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ABSTRACT

Protein sequences are stored in public databases such as the UniProt Knowledgebase (UniProtKB), where
curators add bioinformatics data, including prediction of structure and function of biomolecules and experimental
results. Protein function prediction can be done using sequence similarity searches, but an alternative approach is
to use protein signatures that classify proteins into families and domains. The main protein signature databases
are accessible through the integrated InterPro database, which provides the UniProtKB sequence classification.
In addition to characterizing proteins through protein families, many researchers are interested in analyzing the
complete set of proteins from the genome (i.e., the proteome), and there are databases and resources providing
unreduced sets of proteomes and analyzes of proteins from organisms with fully sequenced genomes. This article
reviews the tools and resources available on the Internet for characterizing both individual proteins and analysis
of the entire proteome.
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1. Introduction

The rapid development of proteomics, driven by
the widespread use of mass spectrometers in research
institutes, medical clinics, commercial companies
and other organizations around the world, has led to
a significant increase in the amount of data generated.
Despite this, the need to reliably identify analyzed
proteins and quickly obtain information about their
properties and functions remains unchanged. This
requires a database of protein sequences that does
not contain redundant data (or with a minimum level
of redundancy), with maximum coverage, including
splice isoforms, disease variants and post-translational
modifications. Sequence archiving is an important
feature in order to be able to interpret and maintain
the results of a proteomic set. Stable identifiers,
consistent nomenclature, and convenient dictionaries
are very useful for identifying proteins. An important
requirement is also the provision of detailed information
on protein function, biological processes, molecular
interactions and pathways, with cross-references to
relevant external sources. This article shows how the
UniProt database meets these criteria.

2. Databases of protein sequences

A number of new technologies in protein science
make it possible to quickly identify a large number
of proteins in a complex, map their interactions in
a cellular context, determine their location in a cell,
and analyze their biological activity. Protein sequence
databases play a vital role as a central resource for

storing the data resulting from these efforts and making
them freely available to the scientific community.
Data from large-scale experiments are often no longer
published in the usual sense, but are deposited in
a database. This means that protein sequence databases
are the most comprehensive resource of protein
information available to scientists.

In order to take full advantage of the various
resources, it is necessary to distinguish between them
and determine the types of data they contain. Universal
protein databases cover proteins of all kinds, while
specialized data collections contain information about
a particular family or group of proteins, or about
proteins related to a particular organism. Universal
protein sequence databases can be divided into three
categories:

» simple sequence data archives, or sequence
repositories, where data is stored with little or no
manual intervention in record creation;

» specialized databases that contain information
in a specific area of research or description of certain
parameters of biomolecules, such as 3D structures;

« databases created by experts, in which the original
data is supplemented by additional information obtained
from sources such as published scientific literature.

One of the protein sequence database families, the

Universal Protein Resource (UniProt), will be discussed
in detail.

2.1. Sequence data archives

A number of protein sequence databases act as
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repositories of these sequences. These databases add
little or no additional information to the sequence
records they contain, and generally make no effort to
provide users with an unreduced collection of sequences.
An example is the GenBank Genetic Products Databank,
or GenPept, created by the National Center for
Biotechnology Information [1]. Database entries are
derived from translations of sequences contained in
the Nucleotide Database jointly maintained by DDBJ [2],
EMBL Nucleotide Sequence Database [3], and GenBank
[4] and contain minimal annotation that was extracted
primarily from the corresponding nucleotide entry.
The records lack any additional annotation and the
database does not contain proteins derived from amino
acid sequencing. It represents a redundant view of the
world of proteins, which means that each protein can be
represented by multiple records, and no attempt is made
to group these records into a single database record. The
NCBI Entrez Protein database [1] is another example of
a sequence repository. The database contains sequence
data translated from DDBJ/EMBL/GenBank nucleotide
sequences, as well as sequences from UniProt, RefSeq,
and Protein Data Bank (PDB). The database differs
from GenPept in that many of the records contain
additional information, but most of the annotated data
has been extracted from curated databases, so little new
information has been added to the records that cannot
be found in other data collections. As with GenPept, the
collection of sequences is redundant. A more ambitious
approach is taken in the collection of reference
sequences (RefSeq) created by NCBI [5]. The aim of the
project is to provide a comprehensive, integrated, non-
redundant set of sequences, including genomic DNA,
transcripts (RNA) and protein products, for the main
organisms under study. NCBI staff provide ongoing
follow-up, with review status indicated on each entry.
However, most records are generated automatically
with minimal manual intervention, so the database is
closer to a sequence repository than any of the curated
databases discussed below.

