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Part Il1: Research and Teaching Contributions

A. Narrative Report of Research:

The long-term goal of our laboratory is to understand how macromolecular networks
control development, and how perturbations in such networks can lead to human disease.

Physical protein-protein interactions are crucial for most biological processes. In this
context, we address the following questions. How are protein interactions organized at the scale of
the whole cell, considering the fact that thousands of proteins are present in a cell at any given
moment, most of them interacting with each other, either to form molecular machines or to
participate in various regulatory mechanisms? Are there global principles that organize such
complex networks of interactions? If so, how can we start tackling such global topological features
of networks? And importantly, could it be that such organizational principles are disrupted in
human disease?

We have focused most of our work on the multi-cellular model organism, Caenorhabditis
elegans. The complete genome sequence of C. elegans is available and predicts ~19,000 protein-
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encoding open reading frames (ORFs). To determine how proteins work together in complex
cellular networks in this model organism, we have been mapping and characterizing protein-
protein interactions in a systematic manner, an approach referred to as “interactome” modeling. In
short, we have:

-experimentally tested genome-wide models of the C. elegans “ORFeome”, i.e. its
complete set of ORFs, thereby generating a resource for proteome-wide protein expression
(Walhout et al Methods in Enzymology 2000; Reboul et al Nat Genet 2001; Reboul et al Nat Genet
2003; Lamesch et al Genome Res 2004),

-generated first-draft maps of the C. elegans interactome network (Walhout et al Science
2000; Davy et al EMBO Rep 2001; Matthews et al Genome Res 2001; Walhout et al Curr Biol
2002; Boulton et al Science 2002; Li et al Science 2004),

-derived functional and dynamic models of interactome networks by combining
interactome maps with various functional genomic information such as expression profiling and
large-scale phenotypic profiling (Vidal Cell 2001; Ge et al Nat Genet 2001; Walhout et al Current
Biol 2002; Boulton et al Science 2002; Tewari et al Mol Cell 2004),

-discovered global properties of interactome networks (Han et al Nature 2004; Han et al
Nat Biotechnol 2005; Gunsalus et al Nature 2005)

-developed experimental strategies based on the reverse two-hybrid system (Vidal et al
Proc Natl Acad Sci USA 1996a; 1996b) to systematically study the logic of interactome networks
by disturbing specific protein-protein interactions (Endoh et al Methods in Enzymology 2000;
2002).

We have now started to analyze the human interactome network (Rual et al Genome Res
2004; Rual et al Nature 2005). Our goals are to: i) study the evolution of interactome networks, by
comparing those of yeast, C elegans and humans, and ii) understand how global interactome
network features are perturbed in human disease.

C. Report of Current Research Activities:

Vidal Laboratory:

Genetic analyses of interactome networks; PI, project of:
Stuart Milstein, Ph.D. (Research Fellow)
Matija Dreze (Visiting Graduate Student)

Domain-domain interactome modeling; PI, project of:
Mike Boxem, Ph.D. (Instructor)
Xinping Yang, Ph.D. (Research Fellow)
Na Li (Senior Research Assistant)
Danny Mou (Undergraduate Student)

Interactome networks and human disease; P, project of:
Kavitha Venkatesan, Ph.D. (Research Fellow)
Quan Zhong, Ph.D. (Research Fellow)
Qianru Li (BBS Graduate Student)
Han Yan (BBS Graduate Student)
Anne-Ruxandra Carvunis (Visiting Graduate Student)
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Stanley Tam (Research Assistant)

Amélie Dricot (Visiting Graduate Student)
Haiyuan Yu, Ph.D. (Research Fellow)

Nicolas Simonis, Ph.D. (Research Fellow)
Muhammed Yildirim (DEAS Graduate Student)

C. elegans spatiotemporal promoter activity modeling; PI, project of:
Denis Dupuy, Ph.D. (Research Fellow)
Nenad Svrzikapa (Research Assistant)

DFCI Center for Cancer Systems Biology (CCSB):

The major goal of CCSB is to model the human interactome network

Management Team:
David Hill, Ph.D. (Senior Research Scientist, CCSB Associate Director)
Michael Cusick, Ph.D. (Information Manager)
Tong Hao (Systems Manager)

Bioinformatics:
Changyu Fan (Bioinformatics Programmer)
Niels Klitgord (Bioinformatics Analyst)
Chenwei Lin (Bioinformatics Analyst)

ORFeome projects:
Kourosh Salehi-Ashtiani, Ph.D. (Project Leader)
Tomoko Hirozane-Kishikawa (Senior Research Assistant)
Fana Gebreab (Research Assistant)

Interactome projects:
Pascal Braun, Ph.D. (Project Leader)
Julie Sahalie (Senior Research Assistant)
David Szeto (Research Assistant)
Ryan Murray (Research Assistant)
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