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JoAnn M. Sekiguchi, Ph.D.
2004 Pew Scholar

Assistant Professor

Division of Molecular Medicine & Genetics
University of Michigan Medical School

109 Zina Pitcher Place

2053 BSRB, Box 2200

Ann Arbor , MI 48109-2200

Phone: (734) 764-9514

E-mail: sekiguch@med.umich.edu

Website: http://www.umich.edu/~mmgmed/faculty/bios/sekiguchi.htm

Field Of Research: DNA repair, Cancer Biology, Immunology

Research Interest:

During the initial stages of the immune response against foreign antigens, the vast array of receptors
expressed on the surface of B and T lymphocytes recognize and bind the myriad of foreign molecules. Diversity
amongst the genes encoding the recognition regions of antigen receptors is generated via V(D)J recombination, a
process in which individual V, D, and J gene segments are rearranged. Two types of activities are required for V(D)J
recombination: (1) lymphoid-specific factors that initiate recombination through the generation of DNA double
strand breaks (i.e., RAG1 and RAG2) and (2) the ubiquitously expressed non-homologous end-joining (NHEJ) DNA
repair factors that process and ligate the broken DNA ends. The NHEJ factors are not only required during V(D)J
recombination but also play important roles in general double strand break repair and in maintaining genomic
stability. Our research is focused on defining the specific roles protein factors play during normal V(D)J
recombination and DNA repair processes using a combination of biochemical, cellular and genetic approaches.

Defects in V(D)J recombination can cause disease in human patients. Mutations in RAG1, RAG2 and
NHEJ factors (i.e., Artemis and DNA ligase IV) cause immunodeficiencies in patients due to an impairment in
assembly of antigen receptor genes. Furthermore, a number of human lymphoid neoplasias are associated with
chromosomal translocations involving rearranging antigen receptor loci and cellular oncogenes, which are likely
caused by aberrant repair of double strand breaks generated during V(D)J recombination. In this regard, several
hypomorphic alleles of Artemis have been identified in human lymphoma patients, suggesting that Artemis
mutations may indeed predispose to lymphoma. Therefore, we are also interested in examining how specific defects
in V(D)J recombination factors can lead to immune system defects and predisposition to lymphoid malignancies
using the mouse as a model system.
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David R. Sherwood, Ph.D.
2007 Pew Scholar

Assistant Professor

Department of Biology

Duke University

Box 90338, Science Drive

Durham, NC 27708

Phone: (919) 613-9037

E-mail: david.sherwood@duke.edu

Website: http://www.biology.duke.edu/sherwoodlab/

Field Of Research: Cell and Developmental Biology, Cell Invasion

Research Interest:

Cell invasions through basement membranes occur frequently in development, enabling cell dispersal and
organ formation. Cell invasive behavior is also co-opted or aberrant in a number of human diseases, most notably
metastatic cancer. Most cell invasions occur in complex and inaccessible environments, and thus it has been
challenging to analyze this process in vivo. My group’s research focuses on characterizing anchor cell (AC)
invasion into the vulval epithelium in C. elegans, where we are developing novel real-time imaging approaches to
complement genetic analysis to understand the mechanisms driving cell invasive behavior.

In 1989 the term “invadopodia” was coined for stable actin-rich subcellular structures that formed at sites of
extracellular matrix removal in transformed fibroblasts and human cancer cells cultured on glass slides. Despite 20 years
of research, to date no one has reported these structures in vivo and their relevance and potential function in breaching
basement membranes remains unknown. Using an optimized spinning disk confocal, we have recently observed similar
subcellular structures along the invasive cell membrane of the AC prior to invasion that contain high levels of F-actin,
the phospholipid PI(4,5)P,, Rac GTPases, cofilin, and UNC-34 (Ena/VASP), all of which are important for AC invasion
and have been implicated in regulating invadopodia in vitro. Strikingly, our time-lapse studies have revealed that these
structures are the sites where the basement membrane is first breached, indicating they are the in vivo equivalent of
invadopodia. Furthermore, as one of these invadopodia crosses the basement membrane, the others are rapidly lost and
appear to coalesce at this invadopodia, implying that a signaling mechanism exists to detect and respond to penetration
through the basement membrane. After the initial breakthrough, this single successful invadopodia rapidly develops into
a larger protrusion that appears to push basement membrane aside as it broadens, suggested by the strong accumulation
of basement membrane bordering the protrusion as it widens the hole in the basement membrane. This is a potential
paradigm-changing finding, as the long-standing view in the field that has guided thus far unsuccessful therapeutic
strategies against cancer is that basement membranes are primarily crossed through enzymatic degradation. Our current
research is now coupling genetic analysis with these real-time imaging studies to determine the mechanisms that regulate
invadopodia dynamics and removal of the basement membrane during AC invasion.

