Chapter 3

The MintAct Project and Molecular Interaction Databases

Luana Licata and Sandra Orchard

Abstract

Molecular interaction databases collect, organize, and enable the analysis of the increasing amounts of
molecular interaction data being produced and published as we move towards a more complete under-
standing of the interactomes of key model organisms. The organization of these data in a structured format
supports analyses such as the modeling of pairwise relationships between interactors into interaction net-
works and is a powerful tool for understanding the complex molecular machinery of the cell. This chapter
gives an overview of the principal molecular interaction databases, in particular the IMEx databases, and
their curation policies, use of standardized data formats and quality control rules. Special attention is given
to the MIntAct project, in which IntAct and MINT joined forces to create a single resource to improve
curation and software development efforts. This is exemplified as a model for the future of molecular inter-
action data collation and dissemination.
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1 Introduction

Each organism, from the simplest to the more complex, is an ensem-
ble of interconnected biological elements, for example, protein—pro-
tein, lipid—protein, nucleic acids—protein,and small molecules—protein
interactions, which orchestrates the cellular response to its immedi-
ate environment. Thus, a system wise understanding of the com-
plexity of biological systems requires a comprehensive description of
these interactions and of the molecular machinery that they regulate.
For this reason, techniques and methods have been developed and
used to generate data on the dynamics and complexity of an interac-
tion network under various physiological and pathological condi-
tions. As a result of these activities, both large-scale datasets of
molecular interactions and more detailed analyses of individual inter-
actions or complexes are constantly being published.

In order to archive and subsequently disseminate molecular
interaction data, numerous databases have been established to system-
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atically capture molecular interaction information and to organize it
in a structured format enabling users to perform searches and bioin-
formatics analyses. In the early 2000s, DIP [1] and BIND [2] were
the first protein—protein interaction (PPI) repositories to contain
freely available, manually curated interaction data. Since then, many
others have been established (Table 1). A fuller list of molecular
interaction databases is available at: http: / /www.pathguide.org.

However, due to the increasing amount of interaction data
available in the scientific literature, no individual database has suf-
ficient resources to collate all the published data. Moreover, very
often these data are not organized in either a user-friendly or struc-
tured format and many databases contain redundant information,
with the same papers being curated by multiple different resources.
In order to allow easier integration of the diverse protein interac-
tion data originating from different databases, the Human Proteome
Organisation Proteomics Standards Initiative (HUPO-PSI) [3]
developed the PSI-MI XML format [4], a standardized data format
for molecular interaction data representation. Following on from
this, a number of databases have further cooperated to establish the
International Molecular Exchange (IMEx) consortium (http://
www.imexconsortium.org/) [5], with the aim of coordinating and
synchronizing the curation effort of all the participants and to offer
a unified, freely available, consistently annotated and nonredundant
molecular interaction dataset. Active members of IMEx consortium
are IntAct [6], MINT [7], DIP, MatrixDB [8], MPIDB [9] and
InnateDB [10], 12D, Molecular Connections, MBInfo, and the
UniProt Consortium [11]. MPIDB was a former member of the
IMEx Consortium but no longer exists as an actively curated data-
base. Under the IMEx agreement, however, when MPIDB was
retired, the IMEx data it contained was imported into the IntAct
data repository and has since been updated and maintained by the
IntAct group. In September 2013, MINT and IntAct databases
established the MIntAct project [ 12], merging their separate efforts
into a single database to maximize their developer resources and
curation work.

2 Molecular Interaction Databases

To date, more than 100 molecular interaction database exist (as
listed in the PathGuide resource). Many of these resources do not
contain experimentally determined interactions but predictions of
hypothetical interactions or protein pairs obtained as a result of
text-mining or other informatics strategies. Primary repositories of
experimentally determined interactions use expert curators to anno-
tate the entries while others import their data from these primary
resources. The primary molecular interaction databases can be fur-
ther divided into archival database, such as IntAct, MINT, and DIP
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that extract all PPIs described in the scientific literature, and thematic
databases that select only the interactions related to a specific topic,
often correlated to their research interest. MatrixDB (extracellular
matrix protein interactions), InnateDB (innate immunity interac-
tions network), and MPIDB (microbial protein interactions) are
typically examples of thematic databases.

