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ABSTRACT researchers have started to greatly improve this situation. Scientifico
Summary: The MIPS mammalian protein—protein interaction data- literature is rich with experiments demonstrating such interactions 5
base (MPPI) is a new resource of high-quality experimental protein utilizing a large number of technical approaches. Our goal was to har-2
interaction data in mammals. The content is based on published exper- vest this abundance of available literature and generate a systematic;,
imental evidence that has been processed by human expert curators. manually curated database of mammalian PPI (MPPI) to serve both3
We provide the full dataset for download and a flexible and powerful the bioinformatics community as well as the wet lab scientist who
web interface for users with various requirements. wants to quickly find relevant links between the protein of interest
Availability: The MPPI database is located at http:/mips.gsf.de/ and known binding partners.

proj/ppi/

Contact: d.frishman@WZW.tum.de 2 ANNOTAT'ON STRATEGY

The first and foremost principle of our MPPI database is to favor
1 INTRODUCTION quality over completeness. Therefore, we decided to include only
Protein—protein interactions (PPI) determine biological processes gublished experimental evidence derived from individual experi-
many levels of cellular complexity—from basic metabolism to cell ments as Opposed to |a|'ge -scale surveys. H|gh throughput data ma
differentiation. Their importance is reflected by the number of pro-pe integrated later, but will be marked to distinguish it from evidence = 3
tein interaction experiments described in the life science literaturejerived from individual experiments.
and the increasing interest in high-throughput techniques such as Our next design decision was to choose an appropriate organ-2
yeast two-hybrid (Iteet al., 2001; Uetzt al., 2000) and large scale  jsm as the primary model organism for the database. Although both2
mass spectroscopy of protein complexes @i@l., 2002; Gavin  mouse and human immediately come to mind as the ideal ch0|ces;:
etal., 2002). Computational analyses of experimental data as well ag human or mouse PP!I database would unnecessarily limit the proﬂ’
in silico predictions are important tools in the effort to increase OUrJect and ignore common lab practice. Due to the great structural andS
understanding of cellular architecture. In addition to the neceSSity Ogequence S|m||ar|ty among mammalian Ortho|ogous proteinsy it is 8
a complete and in-depth knowledge of PPI networks for the underguite common to perform interaction experiments using, e.g., endo-&
standing of cellular biology, they are highly interesting for target genous proteirx in a human cell line together with recombinant =
selection aimed at pharmaceutical applications. proteinY derived from sheep sequence thus crossing species boundS
Until recently, most of the databases and large scale experiaries. Such cross-species experiments represent a large fraction of
ments on PPI were derived from microorganisms, most prominentlyhe available evidence in literature. Taking this into account, we
Saccharomyces cerevisiae. While yeast is the best established decided not to restrict our database to a single species but rather
model organism, many open questions concerning higher eukaryotg§iow any mammalian protein in our dataset. Nevertheless, for sys-
involve features not present in this organism. Especially, work withtematic analysis it can be desirable to map the data to one reference
potential medical implications often requires mammalian modelsgenome. We chose to u$éus musculus—the most widely used
Despite its practical relevance, comparatively little PPI data frommammalian model—as our reference species and provide links to our
mammals has been available in public databases like BIND (BadgpEDANT (Frishmaret al., 2003) mouse genome database whenever
etal., 2003), DIP (Salwinskét al., 2004) and MINT (Zanzorst al., possible.
2002). Recent efforts by database maintainers and experimental Given the large number of genes in mammalian genomes and the
high percentage of yet uncharacterized and putative proteins, the
*To whom correspondence should be addressed. classical gene-by-gene strategy which has commonly been used in

/Z€8/9/1 Z/e10n4e/sonewlojulolg/

8966

832 © The Author 2004. Published by Oxford University Press. All rights reserved. For Permissions, please email: journals.permissions@oupjournals.org


http://mips.gsf.de/

The MIPS mammalian protein—protein interaction database

A Species Distribution B Evidence Distribution
500 0 800 750
400 606
» 600 — -
2 5
g 300 282 2
= I3
5 £ 400
8 5 337
é 200 3
2 148 g
= 200 -
100
% 33 29 27
9 8
o [l e & 5 2 ¢ d U oo s 3 2 2 2 1 .
e g v 0z g g o2 s 2 5 g c s c 2 2 5 8 $ 55 2 5 g
g 5 2 & 5 5 & 8 9 © % S £ 8§ 3 = 8 5 2 £ % 2 5 B 3
s % ® § =88 2 ¥ £ £ g g g £ % ¢ £ % & @ €8 & S & § 5}
® 2 2 £ 2 3 S o & E 3 2 5§ &€ ° o 2 3 s s B & = o}
=} £ 2 - 2 © s 3 » ) O S s 5 8 = e ° = —= S 3 Q
£ [4) < @ ] 2 = 3 < o = 3 5 5 - 5 & = = @
o =} %) = =] c = [} fo 3] [} c o} 17 ] @ o
T = 2 3B 2 8§ & 2 © 5 ] ° 2 > E 2 2 3
T 2 S = = ] s > @ E o g =8
14 @ S (@] < e g = « S o
c > 3 a & =3 o 3
> o @ n E < ©
§) 8 S =
C Interactions per Protein D Evidences per Interaction §
Q.
]
600 - 500 - 3
=
o
C
500 400 -g
o
3
1%2]
E 400 — -§ g
s § 300 o =1
= S
‘5 300 E
2 5 5
o ko) =
£ & 200 o
=3 E Q
Z 200 2 9
%_’.
100 o
100 N
oy
o - l l | T o - I ' [} [ ' . . . . . . 8
N
I T T T T T T T T T T T T T T T 1 I T T T T T T T T T T T T T 1 =
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 9
(o2
Number of interactions Number of evidences ﬁ
=2
<
Fig. 1. Statistics:(A) Three species account fer90% of the proteins in our datéB) Co-IP, two-hybrid methods and co-purification clearly dominate the =
evidence entriegC) While most proteins in our database have only one annotated interaction, up to 17 binding partners can be found(fdy Bonmeany a
interactions there is more than one experimental evidence in our dataset. S
&
>
]
the annotation of small genomes is not a good solution. Instead oAnother feature is the graphical representation of a protein with all =
finding literature about each gene product we decided to reversiés neighbors. S