68



J.‘._,r

W \\

AN

Pew Scholars Program PEW
INn the Biomedical Sciences

Yujiang Shi, Ph.D.
2006 Pew Scholar

Assistant Professor of Medicine

Harvard Medical School

Division of Endocrinology, Diabetes & Hypertension

Brigham and Women's Hospital

221 Longwood Ave, EBRC 222

Boston, MA 02115

Phone: (617) 525-8097

E-mail: yujiang_shi@hms.harvard.edu

Website: http://www.hms.harvard.edu/dms/bbs/fac/shi_yujiang.html

Field Of Research: Biochemistry and Chromatin Modification

Research Interest:

The long-term goal of my research is to understand how processing of human genomic information is
controlled epigenetically through chromatin modifications and how dysregulation of these epigenetic events
contributes to complex human diseases. It is becoming clear that epigenetic changes including alterations of
chromatin modifications provide a key mechanism for regulating the diverse structural and functional features of
chromatin, including control of gene regulation and maintenance of genomic integrity. These play critical roles in
cell growth and survival, differentiation, embryonic development, and their related pathologies, including oncogenic
transformation. In particular, we are interested in exploring novel mechanisms involved in regulation of eukaryotic
gene expression. Mainly, we try to understand how dynamic and coordinated changes of chromatin modifications,
including histone modification and DNA methylation (“epigenetic codes”), regulate gene expression in eukaryotic
cells. We seek to identify novel epigenetic regulators and characterize their roles in controlling the patterns of
epigenetic codes during normal cell differentiation and tissue development. We also try to understand how
perturbation of these epigenetic processes could lead to complex human diseases.

Increasing evidence suggests that histone methylation, the most abundant and important histone
modification, plays a critical role in human cancer and other complex diseases, such as neurological disorders. Our
finding of the first histone demethylase, LSD1, and the subsequent identification of other histone demethylases have
brought a conclusion to the long held debate that histone methylation is dynamically regulated by both histone
methylases and demethylases. It is not surprising that many key questions pertaining to the biology of histone
demethylases and their roles in epigenetics remain. Our current research program is centered on these questions and
is primarily based on histone demethylases we discovered.

69



iy,

i \\

/fl,r”\\

Pew Scholars Program PEW
INn the Biomedical Sciences

Holger Sondermann, Ph.D.
2008 Pew Scholar

Robert N. Noyce Assistant Professor
Department of Molecular Medicine

Cornell University

C4 175 Veterinary Medical Center

College of Veterinary Medicine, Tower Road
Ithaca, NY 14853-6401

Phone: (607) 253-3318

Email: hs293@cornell.edu

Website: http://www.vet.cornell.edu/Pharmacology/Holger Sondermann/sondermann.htm

Field Of Research: Cell signaling and Bacterial Pathogenesis

Research Interest:

Infectious diseases remain one of the leading causes of death worldwide, emphasizing the limitations of
current treatments and the need for novel approaches. In recent years, it has become evident that bacterial cultures
also exert virulence in infections as multi-cellular communities, so-called biofilms. The majority of chronic
infections can be attributed to biofilms, increasing their pathogenicity and contributing to the spreading of antibiotic
tolerance and resistance. The formation of biofilms involves signaling processes controlling the switch from a free-
swimming, planktonic state to a surface-attached, self-contained social life form. Although biofilm-specific genes
have been identified and the process has been studied morphologically, how biofilm formation is regulated, and the
underlying signaling mechanisms involved, are largely unknown. We study a second messenger unique in the
microbial world, cyclic di-GMP, that recently has been shown to control secretion, cell adhesion and motility
leading to biofilm formation and increased cytotoxicity. The protein domains responsible for catalyzing the
synthesis and degradation of cyclic di-GMP, namely GGDEF and EAL domains, respectively, have been identified
in large numbers in almost every eubacterial genome sequenced to date. GGDEF and EAL domains occur in the
context of diverse multi-domain signaling proteins, and as part of multi-component signaling systems, thus
suggesting a role in sensing environmental cues. We study the enzymatic and regulatory mechanisms of these key
switches in biofilm formation and cytotoxicity, using structural and functional approaches. Given the absence of c-
di-GMP in eukaryotic cells, we envision that these signaling systems might provide attractive targets for the
development of novel antibacterials and methods to modulate biofilm formation.

70



J.‘._,r

W \\

AN

Pew Scholars Program PEW
INn the Biomedical Sciences

Thaddeus S. Stappenbeck, M.D., Ph.D.
2005 Pew Scholar

Assistant Professor

Departments of Medicine, Pathology and Immunology
Washington University School of Medicine

Box 8118, 660 S. Euclid Avenue

St. Louis, MO 63110

Phone: (314) 362-4214

E-mail: stappenb@pathology.wustl.edu

Website: http://ddrcc.wustl.edu/FACULTY/Stappenbeck.html

Field Of Research: Molecular Pathology of Gastro-Intestinal Disease

Research Interest:

My lab is interested in how the intestinal epithelial stem cell niche is modified during injury such as in
patients with inflammatory bowel disease (IBD). This idiopathic disease affects ~1 million people in the US and is
characterized by either persistent or episodic intestinal inflammation that leads to loss of the epithelial barrier. The
intricate ecosystem of the intestine likely reflects the complex etiology of IBD and that includes host susceptibility
genes as well as environmental factors such as indigenous microbes. My lab has created multiple new mouse models
that focus on particular aspects of the pathogenesis of this disease.