The search for protein sequences and peptides
can also be performed using proteomic databases and
repositories of spectral libraries [6-9]. For example, to
select candidate peptides in experiments, large databases
designed for storing and exchanging experimental
proteomic data, such as the Global Proteome Machine
(GPM) and the Proteomics IDEntifications (PRIDE)
databases, can be used [10-13].

2.2. Specialized databases

In addition to protein sequence archives, there
are many specialized databases available to the life
science community. Some of them focus on one specific
aspect of proteins or protein groups or families, or on
a particular organism, while others seek to combine and
use existing resources to the fullest. They vary in size
and the amount of data they contain. One example of
the first type of database is the Protein Data Bank (PDB),
which archives three-dimensional structural data [14].
Another example is the Gene Ontology (GO) knowledge
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base, the world's largest source of information about
gene functions [15]. This knowledge is also machine-
readable and can be used for computational analysis
of large-scale molecular biological and genetic
experiments in biomedical research. GOA, a Gene
Ontology Annotation project [16], annotates proteins
to GO terms. Data on protein interactions can be found
in the information resources IntAct [17], BioGRID [18],
and STRING [19].

Other examples are information resources
containing a large amount of data obtained in the course
of experiments on targeted proteomics [20]. These
databases can help select suitable candidate peptides for
the development of peptide quantitation methods using
the Multiple reaction monitoring (MRM) method. The
largest databases are PeptideAtlas [21] and SRMAtlas
[22], which contain information on peptides obtained
from proteomic experiments. Other useful resources
are the PeptideTracker [23], which contains quantitative
information on proteins from various biological
matrices, and the Panorama Public database [24], which
provides complete information for the development of
MRM assays.

2.3. Universal curated databases

While repositories are an important means of
getting sequences to the user as quickly as possible,
it is clear that when additional information is added
to the sequence, this greatly increases the value
of the resource for users. Curated databases take
basic sequence information and enrich it by adding
additional information from various sources such as
the scientific literature. This information is extracted
and verified by curators and biological experts before
being added to databases, which means that the data in
these collections can be considered highly reliable. In
addition, significant efforts are being made to maintain
unreduced datasets by consolidating all reports for
a given protein sequence into a single record.

3. Goal and structure of UniProt

The main goal of the UniProt database is to give
access to comprehensive, high quality, and freely
available information of protein sequence and
functional that is essential for modern biological
research. The UniProt database was created by the
UniProt Consortium, which includes groups from the
European Bioinformatics Institute (EBI), the Protein
Information Resource (PIR), and the Swiss Institute for
Bioinformatics (SIB). The National Institutes of Health
(NTH) is the main supporter of UniProt. The European
Commission and the Swiss Federal Government are also
providing an additional funding for its activities.

UniProt databases consist of several components
(Figure 1, A):

» The UniProt archive (UniParc) provides a stable,
non-reduced collection of sequences that contains the
entirety of publicly available protein sequence data;

+ The UniProt Knowledge Base (UniProtKB) is
a central database of protein sequences with numerous
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and accurate sequencing results and functional
annotation;

« UniProt NREF (UniRef) databases provide non-
reduced collections of data based on the UniProt
knowledge base to fully cover the sequence space
at multiple resolutions. UniProt Reference Clusters
(UniRef) provides clustered sets of sequences from
the UniProt knowledge base (including isoforms) and
selected UniParc records. This allows you to hide
redundant sequences and get full coverage of the
sequence space with three resolutions:

v UniRef100 combines identical sequences and
subfragments with 11 or more residues from
any organism into one UniRef record;

v UniRef90 is built by clustering UniRef100
sequences in such a way that each cluster
consists of sequences that have at least 90%
sequence identity and 80% overlap with the
longest sequence (aka start sequence);

v UniRef50 is created by clustering original
UniRef90 sequences that have at least 50%
sequence identity and 80% match with the
longest sequence in the cluster;

e« The UniProt Proteomes database provides
proteomes for species with fully sequenced genomes.
The proteome is the complete set of proteins that are
expressed by an organism;
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The UniProt database is gaining more and more
popularity, as there is a growth trend in the titles
and abstracts of publications, such as in the PubMed
information resource (Figure 1, B). As of January
2022, the UniProt database contains over 225 million
sequence records. The data in UniProt are distributed
according to the taxonomic classification with the
maximum number of sequences for bacteria (60%) and
eukaryotes (34%). The remaining small fractions of 3%
each corresponds to archaea and viruses (Figure 1, C).
The distribution of the number of sequences within
eukaryotes according to the UniProt database is shown
in Figure 1, D. The largest share is made up of mammals
(34%), among the occurring human sequences they
make up 10%. Further, 21% of data on plants, 18% on
fungi, 10% on other vertebrates, 5% on insects, 3% on
nematodes, and 9% on other species.

