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ABSTRACT
Summary: The MIPS mammalian protein–protein interaction data-
base (MPPI) is a new resource of high-quality experimental protein
interaction data in mammals. The content is based on published exper-
imental evidence that has been processed by human expert curators.
We provide the full dataset for download and a flexible and powerful
web interface for users with various requirements.
Availability: The MPPI database is located at http://mips.gsf.de/
proj/ppi/
Contact: d.frishman@wzw.tum.de

1 INTRODUCTION
Protein–protein interactions (PPI) determine biological processes at
many levels of cellular complexity—from basic metabolism to cell
differentiation. Their importance is reflected by the number of pro-
tein interaction experiments described in the life science literature
and the increasing interest in high-throughput techniques such as
yeast two-hybrid (Itoet al., 2001; Uetzet al., 2000) and large scale
mass spectroscopy of protein complexes (Hoet al., 2002; Gavin
et al., 2002). Computational analyses of experimental data as well as
in silico predictions are important tools in the effort to increase our
understanding of cellular architecture. In addition to the necessity of
a complete and in-depth knowledge of PPI networks for the under-
standing of cellular biology, they are highly interesting for target
selection aimed at pharmaceutical applications.

Until recently, most of the databases and large scale experi-
ments on PPI were derived from microorganisms, most prominently
Saccharomyces cerevisiae. While yeast is the best established
model organism, many open questions concerning higher eukaryotes
involve features not present in this organism. Especially, work with
potential medical implications often requires mammalian models.
Despite its practical relevance, comparatively little PPI data from
mammals has been available in public databases like BIND (Bader
et al., 2003), DIP (Salwinskiet al., 2004) and MINT (Zanzoniet al.,
2002). Recent efforts by database maintainers and experimental
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researchers have started to greatly improve this situation. Scientific
literature is rich with experiments demonstrating such interactions
utilizing a large number of technical approaches. Our goal was to har-
vest this abundance of available literature and generate a systematic,
manually curated database of mammalian PPI (MPPI) to serve both
the bioinformatics community as well as the wet lab scientist who
wants to quickly find relevant links between the protein of interest
and known binding partners.

2 ANNOTATION STRATEGY
The first and foremost principle of our MPPI database is to favor
quality over completeness. Therefore, we decided to include only
published experimental evidence derived from individual experi-
ments as opposed to large-scale surveys. High-throughput data may
be integrated later, but will be marked to distinguish it from evidence
derived from individual experiments.

Our next design decision was to choose an appropriate organ-
ism as the primary model organism for the database. Although both
mouse and human immediately come to mind as the ideal choices,
a human or mouse PPI database would unnecessarily limit the pro-
ject and ignore common lab practice. Due to the great structural and
sequence similarity among mammalian orthologous proteins, it is
quite common to perform interaction experiments using, e.g., endo-
genous proteinX in a human cell line together with recombinant
proteinY derived from sheep sequence thus crossing species bound-
aries. Such cross-species experiments represent a large fraction of
the available evidence in literature. Taking this into account, we
decided not to restrict our database to a single species but rather
allow any mammalian protein in our dataset. Nevertheless, for sys-
tematic analysis it can be desirable to map the data to one reference
genome. We chose to useMus musculus—the most widely used
mammalian model—as our reference species and provide links to our
PEDANT (Frishmanet al., 2003) mouse genome database whenever
possible.

Given the large number of genes in mammalian genomes and the
high percentage of yet uncharacterized and putative proteins, the
classical gene-by-gene strategy which has commonly been used in
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Fig. 1. Statistics:(A) Three species account for>90% of the proteins in our data.(B) Co-IP, two-hybrid methods and co-purification clearly dominate the
evidence entries.(C) While most proteins in our database have only one annotated interaction, up to 17 binding partners can be found for some.(D) For many
interactions there is more than one experimental evidence in our dataset.

the annotation of small genomes is not a good solution. Instead of
finding literature about each gene product we decided to reverse
the approach and locate the gene for each literature reference at
hand. Relevant publications were identified in PubMed searches
using keywords such as ‘mammalian’, ‘mouse’, ‘two-hybrid’,
‘coimmunoprecipitation’, ‘binds to’,. . . in various combinations.

3 IMPLEMENTATION AND DATA
All data are stored in a MySQL database and are accessible through
a web interface implemented as Perl CGI scripts. The interface
was designed to be as intuitive as possible for the occasional user
while allowing complex Boolean queries for advanced requirements.
We provide three different search forms and two result formats.

Another feature is the graphical representation of a protein with all
its neighbors.

For detailed analysis, the entire dataset is available for download
in the recently defined PSI-MI standard format (Hermjakobet al.,
2004).

In addition to the proteins involved in an interaction we provide
information on specific details such as the PubMed reference, exper-
imental technique used, probable binding sites and functional role
of the interaction. Links to external databases such as Swiss-Prot are
provided for most proteins.

Currently, our dataset contains>1800 evidence entries for PPI
among>900 proteins from 10 mammalian species. The data was
extracted from>370 articles. On average, each protein in the data-
base is involved in 1.92 interactions and each interaction is supported
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by 1.98 evidence entries. Figure 1 gives a graphical overview of the
composition of our data.

As the importance of protein-interaction data in higher
eukaryotes—and especially mammals—has been recognized by
many researchers, several efforts to improve the amount of available
data have been undertaken. The human protein reference database
(Periet al., 2003) aims at a comprehensive annotation of the human
proteome and includes information about a large number of protein
interactions. While their dataset is significantly larger than ours we
believe that our data is complementary to the HPRD set because the
overlap is comparatively small (less than 30% of our PMIDs appear
in HPRD at the time of writing) and especially because we provide
much more detailed information on the interactions and do not limit
our data to one species. Other efforts are underway in many of the
well-known PPI databases. Large-scale interaction experiments have
been performed forCaenorhabditis elegans (Li et al., 2004) andDro-
sophila (Giot et al., 2003) but little such data exist for mammals at
this time.
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