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ABSTRACT

Summary: One possible path towards understanding the
biological function of a target protein is through the dis-
covery of how it interfaces within protein—protein interaction
networks. The goal of this study was to create a virtual protein—
protein interaction model using the concepts of orthologous
conservation (or interologs) to elucidate the interacting net-
works of a particular target protein. POINT (the prediction
of interactome database) is a functional database for the
prediction of the human protein—protein interactome based
on available orthologous interactome datasets. POINT integ-
rates several publicly accessible databases, with emphasis
placed on the extraction of a large quantity of mouse, fruit
fly, worm and yeast protein—protein interactions datasets from
the Database of Interacting Proteins (DIP), followed by conver-
sion of them into a predicted human interactome. In addition,
protein—protein interactions require both temporal synchron-
icity and precise spatial proximity. POINT therefore also incor-
porates correlated mRNA expression clusters obtained from
cell cycle microarray databases and subcellular localization
from Gene Ontology to further pinpoint the likelihood of bio-
logical relevance of each predicted interacting sets of protein
partners.

Availability: POINT can be freely accessed at http://insilico.
csie.ntu.edu.tw:9999/point/.

Contact: chiying@nhri.org.tw

*To whom correspondence should be addressed.

INTRODUCTION

One of the challenges in the post-genomic era is to
accelerate the functional analyses of uncharacterized pro-
teins. It is commonly believed that identification of
interaction partners for a protein of unknown function
should provide novel insights into its biological function.
Recently, increasing use of high-throughput two-hybrid ana-
lysis from Saccharomyces cerevisiae (Walhout and Vidal,
2001), Drosophila melanogaster (Giot et al., 2003) and
Caenorhabditiselegans (Li et al., 2004; Walhoutt al., 2000)

has generated an enormous amount of data. The knowledge
of interactions conserved in other organisms (or interologs)
(Walhoutet al., 2000) ought to represent useful information
that will allow the formulation and testing of biological hypo-
theses. This comparative genomics strategy (Walkbat.,
2000; Wojcik and Schachter, 2001) may facilitate functional
annotation of uncharacterized proteins.

As the genomic era continues to unfold, it is becoming
increasingly apparent that protein interaction networks are
extremely complex. There is clearly a need for the explora-
tion of these datasets and the development of a systematic and
stepwise approach that can predict and compare the protein—
protein interaction networks in different model organisms.
Several databases, such as IPPRED (Goféard., 2003)
and STRING (von Meringt al., 2003), focus on the predic-
tion of protein—protein interactions. The former is designed
to predict such binary interactions that are present in different
organisms. The latter predicts association based on phylo-
genetic profiling, genomic proximity and by neighboring.
In contrast, we have previously established a methodology
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interaction networks related to Aurora kinases (Tetral.,
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Fig. 1. A schematic illustration of the search module for human protein—protein interactions in POINT.

2004). This proposed interaction model, including binary (dir-step reduces the possible absence of predictive interacting
ect) interactions and their interaction networks, was basegroteins when they are mapped back to the human proteins,
upon the notion that some of the interacting proteins maysince the conserved interactions may be either functionally
also be evolutionarily conserved (i.e. from yeast to humans)jnked or indirect protein—protein interactions (i.e. in a protein
interacting with each other in the same spatial configurationsomplex). Finally, the search tree for the interacting proteins
within cell compartments. In addition, interacting partnersin a given organism can be automatically transformed into
may be found within the same gene-expression cluster andhuman proteins using another homology search by BLAST.
thus, genes with similar expression patterns may respond t6he workflow of POINT is illustrated in Figure 1.

the same functional category of proteins, (e.g. Eigeal., Visualization of protein—protein interactions can be repres-
1998; Marcotteet al., 1999), and therefore they can be usedented by two approaches. First, a graph of the protein—protein
to aid in interaction-target selection. interactions networks is visualized via a Java applet (Mrowka,

Here, we provide the details of a publicly accessible wek2001) as shown in Figure 2a. Second, the graph provides
server, POINT, that visualizes all the potential interacting pro-a tree-view structure with hyperlinks to external databases,
tein networks among various model organisms for a giversuch as GO, PIR-NREF, UniGene (Wheettral., 2004)
query protein to facilitate the selection of possible interact-and UniProt (Apweileet al., 2004), as shown in Figure 2b.
ing targets. Additional annotations of cell cycle expressionin addition, as protein—protein interactions require precise
pattern and subcellular localization of a target protein allowspatial proximity and temporal synchronicity, POINT also
researchers to evaluate what the likely biological relevance gbrovides additional information with respect to such predict-
each potential interaction may be. ive interactions. Each identified protein may be visualized