The UniProtKB Knowledge Base consists of two
sections: section Swiss-Prot that are fully annotated
manually, where data are obtained from literature
information extraction, computational analysis,
and curator evaluation, and a section TTEMBL with
computationally analyzed records awaiting full manual

annotation (Figure 1, A).
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Figure 1. — Structure and content of the UniProt protein sequence database. A: Components of the UniProt structure. B: Dynamics of

the number of publications in PubMed for 2003-2022 by the keyword UniProt in the title and abstract of the article (197 publications in 2021).

C: taxonomic distribution of sequences in Swiss-Prot. D: Taxonomic distribution of sequences among eukaryotes in Swiss-Prot. The numerical
values given in the block diagram correspond to the data for January 2022.
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4. High quality annotation

In addition to collecting the basic data required
for each UniProt entry (consisting primarily of amino
acid sequence, protein name or description, taxonomic
data, and citation information), as much annotation
information as possible is attached to the protein. This
is performed both automatically and manually.

4.1. Manual annotation by curators based on
literature data and sequence analysis

Sequences for which new functional, structural and/
or biochemical data have been published receive a high
manual annotation priority. In UniProt, an annotation
consists of a description of the following elements:

v the function(s) of the protein;

v/ information on enzyme-related processes
(cofactors, metabolic pathway, catalytic activity,
regulatory mechanisms);

v/ biologically significant domains and sites;
v/ post-translational modifications (PTM);

v molecular weight determined by mass
spectrometry;

subcellular(s) location(s) of the protein;
tissue-specific protein expression;
developmentally specific protein expression;
secondary structure;

Quaternary structure;

interactions;

splice isoform(s);

mature protein products;

polymorphism(s);

similarity with other proteins;

S NI NI N N N N N NN

the use of protein in the biotechnological
process;

v diseases associated with protein deficiencies or
abnormalities;

v/ the use of protein as a pharmaceutical product;
v/ sequence conflicts, etc.

This annotation is contained in comment lines (CC),
feature tables (FT) and keyword tables (KW). Comments
are classified by topic, making it easy to extract specific
categories of data from the database. In order to obtain
the most up-to-date and extensive knowledge about the
protein, information is taken not only from publications
reporting new sequence data, but also from review
articles. In addition, outside experts are also brought
in to provide comments and updates on specific groups
of proteins.

4.2. Automatic classification and annotation

With the rapid growth of sequence databases, there
is a growing need for reliable functional characterization
and annotation of newly predicted proteins. To cope
with such large amounts of data, faster and more
efficient means of protein sequence characterization
and annotation are needed. One promising approach
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is automatic large-scale functional characterization
and annotation, which is created with limited human
involvement.

For data annotation, the InterPro tool [25] is used to
recognize domains and classify all protein sequences in
UniProt into families and superfamilies. InterPro is an
integrated resource of protein families, domains, and
sites that combines the efforts of its databases: Pfam
[26], PROSITE [27], SMART (28], and others [29]. In
UniProtKB/TrEMBL records, the domains predicted by
the previously listed databases are used for automatic
domain annotation.

The rule-based semi-automated UniRule
[30] computational annotation system annotates
experimentally uncharacterized proteins based on
similarity to known experimentally characterized
proteins, adding properties such as protein name,
functional annotation, catalytic activity, pathway, GO
terms, and subcellular location. The number of UniRules
used for annotation has grown to 6768 rules in total
(release 2020 04).

