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ICBS2016

About ICBS

The International Chemical Biology Society (ICBS) is an independent,
nonprofit organization dedicated to promoting research and educational
opportunities at the interface of chemistry and biology. ICBS provides
an important international forum that brings together cross-disciplinary
scientists from academia, nonprofit organizations, government, and
industry to communicate new research and help translate the power of
chemical biology to advance human health.
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Madison, WI, USA

5th Annual
Conference
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Day 1 - Monday, October 24
Time

Session/Event

Location

7:30 am - 5:30 pm

Registration

Sunset Lounge

8:15 am - 8:30 am

Welcome
Mel Reichman, Lankenau Institute for Medical Research, ICBS President
Michael Hoffmann, University of Wisconsin-Madison

Shannon Hall

8:30 am - 9:15 am

Keynote Lecture Sponsored by ACS Chemical Biology
Laura Kiessling, University of Wisconsin-Madison
Us Versus Them: Microbial Glycans as Cellular ID Cards

Shannon Hall

9:15 am - 10:15 am

Session I • Human Microbiome
Chairperson: Emily Balskus, Harvard University

9:15 am - 9:45 am

Chair: Emily Balskus, Harvard University
Chemical Discovery in the Human Microbiota

Shannon Hall

9:45 am - 10:15 am

Federico Rey, University of Wisconsin-Madison
Causes and Consequences of Our Microbial Differences

Shannon Hall

10:15 am - 10:45 am

Break - Visit the Exhibitors in the Sunset Lounge

Sunset Lounge

10:45 am - 12:25 pm

Session II • Natural Products Chemistry and Biology
Chairperson: Lixin Zhang, Chinese Academy of Sciences, ICBS President Elect

10:45 am - 11:15 am

Sean Brady, Rockefeller University
Culture Independent Approaches to Natural Product Discovery

Shannon Hall

11:15 am - 11:45 am

Elizabeth Sattely, Stanford University
Discovery and Engineering of Plant Chemistry

Shannon Hall

11:45 am - 12:05 pm

Marc Chevrette, University of Wisconsin-Madison
Darwinian Drug Discovery: Chemical Ecology at Fine and Coarse Evolutionary Scales

Shannon Hall

12: 05 pm - 12:25 pm

Sanjay Malhotra, Stanford University School of Medicine
Plant based Modulators of Protein-Protein Interactions

Shannon Hall

12:25 pm - 1:45 pm

Lunch (on your own)
The Union Terrace, Food Carts on Library Mall and Many State Street Restaurants

1:45 pm - 3:25 pm

Session III • Infectious Disease
Chairperson: Deb Hung, Massachusetts General Hospital

1:45 pm - 2:15 pm

Chair: Deb Hung, Massachusetts General Hospital
Chemical Biological Investigations of the Pathogen Host interaction

Shannon Hall

2:15 pm - 2:45 pm

Eric Brown, McMaster University
To Kill a Bacterium you need to Think Like a Bacterium

Shannon Hall

2:45 pm - 3:05 pm

Christian Hackenberger, Leibniz-Institut für Molekulare Pharmakologie
Fighting Viruses with Viruses: A Multivalent High-Affinity Influenza Inhibitor based on a
Bacteriophage Capsid

Shannon Hall

3:05 pm - 3:25 pm

Masatoshi Hagiwara, Kyoto University (ICBS Board)
Development of an Anti-virus Drug Targeting a Host Factor Required for Viral
Proliferation

Shannon Hall

3:30 pm - 4:00 pm

Annual Society Meeting - Co-chairs: Mel Reichman and Lixin Zhang

Shannon Hall

4:00 pm - 4:30 pm

Break - Visit the Exhibitors in the Sunset Lounge

Sunset Lounge
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4:30 pm - 5:40 pm

Session IV • Chemical Biology of Lipids
Chairperson: Zaneta Nikolovska-Coleska, University of Michigan (ICBS Board)

4:30 pm - 5:00 pm

Ulrike Eggert, King’s College London
A Chemical Approach to Understanding Cell Division

Shannon Hall

5:00 pm - 5:20 pm

Brent Martin, University of Michigan
Rescuing Cell Polarity by Inhibiting Protein De-palmitoylation

Shannon Hall

5:20 pm - 5:40 pm

Rahul Kathayat, University of Chicago
A Fluorescent Probe for Cysteine Depalmitoylation Reveals Dynamic APT Signaling

Shannon Hall

6:00 pm - 9:00 pm

Poster Reception Day 1: Odd Number Presentations
Sponsored by the UW School of Medicine and Public Health

Pyle Center:
Alumni Lounge 1-60
325/326 61-116

Day 2 - Tuesday, October 25
Time

Session/Event

Location

7:30 am - 5:30 pm

Registration

Sunset Lounge

8:30 am - 9:15 am

Keynote II - Sponsored by AbbVie
Junying Yuan, Shanghai Institute of Organic Chemistry & Harvard Medical School
Regulation of Inflammation and Cell Death by RIPK1

Shannon Hall

9:15 am - 10:35 am

Session V • Imaging and Biosensors 1 - Sponsored by MilliporeSigma
Chairperson: Jin Zhang, University of California San Diego

9:15 am - 9:45 am

Chair: Jin Zhang, University of California San Diego
Illuminating Biochemical Activity Architecture of the Cell

Shannon Hall

9:45 am - 10:15 am

Dan Yang, University of Hong Kong
Fluorescent Probes for Reactive Oxygen Species

Shannon Hall

10:15 am - 10:35 am

Bryan Dickinson, University of Chicago
Activity-Responsive RNA Polymerases to Analyze and Control Cells

Shannon Hall

10:35 am - 11:00 am

Break - Visit the Exhibitors in the Sunset Lounge

Sunset Lounge

11:00 am - 12:30pm

Session VI • Imaging and Biosensors 2 - Sponsored by MilliporeSigma
Chairperson: Rathnam Chaguturu, iDDPartners (ICBS Board)

11:00 am - 11:30 am

Keith Wood, Promega
Interrogating Intracellular Target Engagement: novel approaches for target identification
and compound characterization

Shannon Hall

11:30 am - 12:00 pm

Xing Chen, Peking University
Specific Labeling and Imaging of Glycans in Living Systems

Shannon Hall

12:00 pm - 12:30 pm

Krysten Jones will be speaking for Jennifer Prescher, University of California, Irvine
Expanding the Imaging Toolbox

Shannon Hall

12:30 pm - 2:00 pm

Lunch (on your own)
The Union Terrace, Food Carts on Library Mall and Many State Street Restaurants

12:30 pm - 1:45 pm

Lunch Workshop (box lunch provided)
Open Resources and Intercontinental Collaboration in Chemical Biology
*Limited Seating Available. Sign-up at Registration booth.
More Details on Page 11.

2:00 pm - 4:00 pm

Session VII • Cancer
Chairperson: Siddhartha Roy, Bose Institute

2:00 pm - 2:30 pm

Phil Hieter, University of British Columbia
Chromosome Instability and Synthetic Lethality in Yeast and Cancer

Shannon Hall

2:30 pm - 3:00 pm

Siddhartha Roy, Bose Institute, India
Peptide-based Synthetic Transcription Factors for Regulation of Gene Expression in
Tumor Cells.

Shannon Hall

3:00 pm - 3:30 pm

Daniel Rauh, Technische Universität Dortmund
Chemical Oncology

Shannon Hall

3:30 pm - 4:00 pm

Scott Warder, AbbVie
Cancer Cell Line Profiling as a Rich Source of New Target Opportunities

Shannon Hall
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4:00 pm - 4:30 pm

Break - Visit the Exhibitors in the Sunset Lounge

4:30 pm - 5:45 pm

Session VIII • Young Chemical Biologist Rising Stars - Sponsored by ACS Chemical Biology
Chairpersons: Haian Fu, Emory University (ICBS Board)

4:30 pm - 4:55 pm

William Pomerantz, University of Minnesota
Choosing the Right Halogen: Fluorinated Bromodomains for Epigenetic Inhibitor
Discovery

Shannon Hall

4:55 pm - 5:20 pm

Yimon Aye, Cornell University
Targeting Privileged First Responders in Isozyme-Specific Electrophile Response

Shannon Hall

5:20 pm - 5:45 pm

Ratmir Derda, University of Alberta
Discovery of Functional Ligands from Genetically-Encoded Libraries of Peptide
Derivatives

Shannon Hall

6:00 pm - 9:00 pm

Poster Reception Day 2: Even Number Presentations
Sponsored by the Wisconsin Alumni Research Foundation

Pyle Center:
Alumni Lounge 1-60
325/326 61-116

Sunset Lounge

Day 3 - Wednesday, October 26
Time

Session/Event

Location

7:30 am - 5:30 pm

Registration

Sunset Lounge

8:15 am - 10:15 am

Session IX Epigenetics
Chairperson: Jiaoyang Jiang, University of Wisconsin-Madison

8:15 am - 8:45 am

Tapas Kundu, Jawaharlal Nehru Centre, Bangalore
Small Molecule Modulators of Histone Acetyltransferases: Implications in Disease
Biology

Shannon Hall

8:45 am - 9:15 am

Jonathan Baell, Monash University, Australia (ICBS Board)
The First Cell-Active Histone Acetyltransferase Inhibitors Driven via Intended Target

Shannon Hall

9:15 am - 9:35 am

Xiang David Li, The University of Hong Kong
Chemical Approaches to the Interpretation of Novel Histone Code

Shannon Hall

9:35 am - 9:55 am

Dong Wang, University of California San Diego
Chemical Biology Approach to Study Transcriptional Fidelity Control and DNA
Demethylation

Shannon Hall

9:55 am - 10:15 am

Rong Huang, Virginia Commonwealth University
Targeting Protein N-terminal Methyltransferases

Shannon Hall

10:15 am - 10:45 am

Break - Visit the Exhibitors in the Sunset Lounge

Sunset Lounge

10:45 am - 12:15 pm

Session X • Neurodegenerative and Neurological Disorders - Sponsored by the University of Wisconsin Institute
for Clinical & Translational Research
Chairperson: Tom Pfeifer, CDRD, Canada (ICBS Board)

10:45 am - 11:15 am

Rick Silverman, Northwestern University
Protein Aggregation and the Development ofTherapeutics for Amyotrophic Lateral
Sclerosis

Shannon Hall

11:15 am - 11:35 am

Lalit Kumar Sharma, St Jude Children’s Research Hospital
A Chemical Toolkit for the Modulation of Cellular CoA Levels: Implication in
Neurodegeneration

Shannon Hall

11:35 am - 11:55 am

Michael Finley, Merck
Iterative Focus Screening with Biological Finger-Prints Identifies Selective Asc1
Inhibitors Distinct from Traditional High-Throughput Screen

Shannon Hall

11:55 am - 12:15 pm

Kalie A. Mix, University of Wisconsin-Madison
Bioreversible Modification of Proteins by Diazo Compounds

Shannon Hall

12:15 pm - 12:30 pm

Awards Presentations
Haian Fu, Emory University
Mel Reichman Lankenau Institute for Medical Research

Shannon Hall

12:30 pm - 1:45 pm

Lunch (on your own)
The Union Terrace, Food Carts on Library Mall and Many State Street Restaurants

www.chemical-biology.org 									
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1:45 pm - 2:45 pm

Session XI • Regenerative Medicine
Chairperson: Petr Bartunek, Institute of Molecular Genetics ASCR

1:45 pm - 2:15 pm

Ellen Heber-Katz, Lankenau Institute for Medical Research
From Induction to Completion of Regenerative Healing using Small Molecule Drugs

Shannon Hall

2:15 pm - 2:45 pm

Sheng Ding, University of California, San Francisco
A Chemical Approach to Controlling Cell Fate

Shannon Hall

2:45 pm - 3:30 pm

Keynote III - Kai Johnsson - Sponsored by the UW Vice Chancellor for Research and
Graduate Education
Expanding Protein Function through Synthetic Chemistry

Shannon Hall

3:30 pm

Thanks and Farewell

Shannon Hall

Lunch Workshop:
Open Resources and Intercontinental
Collaboration in Chemical Biology
Chaired by Phil Gribbon
Tuesday October 25, 2016
12:30PM-1:45PM
Collaboration between Global ChemBio Networks

Philip Gribbon, Fraunhofer IME ScreeningPort and EU-OPENSCREEN, Hamburg, Germany

Probes and Drugs Portal

Petr Bartunek, Institute of Molecular Genetics of the ASCR, Czech Republic

Resource Utilization and Coordination

Tom Pfeifer, The Centre for Drug Research and Development, Vancouver, Canada
Short presentations will be followed by a discussion in the second half with audience participation.
Lunch Workshop (box lunch provided)
Sign-up sheets available at Registration

Limited to 65 people
Pyle Center, Room 309
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Conference Exhibitors

Exhibit Hours

October 24, 10:15am – 5:45pm • October 25, 7:30am – 5:45pm • October 26, 7:30am – 3:00pm
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Welcome

ICBS2016

Welcome Letter
This year marks the Fifth Annual Conference of the International
Chemical Biology Society (ICBS), chaired by Michael Hoffmann,
Professor of Oncology at UW-Madison, and Mel Reichman, Senior
Investigator, Lankenau Institute for Medical Research. On behalf of the
ICBS Board of Directors, we thank the UW-Madison for hosting ICBS2016, and especially for their gracious financial support. We wish all
attendees a very warm welcome!
This year’s theme is Translational Chemical Biology. Chemical biology has
emerged globally in the past decade as the preeminent discipline at the
interface of chemistry and biology for advancing scientific understanding
of life. A distinguishing feature of the podium and poster presentations
is the ingenuity in developing new technologies to probe cell-signaling
pathways. Attendees at ICBS’ Annual Conferences come from around
the globe for this opportunity to catch up on late-breaking data from
colleagues. We have highlighted young and mid-career scientists for
the podium talks. We also recognize three chemical biologists with the
Rising Stars in Chemical Biology Awards session, for which we had a
record number of outstanding nominations this year. We have added
a special lunch session of short presentations and panel discussions
focused on resource sharing and collaboration between global chemical
biology communities. We hope this theme continues ‘off-line’, after the
conference and into the future.
We would like to close this welcome note by thanking the local Organizing
Committee, and for the early and enthusiastic input from the UW chemical
biology faculty, which laid the foundation for the scientific excellence of
ICBS-2016. Special thanks to our Corporate Sponsors and Exhibitors,

www.chemical-biology.org 									
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without whose generous support ICBS-2016 would not be possible, and
to the ICBS-Union team for excellent conference management. Thanks
to the Keynote speakers, over three-dozen other speakers and over 100
poster presenters for their contributions, demonstrating why ours is the
leading event in the field. Mel gives special thanks to the ICBS Board
of Directors for the opportunity to serve as Founding Chairman of the
Board 2011-2016 and President 2015-2016. Most importantly, we
both thank all attendees and the ICBS membership base. As a token of
appreciation, all attendees will be registered for a one-year membership
in ICBS.
We hope everyone enjoys the scientific sessions, social receptions and
the lovely fall environs at UW-Madison.

Mel Reichman, Ph.D.
Chair of the Board - 2011-2016
President - 2015-2016
Co-Chair Fifth Annual Conference
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Michael Hoffmann, Ph.D.
Professor of Oncology
University of Wisconsin-Madison
Co-Chair Fifth Annual Conference
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Laura

Kiessling
Laura L. Kiessling PhD holds the Steenbock Chair in Chemistry and is the Laurens Anderson Professor
of Biochemistry. She received her B.S. in Chemistry from MIT and her Ph.D. in Chemistry (with Stuart
Schreiber) from Yale University. After postdoctoral training with Peter Dervan in Chemical Biology at
the California Institute of Technology, she began her independent career in 1991 at the University
of Wisconsin-Madison. She serves as the Director of the Keck Center for Chemical Genomics and the
Chemistry-Biology Interface Training Program. Her interests focus on elucidating and exploiting the
mechanisms of cell surface recognition processes, especially those involving protein–carbohydrate
interactions. Her research addresses questions regarding the assembly of glycans, their biological roles,
and how to co-opt or inhibit glycan interactions. Kiessling’s other honors and awards include the Alfred
Bader Award in Bioorganic Chemistry, the ACS Claude S. Hudson Award, the Murray Goodman Award,
a Guggenheim Fellowship, and a MacArthur Foundation Fellowship. She is a Fellow of the American
Academy of Arts and Sciences and a Member of the National Academy of Sciences (NAS). She serves as
a member of the NAS Council and is Editor-In-Chief of ACS Chemical Biology.

Us Versus Them: Microbial Glycans as Cellular ID Cards
Purpose: Like other animals, humans live with a microbiota. We therefore need mechanisms to detect
microbes both to control which microorganisms can stay (commensals) and which must go (pathogens).
One source of information that could be used for such purposes is cell surface glycans. The glycans
displayed on mammalian cell surfaces can differ markedly from those on microbes. Carbohydratebinding proteins (lectins) that selectively recognize microbial glycans could be useful detectors, but the
human lectins described to date can bind human glycans. To this end, we have examined the recognition
properties of the mucosal lectin human intelectin-1. We envision that an understanding of mucosal
lectins can lead to new strategies to combat pathogens and new approaches to regulate microbiome
composition to promote human health.
Methods: We used high throughput chemical tools and structural biology to explore the binding properties
of human intelectin-1. Intelectin-1 is a member of the X-type lectin class for which little information
was available. We therefore explored what carbohydrate ligands this lectin recognizes and the molecular
mechanisms the lectin employs to selectively interact with microbial glycans.
Results: Human intelectin-1 fails to bind human glycan epitopes but rather interacts with multiple, distinct
glycan epitopes found exclusively on microbes. The structure of this lectin reveals the molecular basis for
its paradoxical ability to bind many microbial glycans but yet avoid interaction with mammalian glycans.
Conclusion: The selectivity of human intelectin-1 suggests it functions in microbial surveillance.
Moreover, intelectins are widely distributed in animals, suggesting that lectins of this class influence
microbial residents. We anticipate that the unexpected recognition properties of human intelectin-1 can
be harnessed to yield new strategies for eliminating pathogens and controlling the composition of the
microbiome.

