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RESEARCH INTERESTS: 

Structural insights into DNA and RNA Metabolism
We have been working on DNA- and RNA-binding proteins in nucleic acids metabolism. The overall goal is to discover the structure-based mechanisms of these proteins in nucleic acids recognition, processing and degradation. We determine the crystal structures of these proteins bound with their DNA or RNA substrates. In combination with biochemical and molecular biological approaches, we provide molecular basis for the regulation, substrate recognition and catalytic mechanisms of these proteins to address their roles in DNA and RNA metabolism. Some of our projects are listed below.
Apoptotic DNA degradation
DNA degradation in apoptosis is the basic and essential process for animal development and tissue homeostasis. Failure to degrade DNA of apoptotic cells can induce immune responses and leads to autoimmune diseases. Recent studies show that apoptotic DNA degradation is not a random, but on the contrary, a complicated process in which several nucleases and components act cooperatively to promote stepwise chromosomal DNA fragmentation. We analyze the biochemical properties and crystal structures of these apoptotic nucleases and component proteins to show how they work for cooperative DNA degradation. 
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Crystal structure of CRN-4                  Crystal structure of CPS-6
Mol. Cell Biol. 29, 448-457 (2009).           J. Biol. Chem. 287, 7110-7120 (2012).
RNA processing and degradation
RNA metabolism is the key step for many important cellular events, such as RNA processing in RNA maturation, and mRNA turnover in translation regulation. We work on a group of RNases which process RNA in RNA maturation and turnover. Specific projects include mRNA degradation by PNPase and the interacting helicase, RNA/DNA processing by RNase T and the related DEDDh family of exonucleases and miRNA degradation by Tudor-SN. 
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Crystal structure of E. coli PNPase         Crystal structure of human PNPase
RNA, 14, 2361-2371 (2008).             Nucleic Acids Res. 40, 4146-4157 (2012).
(Movie here)
RNase T does not digest a ssDNA with 3 '-terminal C
Nature Chem. Biol. 7, 236-243 (2011).
                      Nucleic Acids Res. In press (2012).
Folding and misfolding of TDP-43
TDP-43 is a multi-functional RNA-binding protein. Its normal function in binding to UG-rich RNA is related to cystic fibrosis, and inclusion of its C-terminal fragments in brain cells is directly linked to frontotemporal lobar degeneration (FTLD) and amyotrophic lateral sclerosis (ALS). We want to understand how the full-length TDP-43 is folded and functions in RNA binding, and how the truncated C-terminal fragments of TDP-43 are misfolded and aggregated in the disease neuronal cells. 
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Crystal structure of the RRM2 domain of TDP-43 bound with a ssDNA.
Nucleic Acids Res., 37, 1799-1808 (2009).
In summary, over expression, mutations and misfolding of most of the proteins we study are linked to human diseases, ranging from neurodegenerative disorders to autoimmune diseases. Therefore, understanding how these proteins recognize DNA/RNA and participate in DNA/RNA metabolism and how they lose their functions may not only advance our knowledge in DNA/RNA metabolism but also pave the way for the future development of strategies for disease treatments, such as suggesting target interface for disrupting protein-nucleic acids or protein-protein interactions. 
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