To complement the UniRules creation process
led by UniRules experts, the Association-Rule-Based
Annotator (ARBA), a self-learning annotation system
for automatic classification and annotation of proteins
UniProtKB [31], was recently introduced (release 2020
04). It replaced the previous rule-based SAAS system.
ARBA is trained on UniProtKB/Swiss-Prot, then uses
rule search methods to generate concise annotation
models with maximum representativeness and coverage
based on InterPro group membership and taxonomy
properties. ARBA uses a data exclusion set that screens
out data not suitable for computational annotation
(such as specific biophysical or chemical properties)
and generates human-readable rules for each release,
which are available at https://www.uniprot.org/arbal/.
22,894 ARBA rules were used to annotate 87,325,890
proteins in release 2020 04, increasing the total coverage
of rule-based annotation systems from 35% to 49% in
UniProtKB/TrEMBL. In addition, in release 2020
04, over 15 million uncharacterized protein names
have been enhanced with InterPro member database
signatures, updating their name to "domain X protein"
in accordance with the International Guidelines for
Protein Nomenclature (https://www.uniprot.org/docs/
International_Protein_Nomenclature_Guidelines.pdf).

5. Data integration

UniProtKB combines datasets by matching these
data to corresponding protein sequence records,
displaying the mappings using the ProtVista
visualization tool [32], and uploading them via FTP and
API [33]. Clinically relevant sources of variation (e.g.,
100K genomes, gnomAD and ClinVar SNPs) are mapped
to protein features and variants using a pre-calculated
mapping of genomic coordinates for amino acids at the
beginning and end of each exon and converting UniProt
position annotations to their genomic coordinates [34].
Functional positional annotations from the UniProt
human reference proteome are currently mapped to
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the corresponding genomic coordinates in the GRCh38
version of the human genome for each release of
UniProt.

UniProt further aggregates and visualizes unique
and non-unique peptides identified from proteomic
mass spectrometry data deposited through the
ProteomeXchange [10] consortium (e.g. PeptideAtlas
[35], MassIVE [36] and jPOST [37] and other large-scale
initiatives (CPTAC [38], ProteomicsDB [39], MaxQB [40],
ETD and CTDP [41].

Aligning variants with protein characteristics such as
functional domains and active sites, ligand binding sites
and PTMs in the UniProt entry can provide mechanistic
insight into how particular variants can lead to disease
or drug or pathogen resistance.

6. Examples of using UniProt

6.1. Annotated transcription factor Nanog data

Depending on the goals and objectives of the study,
specialists from various fields (biologists, doctors or
biochemists) can select the information they need,
as well as sort the search by various criteria, such as
keywords, taxonomy, diseases or subcellular localization.
As an example, one can demonstrate the search for
information on pluripotency transcription factors.
Figure 2 shows the results of the Nanog protein
(Q9H9S0) data analysis in the UniProt system. Each
cell of the search result contains links to articles and

publications, such as “Protein function and role”
(Function, Figure 2 A), or links to other databases,
such as in the “Interaction” cell (Interaction, Figure
2 B). Amino acid sequences can also be loaded as
FASTA files, or multiple sequences can be added to the
basket at once (Add to basket, Figure 2C) and used for
comparison and alignment with other sequences. The
spatial structure of the protein in 3D format (Figure 2D)
also contains links to the PDB databases [42] containing
the results of X-ray diffraction and NMR experiments,
as well as the Alphafold database [43], where the
spatial structure of the protein was established using
artificial intelligence algorithms. For cell biologists,
subcellular localization of the studied protein is also
significant information (Figure 2, E) with indication
and references to the relevant literature. The Uniprot
functional table also contains other data, for example:
information on diseases and phenotypes (Pathology/
Biotech), post-translational modifications of proteins
(PTM/processing), information on gene expression at the
mRNA or protein level in cells or tissues of multicellular
organisms (Expression), information about the similarity
of sequences with other proteins, and about the
domain(s) present in the protein (Family/Domains).

6.2. Alignment of Sox2 and Oct4 DNA-binding
domains in various species

The pluripotency transcription factors contain
structure domains, assisting them in binding to
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Figure 2. — Structured information from UniProt on the example of human Nanog pluripotency transcription factor (UniProtKB
Q9H9S0). A: Functional annotation. B: Protein-protein interactions. C: Amino acid sequence, length and molecular weight. D: Spatial structure
of the molecule. E: Subcellular localization.
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specific regions of DNA. Proteins Sox2 (SRY-box 2),
Oct4 (Octamer-binding transcription factor 4), and
NANOG form the core of the transcriptional network
that controls cell pluripotency [44] and are key in the
induction of pluripotency in somatic cells [45-50].
For example, Sox2 binds to the C(T/A)TTGTC DNA
sequence, while Oct4 recognizes the ATGC(A/T)AAT
consensus sequence. Basically, they bind together on
a composite motif formed by the superimposition of
individual binding sites [51], known as the canonical
motif. Thus, the direct interaction between these key
transcription factors is DNA-dependent [52, 53], which
involves DNA-binding domains such as POUS (POU-
specific domain) and POUHD (homeodomain) of the
OCT4 protein and HMG (high-mobility group domain)
in Sox2 [54].