Emily

Balskus
Emily is originally from Cincinnati, Ohio. She graduated from Williams College in 2002 with a B.A. in
Chemistry. After spending a year at the University of Cambridge as a Churchill Scholar in the lab of Prof.
Steven Ley, she pursued graduate studies in the Department of Chemistry and Chemical Biology (CCB)
at Harvard University, receiving her PhD in organic synthesis in 2008. From 2008–2011 she was an
NIH postdoctoral fellow at Harvard Medical School in the lab of Prof. Christopher T. Walsh, where she
studied biosynthetic pathways from photosynthetic bacteria. She was also participated in the Microbial
Diversity Summer Course at the Marine Biology Lab in Woods Hole, MA during the summer of 2009.
Emily joined the CCB faculty in 2011 and is currently the Morris Kahn Associate Professor of Chemistry
and Chemical Biology. She is also an Associate Member of the Broad Institute of Harvard and MIT, a
Faculty Associate of the Microbial Sciences Initiative at Harvard, and a member of the Harvard Digestive
Diseases Center. Her independent research is focused on using chemistry to enhance our understanding
of microorganisms and microbial communities, with an emphasis on discovering and characterizing new
enzymes and metabolic pathways from the human microbiota.
Emily’s independent research program has been recognized with multiple awards, including the 2011
Smith Family Award for Excellence in Biomedical Research, the 2012 NIH Director’s New Innovator
Award, and the 2013 Packard Fellowship for Science and Engineering. She is also a 2012 Searle
Scholar and was named one of MIT Technology Review’s 35 Innovators Under 35 for 2014.

Chemical Discovery in the Human Microbiome
The human body is colonized by trillions of microbes that exert a profound influence over human health,
in part by providing functional capabilities that extend beyond those of host cells. There is growing
evidence that chemical processes associated with these organisms, particularly inhabitants of the
gastrointestinal tract, affect human biology. However, we do not understand the vast majority of the
molecular mechanisms underlying this phenomenon. A major reason for this knowledge gap is the
difficulty linking functions associated with the gut microbiome to specific microbial genes and organisms.
This talk will discuss my lab’s ongoing efforts to use chemical knowledge and tools to guide the discovery
and characterization of new gut microbial enzymes and metabolic processes, including enzymes that
allow microbes to transform dietary components and drugs as well as pathways that produce complex,
bioactive metabolites. An understanding of the genetic and biochemical bases of these activities will not
only help us to elucidate the mechanisms by which they affect the human body, but will also aid future
efforts to manipulate gut microbiomes to treat and prevent disease.
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Frederico
Rey

Federico Rey is Assistant Professor in the Department of Bacteriology. His research program focuses on
the human microbiome, with a special interest in how gut microbial metabolism impacts cardiometabolic
disease. He earned his bachelor’s and a Master’s degree in clinical chemistry from Universidad Nacional
de Cordoba in Argentina. As an undergraduate he explored how free radicals modulate vascular tone
and atherosclerosis. He did his doctoral work with Professor Caroline Harwood (University of Iowa)
studying anaerobic microbial metabolism. He engineered photosynthetic bacteria for improved hydrogen
production. After obtaining his Ph.D., he went on to do postdoctoral studies with Professor Jeffrey
Gordon (Washington University in St. Louis), where he explored how human gut microbes interact with
each other and their host. In this work, he revealed the metabolic niches of several key members of
the community, as well as identifying how they contribute to host health and disease. In Madison, he is
expanding on this work looking at how vascular disease is impacted by the interplay between host, host
microbiota, and diet.

Causes and Consequences of Our
Microbial Differences
Foods rich in microbiota-accessible carbohydrates and polyphenols including whole-grains, vegetables
and fruits confer protection against metabolic and cardiovascular disease. It is now becoming clear that
products of gut microbial metabolism, including butyric acid and metabolites derived from bacterial
breakdown of flavonoids at least in part mediate the beneficial effects associated with these dietary
components. Conversely, gut microbes can also transform otherwise beneficial dietary compounds into
metabolites that are harmful for the host: gut microbial conversion of dietary choline and carnitine results
in the production of trimethylamine, the downstream product of which (trimethylamine N-oxide) has
been linked with several aspects of cardiometabolic disease. These studies, plus considerable evidence
of heterogeneity in the gut microbiota of unrelated subjects, underscore the idea that gut microbial
metabolism of dietary compounds represents an important and differential factor that can modulate
the nutritional value and health benefits obtained from the food we consume. However, the forces that
influence the composition of the gut microbiota remain poorly defined. Furthermore, currently we are
not able to accurately predict how differences in gut microbiota composition affect the metabolism
of food and host well-being. Identifying biomarkers for these processes will help in the formulation of
dietary recommendations that are matched with the metabolic potential of a subject’s gut microbiota.
I will illustrate approaches from my lab aimed at (i) understanding how host genetics controls gut
microbial composition; and (ii) dissecting how variations in gut microbiota affect the host epigenome
and development of metabolic disease.

www.chemical-biology.org 									
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Sean

Brady

Sean F. Brady graduated with a degree in molecular biology in 1993 from Pomona College in Claremont,
California. He received his Ph.D. in organic chemistry from Cornell University in 2001. In 2002, he
moved to Harvard Medical School as a fellow in the Institute of Chemistry and Cell Biology. He was
named an instructor in the department of biological chemistry and molecular pharmacology at Harvard
Medical School in 2004. In 2006 he moved to The Rockefeller University as an assistant professor.
In 2015 he was promoted to Evnin Associate Professor at The Rockefeller University. Sean’s research
interests center on both the discovery and functional characterization of new genetically encoded small
molecules. One area of particular interest is the development of methods to access new biologically
active small molecules from uncultured bacteria.

Culture Independent Approaches to Natural
Product Discovery
One of the key revelations to arise from the large-scale sequencing of bacterial genomic DNA is that
traditional approaches used for the discovery of natural products only provide functional access to a
small fraction of the natural product biosynthetic gene clusters present in nature. The sequencing
of DNA extracted directly from soil samples indicates that as yet uncultured soil microbes outnumber
their cultured counterparts by at least two to three orders of magnitude. Environmental bacteria no
doubt produces secondary metabolites that could serve as molecular probes of biological processes
and therapeutic agents. Uncultivated microorganisms are a very attractive source of potentially new
natural products, but they are not amenable to the traditional approaches used to characterize natural
products from microbes grown in pure culture. Although there appears to be no easy way to culture
this collection of unstudied microorganisms, it is possible to isolate large fragments of microbial DNA
directly from environmental samples and clone this DNA into model bacterial systems in the lab. We are
using both functional and sequence-based screening strategies to access new natural products and new
biosynthetic enzymes from large environmental DNA libraries.

18
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Elizabeth

Sattely

Elizabeth Sattely is an Assistant Professor in the Department of Chemical Engineering at Stanford and
a Stanford ChEM-H Faculty Fellow. She completed her graduate training at Boston College in organic
chemistry and her postdoctoral studies in biochemistry at Harvard Medical School where she worked
on natural product biosynthesis in bacteria. Inspired by human reliance on plants and plant-derived
molecules for food and medicine, the Sattely laboratory is focused on the discovery and engineering of
plant metabolic pathways to make molecules that can enhance human and plant health. Her work has
been recognized by an NIH New Innovator Award, an DOE Early Career Award, and an HHMI-Simons
Faculty Scholar Award.

Discovery and Engineering of
Plant Chemistry
Humans have become extraordinarily reliant on plants and plant-derived molecules for food, medicine,
and energy. However, remarkably little is known about how plants perform the chemistry responsible
for making these molecules. New plant genome sequences and synthetic biology tools have opened
the door to three transformative research areas: 1) Identifying and exploiting the enzymes responsible
for synthesizing known plant-derived chemicals, and 2) discovering new molecules from plants, and
3) developing new strategies for sustainably enhancing plant fitness. This talk will describe efforts
in my lab to use a combination of biochemistry, synthetic biology, bioinformatics, transcriptomics,
and metabolomics to accelerate the discovery and engineering of plant metabolism. We use both a
candidate gene approach to uncover novel pathways and new molecules, as well as a candidate molecule
approach for targeted elucidation of metabolic enzymes. Our vision is to build metabolic pathways from
newly discovered enzyme catalysts that can enhance human health, plant health, and the production of
sustainable chemicals.

www.chemical-biology.org 									
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Marc

Chevrette
Darwinian Drug Discovery: Chemical Ecology at Fine
and Coarse Evolutionary Scales
Microbially produced secondary metabolites and their derivatives are a major source of clinically used
drugs. Their wide range of biological activities makes them an invaluable discovery resource for new
antibiotics, anticancers, and other therapeutics. Secondary metabolites possess tremendous chemical
diversity upon which evolutionary processes have selected towards biological relevance. Thus, natural
products are often attractive new drug leads and inform medicinal chemists in their efforts to synthesize
selective ligands and active analogs of therapeutic value. In nature, metabolite-mediated antagonistic
relationships between microbes depend on many ecological and evolutionary factors, yet the scales
at which the distribution and breadth of natural product diversity can be leveraged towards discovery
remains unclear. Here we describe the dynamics of natural product biosynthetic potential on two extreme
evolutionary scales: within the population-level sampling of insect-associated Pseudonocardia and across
380M years of Streptomyces evolution. Within Pseudonocardia, natural product gene clusters can be
identified that, despite spanning populations, correlate with geography and ecology. Across the genus
Streptomyces, many natural product gene clusters exhibit a phylogenetic signal which offers perspective
in prioritizing putative novelty. Integrating genomics, metabolomics, and bioactivity-guided assays has
shined light on the ecology of natural product chemistry at both scales, and each has yielded promising
preclinical drug candidates. Multifaceted approaches leveraging evolutionary context, such as those
described here, offer rational discovery strategies that can be exploited to find new therapeutics.

20
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Sanjay

Malhotra
Plant based Modulators of Protein-Protein
Interactions
Natural products (NPs) and their derivatives have historically been rich source of therapeutic agents.
They offer huge chemical/structural diversity which could be invaluable in probing complex biological
interactions. Our ongoing work focuses on structural modification of known NPs and explore their potential
as chemical probes for protein-protein interaction. Specifically, our studies of azapodophyllotoxins and
chalcones have resulted in compounds that are highly effective in modulating PPIs implicated as cause
of resistance to current chemotherapy. These data contribute to our understanding of human biology, and
hopefully, improve our ability to develop effective drugs.
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Deborah

Hung

Dr. Deborah Hung is an associate professor in the Department of Molecular Biology at Massachusetts
General Hospital and in the Department of Microbiology and Immunobiology at Harvard Medical School,
and the director of the Infectious Disease Program at the Broad Institute of MIT and Harvard. She also
holds positions as an infectious disease physician at Brigham and Women’s Hospital and Massachusetts
General Hospital and is an attending critical care physician in the Pulmonary and Critical Care Division,
attending in the Medical Intensive Care Unit at Brigham and Women’s Hospital. She has been awarded
the American Society for Microbiology Merck Irving S. Sigal Memorial Award, a Pew Scholars Award in
the Biomedical Sciences, Kavli fellowship from the National Academ of Sciences, and a Doris Duke
Foundation Clinical Scientist Development Award. She has served on the Scientific Advisory boards of
the New England Center for Excellence in Biodefense, of the Pew Foundation Initiative in Antibiotic
Resistance, and contributed to the President’s Council of Advisors on Science and Technology report
on Combatting Antibiotic Resistance. She has chaired the Boston Area Antibiotic Resistance Network
Symposium and a Keystone meeting on the Challenges of Antibiotic Resistance.
She received her A.B. from Harvard University, Ph.D. from Harvard University, and M.D. from Harvard
Medical School. She completed a residency in internal medicine and fellowships in infectious disease
and critical care medicine at Brigham and Women’s Hospital and Massachusetts General Hospital.

Chemical Biological Approach to
Understanding Infection
In this era of increasing antibiotic resistance, novel approaches to therapeutically intervene on infection
are needed to improve morbidity and mortality. Using zebrafish embryos as host model organism, novel
chemical biological probes can be identified that promote survival of infected organisms that do not
work simply like classical antibiotics. Understanding the mechanisms of such probes can provide novel
insight into critical steps in the host-pathogen interaction that govern the outcome of infection and can
reveal novel regulators of innate immunity.
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Eric

Brown
Eric Brown graduated with a PhD in Biochemistry from the University of Guelph in Canada, studying
proline utilization in E. coli with Prof Janet Wood, before training as a post-doctoral fellow in the group
of Prof Christopher Walsh at Harvard Medical School. There he studied bacterial cell wall synthesis.
Following this, he worked for three years at Astra Research Center Boston before moving to McMaster
University in 1998 where he is currently a Professor. He has a long-standing interest in the complex
biology that underlies bacterial survival strategies. He and his team use tools of genetics, bacterial
physiology and chemical biology to understand and subvert these systems in drug resistant superbugs.
The ultimate goal of this work is to provide fresh directions for new antibiotics.

To Kill a Bacterium you need to Think Like
a Bacterium
Antibiotic drug resistance has reached crisis proportions, principally because modern industrial drug
discovery efforts have failed to provide new antibiotics. In the Brown lab, we are trying to understand
the potential of nutrient biosynthesis as a new and tractable target in drug-resistant Gram-negative
pathogens. Further, we are developing chemical and genomic platforms to understand the interaction of
the nutrient biosynthesis apparatus with all aspects of bacterial physiology using systems approaches.
The ultimate goal of these studies is to contribute fresh directions for new antibacterial therapies.
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Christian

Hackenberger
Fighting Viruses with Viruses: A Multivalent
High-Affinity Influenza Inhibitor Based on a
Bacteriophage Capsid
Purpose: Multivalent ligand-receptor binding events are crucial in nature and responsible for mediating
biological interactions.[1] One particularly prominent example is the cellular uptake of influenza A
viruses: Viral infection occurs by the recognition and binding of sialic acid terminated cell-surface
glycans by the viral membrane protein hemagglutinin (HA).[2] Consequently, the inhibition of this
binding event by a suitable HA inhibitor is regarded as a very promising strategy to develop new antiviral
drugs. Methods: In this presentation we describe the engineering of an HA inhibitor by displaying sialic
acids on a multivalent proteinaceous platform. The use of bacteriophage Qß capsids as scaffold allowed
us to create a monodisperse multivalent system, in which the valency, spatial arrangement and ligand
identity can be tuned as desired. Results and Conclusion: Several sialic acid azides were synthesized
and conjugated to Qß capsids bearing homopropargylglycine as an unnatural amino acid.[3,4] Linker
lengths were predicted by a virtual screen based on the fixed geometry of the Qß surface. Bioorthogonal
CuAAC reaction delivered fully functionalized and intact Qß particles, analyzed by mass spectrometry
and cryogenic transmission electron microscopy. The obtained sialic acid decorated particles were tested
in HA binding and infection inhibition assays revealing a highly potent virus inhibitor with impressive
binding and inhibition parameters. The underlying binding modes were modeled and simulated by
computational methods (e.g. molecular dynamics) which are consistent with the experimental data.
References: [1] a) L. L. Kiessling, J. E. Gestwicki, L. E. Strong, Angew. Chem. Int. Ed. 2006, 45, 2348;
b) C. Fasting et al., Angew. Chem. Int. Ed. 2012, 51, 10472. [2] S. Wilks et al., Vaccine 2012, 30,
4369. [3] R. Ribeiro-Viana et al., Nat. Commun. 2012, 3, 1303. [4] E. Strable et al., Bioconjugate
Chem. 2008, 19, 866.
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Masatoshi
Hagiwara

Development of an Anti-virus Drug Targeting a
Host Factor Required for Viral Proliferation
More antiviral drugs are now available; however, this has led to an increase in the number of drugresistant viruses. To address this issue, we explored compounds that can interfere with the action of
essential host factors for virus replication. We found that our cyclin-dependent kinase (CDK) 9-selective
inhibitor FIT-039, which suppressed the replication of a broad spectrum of DNA viruses including HCMV,
HAdV, HBV and HPV, not only in vitro, but also in vivo by inhibiting viral mRNA transcription. This
compound did not affect cell cycle progression or cellular proliferation. Microarray analyses of FIT-039treated cells revealed that the mechanism of action of FIT-039 was different from that of the general
CDK inhibitor, flavopiridol, which indicated that the specific inhibition of CDK9 did not have a cytotoxic
effect on mammalian cells. The administration of FIT-039 ameliorated the severity of the infection in
mice infected with ACV-resistant HSV-1 without significant adverse effects. These outcomes indicate
that FIT-039 is a promising novel type of antiviral agent for clinical therapeutics. A clinical trial of FIT039 for the skin wart induced by HPB will start in Kyoto University Hospital soon.
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Ulrike

Eggert

Ulrike Eggert graduated from the University of Oxford in 1995. She received her PhD in Chemistry
in 2001, working with Professor Daniel Kahne at Princeton University. She then moved to Harvard
Medical School, where she was a Helen Hay Whitney postdoctoral fellow in the laboratory of Professor
Tim Mitchison. In 2006, she became an Assistant Professor at the Dana-Farber Cancer Institute and
Harvard Medical School and moved to King’s College London in 2011, where she currently is a Professor
of Chemical Biology.