1) How does host genetic susceptibility play a role in IBD? Exciting recent genome-wide association
studies have uncovered multiple genes that have specific variants/polymorphisms in patients with IBD. We found
that one of these newly identified susceptibility genes, an autophagy gene, ATG16L1 leads to cellular abnormalities
that may to be a trigger for IBD. Mice deficient for Atgl6ll contain profound abnormalities in a stem cell niche
component (the Paneth cell). The specific intestinal cellular abnormalities in our mouse model were also present in
IBD patients that contain the susceptibility allele.

2) How do intestinal microbes trigger IBD? As a community, indigenous microbes have been well-
established to play a role in triggering IBD in both patients and in mouse models. However, we don’t know the
specific organisms that are responsible. We have created an antibiotic sensitive mouse model of IBD to enable the
specific identification of the species of indigenous intestinal microbes that triggers inflammation in a genetically
susceptible host.

3) How are intestinal epithelial stem cells replaced after damage? A key feature of IBD is loss of epithelial
stem cells during inflammation. This can lead to catastrophic loss of the epithelial barrier and require removal of the
affected portion of the intestine by surgery. We have developed a novel biopsy injury/healing model of the mouse
colonic mucosa to study this question. We have found that stem cell replacement is delayed until the later stages of
healing and is influenced by the state of macrophage activation in the wound bed.
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Lisa T. Stowers, Ph.D.
2004 Pew Scholar

Associate Professor

Department of Cell Biology

The Scripps Research Institute

10550 North Torrey Pines Road, ICND 222
La Jolla, CA 92037

Phone: (858) 784-7285

E-mail: stowers@scripps.edu

Website: http://www.scripps.edu/cb/stowers/

Field Of Research: Molecular Neuroscience, Pheromones

Research Interest:

Without the appropriate regulation of behavior such as aggression and mating, individuals cannot function
in society yet; the underlying mechanisms that generate complex behavior are poorly understood. We are interested
in determining the signals in the environment that influence, molecular mechanisms that control, and the neuronal
circuits that regulate mammalian social behavior. We have demonstrated that the predictable behavior of mice in
response to pheromones provides one of the few experimentally approachable systems to elucidate the molecular
mechanisms underlying behavior regulation. Through the use of molecular biology and transcriptional analysis we
are identifying the unique signaling components expressed in the neurons of the pheromone response circuit. The
mechanisms and principles that regulate complex social behaviors are being elucidated by the creation of targeted
deletions in the mouse specific to pheromone signaling, followed by electrophysiology and behavioral analysis. We
expect these mechanisms to provide insight into general principles of neuronal information coding.
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Brian D. Strahl, Ph.D.
2004 Pew Scholar

Associate Professor

Department of Biochemistry & Biophysics

University of North Carolina School of Medicine

3060 Genetic Medicine, CB #7260

Chapel Hill, NC 27599

Phone: (919) 843-3896

E-mail: brian_strahl@med.unc.edu

Website: http://www.med.unc.edu/~bstrahl/welcome.htm

Field Of Research: Chromatin Structure and Function; Histone Methylation

Research Interest:

In my laboratory, we are using budding yeast as a model system to address the roles of histone methylation
in chromatin structure and function. Recently, a number of enzymes that methylate histones have been discovered,
but little is known about their cellular functions. One major focus of our laboratory has been on the newly
discovered histone methyltransferase Set2. Recent work shows that Set2 interacts with RNA polymerase II and is
involved in the elongation cycle of transcription. However, the mechanisms of how Set2 and its methylation activity
contribute to the transcription elongation process are not known. We are employing a combination of biochemistry
and genetics to study the functions of Set2, as well as other histone modifying activities, in gene regulation. In
addition, our laboratory is also investigating how histone methylation impacts on, or is impacted by, other histone
post-translational modifications such as acetylation, phosphorylation and ubiquitylation. Given histone
modifications function as part of a 'histone code', disruption of this 'code' may represent a major contributing factor
in the inappropriate regulation of genes and chromatin structure that lead to human diseases such as cancer.
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Michael A. Sutton, Ph.D.
2008 Pew Scholar