Molecular interaction databases can also be classified by the type
of data that are captured or by their curation policy. Many resources
curate only protein—protein interactions (PPIs), for example MINT
and DIP. However, there are others (MatrixDB, IntAct) that also
collect interactions between proteins and other molecule types
(DNA, RNA, small molecules). Additional resources, such as
BioGRID [13], collect genetic interactions in addition to physical
protein interactions. Finally, databases can be differentiated accord-
ingly to their curation policies and by the accuracy of their quality
control procedures. For example, the IMEx consortium databases
have committed to curating all the articles they incorporate to a
consistent, detailed curation model. According to this standard, all
the protein—protein interaction evidences described in the paper, in
enough detail to be captured by the database, must be annotated
and the entries thus created are curated to contain a high level of
experimental details. All entries are subject to strict quality control
measures. Other databases may choose to describe interaction evi-
dences in less detail, which may allow curators to curate a larger
number of papers. However, significant increases in curation
throughput may come at the expenses of data quality.

3 The Manual Curation Process

Irrespective of the curation level adopted by a database, the cura-
tors have the task of manually extracting the appropriate data from
the published literature. Any interaction is described by a specific
experiment, and all the details of that experiment, such as how the
interaction was detected, the role each participant played (for
example bait, prey), experimental preparation, and features such as
binding sites have to be carefully annotated. In this meticulous
annotation, the identification and mapping of the molecular iden-
tifier is the most critically important piece of information.

In the literature, there are several ways the authors may choose
to describe molecules, especially proteins. Commonly, the authors
utilize the gene name together with a general or detailed descrip-
tion of the characteristics of the protein. Occasionally, a protein or
genomic database identifier is specified. It is also very common that
authors of a paper give an inadequate description of protein con-
structs; in particular, there is frequently a lack of information on
the taxonomy of a protein construct. Consequently, curators have
to try to trace the species of the construct by going back to the
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original publication in which the construct had been described or
by writing to the author and asking for information about the spe-
cies of the construct. Both procedures are time consuming and
often do not lead to any positive results.

In 2007, in order to highlight this problem, several databases
worked together in writing the “The Minimum Information about a
Molecular Interaction experiment (MIMIx)” paper [14]. The main
purpose of MIMIx was to assist authors by suggesting the informa-
tion that should be included in a paper to fully describe the method-
ology by which an interaction has been described, and also to
encourage journals to adopt these guidelines in their editorial policy.

Once a protein has been identified, the curator has to map it
onto the reference sequence repository chosen by its database.
UniProtKB [15] is the protein sequence reference database chosen
by the majority of the interaction databases. Choosing UniProtKB
has the advantage of enabling the curator to annotate the specific
isoform utilized in an experiment or to describe all isoforms simul-
taneously, by using the canonical sequence, or to specify a peptide,
resulting from a post-translational cleavage. As interaction data-
bases started to collate protein—small molecule data, and drug tar-
get databases such as ChEMBL [16] and DrugBank [17] came
into existence, a need for reference resources for small molecules
was recognized. ChEBI [18] is a dictionary of chemicals of bio-
logical interest and serves the community well as regards naturally
occurring compounds and metabolites and small molecules
approved form commercial sale but larger, less detailed resources
such as PubChem [19] and UniChem [20] are required to match
the production of potential drugs, herbicides and food additives
produced by combinatorial chemistry. The annotation of nucleic
acid interactions provides fresh challenges. Genome browsers, such
as Ensembl [21], and model organism databases provide gene
identifiers for gene—transcription factor binding. RNA is described
by in an increasing number of databases, unified by the creation of
RNAcentral [22], which enables databases to provide a single iden-
tifier for noncoding RNA molecules.

