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Introduction to protein databases
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Protein database development

➢ Protein databases (DBs) are the second largest biological DBs (after DNA DBs)

➢ Important because proteins exhibit large variability in their structure and function

➢ An important focus of modern bioinformatics is the analysis of protein sequences
and functional data related to them, that are constantly being produced through
wet-lab experiments

▪ Atlas of protein sequence and structure (1966) → the first protein sequence DB 
(before the advent of bioinformatics). Today known as Protein Information Resource 
(PIR)

• Protein data bank (PDB, 1971) → DB for structural data (1971), still remains the 
most widely used DB regarding macromolecular structures

• United Protein Databases (UniProt, 2003) → the largest protein sequence and 
protein function DB, created by the unificcation of SWISS-PROT, TrEMBL andPIR
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PIR 
(Protein Information Resourse)

PIR was developed in 1984 
by National Biomedical 
Research Foundation (NBRF)
in USA in order to provide 
researchers with information 
regarding protein sequences. 

Between 1965-1978, NBRF 
had the first complete 
collection of macromolecular 
sequences (Atlas of Protein 
Sequence and Structure). 
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PIR entry: IPPG
>P1;IPPG

insulin precursor - pig

C;Species: Sus scrofa domestica (domestic pig)

…

C;Accession: A01583; A94572; S16492; A60835; B60835

…

C;Keywords: hormone; pancreas

F;1-30/Domain: insulin chain B #status experimental 

F;1-30,64-84/Product: insulin #status experimental 

F;33-63/Domain: connecting peptide #status experimental 

F;64-84/Domain: insulin chain A #status experimental 

F;7-70,19-83,69-74/Disulfide bonds: #status experimental

>P1;IPPG

FVNQHLCGSH LVEALYLVCG ERGFFYTPKA RREAENPQAG AVELGGGLGG LQALALEGPP

QKRGIVEQCC TSICSLYQLE NYCN*
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SwissProt

EBI and SIB created SwissProt and TrEMBL DBs. SwissProt was the main
project of Amos Bairoch Msc and PhD studies back in 1990s at SIB and then
was further developed by Rolf Apweiler at EBI.

Swissprot is different than other protein DBs, because:

❖ Manual annotation – high quality data, including function, 
classification, post-translational modifications

❖ Minimal redundancy

❖ Cross-references to many other DBs

❖ Detailed manual
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Swissprot text entry

ID   INS_PIG        STANDARD;      PRT;   108 AA.

AC   P01315; Q9TSJ5;

…

DE   INSULIN PRECURSOR.

GN   INS.

OS   Sus scrofa (Pig).

…

CC   -!- FUNCTION: INSULIN DECREASES BLOOD GLUCOSE CONCENTRATION. IT

CC       INCREASES CELL PERMEABILITY TO MONOSACCHARIDES, AMINO ACIDS AND

…

DR   EMBL; AF064555; AAC77920.1; ALT_INIT. [EMBL / GenBank / DDBJ]

…

KW   Insulin family; Hormone; Glucose metabolism; Signal; 3D-structure.

FT   SIGNAL        1     24       

FT   CHAIN        25     54       INSULIN B CHAIN.

…

SQ   SEQUENCE   108 AA;  11671 MW;  CB4491B429858EBE CRC64;

MALWTRLLPL LALLALWAPA PAQAFVNQHL CGSHLVEALY LVCGERGFFY TPKARREAEN

PQAGAVELGG GLGGLQALAL EGPPQKRGIV EQCCTSICSL YQLENYCN

//
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The UniProt consortium
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UniProt

✓ UniProt (Uniprot Knowledge Base) is a collaborative project between 3 institutes, 
namely the European Bioinformatics Institute (EBI -UK), the Swiss Institute of 
Bioinformatics (SIB-CH), and the Protein Information Resource (PIR - USA).

✓ SIB contributed a well-annotated protein sequence DB

✓ EBI contributed TrEMBL, an automatic, not annotated translated nucleotide DB

✓ PIR contributed their own protein sequence DB, as well as a group of protein 
families (PSD)

✓ Uniprot contains 3 sub-DBs:

✓ UniProtKB (Swiss-Prot + TrEMBL)

✓ UniRef

✓ UniParc

✓ Uniprot is updated monthly and has 3 main FTP servers, one in each institute

✓ Offers lots of functionalities, e.g. text or BLAST searches, as well as Multiple 
Sequence Alignment (MSA) tool (ClustalO) and retrieve/mapping of protein IDs to 
respective entries
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TrEMBL

• TrEMBL is comprised of two parts: SP-TrEMBL which contains entries that will be 
included in Swiss-Prot and REM-TrEMBL which contains entries that will not be 
part of Swiss-Prot. It can have very short protein sequences (from 8 amino-acids 
long) or sequences that are under patent.