A Chemical Approach to Understanding
Cell Division
I will focus on our work to understand how membranes and membrane trafficking participate in
cytokinesis, the final step of cell division. Although it is known that membranes are needed to seal
daughter cells after severing, very little is known about whether (and how) specific lipids are involved in
cytokinesis. Massive membrane rearrangements occur during cell division, suggesting that lipids play
specific roles. We used mass spectrometry to determine if the lipidome changes in dividing cells and at a
division site (the midbody) and found that only very specific lipids with specific side chains accumulate
(Atilla-Gokcumen, Muro et al., Cell 2014). Using AFM, we demonstrated differences in the mechanical
properties of live dividing cells and their isolated lipids relative to non-dividing cells. In parallel, we
systematically used RNAi to knock down lipid biosynthetic enzymes and identified enzymes required
for division, which highly correlated with lipids accumulated in dividing cells. Having determined the
nature of lipids involved in cell division and their biosynthetic enzymes, the next steps are to understand
their functions. To further investigate the lipids’ biological roles, we are using chemical biology and cell
biology approaches.
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Brent

Martin
Rescuing Cell Polarity by Inhibiting Protein
De-palmitoylation
Purpose: Post-translational S-palmitoylation directs the trafficking and membrane localization of
hundreds of cellular proteins, often involving a coordinated palmitoylation cycle that requires both protein
acyl transferases (PATs) and acyl protein thioesterases (APTs) to actively re-distribute S-palmitoylated
proteins towards different cellular membrane compartments. The multi-domain scaffolding protein
Scribble (Scrib) organizes key signaling complexes to specify basolateral cell polarity and suppress
aberrant growth. In many human cancers, genetically normal Scrib mysteriously mislocalizes from cellcell junctions to the cytosol, correlating with enhanced growth signaling and malignancy. Here we tested
if Scrib S-palmitoylation could be manipulated to restore membrane localization and tumor suppression.
Results: Here we confirm that expression of the epithelial-to-mesenchymal transcription factor (EMTTF) Snail in benign epithelial cells leads to Scrib displacement from the plasma membrane, mimicking
the mislocalization observed in aggressive cancers. Snail targets genes in the palmitoylation cycle,
repressing many protein acyl transferases and elevating expression and activity of protein acyl thioesterase
2 (APT2). The de-palmitoylating enzymes APT1 and APT2 are separately conserved in all vertebrates,
suggesting unique functional roles for each enzyme. Herein we report the high-resolution structure of
human APT2 in complex with ML349 (1.64 Å), as well as the complementary structure of human APT1
bound to ML348 (1.55 Å). We show that APT2 isoform-selective inhibition or knockdown rescued Scrib
membrane localization, palmitoylation, and attenuated MEK activation.
Conclusion: Inhibiting APT2 restores balance to the Scrib palmitoylation cycle, promoting membrane
re-localization and growth attenuation. These findings emphasize the importance of S-palmitoylation as
a post-translational gatekeeper of cell polarity-mediated tumor suppression
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Rahul

Kathayat
A Fluorescent Probe for Cysteine Depalmitoylation
Reveals Dynamic APT Signaling
Purpose: Hundreds of human proteins are modified by reversible palmitoylation of cysteine residues
(S-palmitoylation), which plays a key role in regulating protein localization, trafficking, and resultant cell
signaling. Recent observations indicate palmitoylation dynamics can fluctuate with cell state. However,
the regulation of S-palmitoylation is poorly understood due to a lack of methods available to study
S-palmitoylation dynamics in live cells. Therefore, we developed a new family of molecular imaging
reagents that report on the activity levels of ‘erasers’ of S-palmitoylation, acyl-protein thioesterases
(APTs), in live cells.
Methods: We sought to generate a fluorescent probe for S-depalmitoylation activity, which is a live celldeployable synthetic substrate for the APT enzymes that becomes fluorescent upon depalmitoylation.
To accomplish this, we developed a new intramolecular cysteine-cleavable carbamate linker strategy for
fluorescent probe design.
Results: We synthesized and validated a family of depalmitolyation probes (DPPs). Using purified human
APTs, we demonstrate that DPPs respond to depalmitoylase activity in vitro, with a >250-fold dynamic
range and rapid kinetics. DPPs function in a wide range of live mammalian cell lines, where the report
on the endogenous levels of APTs as measured by either fluorescence microscopy or flow cytometry. We
show that the substrate specificity of the DPPs can be tuned through rational structural changes. Finally,
we used the DPPs to discover rapid growth factor-mediated inhibition of the depalmitoylation activity of
APTs, exposing a novel regulatory mechanism of dynamic lipid signaling.
Conclusion: We anticipate that our new general concept of APT probe design, and these first-generation
DPP probes, will help elucidate the mechanisms of lipid PTM regulation. The general design strategy
utilized to create the DPPs opens up the possibility of easily generating fluorescent turn-on probes for
the growing array of other cysteine PTM eraser enzymes.
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Junying
Yuan

Junying Yuan received her Ph.D. in Neuroscience from Harvard University in 1989 and her undergraduate
degree from Fudan University, Shanghai, China, in 1982. Dr. Yuan carried out her Ph.D. thesis work at the
Massachusetts Institute of Technology. She was first appointed as Assistant Professor at Harvard Medical
School in 1992, when she became a Principal Investigator of the Cardiovascular Research Center at
Massachusetts General Hospital. She joined the Department of Cell Biology in 1996 and was appointed
a Professor of Cell Biology at Harvard Medical School in 2000. In 2014, Dr. Yuan was appointed as
Elizabeth D. Hay Professor of Cell Biology, a professorship honors the late Professor Elizabeth D. Hay, the
first female full professor in the history of Harvard Medical School.
Dr. Yuan is a pioneer and a leader in the cell death field. Dr. Yuan made transformative discoveries on two
distinct forms of cell death, apoptosis and necroptosis in mammalian cells. Her discovery of mammalian
caspases led to a molecular era in apoptosis research. Her development of necrostatins demonstrated the
existence of regulated necrosis mechanism and the feasibility of targeting necrosis in diseases.

Regulation of Necroptosis and
Inflammation by RIPK1
TNFα is an important proinflammatory cytokine involved in human pathological conditions. TNFαinduced trimerization of TNF-R1, a type 1 transmembrane glycoprotein, leads to the rapid formation
of an intracellular multiprotein complex, the TNF-R1 signaling complex (TNF-RSC). TNFα signaling
pathway is orchestrated by a complex interplay of ubiquitination and phosphorylation in a spatiotemporal
specific manner which collectively decide within minutes of TNFα stimulation if a cell and ultimately,
an organism, may live or die through caspase-mediated apoptosis or necroptosis mediated by RIPK1 and
RIPK3. Necroptosis has been recognized as a regulated necrotic cell death mechanism that can occur
under apoptosis deficient condition. While stimulating cells with TNFα can induce apoptosis mediated
by caspases; in the absence of caspase activation, e.g. the treatment with caspase inhibitor zVAD.fmk, or
with deficiency of FADD, an adaptor required for the activation of caspase-8, cells undergo necroptosis.
Necroptosis is mediated by the kinase activity of RIPK1, which promotes the sequential activation of
RIPK3 and MLKL. In response to TNFα stimulation, RIPK1 is rapidly recruited to TNF-RSC, associated
with the intracellular death domain of TNFR1. The activation of RIPK1 is regulated by ubiquitination
in TNFα stimulated cells. We will present our recent evidence for the involvement of a RIPK1-mediated
axonal degeneration program in amyotrophic lateral sclerosis (ALS). Our data suggest that RIPK1/RIPK3
plays a critical role in mediating progressive axonal degeneration and inhibiting RIPK1 kinase may
provide an axonal protective strategy for the treatment of ALS and other human degenerative diseases
characterized by axonal degeneration.
www.chemical-biology.org 									
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Jin

Zhang

D. Jin Zhang attended Tsinghua University for her undergraduate studies, and pursued her graduate
studies in Chemistry at the University of Chicago. After completing her postdoctoral work at the University
of California, San Diego, she joined the faculty of Johns Hopkins University School of Medicine in 2003.
She was promoted to Professor of Pharmacology, Neuroscience and Oncology in 2013. In 2015 she
moved back to University of California, San Diego and is currently a Professor of Pharmacology and
Bioengineering, Director of the Bio-optical Probe Advancement Center (BioPAC), and member of the
Moores Cancer Center at UCSD. Research in her lab focuses on developing enabling technologies to
probe the active molecules in their native environment and characterizing how these active molecules
change in diseases including cancer. Professor Zhang is a recipient of the American Heart Association
National Scientist Development Award (2005), the Biophysical Society Margaret Oakley Dayhoff Award
(2009), and the National Institutes of Health (NIH) Director’s Pioneer Award (2009), the John J. Abel
Award in Pharmacology from American Society for Pharmacology and Experimental Therapeutics (ASPET)
(2012), the Pfizer Award in Enzyme Chemistry from American Chemical Society (2012), and National
Institute of Cancer Outstanding Investigator Award (2015). She was elected as a Fellow of the American
Association for the Advancement of Science (AAAS) in 2014.

Illuminating Biochemical Activity
Architecture of the Cell
The complexity and specificity of many forms of signal transduction are widely suspected to require
spatial microcompartmentation and dynamic modulation of the activities of signaling molecules, such
as protein kinases, phosphatases and second messengers. We have developed a series of fluorescent
biosensors to probe the compartmentalized signaling activities. In this talk, I will first discuss several
new fluorescent biosensors that we recently developed. I will then focus on cAMP and Ca2+ regulated
signaling activities and present studies where we combined genetically encoded fluorescent biosensors,
superresolution imaging, and targeted biochemical perturbations to probe the biochemical activity
architecture of the cell.
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Dan

Yang

Dan Yang earned a B.S. in Chemistry with highest honor at Fudan University in China in 1985. Through
the U.S.-China Chemistry Graduate Program, she obtained an M.A. from Columbia in 1988 under the
direction of Professor Ronald Breslow. She then joined Professor Daniel Kahne’s group at Princeton,
and got her Ph.D. in 1991. In the same year, she won a postdoctoral fellowship award from the Cancer
Research Institute in New York to support her two-year research in Professor Stuart Schreiber’s group at
Harvard. In 1993, she joined the faculty at The University of Hong Kong, where she is currently a chair
professor of chemistry and the Morningside Professor in Chemical Biology.
Dan Yang’s research interests include (1) design, characterization and biomedical applications of selfassembled synthetic ion channels and transporters; (2) using natural products as probes to investigate
signal transduction processes in inflammation and cancer; (3) development of fluorescent sensors for
imaging cellular reactive oxygen species and investigating their relevant biological pathways.

Fluorescent Probes for Reactive Oxygen Species
Purpose: As key messengers and effectors, reactive oxygen species (ROS) such as superoxide anion radical
(O·2), hydrogen peroxide (H2O2), hydroxyl radical (·OH), hypochlorous acid (HOCl) and peroxynitrite
(NO3-) participate in a fascinating array of cellular processes including development, aging, metabolism,
immunity, carcinogenesis and neurodegeneration. To understand the precise mechanisms of how a
particular ROS works in a cellular phenomenon, it is important to have selective and sensitive probes
for each of those species. In this talk, I will report our recent progress on the development of several
efficient fluorescent probes for detection of endogenous ROS.
Methods: With their intrinsic advantages such as high sensitivity, practical handling, inexpensive
instrumentation, and ease of functional modifications, small-molecule fluorescent probes represent an
ideal approach to ROS detection. Through discovery of selective reactions to each of those ROS, we have
designed and synthesized various fluorescent probes for the detection of specific ROS and explored their
biological applications.
Results: We have developed several efficient fluorescent probes (HKSOX, HKGreen/Yellow, and HKOCl) for
the selective detection and molecular imaging of endogenous superoxide, peroxynitrite, and hypochlorous
acid, respectively, with cytosol, mitochondria and lysosome targeting capacity. Those probes have shown
high selectivity, sensitivity, spatiotemporal resolution, and photostability. In multiple platforms including
live cell confocal imaging, microplate assay, flow cytometry, tissue staining and in vivo zebrafish imaging,
the applicability of the probes has been established.
Conclusion: Those probes offer exciting opportunities for selectively detecting single ROS and promise to
help accelerate biological investigation and discovery on the roles of ROS in health and disease.

Bryan

Dickinson
Activity-Responsive RNA Polymerases to Analyze
and Control Cells

Purpose: Biosensors that transduce target chemical and biochemical inputs into genetic outputs are
essential for bioengineering and synthetic biology. Current approaches, such as ‘n’-hybrid and aptamerbased systems, often suffer from a lack of signal-to-noise, requirements for extensive optimization for each
new input, and poor performance in mammalian cells. We envisioned a new biosensor platform system
based on recently reported “split” RNA polymerases (RNAPs). Rather than assembling spontaneously,
we aimed to engineer “activity-responsive RNA polymerases” (ARs), whose assembly is dependent
on fused interaction partners. If a proximity-dependent split RNAP could be developed, then genetic
biosensors could be easily created by simply swapping in target interacting domains, resulting in a GFPlike platform for biosensor engineering.
Methods: We developed, optimized, and validated the AR strategy through a combination of rational
protein design and rapid evolution through phage-assisted continuous evolution (PACE).
Results: After discovering that interactions between fused proteins modulate the assembly of a split
T7 RNAP, we optimized the split RNAP components for protein-protein interaction (PPI) detection by
PACE. The resultant PPI-responsive AR has a >300-fold dynamic range of RNA synthesis based on fused
interaction partners, and is dynamically sensitive to the strength of the interaction. We then applied the
AR system to create light and small molecule activated biosensors, demonstrating the “plug-and-play”
nature of the platform. Finally, we show that split RNAP-based biosensors can trigger RNA nanostructure
production, protein synthesis, and gene knockdown in mammalian systems, illustrating the versatility of
ARs in synthetic biology applications.
Conclusion: The AR system provides a new approach to monitor and respond to molecular interactions,
molecules, and external cues in live cells. This approach opens the possibility of performing highly
multidimensional interaction network analysis using high-throughput sequencing and developing gene
circuits to develop “smart” genetic therapies. We anticipate that ARs will provided a simplified and
more robust strategy for engineering gene circuits for applications in screening, directed evolution, and
synthetic biology.
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Keith
Wood

Keith Wood is Head of Research, Advanced Technologies and Senior Research Fellow at Promega
Corporation. Widely regarded for his work in bioluminescence, he currently leads a cross-disciplinary
team focused on long-range innovation in biochemical and cellular research. His current research centers
on the development of novel bioanalytical capabilities, including novel bioluminescent chemistries,
intracellular detection technologies, and efficient isolation methods for protein and drug complexes. He
has authored over 55 journal articles and book chapters and is an inventor for 83 issued and 99 pending
U.S. and foreign patents. Keith received his Ph.D. in Biochemistry at University of California-San Diego,
where he also performed post-doctoral research before joining Promega in 1990.

Interrogating Intracellular Target Engagement: Novel
Approaches for Target Identification and Compound
Characterization
While mechanism of action for drugs relies on their specific interactions with cellular targets, the
molecular complexity within the intracellular environment has made identification and characterization
of these interactions difficult. Furthermore, synthetic compounds are likely to interact with multiple
targets, where only a subset are linked with therapeutic outcomes. Other interactions may produce
negligible biological consequences or can lead to off-target effects. Particularly for compounds revealed
through phenotypic means, discovery of the corresponding physiologically targets remains a significant
challenge. Targets can be isolated from living cells under phenotypically relevant conditions by appending
a novel chloroalkane tag onto the compounds. The tag is designed to maintain the biological potency
of the compounds, and to provide highly selective enrichment of the interacting targets for subsequent
identification by mass spectrometry. By exchanging the chloroalkane tag for a fluorophore, compound
engagement with the targets can be quantitatively characterized in a cellular context by resonance
energy transfer. Binding affinity and kinetics is revealed through proximity of the fluorophore to a small
luciferase (NanoLuc, 19 kD) genetically fused to the target proteins. This can allow deconvolution of the
functional relevance for the identified targets through correlation of their binding characteristics with
phenotypic outcomes.
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Xing

Chen

Dr. Xing Chen completed his undergraduate degree in Chemistry from Tsinghua University in 2002. Dr.
Chen then obtained his Ph.D. in Chemistry from University of California, Berkeley in 2007, under the
guidance of Professor Carolyn Bertozzi and Professor Alex Zettl. After completing postdoctoral work in
the laboratory of Professor Timothy Springer at Harvard Medical School in the field of structural biology
and immunology, he joined the Peking University faculty in September, 2010. Some of his awards
include: ACS David Y. Gin New Investigator Award (2016), IGO Young Glycoscientist Award (2015),
CAPA Biomatik Distinguished Faculty Award (2015), WuXi AppTech Life Science and Chemistry Award
(2014), NSFC Distinguished Young Scholar Award (2014); Chinese Chemical Society Prize for Young
Scientists (2013); DuPont Young Professor Award (2013); SCOPUS Young Researcher Award (2012).
His current research focuses on chemical glycobiology.

Specific Labeling and Imaging of
Glycans in Living Systems
Every cell is decorated with a dense layer of glycans, whose structures and patterns vary in different
cell types and tissues. Specific labeling and visualization of glycans, which is crucial for elucidating
the biological functions of glycosylation, represents a significant challenge. Herein, we present a
liposome-assisted chemical reporter (LABOR) strategy for cell-selective and tissue-specific imaging
of glycosylation in vivo. The LABOR strategy exploits ligand-targeted liposomes to deliver azidosugars
to specific cell types or specific tissues. The azidosugars are metabolically incorporated into cellular
glycans and subsequently conjugated with imaging probes or affinity tags. This approach has enabled
fluorescent imaging and glycoproteomic analysis of tumor-associated sialoglycans and brain sialylation in
mice. Another challenge in glycan imaging is to visualize glycans on a specific protein, because various
proteins in a cell carry same or similar glycans. To address this challenge, we have developed a FRETbased strategy for visualizing the glycosylation state of a protein of interest in live cells. These chemical
tools have facilitated our studies on the dynamic changes of glycosylation in important physiological and
pathological processes.
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Jennifer

Prescher

Prof. Jennifer Prescher earned her Bachelor of Science degree in Chemistry and Mathematics from
the University of Wisconsin-La Crosse. She later received her Ph.D. in chemistry from the University of
California, Berkeley, working with Prof. Carolyn Bertozzi on chemical methods to tag cell surface glycans
with imaging probes. Following her doctoral studies, she conducted postdoctoral research with Prof.
Christopher Contag at Stanford University. At Stanford, Dr. Prescher developed new methods to visualize
subsets of tumorigenic cells in mouse models of cancer. She joined the faculty at UC Irvine in 2010,
where her laboratory focuses on the development of chemical tools and noninvasive imaging strategies
to probe multi-cellular systems.