Assistant Professor

Molecular and Behavioral Neuroscience Institute

Molecular and Behavioral Physiology

University of Michigan

109 Zina Pitcher Place, 5067 BSRB

Ann Arbor, MI 48109-2200

Phone: (734) 647-7322

Email: masutton@umich.edu

Website: http://www.umich.edu/~neurosci/faculty/masutton.htm

Field Of Research: Neuroscience, Epilepsy, Synaptic Plasticity, Miniature Neurotransmission

Research Interest:

The remarkable information processing capacity of neurons in the mammalian brain stems from the dense
network of synaptic connections they receive and the ability of these synapses to change with experience.
Pyramidal neurons of the hippocampus, for example, receive ~ 30,000 distinct synaptic inputs spread over apical
dendrites that extend up to 500 pm from the cell soma. While such rich connectivity no doubt expands the
computational and information storage capacity of the hippocampus, it also creates inherent instability of activity
within neuronal ensembles that likely predisposes hippocampal circuits to epilepsy.

One current focus of my lab is to understand how local protein synthesis in dendrites and axons can service
the unique demands of different synaptic sites impinging on the same neuron, and how loss of this tight local
regulatory control may contribute to pathophysiological states such as epilepsy. We have found that the local
control of protein translation beneath synaptic sites on dendrites is engaged to adjust synaptic function in a
homeostatic fashion, to maintain stability in synaptic strength despite changes in overall circuit activity. My
laboratory is currently examining the mechanisms underlying local compensatory changes in both pre- and
postsynaptic function and how these relate to the onset and progression of epilepsy.
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Benjamin R. tenOever, Ph.D.
2008 Pew Scholar

Assistant Professor

Department of Microbiology

Mount Sinai School of Medicine

One Gustave L Levy Place, Box 1124
New York, NY 10029

Phone: (212) 241-7849

Email: benjamin.tenoever@mssm.edu
Website: www.mssm.edu/tenOever

Field Of Research: Virology, Interferons

Research Interest:

The ability of a cell to combat an intracellular pathogen requires a mechanism to recognize the threat and
elicit a transcriptional response against it. In the context of virus infection, the cell must inhibit replication while
additionally sounding the alarm to warn neighboring cells of the eminent threat. This response is predominantly
mediated by the production of a secreted protein referred to as interferon beta (IFNf). IFNf signaling results in the
upregulation of more than one hundred antiviral gene products whose timely expression renders infected cells more
capable of inhibiting virus replication while providing surrounding cells with the reinforcements to generate a less
permissive cellular environment for infection. Induction of IFNf pivots on the recognition of viral products and the
subsequent activation of the IKK and IKK-related kinases. The classical IKK kinases: IKKa and IKKf, and the
IKK-related kinases: TBK1 and IKKe, mediate the phosphorylation of two essential antiviral transcription factor
complexes. These transcription factors, along with some additional components, assemble into a multi-subunit
complex that is responsible for the induction of IFNf. Not surprisingly, deletion analysis of each of these kinases
results in increased cellular susceptibility to virus replication yet, unlike IKK3 and TBK1, the phenotypes that result
from loss of IKKa or IKKe are not explained by defects in IFNJ induction. With respect to IKKa., increased viral
replication was found to result from a unique transcriptional event required for the induction of a subset of IFNf3-
independent antiviral genes. Similarly, genetic disruption of IKKe also demonstrated a distinctive defect underlying
the increased susceptibility to virus replication. In the case of IKKe, absence of kinase expression did not impact
IFNB induction directly, but did result in the loss of a subset of IFNB-stimulated genes. The IKKe defect, like that
of IKKa, suggests that the functional relationship of IKKo and IKKf is akin to that of IKKe and TBK1. In both
cases, IKKa and IKKe display partial redundancy with the essential function of IKKf3 and TBK1 in the coordinated
induction of IFNP, yet they also perform unique roles that are equally critical to the establishment of the antiviral
state. Taken together, it is clear that this family of kinases serve as molecular operators in coordinating the complex
signaling that is initiated upon viral recognition and results in a complex transcriptional profile aimed at inhibiting
virus replication.
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Shiou-Chuan (Sheryl) Tsai, Ph.D.
2006 Pew Scholar

Associate Professor

Departments of Molecular Biology and Biochemistry, Chemistry and Pharmaceutical Sciences
University of California, Irvine

2218 Natural Sciences |

Irvine, CA 92697

Phone: (949) 824-4486

E-mail: sctsai@uci.edu

Website: http://www.chem.uci.edu/people/faculty/sctsai/

Field Of Research: Structural Biology, Chemical Biology

Research Interest:

Polyketide synthase (PKS) produces polyketide natural products in a combinatorial fashion to provide
many pharmaceutically important polyketides. The goal of my research is to understand the biosyntheses and
architectures of PKS, so that the fundamental mechanism and megasynthase architecture of PKS can be understood,
and new therapeutics can be developed from combinatorial biosynthesis of polyketides. Ring formation is a common
strategy to diversify polyketide natural products that requires specific folding of the polyketide chain, but precisely
how PKS accomplishes this feat of origami is a mystery. Presented herein are the crystal structures and
enzymological studies of several PKS domains related to cyclization specificity: the aromatase/cyclase (ARO/CYC)
in bacterial type II PKS and the product template (PT) domain in fungal PKS. Despite low sequence homology,
several domains from different types of PKS and fatty acid synthase (FAS) have a striking similarity in their domain
architecture and substrate binding pocket, while the different cavity size and shape is closely related to the distinct
cyclization specificity observed in each domain.
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Raphael H. Valdivia, Ph.D.
2004 Pew Scholar

Assistant Professor

Molecular Genetics & Microbiology
Duke University Medical Center

271 Jones Bldg, Research Dr., Box 3580
Durham, NC 27710

Phone: (919) 668-3831

E-mail: valdi001@mc.duke.edu

Website: http://valdivialab.duhs.duke.edu/

Field Of Research: Microbiology, Cell biology
Research Interest: Functional Genomics of Obligate Intracellular Pathogens

Chlamydia trachomatis is the causative agent of trachoma, the world's leading preventable cause of
blindness (6 million cases/yr) and the most common sexually transmitted pathogen (90 million cases/year). My
laboratory focuses on understanding how this obligate intracellular pathogen co-opts eukaryotic cellular functions.

Because Chlamydiae are not currently amenable to genetic manipulation, little is known about the
molecular basis of the remodeling of the parasitopherous vacuole or the manipulation of other cellular functions.
Nonetheless, the genomes of various Chlamydiae have been recently sequenced: they are small (<1 Mb) and
approximately a third of their DNA encode proteins of unknown function. This wealth of genomic information
provides a framework in which experiments can be designed to sample the whole complement of Chlamydia genes
for functions related to its pathogenic lifestyle. My research group takes advantage of the high degree of
conservation among basic cellular processes among eukaryotes to model the function of bacterial virulence factors
in the yeast Saccharomyes cerevisiae. We have created Chlamydia expression libraries in yeast and use yeast genetic
and genomic tools to identify and characterize novel virulence factors. Furthermore, we use yeast as a system to
rapidly identify the eukaryotic targets of these virulence factors and as a starting point for the identification of the
corresponding mammalian homologues.
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Francis I. Valiyaveetil, Ph.D.
2007 Pew Scholar

Assistant Professor

Department of Physiology and Pharmacology

Oregon Health & Science University

3181 SW Sam Jackson Park Road, 1.334

Portland, OR 97239

Phone: (503) 418-0946

E-mail: valiyave@ohsu.edu

Website: http://www.ohsu.edu/ohsuedu/academic/som/physpharm/faculty/valiyaveetil-lab.cfm

Field Of Research: Biological Chemistry, Chemical Synthesis

Research Interest:

Understanding the relationship between the atomic structure of a protein and the biological function requires the
ability to perturb the protein structure in a precise manner. Chemical synthesis facilitates the incorporation of a wide
variety of side chain and peptide backbone modifications that enables precise modifications of the structural and
electronic properties of the protein. Similar modifications are not possible using conventional mutagenesis making
chemical synthesis an important asset in investigations of protein structure and function. The size of the protein has
been a major factor limiting the use of chemical synthesis to investigate proteins and in the field of membrane
proteins, chemical synthesis has so far been accomplished only for relatively small (< 150 amino acids) proteins.
Membrane proteins of interest such as voltage gated ion channels, GPCRs and transporters are much bigger and are
presently not amenable to chemical synthesis. In my research group, we are developing synthesis methodology that
can be used for the synthesis/engineering of these classes of membrane proteins. Our synthetic targets are the
voltage gated K" channel, K, AP, the voltage gated Na' channel, NaChBac and the non-selective channel, NaK. We
will use chemical synthesis of these channels for the incorporation of unnatural amino acids, peptide backbone
modifications and isotopic labels. We will use high resolution x-ray crystallography, spectroscopy and
electrophysiology to investigate the channels modified using chemical synthesis. Using this multidisciplinary
approach, we will investigate the mechanism of slow inactivation in the K, AP channel, the mechanism of Na"
selectivity in the NaChBac channel and ionic non-selectivity in the NaK channel.