• Contrary to Swiss-Prot, TrEMBL is based on automated annotation instead of 
manual curation

• TrEMBL does not translate DNA sequences, nor does it use gene finding software. 
It provides only the coding sequence (CDS) that is recommended by the 
researchers that deposit it in genomic databases (EMBL/Genbank/DDBJ)

• The CDS and the respective protein sequence can have been experimentally 
verified or derived from prediction methods. This is not clear in a TrEMBL entry.

• TrEMBL does not validate any sequence. The quality of the data is solely 
dependent on the researcher that submits it. 
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http://www.ebi.ac.uk/trembl/
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Swiss-ProtEMBL

CDS

Manual curation of 

the sequence and 

other biologically-

related data 

(literature, other 

DBs); addition of 

cross-references, 

alternative splicing 

Automated 

extraction of protein 

sequence – CDS, 

gene name and 

literature references. 

Automated

annotation

Reference

Gene/protein name

Taxonomy

TrEMBL
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UniProt KnowledgeBaseUniRef100
UniRef 90
UniRef 50

• One UniRef100 entry = 

All identical 
sequences (including 

fragments).≈ 170M entries

• One UniRef90 entry = 

Sequences that have at 

least 90% or more 
identity ≈ 85M entries

• One UniRef50 entry =

Sequences that are at least

50% or more identity
≈ 32M entries

Independent of species.

UniProt Archives
~244,490,125 entries

Archived raw
protein
sequences, 
found in 
publicly 
accessible 
databases:

Swiss-Prot, 
TrEMBL, PIR, 
EMBL, Ensembl, 
IPI, PDB, RefSeq, 
FlyBase, 
WormBase, Patent 
Offices etc

Use with
extreme
caution:
Contains
pseudogenes, 
incorrect CDS 
predictions, 
etc…

The Universal Protein resource components

UniProtKB

produced by 
SIB and EBI

produced by 
PIR

produced by 
EBI

UniProtKB/TrEMBL
Computer annotated
protein sequences
137,213,158 entries
832,433 species

UniProtKB/Swiss-
Prot
Manually annotated
protein sequences

558,898 entries

~9,463 species

Release 
2018_11 

(Dec 2018)



Uniprot home page
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Uniprot search
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Uniprot search results
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Non-redundant databases

• Definition: Repeated entries

• Cause: Identical or overlapping sequences originating from the same or different 
author(s) 

• No redundancy in Swiss-Prot

• How? When different genes in the same species code for the same protein 
sequences, they are merged under the same entry in UniProtKB/Swiss-Prot and 
all gene names appear in one field (http://www.uniprot.org/uniprot/P68431). 

• Non-redundancy inUniProtKB/Swiss-Prot  means that identical sequences are 
presented in one entry. However, if the identical sequences derive from different 
species, then they are multiple entries, one per species. 
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Redundancy

• Contain only sequences / search can be done using a sequence

• Created by combining more than one DBs, e.g:

– NR Nucleic (genbank+EMBL+DDBJ+PDB DNA)

– NR Protein (SWISS-PROT+TrEMBL+GenPept+PDB protein)
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Protein existence evidence

• Since most protein sequences are derived from translation of nucleotide 
sequences (i.e. predictions), the PE line in a Uniprot entry informs us regarding 
the existence of the protein

• 'Protein existence evidence' has 5 confidence levels:

1. Evidence at protein level

2. Evidence at transcript level

3. Inferred from homology

4. Predicted

5. Protein uncertain - Unassigned (used mostly in TrEMBL)
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Annotation errors

• C. Hardley, EMBO reports, 4(9), 2003.

“Sequences are rarely deposited in a “mature” state; as with all scientific 
research, DNA and protein annotation is a continual process of learning, 
revision and corrections.” …. 

“Sequencing error rates: ~1 base in 10,000” …. 

“Making people aware of errors is good and great; making people aware 
that they’re responsible also for correcting errors is even greater”

• Fixing sequence errors is a key point in the effort for providing the scientific 
community with reliable entries

• The manually annotated entries consist of information derived from literature, 
specialised DBs, expert researchers/curators, idea exchange and brainstorming

• Clear distinction from data/information obtained by computational analyses
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A manually annotated entry
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Important fields in a Uniprot entry

• All protein and respective gene names

• Biological origin of the protein, with links to taxonomic DBs

• Literature references

• Summary of what is known regarding the protein, e.g. function, alternative 
splicing, post-translational modifications, tissue expression, 3D structure etc

• Multiple cross-references to other DBs

• Selected keywords

• Description of important sequence features of the protein, e.g. signal peptide, 
transmembrane segments, PTMs, sequence variations
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Cross-references in Uniprot

• Swiss-Prot was the first DB that contained cross-references to other DBs

• A Uniprot Accession Number (AC) can be used by various other DBs (e.g. BLOCKS 
domain db ) as an identifier for their entries, i.e. facilitating direct link to Uniprot, 
without being explicitly referenced in Uniprot (implicit cross-references)