Expanding the Imaging Toolbox
Imaging tools enable researchers to “peer” into tissues and cells and visualize biological features in
real time. While powerful, these probes have been largely confined to monitoring cellular behaviors
on a microscopic level. Visualizing cellular interactions and functions across larger spatial scales including those involved in cell migration, immune function, and other biological processes - remains
a daunting task. My group is developing general toolsets to image such macroscopic networks, and our
work encompasses a unique blend of chemical probe development and noninvasive imaging. To date, we
have generated a collection of custom probes to spy on cells in their native habitats and decipher cell-tocell communications. These tools address long-standing voids in imaging capabilities and are influencing
how researchers conduct experiments involving multiple cell types and molecular features. In our own
lab, we are using the tools to examine infection, metastases, and other pathologies. These studies have
the potential to reveal new therapeutic targets and alter conventional views on organismal biology and
disease. Additionally, like other useful imaging agents, the tools will likely facilitate discoveries in a
diverse range of fields.
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Phil

Hieter
Philip Hieter is a Professor in the Michael Smith Laboratories at the University of British Columbia. He
received his Ph.D. in biochemistry from Johns Hopkins University in 1981, trained as a postdoctoral
fellow at Stanford, and was a faculty member at the Johns Hopkins School of Medicine from 1985
-1997. He moved to the University of British Columbia in 1997, and served as Director of the Michael
Smith Laboratories until 2008. Dr. Hieter served as President of the Genetics Society of America in
2012. He is currently Chair of the CIHR Planning and Priorities Committee “Models and Mechanisms
to Therapies”, and a Member of the Medical Advisory Board of the Gairdner Foundation. He is a Fellow
of the Royal Society of Canada, Fellow of the Canadian Academy of Health Sciences, and Member of the
American Academy of Arts and Sciences. In 2016, Dr. Hieter was elected to the National Academy of
Sciences. Dr Hieter is recognized for his work on structural and regulatory proteins that ensure faithful
segregation of chromosomes during cell division, including seminal studies on yeast centromeres, sister
chromatid cohesion, and regulation of cell cycle progression during mitosis.

Chromosome Instability and Synthetic Lethality in Yeast and Cancer
Genes that maintain chromosome stability (CIN genes) are conserved in eukaryotes and are often somatically
mutated in cancer. We have been identifying synthetic lethal partner genes, in yeast synthetic lethal (SL) interaction
networks, that are highly connected with sets of CIN genes somatically mutated or overexpressed in cancer. This
identifies hub proteins and processes that are candidate targets for synthetic lethal killing of cancer cells with
defined CIN gene somatic alterations. For example, the protein product of FEN1 (encoding flap endonuclease)
was used as a target for small-molecule inhibitor screening using a fluorescence-based assay for enzyme activity.
Inhibitors of FEN1 activity in vitro were shown to selectively inhibit the proliferation of cultured cancer cells
carrying inactivating mutations in CDC4, or knockdown or inhibition of MRE11A, two genes frequently mutated in a
variety of cancers. Tumor-specific somatic mutations in CIN genes could also be exploited by inhibiting the function
of a second gene product to increase the sensitivity of tumor cells to a sub-lethal concentration of a DNA damaging
therapeutic agent, resulting in a class of conditional synthetic lethality we call Synthetic Cytotoxicity. Finally, to
determine the role of gene over-expression on chromosome instability (CIN), we performed genome-wide screens
in the budding yeast for yeast genes that cause CIN when over-expressed, a phenotype we refer to as dosage CIN
(dCIN), and identified 245 yeast dCIN genes. This catalogue of dCIN genes reveals human orthologs known to be
recurrently over-expressed and/or amplified in tumors. We show that two genes, TDP1 and TAF12, cause CIN when
over-expressed in human cell lines. Rhabdomyosarcoma lines with elevated human Tdp1 levels also exhibit CIN
that can be partially rescued by siRNA-mediated knockdown of TDP1. Over-expression of dCIN genes represents
a genetic vulnerability that could be leveraged for selective killing of cancer cells through targeting of an unlinked
synthetic dosage lethal (SDL) partner. Using SDL screens in yeast, we identified a set of genes that when deleted,
specifically kill cells with high levels of Tdp1. In some cases, we were able to recapitulate the SDL interaction in
rhabdomyosarcoma lines with elevated human Tdp1 levels using small molecule inhibitors of the corresponding
human synthetic lethal partner, suggesting potential therapeutic agents for tumors with elevated levels of hTdp1.
The catalog of dCIN genes presented here provides a candidate list to identify genes that cause CIN when overexpressed in cancer, which can then be leveraged through SDL to selectively target tumors.
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Siddhartha

Roy

Siddhartha Roy is currently the Senior Professor, Chair, Department of Biophysics, and Dean of Studies
at Bose Institute. He obtained his Ph.D. in Chemistry with specialization in Biochemistry from University
of Delaware and went on to do his post-doctoral research at Brandeis University and National Institutes of
Health. Some important posts held include Director, CSIR-Indian Institute of Chemical Biology, Kolkata
(2004-2014), Director-in-charge, National Institute of Pharmaceutical Education and Research-Kolkata,
Govt. of India (2007-2014). He was also Visiting Professor/Scientist at Osaka University and National
Institutes of Health, Bethesda Maryland. He is the Founder-President of Chemical Biology Society of
India. Important awards and honors include, Santi Swarup Bhatnagar Prize, Fellow of Indian National
Science Academy (F.N.A.), Fellow of Indian Academy of Sciences (F. A. Sc.), Fellow, Royal Society of
Chemistry, UK, J.C. Bose National Fellowship and Meritorious service award, Department of Health and
Human Services, USA. He has served in the Editorial Advisory Boards of international journals including,
RSC advances, Molecular Pharmacology and ACS Chemical Biology. In early career, important research
achievements include the first hydropathy plot of proteins to distinguish between protein interiors and
exteriors and first complete assignment of a nucleic acid imino proton spectra by Nuclear Overhauser
Effect. Later career achievements include, demonstration of DNA-sequence dependent conformation of
transcription factors and its importance in transcription regulation and development of a constrained
helical peptides as protein-protein interaction inhibitors and synthetic transcription factors.

Peptide-based Synthetic TFs for Regulation
of Gene Expression in Tumor Cells
Purpose: Transcription factors are the primary regulators of gene expression. Many signaling pathways
transduce extracellular information to alter activities of transcription factors, resulting in altered gene
expression. Proteins possess ample conformational and atomic diversity to read the information present
in the relatively conformationally homogeneous double-stranded DNA with high specificity. Very few
classes of molecules possess enough atomic and conformational diversity to replicate that. We have thus
attempted to design smaller peptide mimics of important transcription factors involved in regulation of
genes important for tumor cell proliferation.
Methods: We have used modified solid-phase peptide synthesis methods to synthesize the designed
peptides. The characterization was performed using spectroscopic methods such as NMR. Effect on cell
lines and primary cells were studied using specific and global gene expression profiling.
Results: We have been able to create peptide mimics of oncogenic transcription factors, such as Elk1
and Dlx4, showing a high degree of specificity for a specific DNA sequence. The peptides show highly
specific effects on targeted genes in both cell lines and primary cells, such as hematopoietic stem cells.
Conclusions: Peptide-based synthetic transcription factors could be a new class of biocompatible
molecules capable of regulating expression of targeted genes specifically in cells.

Daniel

Rauh

Daniel Rauh studied pharmacy and completed his Ph.D. in 2003 in the group of Prof. Gerhard Klebe
at the University of Marburg. In the same year, he moved to the University of Halle to do his first
postdoc with Prof. Milton Stubbs in structural biology. In 2004, he moved to Kevan Shokat’s lab at the
University of California San Francisco to work on chemical genetics strategies for protein kinases and
reductases. In April 2006, he returned to Germany and started his independent research group at the
Chemical Genomics Centre of the Max Planck Society in Dortmund. He was appointed as Professor of
Chemical Biology and Biochemistry at the Technical University of Dortmund in 2010. Since 2013, he
is a full professor and chair of Medicinal Chemistry and Chemical Biology at the Technische Universität
Dortmund. Professor Rauh dedicates his research to chemical oncology and the development of next
generation anti-cancer agents. In 2010, Daniel Rauh was awarded the Innovation-Prize for Medicinal
and Pharmaceutical Chemistry of the German Chemical Society and in 2013 he was awarded the
Novartis Early Career Award in Organic Chemistry. Daniel Rauh serves as an associate editor for ACS
Chemical Biology since 2012. In 2014 he co-founded the Zentrum für Integrierte Wirkstoffforschung
(ZIW) (Integrated Research Center for Active Pharmaceutical Ingredients) in Dortmund. The ZIW aims at
translating basic academic research into pharmaceutical application.

Chemical Oncology
Research in our lab is dedicated to medicinal chemistry, compound screening technologies and chemical
biology approaches. It is our goal to develop, synthesize and facilitate desperately needed tools to
study target protein function in cells and organisms to push research to exciting new frontiers. In our
research, we employ organic synthesis [1], biochemical and cellular compound screening [2], structural
biology, structure-based design as well as target identification [3] for the development of inhibitors and
functional probes to perturb proteins of interest. We work in a highly interdisciplinary environment and
very much appreciate collaborations with colleagues from other disciplines and the pharmaceutical
industry. A strong focus in the lab is on personalized medicine for the treatment of cancer.[4] Here, we
closely collaborate with clinical oncologists to better understand the mechanisms of drug resistance[5]
and to develop compounds to overcome acquired drug resistance[6] in non-small-cell lung cancer[1]
and gastrointestinal stromal tumors.[7] We are motivated that our techniques and investigations will
lead to a better understanding of the molecular and cellular causes of fatal diseases and stimulate the
development of new drugs. Some of the labs’ research initiatives will be outlined.
References [1] J. Engel, et al., Angew Chem Int Ed Engl 2016, in press. [2] a) S. C. Mayer-Wrangowski,
et al., Angew Chem Int Ed Engl 2015, 54, 4379-4382; b) R. Schneider, et al., J Am Chem Soc 2013,
135, 6838-6841; c) J. R. Simard, et al., Nat Chem Biol 2009, 5, 394-396. [3] J. Weisner, et al., Angew
Chem Int Ed Engl 2015, 54, 10313-10316. [4] J. M. Heuckmann, et al., J Clin Oncol 2012, 30, 34173420. [5] F. Dietlein, et al., Cell 2015, 162, 146-159. [6] M. L. Sos, et al., Cancer Res 2010, 70,
868-874. [7] A. Richters, et al., J Med Chem 2013, 56, 5757-5772.
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Scott

Warder
Cancer Cell Line Profiling as a Rich Source
of New Target Opportunities
Purpose: A Cancer Cell Line (CCL) profiling campaign was initiated to uncover connections between
small molecule (SM) synthetic-lethality and specific cancer molecular subtypes.
Methods: The CCL campaign surveyed 120,000 SMs against a panel of 30 tumor cell lines derived
from NSCLC and CRC origin. This primary screen measured growth inhibition by SM treatment using a
5d viability endpoint assay. Confirmed SM hits were profiled against kinase, ion channel, and receptor
assay panels to reveal mechanism of action (MOA) shared with previously characterized SMs. Those SMs
that exhibited potent growth inhibition without activity in the molecular characterization panels present
the best opportunity to access unprecedented target space and novel biology. To begin to discern the
MOA of these SMs, changes in gene expression (GEx) across a range of SM concentrations were profiled
using the broad endpoint L1000 platform. GEx signatures associated with SM dose response were
queried against the LINCs database of L1000 profiles to generate hypotheses about MOA. Orthogonal
methods that support SM target identification through direct engagement were carried out in parallel,
including Affinity Capture-MS, Protein Arrays, and Chemical Yeast 3-Hybrid. These direct engagement
approaches utilized SM probes with incorporated PEG-linkers, which had been functionally validated
through Structure-Activity Relationship (SAR) studies. Additional indirect methods, such as Protein
Signaling Arrays, p-Proteomics, and BioMAP profiling, were used to complement the GEx analysis and
direct engagement assays and provide a comprehensive view of SM activity informing on MOA. Putative
targets were assessed using siRNA and CRISPR gene knock-down/knock-out to determine whether
genetic perturbations phenocopy or alter SM effects.
Results: Affinity Capture protein enrichment from tumor cell lysates resulted in MS-based identification
of NAMPT and initiation of a pre-clinical program. In addition, putative targets were identified for a SM
that uniquely modulated mitochondrial function. Generation of clonal resistant cell lines enabled the
discovery of a gain-of-function target, MGST1 and specific MOA for a SM that has potent activity against
BrCa tumor cell lines. Hits with lower priority and/or lacking a target hypothesis were screened against
additional tumor cell line panels. This effort facilitated the discovery of a SM that potently inhibited cell
lines with a specific pathway addiction.
Conclusions: In the absence of a specific genotypic sensitivity for SM hits of interest, it is desirable
to deprioritize common MOAs and bin the compounds into biological categories. Specifically, we have
demonstrated the power of dose-response GEX profiling with a companion reference database. Utilization
of complementary and orthogonal target identification technologies has uncovered novel MOA/target
opportunities for the growth inhibition of tumor cells.
www.chemical-biology.org 									
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Pomerantz
Choosing the Right Halogen: Fluorinated
Bromodomains for Epigenetic Inhibitor Discovery
Purpose: The topic to be discussed is a multi-protein 19F NMR methodology (PrOF NMR) to develop
isoform selective inhibitors for bromodomain-containing proteins as epigenetic protein regulators. How
our genetic information is manipulated and ultimately expressed as a heritable phenotype is a central
question in the field of epigenetics. Within the same class of epigenetic “reader” protein, all members
bind to the same type of protein modification, N-epsilon-acetylated-lysine in the case of bromodomains.
This similar mode of molecular recognition presents a significant hurdle for finding isoform selective
inhibitors and is a major challenge moving forward for chemical probe development.
Method: The PrOF NMR method described uses proteins with genetically incorporated fluorinated amino
acids and offers a tool to facilitate chemical probe discovery particularly for the growing field of fragmentbased ligand discovery. Additional methods discussed include biophysical and cell-based assays to
confirm mode of action.
Results: We have carried out multiple fragment-based ligand discovery campaigns against bromodomains.
I will describe our findings against the bromodomains Brd4, BrdT, and BPTF and preliminary findings
against a new malarial bromodomain. Our results are compared to the established fragment screening
methods of interest to the medicinal chemist and chemical biologist. Significant time enhancements to
the method allow for a one minute biomolecular NMR experiment. Finally preliminary biochemical and
cell-based data will be presented for the first inhibitor of BPTF, termed AU1 and a new highly selective
BET bromodomain inhibitor.
Conclusion: Due to the speed and hyperresponsive of the 19F nucleus, this method is particularly
attractive as a new tool in the growing arsenal of fragment-based ligand discovery, and is well-suited to
facilitate chemical probe development for epigenetic regulatory proteins.
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Targeting Privileged “First Responders” in
Isozyme-Specific Electrophile Response`
Purpose: The precisely timed and spatially regulated chemical signals are the essence of biochemical
redox signaling. However, defining the precise biological impacts of localized signals that engage with
specific protein targets under physiologic conditions has proven to be highly challenging.
Methods: This abstract presents a unique set of proximity-directed chemical tools that enables powerful
interrogation into functional consequences of specific redox events through precision redox targeting in
living systems.
Results: With this in vivo-validated redox-targeting toolset, we identify isozyme-specific “first responders”
sufficient to drive phenotypic responses at organismal level.
Conclusion: Our unique chemical biology toolset sets the stage for ruling in gain-of-function (or dominant
loss-of-function) redox modifications and relating them to phenotype in an unbiased experiment that is
not hampered by functional redundancy.
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Discovery of Functional Ligands from GeneticallyEncoded Libraries of Peptide Derivatives
Purpose: Genetically-encoded libraries accelerate the discovery of small molecule and biological drugs,
some of which have been FDA-approved, and many are progressing through the clinical pipeline. The
building blocks of most commonly used GE-libraries, such as phage, yeast, mRNA display systems,
is limited to natural amino acids. To expand the diversity of such libraries, we start from a canonical
phage display platform and use it as a foundation for multi-step organic synthesis. Resulting peptide
derivatives displayed on phage are genetically encoded.
Methods: We developed the methodology for quantification of yield, purity and kinetics of reactions[2b]
that use N-terminal conjugation[1] and macrocyclization of linear peptides.[2] Introduction of arbitrary
non-peptide fragments fueled development of Genetically-Encoded Fragment-Based Discovery (GE-FBD)
platform,[3] which combines >10^8 peptide fragments with variable, genetically-encoded modifications.
[4]
Results: GE-FBD can be used to select phage-displayed glycopeptides to dock a glycan fragment at the
carbohydrate-binding site of glycan binding protein or antibody and guide selection of synergistic peptide
motifs adjacent to the pocket [3] One of the applications described in this talk will be application of GEFBD for the development of hybrid antigens for specific and sensitive serological tests to M. Tuberculosis.
Conclusions: Combination of GE of peptide derivatives and GE-FBD platforms with next-generation
sequencing can fuel discovery of ligands for “undruggable targets” and allow tackling unsolved problems
in molecular recognition. 1. (a) J. Am. Chem. Soc., 2014, 136, 8149; (b) ACS Chem. Biol., 2012, 7,
1482 2. (a) ACS Chem. Biol., 2014, 9, 443. (b) Chem. Sci., 2016, 7, 3785; (c) Org. Biomol. Chem.,
2016, 14, 5148. (d) Bioconj. Chem., 2016, 27, 509 3. J. Am. Chem. Soc., 2015, 137, 5248 4. J.
Am. Chem. Soc., 2016, 138, 32.
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Tapas
Kundu

Tapas K. Kundu was awarded his PhD from the Indian Institute of Science, Bangalore, in the year 1995.
Following his PhD, he had a short stint as a visiting foreign research associate in the National Institute
of Genetics, Mishima, Japan, followed by a post-doctoral fellowship at the Rockefeller University, USA
(1996-99). He joined JNCASR, Bangalore, India, in 1999 and presently serving as Silver Jubilee
Professor. He has made significant contributions in the area of Epigenetics and Chemical Biology,
especially in the context of small molecule modulators of lysine acetyltransferases and transcription
regulation.