For an application of chemical synthesis, see Valiyaveetil, F. 1., Leonetti, M., Muir, T. W., MacKinnon, R.
(2006). Ton selectivity in a semisynthetic K" channel locked in the conductive conformation. Science 314, 1004-7.
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Lambertus van den Berg, Ph.D.
2005 Pew Scholar

Assistant Professor

Program in Molecular Medicine

University of Massachusetts Medical School
Biotech 2, Suite 115

373 Plantation Street

Worcester, MA 01605

Phone: (508) 856-1201

E-mail: bert.vandenberg@umassmed.edu

Website: http://www.umassmed.edu/igp/faculty/vandenberg.cfim

Field Of Research: Structural Biology, Membrane Transport

Research Interest:

Biological membranes form the interface between cells and their environment, and transport of molecules
across these barriers is essential for all cells. The outer membrane (OM) of gram-negative bacteria is a particularly
effective barrier against permeation of both hydrophilic and hydrophobic compounds. Whereas a wealth of
knowledge exists about OM transport of hydrophilic compounds, very little is known about the transport of
hydrophobic molecules. The OM proteins that transport hydrophobic compounds belong to the FadL transporter
family. Members of this family are widespread in gram-negative bacteria and are essential for the uptake of long-
chain fatty acids (LCFAs) and many xenobiotics. We are interested in elucidating the transport mechanisms of such
molecules across the OM. As a first step towards this goal we recently determined X-ray crystal structures of FadL
from Escherichia coli, allowing us to propose a model for transport. Currently we are testing and further delineating
this transport model, using a combination of X-ray crystallography, site-directed mutagenesis and in vivo and in
vitro substrate binding and transport assays. In addition to FadL we have recently also solved X-ray crystal
structures of toluene transporters from biodegrading bacteria. Understanding how hydrophobic molecules are
transported across the bacterial OM is not only important from a fundamental point of view, but could also lead to
the design of novel antibiotics and bacterial strains that are more efficient in the uptake of xenobiotics as the
essential first step in the biodegradation of toxic compounds.
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Victor E. Velculescu, M.D., Ph.D.
2004 Pew Scholar

Associate Professor

Department of Oncology

The Sidney Kimmel Comprehensive Cancer Center

Johns Hopkins University

1650 Orleans Street, Room 5M05

Baltimore, MD 21231

Phone: (410) 955-8878

E-mail: velculescu@jhmi.edu

Website: http://www.hopkinskimmelcancercenter.org/index.cfm/cID/1686/mpage/expertdata.cfm/explD/325

Field Of Research: Molecular Genetics of Human Cancer

Research Interest:

It is now widely accepted that cancer is a genetic disease mediated by alterations in specific genes.
However, many of the key suppressor genes and oncogenes responsible for cancer initiation and progression remain
to be identified. Our laboratory is focused on developing and applying genome-wide approaches to identify
molecular differences between human cancer cells and normal cells. These alterations can exist at the level of the
genome, involving mutations of specific genes underlying tumorigenesis, or at the level of the transcriptome,
involving differential expression of genes in cancer cells. Using genomic tools we have developed over the past
several years, including high throughput sequencing approaches, serial analysis of gene expression (SAGE), and
Digital Karyotyping, we have begun to elucidate the genetic and gene expression differences important in neoplasia.
We have recently identified frequent activating mutations in protein and lipid kinases not previously linked to
human cancer. Future work will focus on characterizing the role of these genes in tumorigenesis as well as
systematically using these technologies to identify previously undiscovered oncogenes and suppressor genes. The
identification of such genetic alterations will provide insight into the pathogenesis of cancer and open up new
possibilities for diagnostic and therapeutic intervention.
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Christopher A. Voigt, Ph.D.
2006 Pew Scholar

Associate Professor

Dept. of Pharmaceutical Chemistry
University of California, San Francisco
Byer’s Hall MC Box 2540, Room 408C
San Francisco, CA 94158

Phone: (415) 502-7050

E-mail: cavoigt@picasso.ucsf.edu
Website: http://www.voigtlab.ucsf.edu/

Field Of Research: Biophysics, System Biology, Synthetic Biology, Biotechnology

Research Interest:

We are developing a basis by which cells can be programmed like robots to perform complex, coordinated
tasks for pharmaceutical and industrial applications. We are engineering new sensors that give bacteria the senses of
touch, sight, and smell. Genetic circuits — analogous to their electronic counterparts — are built to integrate the
signals from the various sensors. Finally, the output of the gene circuits is used to control cellular processes. We are
also developing theoretical tools from statistical mechanics and non-linear dynamics to understand how to combine
genetic devices and predict their collective behavior.
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Leor S. Weinberger, Ph.D.
2008 Pew Scholar

Assistant Professor

Department of Chemistry and Biochemistry
University of California, San Diego

9500 Gilman Drive, #0332

La Jolla, CA 92093-0314

Phone: (858) 534-8671

Email:Isw@ucsd.edu
Website: http://weinbergerlab.ucsd.edu/

Field Of Research: Dynamic Systems Biology; Stochastic Noise and Feedback in Gene Circuits

Research Interest:

At the single-cell level, stochastic noise (the random fluctuation of biochemical molecules) is inescapable
and can critically influence developmental fate of a single cell. Controlling noise will be vital for therapies that aim
to force cells down alternate developmental paths (e.g. pre-cancerous cells or pluripotent stem cells). My lab
develops novel tools for probing and altering fate determination at the single-cell level.

