Our research focuses on understanding the biochemical mechanisms that regulate
cell growth and division and how defects in these mechanisms result in diseases such as
cancer. The cell cycle is coordinated by a shifting network of protein-protein interactions.
We develop and use a number of structural and biophysical techniques, particularly x-ray
crystallography and nuclear magnetic resonance (NMR), to characterize these interactions at
atomic resolution and use molecular biology and biochemical methods to understand their
relevance in the cell.

We currently study two protein families that control the G1 to S phase transition of
the eukaryotic cell cycle and potentially play a critical role in tumorigenesis. Members of the
E2F family of transcription factors activate genes required for DNA synthesis and other
processes towards cell division. The retinoblastoma (Rb) and related “pocket proteins” bind
and inhibit E2F until the cell is ready to begin S phase. At this point, Rb is phosphorylated
by cyclin-dependent kinase (Cdk)-Cyclin complexes and E2F is activated through its release.
While this simple model for the biological role of Rb as a growth regulator is clear, the
biochemical mechanisms underlying Rb function remain unexplained. Our goal is to
understand in molecular detail the interactions of Rb with E2F and other regulatory proteins
and how these interactions are affected by phosphorylation.

Model for phosphorylation induced dissociation of the Rb-E2F-DP complex
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While NMR is particularly useful for studying protein conformational changes and
binding interactions, current methodology limits experimentation on proteins with molecular
weight greater than ~30 kDa. A second focus in the laboratory is to develop new
methodologies, particularly isotope labeling strategies, to enable NMR studies of relatively
large cell cycle related proteins. Selective amino acid type labeling will be combined with
cell free protein expression methods to generate novel samples that facilitate data analysis by
reducing spectral complexity.

H-N correlation NMR spectra of a ~30kDa E2F 1-DP1 complex
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If you are interested in conducting postdoctoral, graduate, or undergraduate
research in our laboratory or would like more information, please contact Professor
Rubin at srubin@ucsc.edu.
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