Small Molecule Modulators of Histone
Acetyltransferases: Implications in Disease Biology
Purpose: Eukaryotic genome is organized into a highly dynamic nucleoprotein structure referred to as
chromatin. The fundamental unit of chromatin is a nucleosome, comprising of around 200 base pairs of
DNA and four different core histones. The epigenetic modification of DNA and core histones fine-tune the
genome function, thereby serving as a fundamental regulator of cellular homeostasis, in physiological as
well as pathophysiological conditions. Reversible acetylation of histone and non-histone protein is one of
the most well studied epigenetic modifications in the context of disease. Targeting the enzymatic system
involve in this process has proved to be a promising therapeutic approach, since a few small molecules
have already been approved as drugs.
Methods, Results, Conclusion: We have discovered several small molecule inhibitors of histone
acetyltransferases and in an experimental system have established their therapeutic potential in treating
cancer and AIDS. Our laboratory has discovered the first know small molecule, specific activator of the
acetyltransferase KAT3 family (p300/CBP). We have shown that this activator can induce neurogenesis
in the mouse brain and thereby enhance the formation of long term memory. Recently these molecules
have also been shown to effectively revert the memory in `Alzheimer’s’ mouse model. The effectiveness
of this class of molecules is currently being studied in the process of neurogenesis and depression.

www.chemical-biology.org 									

43

Jonathan
Baell

The First Cell-Active Histone Acetyltranferase
Inhibitors Driven via Intended Target
There is currently great interest in compounds that modulate epigenetics. With respect to some epigenetic
targets, such as histone decacetylases (HDACs), many inhibitors have been successfully developed and
are in clinical trials for a variety of indications. Similarly, bromodomains have been shown, somewhat
unexpectedly by some, to be highly druggable. However, there is an elephant in the room, and that is the
histone acetyltransferase (HAT) family, which is large but essentially “undrugged” and barely has any
compounds that could be considered to be useful tools. Why is it so hard to find good tool compounds for
these enzymes? Not so long ago we ran HTS against a MYST HAT [1] and eventually discovered a genuine
hit that we have recently just optimized to nanomolar levels of inhibition. However, we encountered
many problems en route. In this talk we will discuss such issues and how these could help explain why
there are so few, if any, useful tool compounds for these enzymes. [1] Falk H, Connor T, Yang H, Loft KJ,
Alcindor JL, Nikolakopoulos GE, Surjadi RN, Bentley JD, Hattarki MK, Dolezal O, Murphy JM, Monohan
BJ, Peat TS, Thomas T, Baell JB, Parisot JP, Street IP. An efficient high-throughput screening method for
MYST family acetyltransferases, a new class of epigenetic drug targets. J. Biomol. Screening 16 (2011)
1196-1205
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Xing

David Li
Chemical Approaches to the Interpretation of Novel
Histone Code
Purpose: Histone posttranslational modifications (PTMs) play crucial roles in regulating many fundamental
cellular processes, such as gene transcription, DNA replication and damage repair. While a large number
of PTMs have been identified on histones, the biological significance of vast majority of them remains
poorly understood. This is particularly the case for those newly discovered histone modifications such as
lysine crotonylation, succinylation and fatty-acid acylation. Studies of these new PTMs are hindered by
the lack of knowledge about their regulating enzymes (i.e., `writers’ and `erasers’) and functional binding
proteins (i.e., `readers’). To fill this knowledge gap, here I present the development of novel chemical
tools and approaches to comprehensively identify `writers’, `erasers’ and `readers’ of histone PTMs and
examine their regulatory mechanisms and cellular functions.
Methods: Identification of `writers’, `erasers’ and `readers’ of histone PTMs is challenging, as PTMs are
highly dynamic and mediating weak or transient protein-protein interactions. To address this difficulty,
we developed photoaffinity chemical probes that can undergo photo-induced cross-linking reactions
to covalently `trap’ proteins that recognize PTMs. When combined with state-of-the-art quantitative
proteomics technology, we developed a chemical proteomics platform for profiling of histone PTM
`readers’ and `erasers’.
Results: A series of new photoaffinity probes have been developed to examine PTM-mediated proteinprotein interactions. In particular, we devised a new lysine-based photo-reactive amino acid, termed
photo-lysine. We demonstrated that photo-lysine, which is readily incorporated into proteins by native
mammalian translation machinery, can be used to capture and identify proteins that recognize lysine
PTMs, including `readers’ and `erasers’ of histone PTMs in living cells. Using our chemical proteomics
approach, we profiled the known and new `readers’ of histone H3K4me3, H3K9me3, H3T3phos. We
also identified human Sirt3 as the first `eraser’ enzyme for histone crotonylation, a newly identified
histone modification whose cellular functions were unknown. We demonstrated that Sirt3 regulates gene
transcription through modulating histone crotonylation dynamics in living cells.
Conclusion: We have developed a robust chemical proteomics approach to examine histone PTM-mediated
protein-protein interactions. The applications of our methodology has provided critical information for
how histone PTMs are regulated and `translated’ into meaningful biological processes in cells.
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Chemical Biology Approach to Study Transcriptional
Fidelity Control and DNA Demethylation
Purpose: My talk will focus on two tightly related area RNA polymerase II (pol II) transcription and
epigenetic regulation. Pol II is the central enzyme responsible for accurate genetic information transfer.
A key question in this area is to understand how Pol II recognizes DNA template and selects correct
substrate. In addition, epigenetic regulation plays an important layer in controlling gene expression.
Proper epigenetic DNA methylation and demethylation are essential for many cellular functions. DNA
demethylation requires Tet enzymes to convert 5-methylcytosine (5mC) to 5-hydroxycytosine (5hmC),
5-formylcytosine (5fC), and 5-carboxylcytosine (5caC). Important open questions are whether oxidative
methylcytosines have active roles in gene expression and how this Tet-dependent 5mC oxidation is
controlled in the context of genomic dsDNA.
Methods and Results: Here we took a combined chemical biology and structural biology approach to
understand the transcriptional fidelity control and functional interplay between these different forms
of cytosine in DNA on Pol II transcription elongation. We took advantage of the great power of nucleic
acid chemistry to exploit ‘chemically modified’ individual structural motifs of nucleic acid or chemical
interactions that are important for transcriptional fidelity control. This approach allows us to systematically
investigate the contributions of nucleobase (Kellinger et al JACS 2012), sugar backbone (Xu et al Angew.
Chem. Int. Ed. 2013; Xu et al Nucleic Acids Res. 2015), and phosphodiester linkage (Xu et al PNAS
2014; Xu et al Nucleic Acids Res. 2016) to pol II transcriptional fidelity control. In the second topic, we
revealed that molecular basis of how pol II recognize 5fC/5caC during transcription elongation (Kellinger
et al Nature Struct. Mol. Biol. 2012, Wang et al Nature 2015). Finally, we developed new chemical
biology tools that target the 5-formylcytosine sites and modulate 5fC-related biological processes (Xu et
al Angew. Chem. Int. Ed. 2015, Xu et al Chem. Sci. 2014).
Conclusion: Taken together, our studies provide novel insight into following area: 1) the mechanism of
pol II transcriptional fidelity control, 2) novel functional relationship between cytosine methylation and
transcription, 3) mechanism of TET-dependent 5mC oxidation in the mCpG context.
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Huang
Targeting Protein N-Terminal Methyltransferases
Purpose: Protein alpha- N-terminal methyltransferases (NTMTs) are emerging members of protein
methyltransferases and methylate the alpha-N-terminal amine of proteins. Since its discovery in 2010,
NTMT1 has been implicated in regulating chromatin interactions, mitotic division and DNA damage
repair. Therefore, dissecting recognition specificity is important for advancing our understanding of their
biological and pharmacological functions. Methods: Our lab has leveraged multiple approaches in order
to develop selective photoaffinity probes and inhibitors for NTMTs. Guided by its kinetic mechanism,
we have designed mechanism-based inhibitors to mimic its ternary complex. We chemically synthesized
those mechanism-based inhibitors by covalently connecting both substrates via click chemistry or alkyl
linkers. We applied a fluorescence- and a mass spectrometry-based assay to characterize the inhibitory
activities for recombinant NTMT1. Additionally, we have designed, synthesized, and characterized the
first generation of photoaffinity probes that contain three main components: a recognition element, a
photocrosslinker, and a propargyl handle. Results: Our top mechanism-based inhibitors reach nanomolar
inhibitory activities and more than 60-fold selectivity over two closely related protein methyltransferases.
Our photoaffinity probes exhibit in a dose and time dependent manner to label NTMTs and are enzymatically
methylated by NTMT1 in a biochemical methylation assay. Meanwhile, the photoaffinity labeling can be
competitively inhibited in the presence of peptide substrate, but not by SAH. The designed probes also
selectively label NTMT1 and NTMT2 in HeLa cell lysates. Conclusion: We have successfully developed
the first series of potent inhibitors and selective photoaffinity probes for NTMTs. Our studies have laid a
paradigm for the next critical step to interrogate the biological roles of NTMTs.
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Rick

Silverman
Rick Silverman received his B.S. in chemistry from Pennsylvania State University in 1968. He then spent
a short time at Harvard University before being drafted and serving as a United States Army Physical
Sciences Assistant at the Walter Reed Army Institute of Research from January 1969 until his honorable
discharge in January 1971. In 1974, he received his Ph.D. from Harvard University in organic chemistry
with advisor David Dolphin. He then spent two years as a postdoctoral fellow with Robert Abeles in
biochemistry at Brandeis University. Silverman has been teaching and doing research at Northwestern
since 1976. He became both Professor of Chemistry and Professor of Biochemistry, Molecular Biology,
and Cell Biology as of 1986. He was the Arthur Andersen Professor of Chemistry from 1996 to 1988,
the Charles Deering McCormick Professor of Teaching Excellence from 2001 to 2003, and the John
Evans Professor of Chemistry beginning from 2004 to 2015. He was named the Patrick G. Ryan/Aon
Professor as of September 1, 2015. The primary focus in Silverman’s laboratory is basic research into
central nervous system disorders, including Parkinson’s disease, Huntington’s disease, cerebral palsy
and epilepsy. He has developed novel approaches to the elucidation of enzyme-catalyzed reactions in
organic chemistry. He is particularly interested in understanding and developing mechanisms of enzyme
inhibition. Silverman is best known for inventing the drug pregabalin as a possible treatment for epileptic
seizures. It was approved by the FDA in 2004 and marketed by Pfizer under the trade name Lyrica.

Protein Aggregation and the Development of
Therapeutics for Amyotrophic Lateral Sclerosis
An imbalance in the levels of the inhibitory neurotransmitter g-aminobutyric acid (GABA) and the excitatory
neurotransmitter glutamate can lead to convulsions. Inhibition of g-aminobutyric acid aminotransferase
(GABA-AT), the enzyme responsible for the degradation of GABA, increases the GABA levels, which has
been shown to produce an anticonvulsant effect. A sharp rise in dopamine release is associated with
a variety of addictive behaviors. This dopamine release can be attenuated by an increase in GABA;
therefore, inactivation of GABA-AT also has an effect on addictive behavior. Inactivation of a related
enzyme, ornithine aminotransferase (OAT) in hepatocellular carcinoma (HCC) has been shown to slow
the growth of this cancer. In this lecture the design and mechanism of some of our GABA-AT inactivators
will be discussed and how these compounds led to the design and discovery of CPP-115, a potent
inactivator of GABA-AT, which has been found to have excellent pharmacokinetic and pharmacological
properties for the potential treatment of epilepsy and addiction. CPP-115 also inactivates OAT and has
been shown to slow the growth of HCC. A closely related analogue of CPP-115 was identified that does
not inactivate GABA-AT but is a potent inactivator of OAT. Enzyme inactivation mechanism studies will
be discussed, as well as in vitro and in vivo efficacy and pharmacokinetic results, toxicology studies, and
early clinical trial results.
48

www.chemical-biology.org

Lalit KumarSharma

A Chemical Toolkit for the Modulation of Cellular CoA
Levels: Implication in Neurodegeneration
Pantothenate kinase (PanK) is a regulatory enzyme that controls coenzyme A (CoA) biosynthesis. The
association of PanK with neurodegeneration and diabetes suggests that chemical modifiers of PanK
activity may be useful therapeutics. Our high-throughput screen and further medicinal chemistry efforts
focused on optimizing lipophilic ligand efficiency (LipE) culminated in a novel class of orally bioavailable
PanK inhibitors. Enzyme kinetics, biophysical studies, and X-ray crystallography demonstrate that the
inhibitor bind to the PanK-ATP complex. These compounds either decrease or increase cellular CoA levels
depending on the amount of pantothenate in the medium. We confirmed the activation/inhibition mode
of these compounds in animal model. These nanomolar PanK modulators are being further developed as
preclinical leads to validate PanK as a novel target to treat neurodegenerative disorder.
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Iterative Focus Screening with Biological Finger-Prints
Identifies Selective Asc1 Inhibitors Distinct from
Traditional High-Throughput Screen
Purpose: N-methyl-D-aspartate receptors (NMDARs) mediate glutamatergic signaling that is critical to
cognitive processes in the central nervous system, and NMDAR hypofunction is thought to contribute to
cognitive impairment observed in both schizophrenia and Alzheimer’s disease. One approach to mitigate
the loss of NMDAR function is to enhance the levels of an NMDAR co-agonist, such as glycine or
D-serine, in the synaptic cleft. Inhibition of Asc1, the primary transporter of D-serine, is attractive
because the transporter is localized to neurons in brain regions critical to cognitive function, including
the hippocampus and cortical layers III and IV, co-localized with D-serine and NMDARs.
Methods: We employed two different screening approaches with whole-cell amino acid uptake in
heterologous cells stably expressing human Asc1: 1) a high-throughput screen (HTS) of 3 x 106
compounds measuring 35S L-cysteine uptake into cells attached to scintillation proximity assay beads
in a 1536 well format and 2) an iterative focused screen (IFS) of a 4.5 x 104 compound diversity set
using a 3H D-serine uptake assay with a liquid scintillation plate reader in a 384 well format. Critically
important for both screening approaches was the implementation of counter screens to remove nonspecific inhibitors of radioactive amino acid uptake.
Results/Conclusion: A biological fingerprinting approach incorporating both on- and off-target data into
models for selection of additional hits enabled the identification of novel Asc1-selective chemical matter
from the IFS that was not identified in the full-collection HTS.
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Bioreversible Modification of Proteins by Diazo
Compounds
Purpose: The purpose of this research is to develop a chemical method for the
bioreversible modification of native proteins with a cell-penetrating, cell-type targeting,
or pharmacokinetic-enhancing moiety.
Methods: A diazo compound can react with carboxylic acids to form an ester bond. A
panel of diazo compounds was synthesized for optimization of protein esterification in
an aqueous environment. The diazo compounds were derivatized further with functional
groups that varied in their polarity. Green fluorescent protein (GFP) was treated with these
diazo compounds, and the ability of the ensuing esterified GFPs to internalize into CHO
cells was ascertained with cytometry and microscopy.
Results: The optimized diazo compound esterified GFP efficiently (~10 labels per
protein) and enabled its internalization into CHO cells. Labeling of a GFP variant bearing
a nuclear localization sequence revealed that the esterified protein concentrates in the
nucleus, consistent with its accessing the cytosol. Esters were hydrolyzed by cell extract,
demonstrating bioreversibility.
Conclusion: A diazo compound is poised to endow cellular delivery of proteins for
therapeutic, gene-editing, and other applications.
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Heber-Katz
Prior to her discovery of the regeneration competency of the MRL mouse in 1996, Dr. Heber-Katz was
an established investigator in the fields of T-cell biology, host-viral interactions and T cell autoimmunity
for fifteen years. These involved the study of in-vivo and in-vitro mouse models of skin and keratinocytespecific HSV infections, vaccine development, CNS autoimmune disease, and basic studies of T cell
receptor, antigen, and MHC interactions. At that time, she re-directed her laboratory to the then nascent
field of mammalian regeneration. Since then, she has engaged in extensive collaborative studies in
the genetics and mapping of wound healing, gene expression, the role of immune and inflammatory
responses, and the examination of wound healing in multiple organ systems in the MRL mouse.
In addition, she has demonstrated the roles of both a unique aerobic glycolytic metabolic state and
unusual cell cycle control in regenerative healing establishing the inhibitory role of p21WAF1 . From
these studies, she also identified a major effector of regeneration, HIF-1a, that can be modulated to
promote regeneration in non-regenerative mice. In collaboration with Phil Messersmith at Berkeley,
small molecule/hydrogel constructs have shown unusual preclinical therapeutic effects in multiple invivo regeneration models.