4 Molecular Interaction Standards

The first molecular interaction databases independently established
their own dataset formats and curation strategies, resulting in a
mass of heterogeneous data, very complicated to use and interpre-
table only after downstream meticulous work by bioinformaticians.
This made the data produced unattractive to the scientific commu-
nity and it was therefore rarely used. The molecular interaction
repositories community recognized that it was therefore necessary
to move toward unification and standardization of their data. From
2002 onwards, under the umbrellas of the HUPO-PSI, the
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molecular interaction group has worked to develop the PSI-MI
XML [23] schema to facilitate the description of interactions
between diverse molecular types and to allow the capture of infor-
mation such as the biological role of each molecule participating in
an interaction, the mapping of interacting domains, and the capture
of any kinetic parameters generated. The PSI-MI XML format is a
powerful mechanism for data exchange between multiple sources
molecular interaction resources, moreover data can be integrated,
analyzed, and visualized by a range of software tools. The Cytoscape
open source software platform for visualizing complex networks
can input PSI-MI XML files, and then integrate these with any type
of ‘omics’ data, such as the results of transcriptomic or proteomics
experiments. A range of applications then enables network analysis
of the ‘omics’ data. A simpler, Excel-compatible, tab-delimited for-
mat, MITAB, has been developed for users who require only mini-
mal information but in a more accessible configuration. PSI-MI
XML has been incrementally developed and improved upon.
Version 1.0 was limited in capacity; PSI-MI XML2.5 was developed
as a broader and more flexible format [23], allowing a more detailed
representation of the interaction data.

More recently, the format has been further expanded and
PSI-MI XML3.0 will be formally released in 2015, making it pos-
sible to describe interactions mediated by allosteric effects or exist-
ing only in a specific cellular context, and capture interaction
dependencies, interaction effects and dynamic interaction networks.
Abstracted information, which is taken from multiple publications,
can also be described and can be used, for example to interchange
reference protein complexes such as are described in the Complex
Portal (www.ebi.ac.uk/intact/complex) [24]. The HUPO-PSI
MITAB format has also been extended over time to contain more
data, with MITAB2.6 version and 2.7 being released [23]. The
PSI-MI formats have been broadly adopted and implemented by a
large number of databases and are supported by a range of software
tools. Having the ability to display molecular interactions as a sin-
gle, unified PSI-MI format has represented a milestone in the field
of molecular interactions.

A common controlled vocabulary (CV) was developed in paral-
lel and has been used throughout the PSI-MI schema to standard-
ize interaction data and to enable the systematic capture of the
majority of experimental detail. The controlled vocabularies have a
hierarchical structure and each object can be mapped to both par-
ent and child terms (Fig. 1). The adoption of the CV enables users
to search the data without having to select the correct synonym for
a term (two hybrid or 2-hybrid) or worry about alternative spelling,
and allows the curators to uniformly annotate each experimental
detail. For example, using the Interaction Type CV, it is possible to
specify whether the experimental evidences have shown if the inter-
action between two molecules is direct (direct interaction, M1:0407)
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Fig. 1 The hierarchical structure of the PSI-MI controlled vocabularies as shown in the Ontology Lookup
Service [41], a portal that allows accessing multiple ontologies from a centralized interface

or only that the molecules are part of a large affinity complex
(association, MI1:0914). Over the years, the number of controlled
vocabulary terms has increased dramatically since the original
release and have been expanded and improved in order to be in line
with the data interchange standard updates. The use of CV terms
has also enabled a rapid response to the development of novel tech-
nique such as proximity ligation assays (M1:0813), which have been
developed over the past few years. New experimental methodolo-
gies can be captured by the simple addition of an appropriate CV
term, without a change to the data interchange format.