We have pioneered a powerful framework, based on viral transcriptional circuits, to probe transcriptional
noise and its effect on fate-decision circuits in single cells. This framework also allows us to manipulate noise, alter
viral fate-decision circuits, and bias developmental fate.

On the tool-development front, we have developed novel noise-imaging tools that exploit noise to image
gene-expression. These noise-imaging tools directly measure stochastic fluctuations in live single cells in real-time,
and can map unknown gene circuit architectures. On the fate-manipulation front, we have developed HIV as a
model system for single-cell fate decisions. We have demonstrated how HIV utilizes positive-feedback in its Tat
protein to amplify noise in gene expression and establish a molecular switch between active and proviral-latent
developmental fates. We also showed that HIV utilizes host SirT1 to encode a novel feedback-resistor to modulate
Tat noise and control the developmental switch between active and latent. These results demonstrate how the
molecules involved in HIV-1 transcriptional regulation interact to form a regulatory “switch” that can establish,
maintain, and break HIV-1 proviral latency. Excitingly, we can now manipulate HIV noise and feedback strength
(by altering host SirT1 expression) to force infected cells into latency. Since HIV proviral-latency is still the most
problematic obstacle facing viral eradication from a patient, manipulating intracellular noise may represent an
innovative therapeutic strategy to force virally-infected cells down more benign developmental paths (e.g. force HIV
to “switch” to an indefinitely stable latent state).
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Field Of Research: Neurobiology

Research Interest:

The goal of my lab’s research is to understand smell and taste, the “chemical senses”. How do chemicals in
the environment elicit adaptive behavioral responses in an organism? The answer lies in the neural circuitry that
“decodes” signals from our nose and tongue. We study this neural circuitry in Drosophila, where we can routinely
perform electrophysiological recordings from identified neurons in the fly brain in vivo, allowing us to monitor the
responses of these cells to stimuli. We use genetic tools to label and manipulate identified neurons in the fly brain.

Most of my lab’s recent research has focused on the Drosophila olfactory system. Olfactory receptor
neurons (ORNGs) in the fly antenna project to the antennal lobe in the brain (analogous to the mammalian olfactory
bulb). There, ORN axons segregate into channels termed glomeruli, where they make synapses with second-order
neurons (projection neurons, PNs). By comparing the odor responses of ORNs and PNs corresponding to the same
glomerulus, we found that these neurons respond differently to the same odor stimuli, and that this transformation
improves the ability of a linear decoder to discriminate between different odor stimuli. Part of this transformation
results from the unusual properties of ORN-PN synapses.

Our recent results show that glomeruli are linked by both excitatory connections and inhibitory
connections. These connections are mediated by local interneurons. We are currently investigating the idea that
lateral excitation increases the sensitivity of this circuit when odor stimuli are weak, whereas lateral excitation
increases the contrast between different glomeruli when odor stimuli are strong.

Finally, we have described specialized ORNs that are highly selective for a fly pheromone. We found that
PNs postsynaptic to these ORNs are also very selective for this odor, suggesting that pheromones may be processed
by specialized channels in the brain.
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Field Of Research: Neurobiology and Neurogenetics

Research Interest:

A fundamental question in neurobiology concerns how the nervous system and genes generate behavior.
The complexity of the mammalian nervous systems poses an immense challenge to address this question in
mammals. We thus take a reductionist approach by focusing on the nematode C. elegans, a genetic model organism
with a small but very well characterized nervous system. Specifically, we are interested in understanding how
sensory inputs are perceived by the nervous system, how neural circuits process information to generate behavior,
and how genes and drugs of abuse regulate these processes. To do so, we take a multidisciplinary approach
combining molecular genetics, behavioral analysis, functional imaging, and electrophysiology.
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Cellular memory, the maintenance of cellular activities in the absence of the signal that initiated them, is
fundamental for the development and maintenance of cell types in an organism. Most cell types are specified by
multiple sequential signals during development, and thus cells have to maintain a molecular memory of previous
signals to be correctly specified and to maintain this state. This also means that if we had a number of molecular
markers for cellular memory, we could better trace a cell's developmental history and use this information to predict
its response to extracellular signals. Our goal is to investigate the role of cellular memory in regulating gene
expression programs during Drosophila development using genomics techniques (ChIP-chip and ChIP-seq).
Specifically, we would like to test whether Pol II stalling represents a form of cellular memory and whether it is