From Induction to Completion of Regenerative Healing
Using Small Molecule Drugs
Our laboratory identified the first mouse model of mammalian regeneration, the MRL autoimmune
mouse. Furthermore, two genes have been identified in that mouse which appears to be responsible
for regenerative healing in a non-regenerative animal. The first gene, the cell cycle G1 checkpoint gene
p21cip1/waf1, is down-regulated in the MRL mouse. A mouse knockout of this gene is also a regenerator.
The second gene, HIF-1a, which up-regulated in the MRL mouse, leads to a shift in the metabolic state
towards aerobic glycolysis, a stem cell-preferred state. In recent experiments, it was shown that a small
molecule inhibitor of HIF-1a, 1,4-dihydrophenonthrolin-4-one-3-Carboxylic acid (1,4-DPCA), which can
chelate iron and blocks the oxygen-sensing enzyme HIF-a prolyl hydroxylase responsible for HIF-1a
degradation as well as for controlling fibrosis, can be delivered in a hydrogel vehicle leading to slow
release. Administration of this drug leads to high levels of HIF-1a and consequent regeneration. This is
a two-step process in which HIF-1a elevation in the presence of drug results in the de-differentiation of
cells and upon the withdrawal of the drug, HIF levels wane and cells re-differentiate into mature tissue.
We have shown that such a response leads to new and complete reformation of cartilage, hair follicles,
bone, and ligament. Studies to examine the effect of p21 inhibition are also being explored using novel
nanotechnology. It is possible that using both the elevation of HIF-1a and the suppression of p21 will
lead to rapid and complete regeneration in many tissue types examined.
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Senior Investigator, Gladstone Institute of Cardiovascular Disease, Professor, Department of
Pharmaceutical Chemistry, University of California San Francisco.
Dr. Sheng Ding is currently William K. Bowes, Jr. Distinguished Investigator and Professor at Gladstone
Institute of Cardiovascular Disease, and Department of Pharmaceutical Chemistry, University of California
San Francisco. He obtained his B.S. in chemistry with honors from Caltech in 1999, and a Ph.D. in
chemistry from The Scripps Research Institute in 2003. Before moving to Gladstone/UCSF in early
2011, Ding was Assistant Professor and then Associate Professor of Chemistry at Scripps from 2003
to 2011. Dr. Ding has pioneered on developing and applying innovative chemical approaches to stem
cell biology and regeneration, with a focus on discovering and characterizing novel small molecules
that can control various cell fate/function, including stem cell maintenance, activation, differentiation
and reprogramming in various developmental stages and tissues. Ding has published over 100 research
articles, reviews and book chapters, and made several seminal contributions to the stem cell field. Ding
is a co-founder of several public and private biotech companies.

A Chemical Approach to Controlling Cell Fate
Recent advances in stem cell biology may make possible new approaches for the treatment of a number
of diseases. A better understanding of molecular mechanisms that control stem cell fate as well as
an improved ability to manipulate them are required. Toward these goals, we have developed and
implemented high throughput cell-based screenings of chemical libraries, and identified and further
characterized small molecules that can control stem cell fate in various systems. This talk will provide
latest examples of discovery efforts in my lab that have advanced our ability and understanding toward
controlling stem cell fate, including self-renewal, survival, differentiation and reprogramming of stem
cells.
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Kai

Johnsson
Kai Johnsson is Full Professor at the Institute of Chemical Sciences and Engineering of the École
Polytechnique Fédérale de Lausanne (EPFL) and co-director of the NCCR Chemical Biology. His current
research interests are the development and application of chemical approaches to study and manipulate
protein function. His past achievements include the introduction of different approaches to specifically
label proteins in living cells; among these the SNAP-tag and CLIP-tag have become popular in the
biological community. Kai Johnsson is Associate Editor of ACS Chemical Biology since 2005. He is
member of the Editorial Advisory Board of Science and of the Research Council of the Swiss National
Science Foundation. He is co-founder of Covalys Biosciences, Spirochrome, Lucentix and Quartet
Medicine. He is elected member of EMBO.

Title of Presentation: “Expanding Protein
Function Through Synthetic Chemistry”
In my presentation I will demonstrate how a combination of protein engineering and synthetic chemistry
can be exploited to generate novel protein functions. Focus will be put on the generation of fluorescent
and bioluminescent semisynthetic biosensors for applications in basic research and medicine. In the first
part of my presentation I will introduce a new fluorescent sensor protein to measure cellular concentrations
of the important redox cofactors nicotinamide adenine dinucleotide (NAD) and nicotinamide adenine
dinucleotide phosphate (NADP). In the second part of my talk, I will talk about our attempts to introduce
a new class of bioluminescent sensor proteins that permit quantify drug and metabolite concentrations
in biological samples. I will also discuss how these sensor proteins can be utilized for point-of-care
therapeutic drug monitoring.
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Biosensors and Imaging
Xin Zhang

Probing proteome stress in real-time using fluorogenic proteostasis
sensors

1

Ting Chen, Lawrence Miller

LRET Biosensors for Live-Cell Imaging and Screening of Protein
Interactions.

2

Yichi Su, Debojit Bose, Ming Hammond

Development and Application of RNA-based Fluorescent Biosensor for
Innate Immune Signaling Second Messenger 2',3'-cGAMP

3

Yu Liu, Kun Miao, Xin Zhang

Rational Design of Fluorogenic Probes for HaloTag.

4

Hyeokjune Choi

Fabrication of Extended GFP Oligomers as Multivalent Scaffolds and
their Application in Virus Sensing

5

Kenjiro Hanaoka, Kazuhisa Hirabayashi, Takahiro
Egawa, Tetsuo Nagano, Yasuteru Urano

Development of Practical Red Fluorescent Probe for Cytoplasmic
Calcium Ions with Greatly Improved Cell-membrane Permeability

6

Nathan Westcott, Joseph Fernandez, Henrik
Molina, Howard Hang

Chemical proteomics reveals ADP-ribosylation of small GTPases during
oxidative stress

7

Toru Komatsu, Jun Onagi, Kouichi Yanagi, Kenjiro
Hanaoka, Tetsuo Nagano, Yasuteru Urano

Development of "enzym-omics" platform for screening enzymes with
specified activities

8

Aniket, Elizabeth Vu, Meera Kumar, Tom Zielinski,
Justin Brink, Robert Lowery

Leveraging Aptamers for Detection of Growth Factors in an HTSCompatible Format: An AptaFluor VEGF Assay

9

Gordon Brown, Iullia Karpenko

Double-Fluorogenic Indicators for Calcium Imaging

10

Henry Kilgore, Wen Chyan, Brian Gold, Ronald
Raines

Modulating Chemical Reactivity of Fluorogenic Probes with n-to-pi*
and steric interactions

11

Yugo Kuriki, Mako Kamiya, Haruna Onoyama, Toru A novel cancer imaging technology by constructing a fluorescent probe
Komatsu, Yasuyuki Seto, Yasuteru Urano
library

12

Joshua Rosnow, Ethan Stoddard, Lindsey
Anderson, Chris Whidbey, Premchendar
Nandhikonda, Steve Lindemann, Aaron Wright

A Vitamin B12 Activity-Based Probe Functions in Catalysis and
Regulation in Escherichia coli

13

Wen Chyan, Henry Kilgore, Brian Gold, Ronald
Raines

Esterase-Activated Fluorogenic Probes for Biomolecule Transport

14

Brian Gold, Matthew Aronoff, Ronald Raines

Optimizing 1,3-Dipolar Cycloadditions of Diazoacetamides for
Chemical Ligation

15

Henning Stockmann, Violeta Marin, Paul Nimmer,
Corina Balut, Paul Richardson, Vasudevan Anil

Glycan-Mediated, Ligand-Controlled Click Chemistry for Drug-Target
Identification

16

Pei Liu, Vincent Grenier, Evan Miller

Fluorogenic Activation of High-Fidelity Optical Voltage Reporters in
Genetically-Defined Cells

17

Robert Brown, Heather Hodges, Laura Kiessling

Turn-On Fluorescent Probes of Mycolyltransferase-Mediated Cell Wall
Biogenesis

18

Manoj Kumar, Kelly Salem, Ginny Powers, Justin
Jeffery, Yongjun Yan, Amy Fowler

A Pre-Clinical Model for Molecular Imaging of Estrogen Receptor in
Breast Cancer

19

Krysten Jones, William Porterfield, Colin Rathbun,
Marian Sagoe, Monique Reyes, Jennifer Prescher

Expansion of the bioluminescent toolkit for in vivo imaging

20
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Nicole Thomas, Holly Haase, Samuel Gellman

Study of alpha/beta-Peptide Inhibitors of Vascular Endothelial Growth
Factor

21

Gloria Forkuo, Amanda Neiman, Olivia Yu,
Benjamin Harztler, James Cook, Douglas Stafford,
Leggy Arnold

Alpha 4&5 Selective GABAA Receptor Positive Allosteric Modulators
Attenuates The Asthma-Like Phenotype

22

Naomi Biok, Chenxuan Wang, Samuel Gellman,
Nicholas Abbott

Cationic Modulation of Hydrophobic Interactions in Coiled-Coil
Systems in Bulk Solution

23

Michael Stephen, Rajwana Jahan, Gene Yocum,
George Gallos, Yi Zhang, Zdravko Varagic, Roshan
Puthenkalam, Charles Emala, Margot Ernst, Leggy
Arnold, Douglas Stafford, James Cook

Novel GABAAR Agonists Under the Preclinical Development for the
Treatment of Asthma

24

Rajwana Jahan, Michael Stephen, Gene Yocum,
George Gallos, Yi Zhang, Revathi Kodall, Zdravko
Varagic, Roshen Puthenkalem, Margot Ernst,
Leggy Arnold, Douglas Stafford, Charles Emala,
James Cook

Novel Strategy for The Treatment of Asthma by Targeting the α4
Subunit of GABAA Receptors in Airway Smooth Muscle

25

Jinjoo Jung, Seung Bum Park

Discovery of mTORC1 Inhibitors, Having a Novel Mode-of-action, LRSRagD Modulation

26

Matthew Zhou, Corleone Delaveris, Jessica
Kramer, Carolyn Bertozzi

Synthesis of Tunable Glycopeptides by N-Carboxyanhydride
Polymerization

27

Jiaoyang Jiang

Molecular characterization of O-GlcNAcylation and related enzymes

28

Erick Carlson, Jon Hawkinson, Gunda Georg

Discovery and Characterization of Steroidal CatSper Blockers

29

Thomas Smith, Kristen Anderson, Ian Windsor

Biomedical Applications of Boronic Acids

30

Amanda Nieman, Gloria Forkuo, Margaret Guthrie,
Nina Yuan, Olivia Yu, Revathi Kodali, Rajwana
Jahan, Michael Stephen, Michael Poe, Benjamin
Hartzler, Charles Emala, James Cook, Douglas
Stafford, Leggy Arnold

Alleviating Asthma Symptoms with Subtype-selective GABAA Receptor
Modulators

31

Brian Cary, Marlies Hager, Samuel Gellman

Combining ß-amino acid residues incorporation and Lactam-stapling
generates potent, Gαs-biased GLP1 Analogues

32

Roger Diehl, Kieran Hudson, Gail Bartlett, Dek
Woolfson, Laura Kiessling

Importance of Aromatic Residues in Protein-Carbohydrate Interactions

33

Phillip Calabretta, Heather Hodges, Matthew
Kraft, Laura Kiessling

Probing Glycan Structure, Function, and Synthesis Through Chemical
Complementation

34

Shuichi Mori, Yuki Oshida, Yohei Watanabe, Mari
Yussa, Hiroyuki Kagechika

Development of Novel Store-Operated Calcium Entry Inhibitors

35

Daniel Knutson, Christopher Witzigmann, James
Cook, L. C. Chiou, Margot Ernst, Ranjit Verma

The Search for Selective and Water Soluble α-6 Bz/GABA(A) Receptor
Subtype Selective Ligands in Order to Determine their in vivo Activity

36

Ka Yang, Haibo Xie, Gabrielle Winston-McPherson,
Qing Yu, Donnie Stapleton, Mark Keller, Alan
Targeting PCSK9 Regulation Pathways with Novel Small Molecules
Attie, Weiping Tang

37

Chia-Wei Hu, Dacheng Fang, Matthew Worth, Hao
Li, Baobin Li, Jiaoyang Jiang

A Single Chemical Probe to Decipher the Structural Features of
O-GlcNAc Transferase for Substrate Recognition

38

Purba Mukherjee, Luke Leman, Reza Ghadiri

Design of a Programmable, Semi-Synthetic Clot-Buster

39

Kalie Mix, Ronald Raines

Bioreversible Modification of Proteins by Diazo Compounds

40

Barry Bunin, Charlie Weatherall, Gregory Kellan

CDD Vault: A Hosted Biological and Chemical Database to Securely
Manage Private and External Data

41

Stephanie Mitchell, Ian Gunsolus, Mimi Hang,
Robert Hamers, Christy Haynes, Erin Carlson

Proteomic Analysis of the Impact of Battery Nanomaterial on S.
oneidensis MR-1

42
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Mohammad Murshid Alam, Cassie Jarvis, Craig
McKay, Jiri Schimer, M. G. Finn, Laura Kiessling

Targeting Dendritic Cell Using Systematically Modified Bacteriophage
Qß

43

Cassie Jarvis, Mohammad Murshid Alam, Nitasha
Bennett, Laura Kiessling

Polymeric Antigens for Probing B and T Cell Activation

44

Dale Kreitler, Zhihui Yao, David Mortenson, Kate
Kurgan, Katrina Forest, Samuel Gellman

Interaction Between Hetero-chiral Coiled-coil

45

Shi Liu, Ross Cheloha, Thomas Gardella, Samuel
Gellman

Efforts toward Developing Long-Acting PTHR1 Inverse Agonists and
Antagonists

46

Cancer
Brent Kuenzi, Lily Remsing Rix, Paul Stewart, Bin
Fang, Fumi Kinose, Eric Welsh, Matthew Smith,
Dissection of Ceritinib Polypharmacology by Systems Chemical Biology
Theresa Boyle, John Koomen, Eric Haura, Uwe Rix

47

Andrew Zhang, Matias Casas-Selves, Stefan
Hallen, James Dowling, Aarti Kawatkar, Nicholas
Target Deconvolution Efforts around Wnt Pathway Inhibitor Screen
Pace, Eranthie Weerapana, Ivan Cornella-Taracido, Reveal Parallel Mechanisms of Inhibition
Michael Zinda, M. Paola Castaldi

48

Ryan Denu, Gregory Potts, Joshua Coon, Mark
Burkard

Chemical genetics and multiplex proteomics reveal potential
substrates of polo-like kinase 4 (PLK4), the master regulator of
centriole duplication

49

Rachel Friedman Ohana, Sergiy Levin, Monika
Wood, Kris Zimmeramn, Melanie Dart, Thomas
Kirkland, Robin Hurst, Keith Wood

Deconvolution of Targets for Small Molecules Using a PalladiumCleavable Capture Tag

50

Evris Gavathiotis

Dissecting the mechanisms of RAF inhibitor action toward improved
therapeutic strategies for BRAF-dependent tumors

51

Jinglin Xiong (co-presenter), Valentine Pecchi
(co-presenter), Andrei Ivanov, Min Qui, Yuhong
Du, Haian Fu

Targeting the Epigenetic Machinery Through the NSD3S-MYC
Interaction For Chemical Biology Studies

52

Sydney Thomas, Eun Ji Kim, Jin-Soo Kim, Ronald
Raines

Ribonuclease Inhibitor Protects Cells from Secretory Ribonucleases

53

Gregory Ho

Drug Discovery for P29S rac1 Melanoma

54

Yuhong Du, J. T. Neal, Michael Cantrell, Calvin
Kuo, Haian Fu

3D organoids high-throughput screening system for drug discovery

55

Valerie Ressler, Ronald Raines

Role of Endogenous Glycosylation of Human Ribonuclease 1

56

Antonett Madriaga

Investigating the mechanism-of-action of CB-5083 on p97 ATPase
activity

57

James Vasta, Kristin Huwiler, Matthew Robers,
Chad Zimprich, Jennifer Wilkinson, Melanie Dart,
Cesear Corona, Thomas Kirkland, Sergiy Levin,
Rachel Ohana, Kevin Kupcho, Kris Zimmerman,
Jim Hartnett, Thomas Machleidt, Mei Cong, Frank
Fan, Keith Wood

Kinase Target Engagement & Drug Residence Time Using BRET

58

Robin Hurst, Mike Rosenblatt, Thomas Machleidt,
Sergiy Levin, Cesear Corona, Keith Wood, Rachel
Friedman Ohana

Generation of Functional, Site Specific and Quantitatively Labeled
Growth Factors to Interrogate Receptor-Ligand Interactions by BRET

59

Olivia Yu, Viktoriia Senych, Alexander Arnold

Synthesis of Calcitroic Acid to Determine Its Potential for Prevention
of Colon Cancer

60

Darci Trader

Targeting the Proteasome with Small Molecules

61

Chemical Proteomics Reveals Soluble Epoxide Hydrolase as an
Angiogenesis Target

62

Chemical Biology of Lipids
Timothy Corson, Rania Sulaiman, Bit Lee, Wei
Sun, Khoa Trinh Seung-Yong Seo
Geoffrey Eddinger, James Checco, Nicholas
Rettko, Alexander Chartier, Samuel Gellman

Development of alpha/ß-peptide antagonists of TNFalpha
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A fluorescent probe for cysteine depalmitoylation reveals dynamic APT
signaling

64

Robert Lowery, Meera Kumar, Tom Zielinski,
Elizabeth Vu

A Homogenous Methyltransferase Enzymatic Assay Based on a
Microbial Riboswitch

65

Yusuke Okazaki, Takashi Fujiwara, Asuka
Takaguchi, Tomoya Hirano, Syuichi Mori, Hiroyuki
Kagechika

Development of a facile method to detect the activity of histone
methyltransferase based on SNAr reaction

66

Clifford Gee, Edward Koleski, Alex Ayoub, Jin Cai,
Xi Zong, William Pomerantz, Gunda Georg

Dual Labeling and Ligand Deconstruction: Further Applications of
Protein-Observed 19F NMR

67

Peter Ycas, William Pomerantz

Small Molecule Catalyzed Degradation of the Bromodomain Containing
Protein BPTF

68

Presenter
Rahul Kathayat, Bryan C Dickinson
Epigenetics

Kristin Huwiler, Matt Robers, Chad Zimbrich,
Jennifer Wilkinsson, Michael Slater, Melanie Dart,
Measuring Intracellular Target Engagement via BRET at Histone
Thomas Kirkland, Sergiy Levin, Rachel Ohana, Kevin
Deacetylases and Bromodomains
Kupcho, Kris Zimmerman, Jim Hartnett, Thomas
Machleidt, Mei Cong, Frank Fan, Keith Wood

69

Human Microbiome
Christine Isabella, Caitlin McMahon, Amanda
Dugan, Laura Kiessling

Probing the consequences of differential recognition of microbial
glycans by Intelectin-1

70

Charnell Long, Gavin Dillavou-Brown, Chariesse
Ellis, Sheila Johnson, Carolina Mendoza, Laura
Kiessling

The Intersection between Mentoring, Microbiome, and Mannose
Binding C-type Lectins

71

Manibarsha Goswami, Erin Carlson

Bacterial histidine kinases as targets for development of effective
antibiotics

72

Ian Windsor, Michael Palte, John Lukesh, Dawn
Dudley, David O’Connor, Katrina Forest, Ronald
Raines

Rational Design of HIV-1 Protease Inhibitors with Unprecedented
Potency

73

Matthew O’Reilly, Kaleigh Karlen, Helen Blackwell

Development of Chemical Tools for the Modulation of Quorum Sensing
in Pseudomonas aeruginosa

74

Aubrey Ellison, Felix Dempwolff, Daniel Kearns,
Ronald Raines

Collagen Mimetic Peptides as Probes for Bacterial Infection

75

Wataru Hakamata, Kazuki Miura, Ryousuke
Koyama, Shun Uema, Takako Hirano, Toshiyuki
Nishio

Cell-based Assay of ER Glucosidase II Inhibitor using its Novel
Fluorescent Substrate

76

Mireille Kamariza, Carolyn Bertozzi

Fast and Specific Detection of Mycobacteria with a Novel Fluorogenic
Derivative.