The use of common standards has also allowed the develop-
ment of new applications to improve the retrieval of PSI-MI stan-
dard data. One example has been the development of the PSI
Common QUery InterfaCe (PSICQUIC) [25] service that allows
users to retrieve data from multiple resources in response to a sin-
gle query. PSICQUIC data are directly accessible from the imple-
mentation view and can be downloaded in the current MITAB
format. MIQL, the language for querying PSICQUIC has been
extended according to the new MITAB2.7 format. From the
PSICQUIC View Web application (http://www.ebi.ac.uk/Tools/
webservices/psicquic/view/home.xhtml), it is possible to query
all the PSICQUIC Services and to search over 150 million binary
interactions. Currently there are 31 PSICQUIC Services and they
are all listed in the PSICQUIC Registry (http://www.ebi.ac.uk/
Tools/webservices /psicquic/registry /registry?action=STATUS).


http://www.ebi.ac.uk/Tools/webservices/psicquic/view/home.xhtml
http://www.ebi.ac.uk/Tools/webservices/psicquic/view/home.xhtml
http://www.ebi.ac.uk/Tools/webservices/psicquic/registry/registry?action=STATUS
http://www.ebi.ac.uk/Tools/webservices/psicquic/registry/registry?action=STATUS
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Users are assured that the data is continuously updated as each
PSICQUIC service is locally maintained.

5 IMEx Databases

As stated above, the IMEx consortium is an international collabora-
tion between the principal public interaction repositories that have
agreed to share curation powers and to integrate and exchange pro-
tein interaction data. The members of the consortium have chosen
to use a very detailed curation model, and to capture the full experi-
mental details described in a paper. In particular, every aspect of
each experiment is annotated, including full details of protein con-
structs such as the minimal region required for an interaction, any
modifications and mutations and their effects on the interaction,
and any tags or labels. A common curation manual (IMEx Curation
Rules_01_12.pdf) has been developed and approved by IMEx data-
bases and it contains all the curation rules and the information that
has to be captured in an entry.

The IMEx Consortium has adopted the PSI-MI standardized
CV for annotation purposes and utilized the PSI-MI standard for-
mats to export Molecular Interaction data. Controlled Vocabulary
maintenance is achieved through the introduction of new child or
root terms, the improvement description of existing terms, and the
upgrading of the hierarchy of terms. Every IMEx member and
every database curator contribute to CV maintenance during
annual meetings, events or Jamborees or in an independent man-
ner by using the tracker that allows the request of changes to the
MI controlled vocabulary. Curation rule updates are also agreed
with the consortium and workshops at which quality control pro-
cedures are unified are organized periodically.

In order to release high fidelity data, quality control uses a
“double-checking” strategy undertaken by expert curators and also
the use of the PSI-MI validator. A double-check is made on each
new entry annotated in the IMEx databases; any annotation is man-
ually validated by a senior curator before public release. The seman-
tic validator [26] is used to check the XML 2.5 syntax, the
correctness in using the controlled vocabularies, the consistency of
the database cross references using the PSI-MI ontology. Rules
linking dependencies between different branches of the CV, for
example the interaction detection method “two hybrid (MI1:0018)”
will be expected to have participant identification method of either
“nucleotide sequence identification (MI1:0078)” or “predetermined
participant (MI1:0396)”, have been created by the IMEx curators
to enable automated checking of entries. Finally, on release, the
authors of a paper are notified that the data is available in the public
domain, and they are asked to check for correctness. Although it is
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not possible to dispense with all possible human error, all these
quality control steps and rules ensure that IMEx data is of the high-
est quality.