• Currently (Dec 2018), there are >170 cross-referenced DBs in Uniprot
– DNA (EMBL/GenBank/DDBJ)
– 3D-structure (PDB)
– Family and domain (InterPro, HAMAP, PROSITE, Pfam, etc.)
– genomic (OMIM, MGI, FlyBase, SGD, SubtiList, etc.)
– specialized DBs (e.g.GlycoSuiteDB, PhosSite, MEROPS)
– literature (PubMed)
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http://www.uniprot.org/docs/dbxref
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2D-gel databases

ANU-2DPAGE

Aarhus/Ghent-

2DPAGE

COMPLUYEAST-

2DPAGE

Cornea-2DPAGE 

DOSAC-COBS-

2DPAGE

ECO2DBASE

HSC-2DPAGE

OGP

PHCI-2DPAGE

PMMA-2DPAGE

Rat-heart-2DPAGE

REPRODUCTION-

2DPAGE

Siena-2DPAGE

SWISS-2DPAGE

Family and 

domain databases

Gene3D

HAMAP

InterPro

PANTHER

PIRSF

Pfam

PRINTS

ProDom

PROSITE

SMART

TIGRFAMs

Organism-specific

databases

AGD

CYGD

DictyBase

EchoBASE

EcoGene

euHCVdb

FlyBase

GeneDB_Spombe

GeneFarm

Gramene

H-InvDB

HGNC

HIV

HPA 

LegioList

Leproma

ListiList

MaizeGDB

MGI

MIM

MypuList

PhotoList

RGD

SagaList

SGD

StyGene

SubtiList

TAIR

TubercuList

WormBase

WormPep

ZFIN

Enzyme and 

pathway databases

BioCyc

Reactome

Miscellaneous

ArrayExpress

dbSNP

DIP

DrugBank 

GO

IntAct

LinkHub

RZPD-ProtExp 

Protein

family/group 

databases

GermOnline

MEROPS

PeroxiBase

PptaseDB

REBASE

TRANSFAC

Sequence 

databases

EMBL

PIR

UniGene

3D 

structure 

databases

HSSP

PDB

SMR

PTM 

databases

GlycoSuiteDB

PhosSite

UniProtKB/Swiss-

Prot

explicit links

Genome 

annotation 

databases

Ensembl

GenomeReviews

KEGG

TIGR



Keywords in Uniprot
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Use of keywords in UniprotKB/Swiss-Prot

Link to Gene Ontology DB for further analysis

and information retrieval



Reference proteomes

• Are created for model organisms, for which is a demand for extensive and 
comprehensive information (> 16,000 as of Dec. 2018)

• They cover well-studied model organisms and other organisms of interest for 
biomedical research and phylogeny.

• Example of model organisms: E.coli, B.subtilis, human, mouse, fruitfly, C.elegans, 
yeast, S.pombe, A.thaliana.
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https://www.uniprot.org/proteomes/



Downloads and updates

• New release every month

• Various formats (flat file, XML file, FASTA file)

• Always cite the Accession number, not the entry name (ID)

• Information included in the entries can be altered by Uniprot curators if they 
deem necessary (not possible in genomic databases, where only the submitting 
authors are responsible for the information

• User manual is frequently updated
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ftp://ftp.expasy.org/databases/uniprot/current_release/knowledgebase/complete/



Other important protein-related 
databases
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Structural DBs

What can we learn from structures?
– Secondary structure

– Function

– Similarity, evolutionary relationships

– Shape, size

– Folding

– Structural motifs

– Distances, angles

– Surface interactions

– Effect of mutations

– Transmembrane segments
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Worldwide Protein Databank 
(wwPDB)

• It was established in 1971 at 
Brookhaven National Laboratories 
(BNL) in USA and it was moved to 
the Research Collaboratory for 
Structural Bioinformatics (RCSB) in 
1998.

• Since 1971, the Protein Data Bank 
archive (PDB) has served as the 
single repository of information 
about the 3D structures of proteins, 
nucleic acids, and complex 
assemblies.

• The Worldwide PDB (wwPDB) 
organization manages the PDB 
archive and ensures that the PDB is 
freely and publicly available to the 
global community.



The PDB database
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9 structures

https://www.rcsb.org/



Growth of PDB
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PDB homepage
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PDB browse



Prediction of Structure and Function of Proteins 35

PDB search
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PDB entry



PDB information

• Coordinates of atoms that make up the structure

• Literature references

• Details regarding structure determination (e.g. experimental procedures)

• Flat file with defined format

• Every structure, before being published, is checked for errors using a computer
software. Subsequently, it obtains a unique code and is deposited in the
database
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PDB flat entry
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Blast
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Protein Blast
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Protein Blast
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Clustal
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Jalview