the approach and locate the gene for each literature reference atFor detailed analysis, the entire dataset is available for download

hand. Relevant publications were identified in PubMed searchem the recently defined PSI-MI standard format (Hermjalkbhl.,

using keywords such as ‘mammalian’, ‘mouse’, ‘two-hybrid’, 2004).

‘coimmunoprecipitation’, ‘binds to’, . . in various combinations. 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

3 IMPLEMENTATION AND DATA of the interaction. Links to external databases such as Swiss-Prot are

All data are stored in a MySQL database and are accessible througirovided for most proteins.

a web interface implemented as Perl CGI scripts. The interface Currently, our dataset containsl800 evidence entries for PPI

was designed to be as intuitive as possible for the occasional usamong=>900 proteins from 10 mammalian species. The data was

while allowing complex Boolean queries for advanced requirementsextracted from>370 articles. On average, each protein in the data-

We provide three different search forms and two result formatsbase isinvolved 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 th&rishman,D., Mokrejs,M., Kosykh,D., Kastenmuller,G., Kolesov,G., Zubrzycki,l.,
composition of our data. Gruber,C., Geier,B., Kaps,A., Albermann,&.al. (2003) The PEDANT genome

As the importance of protein-interaction data in higher _databaseNudecAddsRes, 31,207-211. .
K d iall | h b ized bGavm,A.C., Bosche,M., Krause,R., Grandi,P., Marzioch,M., Bauer,A., Schultz,J.,
eukaryotes—and especially mamma s—has been recognlze_ yRick,J.M., Michon,A.M., Cruciat,C.Met al. (2002) Functional organization of
many researchers, several efforts to improve the amount of available the yeast proteome by systematic analysis of protein complésasre, 415,
data have been undertaken. The human protein reference databasé41-147.
(Periet al., 2003) aims at a comprehensive annotation of the humaﬁ;"’éLa ‘?’adBe"J\-/st-vlB:E"“e‘;"ea’jc-('zgg;”‘f“”'ﬁm K“,a{‘g*B-t'_ Li.Y., Ha‘:g-L-' %F’I'YC-E"
. . . . odwin,B., Vitols,E. . protein interaction map rosophila

proteome and |n_(:|ude§ |nformat|9n E_:\bo_L!t a large number of protein melanogaster. Science, 302, 1727-1736.
interactions. While their dataset is significantly larger than ours Wejermjakob,H., Montecchi-Palazzi,L., Bader,G., Wojcik,J., Salwinski,L., Ceol,A.,
believe that our data is complementary to the HPRD set because theMoore,S., Orchard,S., Sarkans,U., von MeringgCal. (2004) The HUPO PSI's
overlap is comparatively small (less than 30% of our PMIDs appear Mmolecular interaction format—a community standard for the representation of protein
. . . . . i ion datalNature Biotechnol., 22, 177-183.
in HPRD at the time of writing) and especially because we provide nteraction 125

h d iled inf g) h p y . dd P l . Ho,Y., Gruhler,A., Heilbut,A., Bader,G.D., Moore,L., Adams,S.L., Millar,A., Taylor,P.,
much more detaile '_n ormation on the interactions ar! o not limit Bennett,K., Boutilier,Ket al. (2002) Systematic identification of protein complexes
our data to one species. Other efforts are underway in many of the in saccharomyces cerevisiae by mass spectrométyre, 415, 180-183.

well-known PPI databases. Large-scale interaction experiments hawe, T., Chiba,T., Ozawa,R., Yoshida,M., Hattori,M. and Sakaki,Y. (2001) A comprehens-

been performed faCaenor habditiseiegans(Li etal., 2004) andro- ivg two-hybrid analysis to explore the yeast protein interactdPnec. Natl Acad.
sophila (Giot et al., 2003) but little such data exist for mammals at Sci. USA, 98, 4569-4574.
= N Li,S., Armstrong,C.M., Bertin,N., Ge,H., Milstein,S., Boxem,M., Vidalain,P.O.,
this time. Han,J.D., Chesneau,A., Hao&.al. (2004) A map of the interactome network of
the metazoak. elegans. Science, 303, 540-543.
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