regulated by Polycomb group proteins.
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Research in our laboratory focuses on structure-function studies of protein factors and machinery involved
in the ubiquitin-dependent protein degradation pathway. This cellular pathway regulates many fundamental
biological functions, such as cell cycle progression, signal transduction, transcription, and DNA repair. Defects and
malfunctions of the cellular factors involved in this proteolyctic pathway are linked to a number of human diseases
such as cancer and neurological disorders. Our studies aim not only to reveal the detailed molecular mechanisms of
how ubiquitin-dependent proteolysis occurs and how it modulates various cellular processes but also to provide
structural information for identifying potential drug targets and further drug development. The center of our current
interests is a fascinating family of multi-subunit enzymes, the cullin-based ubiquitin ligases. These enzyme
complexes are responsible of tagging a large number of important cellular proteins with ubiquitin to target them for
proteasome-dependent degradation. The well-known substrates of these enzymes include Cdk inhibitor p27, Cdk2
regulatory subunit CyclinE, NF-KB inhibitor IKB, signal transducer B-catenin, and oncoprotein c-Myc. Using
protein X-ray crystallography, we have revealed the general architecture of a prototype of these complexes and
elucidated the structural and functional roles of each subunit. We are now studying both the rest members of the
enzymes family and how the assembly and disassembly of these complexes are regulated.
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Field Of Research: Biophysics and Molecular Neuroscience

Research Interest:

The long term goals of our research are to understand the physiology of ion channel modulation, and to
decipher the mechanism of channel modulation at the atomic level. We focus on the voltage-dependent potassium
channels (Kv).

Kv channels control the flow of potassium ions through the cell membrane in response to changes in
membrane potential. The opening of Kv channels causes membrane hyperpolarization that can curtail excessive
membrane excitability or simply tone down normal membrane activity. Kv channels are central to many
fundamental biological processes, such as nerve conduction, muscle contraction, and hormone secretion. Not
surprisingly, given their central role in much of our biological functioning, defects in these channels lead to a variety
of disabling human diseases. Diseases such as certain forms of seizures, ataxia, and cardiac arrhythmias, for
instance, are directly attributable to Kv channel dysfunction. In a cell, Kv channels are always assembled with other
proteins and channel function is modulated by these proteins. Understanding channel modulation will provide
fundamental knowledge about Kv channel-related biological activities and diseases.

The Kv1 family channels assemble with KvB8, a cytosolic protein abundantly expressed in a variety of cells.
In mammalian brain, virtually all Kv1 channels are assembled with KvB. Loss of KvB in flies and mice causes
severe phenotypes but the physiology of Kvf3 remains a mystery. We have recently shown that Kvf is a functional
aldo-keto reductase (AKR), an enzyme that utilizes an NADPH cofactor to reduce an aldehyde. We also found that
the AKR activity modulates channel function. These new findings indicate that intracellular redox chemistry can be
coupled to a cell’s excitability through a Kv1-KvB complex, and suggest a possible physiological role of KvB3. To
understand the physiology and also the biophysical nature of the coupling, we employ a combined approach of
biochemistry, electrophysiology, drosophila genetics, and X-ray crystallography.
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Field Of Research: Mouse Genetics, Cancer, Developmental Biology

Research Interest:

Human cancers frequently arise from the inactivation of both copies of a tumor suppressor gene (TSG) in
sporadic cells, known as loss of heterozygosity (LOH). To generate mouse cancer models that mimics human
physiology, it is essential to limit TSG inactivation to a small number of cells. Moreover, it is necessary to
unambiguously label these mutant cells so that they can be distinguished from surrounding normal cells. We have
established a genetic mosaic system termed MADM (Mosaic Analysis with Double Markers) that allows sporadic
gene inactivation via Cre/LoxP-mediated inter-chromosomal mitotic recombination. Sporadic homozygous mutant
and homozygous wild-type sibling cells in MADM mice can be identified by different fluorescent protein labeling.
MADM-mediated loss of p27kipl, a cyclin-dependent kinase inhibitor, resulted in markedly greater expansion of
mutant cells than observed in whole-animal p27kip1 knockouts. Moreover, the analysis at the single-cell resolution
provided mechanistic insights of p27’s action in vivo.

Application of the original MADM for knockout is restricted to TSGs located on chromosome 6. Our lab’s
current work aims at expanding MADM-based analysis of TSGs located on other chromosomes. As the first step, we
have generated mice with MADM cassettes knocked-in near the centromere of chromosome 11, on which p53,
Brcal, NF1, NF2 and other well-known TSGs reside. We are in the process of sparsely inactivating the TSG p53
with neuro-glia specific Cre to model brain tumors. The immediate question we are trying to address is whether or
not tumors could form with such a small number of p53 null cells, considering the “multiple-hit” requirement and
the long latency for tumorigenesis even in whole-animal gene knockout mice. We performed a preliminary test of
MADM-induced p53 null in a sensitized genetic background (Ptc heterozygous). To date, we have found that
hyperplasia and tumors can form from sparse p53 null cells with a high penetrance and a short latency in mice.

Currently, we are performing detailed molecular and cellular studies of tumor cells in their native
environment, from early initiation phase to full malignancy. The high resolution provided by MADM should be very
useful for revealing critical steps during tumorigenesis, e.g. tumor cell-of-origin and tumor-niche interaction
problems. Such insights should pave roads to novel strategies for the early detection and therapeutic interventions of

cancer.
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