry (2)
Link of entries classified into this 
superfamily or with this domain

List of other PIR entries with this 
feature

List of entries with these keywords

Link to PDB entry for this sequence

Alignments involving this protein



Example of a PIR entry (3)

Link from top of 
entry page to 
Composition Table



Searching PIR 
for superfamily 

annotation
Automated classification 
of full-length sequences 
>99% -families 
>70% -superfamilies

-Use 50% identity for 
clustering of proteins into 
families

-Also cluster into 
homology domain 
superfamilies



GenPept



NRL_3D Database

• http://pir.georgetown.edu/pirwww/dbinfo/nrl_3D.
html

• Protein database of sequences with 3D structure 
in PDB



NRL_3D Example 
entry (1)



NRL_3D Example 
entry (2)



OWL
• http://www.bioinf.man.ac.uk/dbbrowser/OWL/
• Non-redundant protein database derived from SWISS-

PROT, PIR, GenBank (translations) and NRL_3D
• 279,796 entries, small because of strict redundancy 

criteria
• All identical and trivially-different sequences  (i.e. those 

having a single amino acid change) are removed
• SWISS-PROT is highest priority, NRL_3D lowest



RefSeq
• http://www.ncbi.nlm.nih.gov/LocusLink/refseq.html
• Reference sequence standards for genomes, 

transcripts and proteins for human, mouse and rat
• Manually curated, non-redundant, status (genome 

annotation, predicted, provisional, reviewed)
• Includes data from NCBI Human Genome 

Annotation Project



SWISS-PROT
• A curated protein sequence data bank established in 

July 1986 by Amos Bairoch in Geneva and now 
maintained collaboratively with EMBL 

• Contains 94 000 manually annotated protein 
sequence entries (but >60% of all seq with some 
basic biochemical characterisation)

• Distinguishes between expt’l and comput’l derived 
annotation



SWISS-PROT STATISTICS

• 94 000 SWISS-PROT entries
• 32 000 000 amino acids
• abstracted from > 70 000 references
• linked by > 420 000 direct pointers to 35 related 

or specialized data collections



Example of a SWISS-PROT entry



The annotation is mainly found in:

• Comment (CC) lines
• Feature table (FT) 
• Keyword (KW) lines 
• Description (DE) lines 



The topics of the CC lines are:
• ALTERNATIVE PRODUCTS
• CATALYTIC 
• CAUTION
• COFACTOR
• DEVELOPMENTAL STAGE
• DISEASE
• DOMAIN
• ENZYME REGULATION
• FUNCTION
• INDUCTION

• MASS SPECTROMETRY
• PATHWAY
• PHARMACEUTICALS
• POLYMORPHISM       
• PTM
• SIMILARITY         
• SUBCELLULAR 

LOCATION   
• SUBUNIT            
• TISSUE SPECIFICITY



The FT keys are handling:

• Change indicators
• Amino-acid modifications
• Regions
• Secondary structure
• Other features



Change indicators are:

• CONFLICT - Different papers report differing 
sequences

• VARIANT - Authors report that sequence 
variants exist

• VARSPLIC - Description of sequence variants 
produced by alternative splicing

• MUTAGEN - Site which has been experimentally 
altered



Amino-acid modifications are:
• MOD_RES  - Post-translational modification of a residue
• LIPID  - Covalent binding of a lipidic moiety
• DISULFID - Disulfide bond
• THIOLEST - Thiolester bond
• THIOETH - Thioether bond
• CARBOHYD - Glycosylation site
• METAL - Binding site for a metal ion
• BINDING - Binding site for any chemical group (co-

enzyme, prosthetic group, etc.)



Regions:

• SIGNAL 
• TRANSIT 
• PROPEP 
• CHAIN 
• PEPTIDE 
• DOMAIN 
• CA_BIND

• DNA_BIND 
• NP_BIND 
• TRANSMEM 
• ZN_FING 
• SIMILAR 
• REPEAT



Other features are:
• ACT_SITE - Amino acid(s) involved in the activity of an 

enzyme
• SITE - Any other interesting site on the sequence
• INIT_MET - The sequence is known to start with an 

initiator methionine
• NON_TER - The residue at an extremity of the sequence 

is not the terminal residue
• NON_CONS - Non consecutive residues
• UNSURE - Uncertainties in the sequence



The KW lines:
• around 800 different keywords
• keyword dictionary available
• Controlled use of the keywords has cross-

references

• DBXREFS – crossreferences to about 30 
databases including pattern dbs, specialised 
genome dbs, other sequence dbs



Annotation sources:

• publications that report new sequence data
• review articles to periodically update the 

annotation of families or groups of proteins
• external experts



1.9.1998:
SWISS-PROT ceased 

to be in the public 
domain



What has changed 
• No changes for academic users
• Almost no restrictions on the redistribution of 

SWISS-PROT by academic servers or 
software companies 

• Commercial users are required to pay yearly 
subscription fees. These fees will be used to 
complement the existing grants in order to 
provide stable long-term funding



SWISS-PROT Growth
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DNA sequence database growth
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The Bottleneck:
Manual annotation



TrEMBL
• We cannot cope with the speed with which new data 

is coming out
• We do not want to dilute the quality of SWISS-PROT
• Solution: TrEMBL (TRanslation of EMBL): contains 

all translations of CDS in the Nucleotide Sequence 
Database not in SWISS-PROT

• TrEMBL is automatically generated and annotated 
using software tools



TrEMBL production
EMBLNEW

flatfile

CDS scanning, translation
and SWISS-PROT

formatting

protein_id
in SP+TrEMBL

TrEMBLnew

REM-TrEMBL
Smalls.dat
Synth.dat

Pseudo.dat
Immuno.dat
Patent.dat

Truncated.dat

SP-TrEMBL

Redundancy checks

Identical  matches

Sub-fragment matches

Variants,conflicts...

Automatic annotation
(Prosite,PFAM,

Rulebase, ENZYME,
MGD, Flybase…)

TrEMBL

SWISS-PROT



SWISS-PROT + TrEMBL

SWISS-PROT
sprot.txl

TrEMBL
trembl.txl

TrEMBLnew
trembl_new.txl

sptr

ftp.ebi.ac.uk/pub/databases/sp_tr_nrdb/

•94 000 SWISS-PROT entries
•425 000 TrEMBL entries
•weekly production of a non-redundant and comprehensive protein 
sequence database consisting of SWISS-PROT, TrEMBL, and 
TrEMBLnew: 