6 The MintAct Project

IntAct is a freely available open-source (http://www.ebi.ac.uk/
intact) database containing molecular interaction data coming
either from manually curated literature or from direct data deposi-
tions. The elaborate Web-based curation tool developed by IntAct
is able to support both IMEx- and MIMIx-level curation. The
IntAct curation interface has been developed as a Web-based plat-
form in order to allow external curation teams to annotate data
directly into the IntAct database. IntAct data are released monthly,
and all available curated publications are accessible from the IntAct
ftp site in PSI-MI XML and MITAB2.5, 2.6, and 2.7 formats.
Alternatively, the complete dataset can be downloaded directly
from the website in RDF and XGMML formats [6, 27]. Data can
also be accessible through PSICQUIC Web service IMEx website.
The Molecular Interaction team at the EBI also produces the
Complex Portal [24], a manually curated resource that describes
reference protein complexes from major model organisms. Each
entry contains information about the participating molecules
(including small molecules and nucleic acids), their stoichiometry,
topology and structural assembly. All data are available for search,
viewing, and download.

MINT (the Molecular INTeraction Database, http://mint.
bio.uniroma2.it/mint/) is a public database developed at the
University of Tor Vergata, in Rome, that stores PPI described in
peer-reviewed papers. Users can easily search, visualize, and down-
load interactions data through the MINT Web interface. MINT
curators collect data not only from the scientific journals selected by
the IMEx consortium but also from papers with specific topics,
often correlated to the experimental activity of the group, such as
for example, SH3 domain-based interactions [28] or virus—human
host interactions. From this interest, in 2006 a MINT sister data-
base was developed, VirusMINT, focusing on virus—virus or virus—
host interactions [29]. One of the major MINT activities was the
collaboration with the FEBS Letters and FEBS Journal editorial
boards, which led to the development of an editorial procedure
capable to integrate each manuscript containing PPIs experimental
evidences with a Structured Digital Abstract (SDA)[30,31]. MINT
data are freely accessible and downloadable via the PSICQUIC
Web service, the IMEx website and from the IntAct ftp site.
Currently, the MINT website is under maintenance, and from the
MINT download page, it is only possible to download data until
August 2013. By the end of 2015, an updated version of MINT
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website will be available and it will be therefore possible to download
all the updated information.

Within the panorama of molecular interaction databases, IntAct
and MINT were individually two of the largest databases, as deter-
mined both by the number of manuscripts curated and the number
of nonredundant interactions. Both have made it their mission to
adopt the highest possible data quality standards. Originally both
databases were separately created and were independent in funding
and organization. The two databases worked closely together on the
data formats and standards, together with other partners of the
Molecular Interaction work group of the HUPO-PSI, and were
founder members of the IMEx Consortium. MINT used a local copy
of the IntAct database to store their curated data but, despite their
common infrastructure, the two databases remained two physically
separate entities. In September 2013, in order to optimize limiting
developer resources and improve the curation output, MINT and
IntAct agreed to merge their efforts. All previously existing MINT
manually curated data has been uploaded into the IntAct database at
EMBL-EBI and combined with the IntAct original dataset and all
the new entries captured by MINT are curated directly into the
IntAct database using the IntAct editorial tool. Data maintenance,
and the PSICQUIC and IMEx Web services are the responsibility of
the IntAct team, while the curation effort is undertaken by both
IntAct and MINT curators. This represents a significant cost saving
in the development and maintenance of the informatics infrastruc-
ture. In addition, it ensures a complete consistency of the interaction
data curated by the MINT and IntAct curation teams. The MINT
Web interface continues to be separately maintained and is built on

Proteins, Interactions, Binary interactions and n-ary interactions =k

MINT MERGE = —g

2004

2005

2006 2007 2008 2008 2010 2011 2012 2013 2014 2015

-8 Proteins -@ Interactions - Binary interactions -8 n-ary interactions

Fig. 2 IntAct data growing and the effect of the MINT merge on data growth
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an IntAct-independent database structure. All the manually curated
papers from VirusMINT were tagged under a new tagged data sub-
set called Virus, and increased by additional IntAct papers containing
virus—virus or virus—host interactions. The first merged dataset was
released in August 2013 and increased the number of publications in
IntAct from 6600 to almost 12,000. To date, IntAct stores 529,495
binary interactions and 13,684 publications (see Fig. 2). The mentha
[32] and virusmentha [33] interactome browser, two resources
developed in the MINT group, continue to utilize the PSICQUIC
Web services of the IMEx databases and BioGRID to merge all the
interaction data in a single resource, as it was before the merge.