These DNA-binding domains are evolutionarily
conserved, as seen when comparing their amino acid
sequences in different animal species (Figure 3). To start,
the sequences of DNA-binding domains Sox2 and Oct4
from various species of organisms found in the Uniprot
database were first placed in the basket (Add to basket),
and then aligned (Align). Sequence logo — a method
of graphical representation of the conservation of
nucleotides (in a strand of RNA or DNA) or amino acids

BAP

|

Utfl or other motif l

+ Biotin

N m CATTGTTATGCTAGT

(in proteins) was obtained using the Sequence logo
program available at https://weblogo.berkeley.edu/logo.
cgi.

Conclusion

Modern research is moving away from single-gene
to whole-genome research, and approaches based
on bottom-up hypotheses are being replaced by top-
down exploratory studies. Proteins are studied in their
context in the cell to determine which molecules they
interact with and in which biological systems they play
a role. This "systems biology" approach is much more
relevant to real life and is likely to provide a deeper
understanding of the molecular biology of organisms
than a focus on a single gene. To achieve this goal,
researchers need access to large and complete datasets
with as much functional information as possible. It
is hoped that a combination of tools such as those
described here will help biologists shed light on the
biological functions of newly discovered proteins and
systems. Only then can the data be used in full for
medical or commercial purposes.
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POUS with POUHD domains of Oct4 allow tight binding on composite DNA motifs such as Utf1 or others. The direct contact of the biotin
acceptor peptide (BAP) and wild-type BirA results in site-specific biotinylation of the target molecule [55]. The level of BAP biotinylation can
be detected using Western blotting or quantified using MRM mode of LC-MS/MS [56] followed by raw data processing with Skyline software
[57]. Sequence Logo of HMG DNA-binding domain sequences of some mammalian species (human, cow, sheep, goat, pig, mouse), chicken, frog
and fish. Sequence Logo of POUS and POUHD domain sequences of some mammalian species (human, cow, sheep, goat, cat, dog, rat, mouse),
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transcription factors expressed in mammalian cell lines"
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BA3A IAHHBIX UNIPROT — YHUBEPCAJIBHbIN1 HHOOPMAILIMOHHBIN PECYPC BEJIKOBBIX
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ABCTPAKT

[Toc/enoBaTeNbHOCTH 6EKOB XPAHSATCS B OTKPBITBIX 6a3ax AaHHBIX, Takux Kak UniProt Knowledgebase
(UniProtKB), Kyga KypaTopbl JOOGABISIIOT Pe3y/IbTaThl 9KCIIEPUMEHTOB, IaHHble 6MOHHPOPMATHIECKOTO aHAIN3A,
BKJIIOYAIOIIME NTpeficKadaHue CTPYKTYp U GyHKL UK 6ruoMoiteKyil. [Ipenckasanue GyHKIHUN Geslka MOXKET ObITH CJie-
JIAaHO C MOMOIIBIO TIOMCKA CXOACTBA MOC/IeA0BATebHOCTEH, HO a/IbTepHATUBHBEIM MOJXONOM SIBJISIETCS HCIIOb30Ba-
HHe GETKOBBIX CUTHATYP, KOTOPBIE KITACCUPUUHUPYIOT 6eIKY IO ceMeHcTBaM U foMeHam. OCHOBHBIe 6a3bl JAHHBIX
6€eIKOBBIX CUTHATYP LOCTYIHBI Yepe3 HHTErpUPOBaHHYI0 6a3y JaHHBIX InterPro, koTopas obecrneynBaer Kinaccudpu-
Karuio nocienosarensHocted UniProtKB. [ToMHMO XapakTeprUCTHKY GeJIKOB Yyepe3 6eIKOBbIE CeMeCTBa, MHOTHE
HCCIlej0BaTeIN 3aHHTEPECOBAHEI B aHAJIH3€e IIOJTHOro Habopa 6eIKOB U3 reHOMa (T.e. IPOTEOMa), U CYLIeCTBYIOT 6a3bl
OAHHBIX ¥ PeCypChl, IPeOCTABISIONMEe HepeAyLIHPOBAHHbIE HAOOPBI IPOTEOMOB U aHAU3BI OEJIKOB U3 OpraHU3-
MOB C IIOJIHOCTBIO CEKBEHUPOBAaHHBIMU T'eHOMaMU. B 9TO1 cTaTbe pacCMaTpPUBAIOTCS HHCTPYMEHTBI U PeCypCHl, [0-
cTynHble B VIHTepHETE [UIsl ONpefie/IeHNsl XapaKTePUCTHK, KaK OTAETbHBIX 6JIKOB, TaK 1 aHaJIK3a BCEro IIPOTeOMA.