with its annotation from Gene Ontology (GO) (Haretsal .,

2004), as well as in terms of the cell cycle state using the
STRUCTURE OF THE DATABASE human cell cycle microarray database (Whitfieidl., 2002)
POINT has been designed to predict protein—protein interacer the yeast cell cycle microarray database (€., 1998).
tion networks that are evolutionarily conserved from mouseThis additional information adds valuable parameters, allow-
fruit fly, worm and yeast and then to human. To constructing mimicry of interactions within the living cells and can also
the predicted human protein—protein interaction networks, &e utilized to prioritize potential candidates for a given query
large quantity of protein interactions data was imported intoprotein. All of the nodes refer to orthologous proteins. These
our database from Database of Interacting Proteins (DIPyisualizations represent the overall complexity of the protein
(Xenarioset al., 2002). However, these datasets do not reacletworks in different organisms.
saturation level, and this resulted in substantial limitations

to the protein interaction maps of potential interologs. Fur-sTATE OF THE DATABASE

thermore, protein—protein interactions often occur betwee . .
P P E—’OINT embraces several well-established groups of biolo-

protein domains but not full-length proteins. Global sequence .
alignments by BLAST (Altschulet al., 1990) may miss gical software programs and databases as data sources and
! V&gese are then used for the evaluation of protein—protein inter-

domain-based interactions across organisms. With these two . L
considerations, a given query of a human protein sequenc%cuons (Table 1). POINT is updated periodically based on the

will be searched by BLAST against protein sequences fron{elease version of DIP. In addition, the source code for devel-

various different organisms downloaded from PIR-NREF (Wuoping this system is open-source and can be freely accessed
et al., 2003). To satisfy the different needs of users, five pro-on request.
teins with the highest homology in a given organism will
be shown in the search results. Next, the user can mand=UTURE DIRECTIONS

ally select potential orthologs and then search for proteingo provide a better prediction of a protein interaction map
that interact with these orthologs; two levels of radial net-in a target organism, it is necessary to rely on a compre-

work expansion will be included in the search results. Thishensive analysis of the protein interaction maps of other
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Fig. 2. An example of protein interaction networks in POIN@) The network representation. All the nodes refer to orthologous proteins

in S1(S2) format. The symbol S1 is the mouse, fruit fly, worm or yeast Node ID in DIP, and the symbol S2 is the PIR-NREF human protein
sequence accession number. The query protein (2771N) is labeled in red and designated as level 0. The interaction proteins (417N anc
2772N; level 1) of the query protein are labeled in green. The proteins (595N and 33N) that interact with level-1 proteins are label in yellow
and designated as level 2. Some interaction proteins simultaneously present in both level 1 and 2 are labeled)nThiedree-view
representation. Additional external hyperlinks, for example, cell cycle information and gene ontology information, are provided in tree-view
representation.

Table 1. List of the biological software and databases used in POINT

Database Website and version Purpose

BLAST http://www.ncbi.nlm.nih.gov/BLAST/ The program of searching sequence homology
(2.2.8)

DIP http://dip.doe-mbi.ucla.edu/ The data of mouse, fruit fly, worm and yeast protein—protein interactions
(2004-04-04)

GO http://www.geneontology.org/ The gene ontology of human, mouse, fruit fly, worm and yeast

(2004-04-26)
Human Cell Cycle  http://genome-www.stanford.edu/Human-CellCycle/Hela/  The data of human cell cycle

PIR-NREF http://pir.georgetown.edu/ The data of human, mouse, fruit fly, worm and yeast protein sequences
(2004-04-26, Release 1.45)

UniGene http://www.ncbi.nlm.nih.gov/UniGene/(Build#168) The data of Human EST Clone ID for microarray database

UniProt http://www.pir.uniprot.org/ The protein annotations in Swiss-Prot/ TTEMBL
(2004-04-26, Release 1.8)

Yeast Cell Cycle http://genome-www.stanford.edu/cellcycle/data/rawdata/ The data of yeast cell cycle

reference organisms. Several databases, such as BIND (Badesaluation and help target prioritization. Prediction from more
et al., 2001), have extensive collections of protein—proteinmodel organisms will be included in the future to offer more
interaction datasets. These public-accessible datasets wififormation relevant to the different biological requirements
be continuously incorporated into POINT. In addition, we of various researchers. In order to determine the most accur-
anticipate that additional biological datasets, such as thate orthologs, the use of conserved domain database such
systematic knockout phenotype data, may provide improveds Pfam and PROSITE will also be integrated. This may
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help solve problems with respect to those proteins lacking.i,S., Armstrong,C.M., Bertin,N., Ge,H., Milstein,S., Boxem,M.,
domain information because the whole protein sequence was Vidalain,P.O., Han,J.D., Chesneau,A., Haef®l. (2004) A map

identified directly by BLAST. of the interactome network of the metazdamlegans. Science,
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