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Personnel Statement

| received my PhD in Chemistry from New York University (NYU) in 1968 for research in the
photochemistry. | decided next to shift the emphasis of my research to the life sciences and hence
completed postdoctoral training (one year) in Biochemistry at NYU School of Medicine followed by
postdoctoral training (two years) in Biophysics at AT&T Bell Laboratories. | was next promoted to
permanent Member of Technical Staff at Bell Labs and spent the next 15 years undertaking NMR-based
studies of the structure and dynamics of cyclic peptides, proteins and nucleic acids. | moved to Columbia
University Medical School in 2004 as a tenured Professor of Biochemistry and Molecular Biophysics
where my group spent the next 8 years doing NMR-based research on DNA mismatches, bulges and
junctions, on DNA triplexes and G-quadruplexes, and drug-DNA complexes. | was recruited in 1992 as a
tenured Member to the Cellular Biochemistry and Biophysics Program at the Memorial Sloan-Kettering
Cancer Center to set up a Structural Biology component to the program. My group’s research during the
1990s focused on NMR-based studies of covalent chiral carcinogen-DNA adducts, and complexes of
antibiotics and peptides with natural and in vitro selected RNA targets.

My laboratory began to increasingly use x-ray crystallography starting around 2000 with the
emphasis initially on RNA-mediated gene regulation. My group determined the higher order architectures
of compact riboswitch sensing domains bound to amino acids, metabolites and ions, as well as
elucidated how RNA containing only four nucleotides could generate pockets capable of recognizing
specific ligands and discriminating against closely-related analogs. In the RNA silencing area, my group
made fundamental discoveries over the next decade related to the structural biology of Argonaute
proteins and their complexes with guide DNA and target RNAs, thereby providing mechanistic insights
into the nucleation, propagation and cleavage steps of Ago-mediated cleavage of mMRNA [collaboration
with Thomas Tuschl (Rockefeller) and David Bartel (MIT)]. More recently, my group extended its
research to Dicer proteins where we identified a phosphate-binding pocket in human Dicer [collaboration
with Narry Kim (Seoul National University)] an inside-out non-canonical pathway of dsRNA cleavage by
budding yeast Dicer, in contrast with to an outside-in pathway for Dicer's cleavage activity in higher
eukaryotes [collaboration with David Bartel (MIT)]. My group’s efforts also focused on structure
determination of disease-related protein-RNA complexes, thereby defining the principles underlying the
specificity of intermolecular recognition and the role of protein dimerization in facilitating complex
formation [collaboration with Thomas Tuschl (Rockefeller)].

In 2005 my group initiated a comprehensive research program in epigenetic regulation focused
on understanding the diversity of mechanisms for site- and state-specific readout of histone marks by
writer, reader and eraser protein modules. Initial efforts with single effector modules were expanded over
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time to multivalent readout at the histone peptide and nucleosomal level [collaboration with David Allis
(Rockefeller)]. These studies were extended to the identification of small molecules that targeted effector
pockets with high affinity and specificity, and elucidation of the role of histone chaperones and chromatin
remodelers in epigenetic regulation. My group initiated our research on DNA methylation mark-mediated
epigenetic regulation in 2010 by focusing our structural studies on a pair of DNMT1-DNA complexes,
whereby we established how a combination of autoinhibitory and productive mechanisms ensured the
high fidelity of DNMT1-mediated maintenance DNA methylation. This research was next extended to
studies that provided mechanistic insights into plant proteins that mediate the role of polymerases pol-1V
and pol-V in RNA-directed DNA methylation in A. thaliana [collaboration with Steve Jacobsen (UCLA)].
More recently, structure-function studies have provided the molecular basis underlying the process
whereby CHG DNA methylation in A. thaliana is controlled by the H3K9 methylation mark through a self-
reinforcing loop between DNA methyltransferase CMT3 and H3K9 histone methyltransferase Kryptonite
[collaboration with Steve Jacobsen (UCLA)].

My group initiated a structural biology program in 2003 on lipid transfer proteins that acquire and
release neutral glycosphingolpids and charged phosphosphingolipids during lipid intermembrane transfer
and presentation processes. Our studies established the molecular basis underlying differentiation of
neutral from charged lipids by their respective head group recognition centers, and defined the alignment
of one or both lipid chains within a molded-to-fit hydrophobic tunnel, thereby supporting a cleft-like gating
mechanism, whereby lipid chains sequentially entered and departed the tunnel in the membrane-
associated state [collaboration with Rhoderick Brown (Hormel Institute)].

More recently, my group has turned its attention to the field of pattern recognition receptors that
sense double-stranded nucleic acids in the cytosol, thereby triggering a cascade of events that activate
the innate immune response. Our efforts have focused on cGAS, the metazoan sensor of cytosolic
dsDNA, the second messenger cGAMP and the adaptor STING [collaboration with Thomas Tuschl
(Rockefeller) and Winfried Barchet (University Hospital-Bonn)]. Our structural studies identified cGAMP,
produced by DNA-activated cGAS from GTP and ATP, to be c[G(2’,5")pA(3’,5)p], that contained an
unanticipated 2',5’ linkage at the GpA step. Our research was next extended to STING activation by
cGAMP and targeting by the anti-viral agent DMXAA.
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