77

Adeline Espinasse, Manibarsha Goswami, Kaelyn
Wilke, Erin Carlson

Bacterial Histidine Kinases: Study of the Interactions Required for
Autophosphorylation

78

Andrew Voter, Michael Killoran, James Keck

Towards a Small Molecule Inhibitor of Bacterial SSB Protein-Protein
Interactions

79

Shabnam Sharifzadeh, Ozden Kocaoglu, Erin
Carlson

Profiling of ß-Lactam Selectivity for Penicillin-Binding Proteins
in Bacillus subtilis and Methicillin-Sensitive and -Resistant
Staphylococcus aureus

80

Victor Outlaw, Ross Cheloha, Dale Kreitler,
Samuel Gellman

Structure-Guided Design of Peptidomimetic Inhibitors of Paramyxoviral
Fusion

81

Maria Toro-Moreno, Rene Raphemot, Emily
Derbyshire

Small-Molecule Inhibition of Host Trafficking Pathways Impairs
Plasmodium Liver Infection

82

Joseph Vasquez, Yftah Tal-Gan, Gabriel
Cornilescu, Kimberly Tyler, Helen Blackwell

Simplified AIP-II Peptidomimetics are Potent Inhibitors of
Staphylococcus aureus AgrC Quorum Sensing Receptors

83

Infectious Disease
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Scott Lovell

Structure Guided Development of Norovirus 3CL Protease Inhibitors

84

Michelle Boursier, Joseph Moore, Katherine
Hietman, Lea C. Koenig, Sally Shepardson, Joshua
Combs, Daniel Shin, Eric Brown, Helen Blackwell,
Katherine Heitman, Rajesh Nagarajan

Non-Native Modulators of the RhlR Quorum Sensing Receptor in P.
Aeruginosa

85

Matthew Styles, Helen Blackwell

Development of small molecule agonists and antagonists of SdiA in S.
enterica and E. coli

86

Valerie Winton, Alexander Justen, Laura Kiessling

Carboxylate Surrogates Enhance Antimycobacterial Activity

87

Austin Kruger, Laura Kiessling

Degradeable Polymers for Iron Chelation in Biological Applications

88

Xufeng Cao, Chad Schroeder, Colleen Jonsson,
Donghoon Chung, Jennifer Golden

Development of Encephalitic Alphavirus Inhibitors With In Vivo
Efficacy

89

Leslie Rank, Naomi Walsh, Fang-Yun Lim, Runhui
Liu, Nancy Keller, Christina Hull, Samuel Gellman

Host Defense Peptide Inspired Polymers Display Broad Spectrum
Antifungal Activity

90

Virginia Kincaid, Alexander Justen, Kari Stauss,
Laura Kiessling

Coordination of Galactan Biosynthesis in Mycobacteria

91

Jordan Ho, Lili Kim, Laura Kiessling

Manipulation and Inhibition of Mycobacterial Galactan Biosynthesis

92

Kellan Gregory

Present and Future Collaborative Drug Discovery Informatics
Innovations

93

David Aceti, Hamid Eghbalnia, Jaime Stark, John
Markley

NMR-based Ligand Screening of Proteins for Functional Annotation
and Drug Discovery

94

Pei Huang, Yao Li, Jianying Han, Xueting Liu,
Pinghua Liu, Lixin Zhang

Genomic Mining for New FtmOx1 Paralogs and Their Derived Natural
Products

95

Qiushui Wang, Feng Xie, Shengwang Dai, Jin
Miao, Huangqin Dai, Fuhang Song, Lixin Zhang

Validation of an Efficient CRISPR/Cas 9 System in Verrucosispora sp.

96

Feng Xie, Shengwang Dai, Yu Zhao, Pei Huang,
Qiushui Wang, Zengchun Ji, Jinzhao Shen, Xueting
Liu, Huanqin Dai, Fuhang Song, Lixin Zhang

Unnatural Amychelins Capable of Rescuing Pseudomonas AeruginosaInfected Host

97

M. J. MacDonald, S. Bian, P. Mogalisetti, D.R.
Walt and S. H. Gellman

A Search for Unnatural Biomimetic Catalysts

98

Hankum Park, Jaeyong Ha, Ja Young Koo,
Jongmin Park, Seung Bum Park

Label-Free Target Identification Using In-Gel Fluorescence Difference
via Thermal Stability Shift

99

Jinsong Chen, Xiaopeng Jia, Lixin Zhang

Visualization of Streptomyces Avermitilis Evolution in the Avermectin
Yield Improvement

100

Joseph McKillip, Manibarsha Goswami, Kaelyn
Wilke, Erin Carlson

Identification of Natural Products as Inhibitors of Bacterial Histidine
Kinases

101

Kazuki Miura, Wataru Hakamata, Takako Hirano
Toshiyuki Nishio

Screening of Exo-ß-Glycosidase as Novel Glycan Processing Enzyme at
Human Cultured Cells

102

Ibrahim Sifi, Hicham Gouzi

Biological Activities of Crude Extracts of Brown Marine Algae

103

Andrew Jonson, Erin Carlson

Structure Elucidation of Natural Products with Ion Mobility and CID
Mass Spectrometry

104

Shannon Ohlemacher, Mahnoor Malik, Jeffrey
Henderson

Characterization of YbtT, an Editing Enzyme in the Yersiniabactin
Biosynthetic Pathway

105

Emily Garnett, Ronald Raines

Loss of Rnase1 Produces Coagulation Abnormalities in Mice

106

Sara Coulup, David Huang, Natalia Tretyakova,
Henry Wong, Gunda Georg

Toward the Total Synthesis of Metabolically Stabilized Pironetin
Analogs

107

Md Toufiqur Rahman, Jeffrey Deschamps, James
Cook

Enantiospecific, Stereospecific Total Synthesis of a Series of C-19
Methyl Substituted Sarpagine/Macroline Indole Alkaloids via an Efficient
Method of Copper-Mediated Enolate Driven Crosscoupling Process

108

Natural Products Chemistry and Biology
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Neurodegenerative and Neurological Disorders
Nicolas Zahn

Nervous System Effects & Metabolic Analysis of
Imidazobenzodiazepines in Human and Mouse Liver Microsomes

109

Michael Finley, Alicja Krasowska-Zoladek, Andrea
Webber, Wang Jixin, Alexei Podtelezhnikov

Evaluation of Axiogenesis Peri4U Induced Pluripotent Stem CellDerived Peripheral Neurons

110

Trish Hoang, Thomas Smith, Ronald Raines

Angiogenin-boronic acid conjugate with selective neuroprotection
activity

111

Daniel Knutson, Ranjit Verma, Michael Stephen,
Revathi Kodali, James Cook, Margot Ernst, Werner
Sieghart

Novel Deuterated GABAAR-alpha 6 Subtype Selective Ligands with
Improved Metabolic Stability

112

I. Caglar Tanrikulu, Audrey Forticaux, Song Jin,
Ronald Raines

Peptide Tessellation Yields Micron-Scale Collagen Triple Helices

113

Yefim Zaltsman, Samira Musah, Laura Kiessling

Matrix Elasticity Directs Neuronal Differentiation

114

Jesus Dones-Monroig

Towards an Optimal Collagen Mimetic Peptide (flp-Hyp-Gly)7

115

Sayaka Masuko, Qia Li, Paul Wrighton, Laura
Kiessling

Elucidating the Roles of Heparan Sulfate in Human Pluripotent Stem
Cells

116

Anurag Agrawal, James Weisshaar

Understanding spatiotemporal aspects of Cecropin A attack on Single,
Live Bacteria using Time-Lapse Fluorescence Microscopy

117

Nuru Stracey, Anne Fischer, Thomas Brunold,
Adam Fiedler, Sergey Lindeman

Synthesis, X-ray Structures, Electronic Properties, and O2/NO
Reactivities of Cysteine Dioxygenase and Cysteamine Dioxygenase
Active-Site Models

118

Andrew Reidenbach, Jonathan Stefely, Molly
McDevitt, Paul Hutchins, Adam Jochem, Zachary
Kemmerer Craig Bingman, Joshua Coon, David
Pagliarini

UbiB Kinases Enable Coenzyme Q Biosynthesis Through Unorthodox
Kinase Activity

119

Elizabeth Vu, Meera Kumar, Tom Zielinski, and
Robert G. Lowery

Measuring Drug Residence Times in an HTS Format with the
Transcreener ADP2 Kinase Assay

120

Regenerative Medicine

Uncategorized

ICBS Young Chemical
Biologists

ICBS2016

Sponsored by:

2016 Rising Stars

To advance the career development of young investigators in chemical biology,
ICBS has established a special session at the Annual Meeting to showcase
up-and-coming chemical biology scientists. The selected recipients will give
a podium presentation during the special “Rising Stars” session, and each
will be further recognized for their achievements with a certificate and a
monetary award.

Yimon

Aye

Yimon Aye was born in Burma. She moved to UK, and studied chemistry at Oxford University, UK,
graduating in 2004 with 1st-class honors. She moved to Harvard University, USA, achieving a Ph.D.
in organic chemistry under the supervision of Prof. Dave Evans. She then moved to Massachusetts
Institute of Technology to research the cellular and biochemical regulatorymechanisms of the enzyme
ribonucleotide reductase with Prof. JoAnne Stubbe. In her independent career at Cornell University that
began in mid-2012, she set out to understand the detailed mechanisms of redox signaling. This impetus
culminated in the development of T-REX™ on-demand redox-targeting toolset. Using approaches that
combine synthetic methodology, biochemistry, cell biology, and specifically exploiting T-REX in cultured
cells, zebrafish, and C. elegans models, the Aye lab is currently addressing key unsolved problems in the
realms of precision redox regulation and nucleotide signaling pathways of fundamental importance and
proven therapeutic significance.
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Ratmir
Dedra

Ratmir Derda received his undergraduate degree in Physics from Moscow Institute of Physics and
Technology in 2001 and Ph.D. in Chemistry from the University of Wisconsin-Madison in 2008, under
the supervision of Laura L. Kiessling. From 2008 to 2011, he was a postdoctoral researcher at Harvard
University working under the supervision of George M. Whitesides and Donald E. Ingber. He joined the
University of Alberta in 2011 as an Assistant Professor in Chemistry. In 2012, he became a principal
investigator at the Alberta Glycomics Centre. His notable awards include the Young Investigator Award
from the Boulder Peptide Society (2014) and Canadian Rising Star in Global Health (2011).
The Derda Lab centers on the development and mechanistic investigation of chemical transformations
of genetically-encoded (GE) substrates. We employ genetically-encoded chemical libraries to attack
unsolved problems in molecular recognition to aid the discovery of new therapeutics, biomaterials and
molecular diagnostics. Access to billions of genetically-encoded molecules developed by our group
allows to explore ligand-receptor interactions that would be difficult to explore using systematic rational
analysis. An example of such “difficult” or so-called “undruggable” targets that we study are proteins that
recognize carbohydrates. Conceptually similar molecular recognition problems that we are interested in
are recognition of ice in water, functional mimicry of ice-crystals by organic molecules and heterogeneous
nucleation driven through such mimicry.
Aside from ligand discovery, synthesis of GE-libraries offers exciting challenges in synthetic chemistry.
Development of synthetic transformations that act on not one but a million or a billion reactants at
once calls for developments of new paradigms in monitoring of the reaction progress, characterization
of the yield, kinetics, and selectivity of these reactions. We believe that development of quantitative
physical-organic methods for characterization of billion-scale reactions will offer strategies for exploring
the fundamental physical principles the drive chemical reactions. For example, the role of groundstate conformational preferences and solvent effect in macrocyclization reactions are understood only
for structurally simple substrates. We develop strategies that could quantify and characterize these
properties in peptides and peptide-derived substrates using the tools of genetic selection.
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William

Pomerantz
William Pomerantz has been a professor in the Department of Chemistry at the University of Minnesota
since 2012. He is also an affiliate faculty member in the Department of Medicinal Chemistry and one
of the founding members of the Epigenetics Consortium on campus. Before coming to the University
of Minnesota, he was a National Institutes of Health post-doctoral research fellow at the University of
Michigan. He earned his doctorate in organic chemistry from the University of Wisconsin-Madison, spent
a year as a Seydel/Fulbright Fellow at the Swiss Federal Institute of Technology in Zurich, Switzerland,
and earned his bachelor’s degree in chemistry from Ithaca College.
Pomerantz’ research focuses on understanding the molecular mechanisms of epigenetic regulation
while developing new chemical probes for transcription-factor protein interactions. His projects meld
organic chemistry, biochemistry, biophysics and cellular biology approaches to achieve these goals. One
distinguishing aspect of his research includes a protein-based fluorine NMR approach, which his lab has
been applying for small molecule discovery. This work has led to the discovery of several novel inhibitors
of bromodomain-containing proteins, which his group is studying in more detail in the context of breast
cancer and heart disease.
His work is highly collaborative and includes a variety of academic research labs focusing on epigenetics
research both within an outside the University of Minnesota as well as an industrial collaboration with
Eli Lilly. His work has been published in some of the American Chemical Society’s top publications as
well as two recent publications at Nature Chemical Biology and Nature Protocols. It has also earned
him a number of honors, including the National Science Foundation CAREER Award, the University of
Minnesota McKnight Land-Grant Professorship, being named a 2016 Cottrell Scholar, grants from the
American Cancer Society, American Heart Association, Sidney Kimmel Cancer Foundation, Masonic
Cancer Center, Phi Kappa Phi, and an honorarium from Eli Lilly.
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2015 Rising Stars

Alessio
Ciulli

Alessio graduated in Chemistry (2002) from his hometown Florence under the late Ivano Bertini and
obtained his PhD from the University of Cambridge (Chemistry, 2006), studying as a Gates Cambridge
Scholar under the supervision of Chris Abell and in collaboration with Astex Pharmaceuticals. Following
post-doctoral research on fragment-based drug design with Chris Abell and Tom Blundell, and an HFSP
visiting Fellowship at Yale University to begin collaboration with Craig Crews (2009), he was awarded a
BBSRC David Phillips Fellowship and returned to Cambridge to start his independent career in 2010.
In 2013 Alessio was awarded an ERC Starting Grant and moved his laboratory to the School of Life
Sciences at Dundee where he is currently an Associate Professor in Chemical & Structural Biology and
Principal Investigator within the Division of Biological Chemistry and Drug Discovery. Alessio is the
recipient of the 2014 Talented Young Italian award, the 2015 EFMC Prize for Young Medicinal Chemist
in Academia, the 2015 ICBS Young Chemical Biologist Award, the 2016 RSC Capps Green Zomaya
Award in medicinal computational chemistry, and the 2016 MedChemComm Emerging Investigator
Lectureship.
Current Research
Research in the Ciulli Lab is concerned with understanding molecular recognition of protein-protein
interactions (PPIs) within the ubiquitin/proteasome and the chromatin/nucleosomes systems, and
exploiting druggability to small molecule modulators for chemical biology and drug discovery. We employ
a question-driven, multi-disciplinary approach that combines chemical, biochemical, biophysical and
structural techniques with the concepts of fragment-based and structure-based drug design. Current
research efforts are directed towards interrogating PPIs and protein recognition within protein families
of biological and medical relevance including
1. The Cullin RING E3 ubiquitin ligases (CRL) multi-subunit complexes; small-molecule binders
of CRLs are being developed in their own right as CRL inhibitors, and exploited as CRL-recruiting
ligands for targeted protein degradation
2. Multi-domain proteins containing paired chromatin reader bromodomains and plant homeodomain
finger domains. We seek to understand the chemical nature of the surfaces and intersubunit interfaces
of these proteins, and to exploit their tractability and selectivity toward small molecule. The chemical
probes we design and develop are evaluated biophysically, structurally and inside cells as tools to
address biological questions and early leads for potential therapeutics.
Selected References
1. Baud, M.G.J. et al. Science 346, 638–641 (2014)
2. Galdeano, C. et al. J. Med. Chem. 57, 8657–8663 (2014).
3. Zengerle, M., Chan, K.-H. & Ciulli, A. ACS Chem. Biol. 10, 1770–1777 (2015).
4. Runcie, A.C. et al. Curr. Opin. Chem. Biol. 33, 186–194 (2016).
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Edward
Lemke