The merger of the two databases required intense work by both
curators and developers. However, despite the size of the original
MINT dataset, the procedure took approximately only 1 month,
because of the use of community standard data representation and
common curation strategies. The unification of MINT and IntAct
dataset, curation activities and optimization of the developer
resources provide users with a complete, up-to-date dataset of high
quality interactions.

The IntAct editorial tool has been designed in such a way as to
allow external curators from different institutes to contribute to
the dataset but at the same time giving full credit to their work.
Institute Manager enables the linking of each individual curator to
their parent institute or to a particular grant funding body. Any
external database that uses the IntAct website as curation platform,
can therefore specifically import its own data back into its own
database. Moreover, each group can choose to embed its own
dedicated PSICQUIC Web service within a Web page or tool.

The IntAct Web-based editorial tool allows the systematic capture
of any molecular interaction experiment details to either IMEx or
MIMIx-level. A number of data resources now curate directly into
IntAct and utilize the existing IntAct data maintenance pipeline. For
example, some UniProtKB /Swiss-Prot and Gene Ontology curators
annotate molecular interactions directly into IntAct. Among the vari-
ous databases, there are 12D (Interologous Interaction Database),
which curates PPIs data relevant to cancer development, InnateDB,
capturing both protein and gene interactions connected to innate
immunity process and MatrixDB a database focusing on extracellular
proteins and polysaccharides interactions. The contract curation com-
pany, Molecular Connections (www.molecularconnections.com/),
carries out pro bono public domain data curation through IntAct.
AgBase, a curated resource of animal and plant gene products, cap-
tures data subsequently imported into their host—pathogen database,
HPIDB [34]. The Cardiovascular Gene Ontology Annotation
Initiative at University College London is collecting cardiovascular
associated protein interactions (http://www.ucl.ac.uk/cardiovascu-
largeneontology/) [35].


http://www.molecularconnections.com/
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In order to annotate molecular interactions other than PPlIs,
the IntAct editorial tool has been extended to enable access to
both small molecule data from ChEBI and gene derived informa-
tion from Ensembl. The ability to access noncoding RNA sequence
data from the RNAcentral database will be added soon.

7 Future Plans

One of the principal aims of the IntAct molecular interaction
database has always been to be able to increase the literature cov-
erage of database with a view to eventually being able to com-
plete the interactomes of key model organisms. Whilst this
remains an ambitious long-term goal, the merge with MINT has
significantly increased the amount of molecular interaction data
currently stored in IntAct. To date, more than half a million
experimentally determined protein interactions are freely avail-
able via the IntAct website, PSICQUIC services and ftp site. This
number could foreseeably grow to 750,000 binary interaction
evidences in the next 5 years. As data become more sophisticated,
new ways of visualizing data need to be developed or imple-
mented, with a particular attention to the new generation of
dynamic interaction data. IntAct has already developed an exten-
sion of the CytoscapeWeb viewer [30] that allows the user to
visualize simple dynamic changes but this will to be extended as
more parameters, such as molecule concentrations needs to be
added to the equation. In the near future, the next challenge for
the molecular interaction curation community will be to collect
and collate the increasing amount of RNA-based interaction data,
and the further development of reference resources such as
RNAcentral will became essential.

Finally, as the experience of MIntAct has taught us, the future
of the molecular interaction databases requires a move towards
the consolidation of yet more disparate resources into a single,
central database, where data, curation effort, software and infra-
structure development will be harmonized and optimized for the
benefit of the end users, thus maximizing return for investment
to grant funders and making the most of limited resources.
Adopting the wwPDB model [37] of a single dataset, which
member databases may then present to the user via their own
customized website, will give the benefit of multiple ways of
searching and displaying the data whilst removing the confusion
engendered by have many separate resources producing overlap-
ping datasets.
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