KiroueBsie cioBa: Association-Rule-Based Annotator (ARBA), European Bioinformatics Institute (EBI), The
European Molecular Biology Laboratory (EMBL), The DNA Data Bank of Japan (DDB]J), Gene Ontology Annotation
(GOA), Global Proteome Machine (GPM), Mass spectrometry (MS), proteomics, Liquid Chromatography tandem
Mass Spectrometry (LC-MS/MS), Multiple reaction monitoring (MRM), National Institutes of Health (NIH), Protein
Data Bank (PDB), PRoteomics IDEntifications (PRIDE), Protein Information Resource (PIR), Post-translational
modification (PTM), Swiss Institute of Bioinformatics (SIB), the Universal Protein Resource (UniProt), the UniProt
Archive (UniParc), the UniProt Knowledgebase (UniProt), the UniProt Reference (UniRef).
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TYWUIH

Axysizpap Tiz6eri UniProt Knowledgebase (UniProtKB) cusikTbl KOFAMABIK JePEKKOPIApAa CaKTalafibl, OHAA Ky-
paropiap 60KaM/bl aKIaparT MeH dKCIEPUMEHTTIK JepeKTepai Kocaabl. AKybI3 GyHKUMSICBIH 60/KayAbl Ti36eKTiH
YKCACTBIFBIH Taby apKbUIBI kacayra 60mansl, 6ipak 6anama Tacii-akybl3fapasl 0T6acsuiap MeH fOMeHAiep GOMbIHIIA
KIKTEHTIH aKkybl3 KOATaHO6aIapblH KofaHy. AKybI3 KonTaH6anapslHbIH Herisri nepekkopiaaps UniProtKB riz6erin
KIKTeyqi KaMTaMachI3 eTeTiH InterPro nHTerpamusianras 1epeKKOpbl apKbUIBI KOJI KeTiMAL. AKybI3 TYKbIMAACTapPBhI
apKbUIBI aKybI3AapAbl CUIIATTAyMEH KaTap, KONTereH 3epPTTEYILIiIep FeHOMHAH aJIbIHFaH aKybI3/1ap/IbIH TOJIBIK SKUBIH-
TBHIFBIH (SFHU IPOTEOMAaHBI) TaAayFa KbI3bIFYIIBIIBIK TAHBITALBI XK9HE IPOTEOMAIAP/bIH XHi €MeC KUBIHTBIFbIH
SK9HE TOJIBIK peTTeNreH reHOMAaphl 6ap OpraHM3MAepAeH aKybl3aapabl TalayAbl KAMTAMaChl3 €TETiH MaJliMeT-
Tep 6a3ackl MeH pecypcTap 6ap. By mMakanaja skeke akybl3Aap/blH Aa, 6YKiI IpOoTeOMaHbIH fa CUIAaTTaMalapblH
aHBIKTay YIIiH IHTepHETTe KO XeTiMAI Kypaifap MeH pecypcTap KapacThlpbIIFaH.

Kinri ce3mep: Association-Rule-Based Annotator (ARBA), European Bioinformatics Institute (EBI), The
European Molecular Biology Laboratory (EMBL), The DNA Data Bank of Japan (DDB]), Gene Ontology Annotation
(GOA), Global Proteome Machine (GPM), Mass spectrometry (MS), proteomics, Liquid Chromatography tandem
Mass Spectrometry (LC-MS/MS), Multiple reaction monitoring (MRM), National Institutes of Health (NIH), Protein
Data Bank (PDB), PRoteomics IDEntifications (PRIDE), Protein Information Resource (PIR), Post-translational
modification (PTM), Swiss Institute of Bioinformatics (SIB), the Universal Protein Resource (UniProt), the UniProt
Archive (UniParc), the UniProt Knowledgebase (UniProt), the UniProt Reference (UniRef).
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