We believe that the power of fluorescence tools in biology depends not only on pushing the limits of
microscopy instrumentation, but also on our ability to engineer fluorescent dyes (labels) into proteins to
make biological mechanism visible to the single molecule and superresolution technologies. Despite the
fast pace of development, limitations of autofluorescent proteins (AFP) have become apparent, including
their sheer size, poor photostability etc.. The need for novel protein engineering tools is emphasized by
our current inability to translate in vitro studies to in cell (in vivo) studies. The unnatural amino acid
(UAA) strategy (also called genetic code expansion (GCE)) is one of the most versatile protein engineering
tools and requires only minimal modification to native protein structure.
We recently developed a semi-synthetic strategy based on novel UAAs that are easily and site-specifically
introduced into any protein by the natural machinery of the living cell using GCE. (Nikic et al., 2014;
Plass et al., 2011; Plass et al., 2012)Expressed proteins only differ from their natural counterparts by
very few atoms, constituting a ring-strained cyclooctyne or cyclooctene functional group. We showed that
these completely inert and non-toxic groups can be stably incorporated into any protein and readily react
with commercially available single molecule fluorophores without the need of special reagents, catalysts
or non-physiological buffer conditions. In particular, the fully biocompatible inverse-electron-demand
Diels-Alder reaction (SPIEDAC) exhibits orders of magnitude faster reaction rates than the prototypical
Huisgen-type click reaction (SPAAC). We have meanwhile discovered ultrafast reacting variants of the
SPIEDAC reaction that even permit multi-color labeling of living cells.
Another important area of GCE is the production of engineered recombinant proteins, which is furthest
developed in E. coli. However, many proteins and in particular eukaryotic protein complexes cannot
be expressed in such simple organisms. We now present a protein engineering tool that enables sitespecific introduction of unique functionalities in a recombinantly produced eukaryotic protein complex.
We demonstrate the versatility of this efficient and robust protein production platform “MultiBacTAG”
i) to fluorescently label target proteins and biologics using click chemistries, ii) for glycoengineering of
antibodies, and iii) for structure–function studies of novel eukaryotic complexes using single molecule
FRET as well as site-specific cross-linking strategies (Koehler et al., 2016).
1. Nikic, I., Plass, T., Schraidt, O., Szymanski, J., Briggs, J.A., Schultz, C., and Lemke, E.A. (2014). Minimal tags for rapid
dual-color live-cell labeling and super-resolution microscopy. Angewandte Chemie 53, 2245-2249.
2. Plass, T., Milles, S., Koehler, C., Schultz, C., and Lemke, E.A. (2011). Genetically encoded copper-free click chemistry.
Angewandte Chemie 50, 3878-3881.
3. Plass, T., Milles, S., Koehler, C., Szymanski, J., Mueller, R., Wiessler, M., Schultz, C., and Lemke, E.A. (2012). Amino
acids for Diels-Alder reactions in living cells. Angewandte Chemie 51, 4166-4170.
4. Koehler C, Sauter PF, Wawryszyn M, Estrada Girona G, Gupta K, Landry JJM, Hsi-Yang Fritz M, Radic K, Hoffmann J-E,
Chen ZA, Zou J, Tan PS, Galik B, Junttila S, Stolt-Bergner P, Pruneri G, Gyenesei A, Schultz C, Biskup MB, Besir H,
Benes V, Rappsilber J, Jechlinger M, Korbel JO, Berger I, Braese S, Lemke EA. Genetic code expansion for multiprotein
complex engineering, Nature Methods (2016) in press

2015 Rising Stars

Evan

Miller

My lab’s research interests lie at the intersection of chemical biology and cellular physiology, with an
emphasis on neuroscience. We use the methods of synthetic organic chemistry to build molecules that
enable us to spy on cellular function. In particular, I am fascinated with the contributions that changes
in membrane potential make to the physiology of excitable cells like neurons and cardiomyocytes as
well as non-excitable, somatic cells. Our understanding of how membrane potential dynamics influence
both physiology and disease at cellular, sub-cellular, and organismal levels remains incomplete, due
in part to a lack of tools which can reliably report on membrane voltage in a sensitive, non-toxic, and
high-throughput fashion. In this regard, optical approaches to monitor membrane voltage in neurons
and other cells are attractive, but remain limited due to insufficient speed or sensitivity. My lab has
been exploring a new method for fast, sensitive, non-disruptive fluorescent voltage sensing using small
molecule fluorophores that use photoinduced electron transfer (PeT) as a voltage-sensitive switch. These
voltage-sensitive fluorophores, or VoltageFluors are amenable to a number of different cellular contexts,
including neurons and cardiomyocytes; span a wide range of excitation and emission profiles; and can
be targeted to defined cells. We are working to further our understanding of the physical processes
underlying voltage sensitivity in VoltageFluors as well as to use these tools to probe the role of membrane
potential in living cells and organisms.
References:
1. Deal, P. E., Kulkarni, R. U., Al-Abdullatif, S. H., Miller, E. W., Isomerically pure tetramethylrhodamine voltage reporters.
J Am Chem Soc 2016, 138 (29), 9085-8. DOI: 10.1021/jacs.6b05672.
2. Grenier, V.; Walker, A. S.; Miller, E. W., A small-molecule photoactivatable optical sensor of transmembrane potential. J
Am Chem Soc 2015, 137 (34), 10894-7. DOI: 10.1021/jacs.5b05538.
3. Huang, Y. L.; Walker, A. S.; Miller, E. W., A Photostable Silicon Rhodamine Platform for Optical Voltage Sensing. J Am
Chem Soc 2015, 137 (33), 10767-76. DOI: 10.1021/jacs.5b06644.
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Evripidis

Gavathiotis
My research interests aim to investigate and target mechanisms of protein-protein interactions in cell
death and cell survival signaling, which are deregulated in cancer and other diseases. In this effort we
develop novel pharmacological strategies and chemical probes that can be used for target validation and
serve as the basis for novel therapeutics. By operating at the interface of chemistry and biology, and
developing innovative approaches, our goal is to advance understanding of the biological processes and
provide new opportunities for drug discovery.
Since I started my lab we have made progress with elucidating biochemical mechanisms and discovery of
chemical probes. We identified the first small-molecule activator of pro-apoptotic BAX and demonstrated
a new paradigm for pharmacologic induction of apoptosis. We characterized the first small molecules
that activate chaperone-mediated autophagy and protect cells from oxidative stress and proteotoxicity.
We have contributed in the area of BCL-2 family inhibitors with investigating stapled peptides and small
molecules broadly targeting the anti-apoptotic proteins or selectively the MCL-1 protein, an important
target for overcoming apoptotic resistance in many tumors.
We elucidated novel mechanisms that regulate inhibition of cytosolic and mitochondrial BAX in BAXinduced apoptosis. Specifically, we identified a novel auto-regulatory mechanism of pro-apoptotic BAX
induced by dimerization that inhibits BAX activation and regulates sensitivity to apoptosis induction. We
solved the first crystal structure of full-length BAX and used NMR approaches to identify a novel bindingpocket to BAX that mediates repression by the BCL-2 protein at the mitochondria. Using phage display
screens, we identified synthetic antibody fragments that bind to BAX at the N-terminal activation site,
which can potently block BAX activation at an early step before its mitochondrial translocation. These
studies provided novel pharmacologic opportunities to modulate BAX within the mitochondrial cell death
pathway.
A recent line of research in the lab focuses on the ERK signaling pathway in cancer. We applied a structural
and chemical biology approach to elucidate a major mechanism for RAF inhibitor-mediated resistance
due to RAF dimerization and RAS-dependent BRAF activation. We have devised an integrated model that
predicts activity of RAF inhibitors in different BRAF signaling contexts and tumors. We have pursued
structure-based drug design using this conceptual understanding for novel inhibitor development.
References:
1. Garner TP, Reyna DE, Priyadarshi A, Chen HC, Li S, Wu Y, Ganesan, YT, Malashkevich VN, Almo SS, Cheng EH, Gavathiotis
E. An Autoinhibited Dimeric Form of BAX Regulates the BAX Activation Pathway. Mol. Cell 2016, 63: 485-497.
2. Karoulia Z, Wu Y, Ahmed AA, Xin Q, Bollard J, Krepler C, Wu X, Zhang C, Bollag G, Herlyn M, Fagin JA, Lujambio A,
Gavathiotis E*, Poulikakos P*. An Integrated Model of RAF inhibitor Action Predicts Inhibitor Activity against Oncogenic
BRAF Signaling. Cancer Cell 2016, 30: 1-14. *corresponding author
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Kenjiro

Hanaoka
My research interests are focused on the development of chemical biology tools that can be used to
visualize and/or regulate biological phenomena, such as imaging probes and inhibitors. A promising
approach to elucidate biological phenomena is, I believe, to design and synthesize functional sensor
molecules that allow biomolecules to be monitored by spectroscopic methods. For this purpose, our group
has developed many fluorescent probes and smart MRI agents for biological events, and applied them to
living cells and animals. For example, although many research groups have developed probes and used
them to uncover biological events in cultured cells and tissues slices, we have focused on developing
the fluorophores themselves, such as silicon-substituted xanthene dyes (ex. TokyoMagenta, SiR600,
etc.), and on derivatizing them to obtain novel red to NIR fluorescent probes that would open up new
research approaches. Indeed, fluorescent probes including NIR dark quenchers based on fluorophores
that we have developed have opened up a range of new possibilities for imaging biological processes in
living cells and whole animals. Another goal of these efforts is to develop chemical tools for manipulating
biological phenomena. Fluorescent probes are also useful for high-throughput inhibitor screening.
The key idea underlying my research efforts is to investigate and utilize the potential of small organic
compounds to provide new chemical-biology tools that can enable precise control and visualization of
biological phenomena.
Recent Selected Publications
1. Yu Kushida, Tetsuo Nagano, Kenjiro Hanaoka* (Review) “Silicon-substituted xanthene dyes and their applications to
bioimaging” Analyst, vol.140, pp685-695 (2015).
2. Takuya Myochin, Kenjiro Hanaoka*, Shimpei Iwaki, Tasuku Ueno, Toru Komatsu, Takuya Terai, Tetsuo Nagano, Yasuteru
Urano* “Development of a Series of Near-infrared Dark Quenchers Based on Si-rhodamines and Their Application to
Fluorescent Probes” J. Am. Chem. Soc., vol.137, pp4759–4765 (2015).
3. Kazuhisa Hirabayashi, Kenjiro Hanaoka*, Takahiro Egawa, Chiaki Kobayashi, Shodai Takahashi, Toru Komatsua, Tasuku
Ueno, Takuya Terai, Yuji Ikegaya, Tetsuo Nagano, Yasuteru Urano* “Development of Practical Red Fluorescent Probe for
Cytoplasmic Calcium Ions with Greatly Improved Cell-membrane Permeability” Cell. Calcium, in press.
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Jiaoyang
Jiang

Our group’s primary research interest is in protein O-GlcNAcylation, an N-acetylglucosamine (GlcNAc)
modification on the serine or threonine residues of thousands of intracellular proteins. This nutrientresponsive modification dynamically regulates protein functions in nearly every aspect of biological
processes, including signal transduction, gene expression, and cell cycle1,2. Aberrant O-GlcNAcylation
has been detected in many diseases such as cancer, diabetes, and Alzheimer’s disease. Our group
is utilizing chemical biology, enzymology, mass spectrometry, and X-ray crystallography approaches to
elucidate the molecular mechanisms and biological functions of O-GlcNAcylation in the complexity of
epigenetic and transcriptional regulation3, which currently remains largely unknown.
References
1. Jiang, J*; Lazarus, MB*; Pasquina, L; Sliz, P; Walker, S. A neutral diphosphate mimic crosslinks the active site of human
O-GlcNAc transferase. (*equal contribution) Nature Chemical Biology (2012), 8, 72-7.
1. Lazarus, MB*; Jiang, J*; Kapuria V, Bhuiyan T, Janetzko J, Zandberg WF, Vocadlo DJ, Herr W, Walker S. HCF-1 is cleaved
in the active site of O-GlcNAc transferase. (*equal contribution) Science (2013), 342, 1235-9.
1. Lu L, Fan D, Hu CW, Worth M, Ma ZX, Jiang J. Distributive O-GlcNAcylation on the highly repetitive C-terminal domain
of RNA polymerase II. Biochemistry (2016) 55, 1149-58.
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2013 Rising Stars

Bradley

Pentelute
Research in the Pentelute lab entails the use of new chemistry and platforms to solve important problems
in chemical biology. We focus on the use of cysteine arylation to generate abiotic macromolecular
proteins, the precision delivery of biomolecules into cells, and the development of fast flow platforms to
rapidly produce polypeptides.
References
1. Rabideau, A.E. & Pentelute, B.L. (2016) Delivery of non-native cargo into mammalian cells using anthrax lethal toxin.
ACS Chem. Biol., 11(6):1490-501
2. Zhang, C., Welborn, M., Zhu, T., Santos, M., Yang, N., Van Voorhis, T., Pentelute, B.L. (2016) π-Clamp mediated cysteine
conjugation. Nature Chemistry, (8)2, 120-128
3. Vinogradova, E.V.*, Zhang, C.*, Spokoyny, A. M., Pentelute, B.L.*, Buchwald, S.L.* (2015) Organometallic palladium
reagents for cysteine bioconjugation. Nature, 526(7575), 687-691 (*Co-corresponding authors and first authors)
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2013 Rising Stars

Christian
Ottmann

My research focuses on small-molecule stabilization of protein-protein interactions (PPIs). Whereas
inhibition of PPIs is meanwhile a well-established and successful area in Drug Discovery, targeted
stabilization of PPIs is still underrepresented. This is surprising given the fact that a number of natural
products like rapamycin, FK506, brefeldin, and forskolin mediate their physiological effects by stabilizing
specific protein complexes. In addition, also a number of molecules originating from Drug Discovery like
tafamidis and lenalidomide have been shown to work as PPI stabilizers. Thus it is indeed feasible to
target regulatory protein complexes with small, PPI-stabilizing molecules to perturb biological systems
for basic research or even achieve a therapeutic effect.
Work in my lab focus on 14-3-3 protein-protein interactions. The reason for this is two-fold: i) 14-33 proteins are wide-spread hub proteins that interact with several hundred other proteins in human
physiology and are thus involved in almost every disease field. Consequently, we are following projects
related to cancer, neurodegeneration (Alzheimer’s and Parkinson’s Disease), metabolic diseases,
inflammation and cystic fibrosis. If we should succeed in developing specific stabilizers for 14-3-3 PPIs
with e.g. p53, B-Raf, Tau, LRRK2, AS160, NFκB, and CFTR, we could make a significant impact in
both Chemical Biology and Drug Discovery. ii) The concept of 14-3-3 PPI stabilization is “chemically
validated” by the natural products fusicoccin and its derivatives, e.g. stabilizers of 14-3-3 interaction
with Gab2 (cancer)1 or CFTR (cystic fibrosis) 2.
The goal to exploit a chemical biology principle like PPI stabilization for translational purposes can best
be realized in close collaboration with medicinal chemists and the pharma industry. In this regard, our
newly funded EU Horizon2020 project “Targeted Stabilization of Protein-Protein Interactions – TASPPI”
is the ideal initiative to establish 14-3-3 PPI stabilizers as a novel approach in Drug Discovery. The TASPPI
consortium comprises groups from 5 universities (Eindhoven, Dundee, Leeds, Lille, Prague, Siena), 3

pharma companies (AstraZeneca, GSK, UCB) and two SMEs (LDC, Taros Chemicals). In
the next 4 years we hope to be able to show that 14-3-3 PPI stabilization is indeed a
viable strategy not only for basic research but also in translational Chemical Biology.
References
1. Bier D, Bartel M, Sies K, Halbach S, Higuchi Y, Haranosono Y, Brummer T, Kato N, Ottmann C. Small-Molecule
Stabilization of the 14-3-3/Gab2 Protein-Protein Interaction (PPI) Interface. ChemMedChem 2016, 11, 911-8.
2. Stevers LM, Lam CV, Leysen SF, Meijer FA, van Scheppingen DS, de Vries RM, Carlile GW, Milroy LG, Thomas DY,
Brunsveld L, Ottmann C. Characterization and small-molecule stabilization of the multisite tandem binding between 143-3 and the R domain of CFTR. PNAS 2016, 113, E1152-61.
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2013 Rising Stars

Xiaoguang
Lei

Prof. Xiaoguang Lei obtained BS degree in chemistry at Peking University in 2001. He then conducted
his PhD research in natural product synthesis and chemical biology from 2001 to 2006 with Prof.
John. A. Porco, Jr. at Boston University. After two years (2006-2008) as a post-doctoral fellow in Prof.
Samuel J. Danishefsky’s group at Columbia University, he started the independent research at National
Institute of Biological Sciences (NIBS) in China as a PI. In early 2014, he joined the faculty of college
of chemistry at Peking University.
Prof. Lei’s major research interests are chemical biology, natural product synthesis and medicinal
chemistry. In the chemical biology field, he has systematically utilized various small molecule probes
including complex natural products to dissect the TNF-α initiated extrinsic programmed cell death
pathways including both apoptosis and programmed necrosis (necroptosis), and illuminate a number of
new molecular mechanisms underlying these fundamental cellular processes. These endeavors have been
highlighted by several seminal discoveries: (1) using small molecule probe NSA to identify the mixed
lineage kinase domain-like protein (MLKL) as a novel interacting protein with RIP3 and elucidate an
unprecedented molecular mechanism of necroptosis (Cell 2012); (2) using a chemical biology approach
to develop the first selective small molecule activator of the death receptor 5 (DR5) to efficiently trigger
apoptosis of cancer cells (Nature Chemical Biology 2013); (3) using natural product kongnesin A to
uncover a new mechanism for blocking necroptosis through the selective inhibition of protein-protein
interaction between heat shock protein 90 (Hsp90) and its co-chaperon CDC 37 (Cell Chemical Biology
2016). In addition, he also focuses on function-oriented synthesis and has accomplished a number of
remarkable total syntheses of structurally complex and bioactive natural products (ACIE 2012, 491;
JACS 2012, 12414; Chem. Sci. 2013, 1163; ACIE 2014, 9257; Nature Commun. 2014, 4614; ACIE
2015, 1011; JACS 2015, 11946; ACIE 2016, 3112). Moreover, he has been further exploring, and
with significant success aspects of target identification and mode of action for these complex natural
products (Nature Communications 2015; ACIE 2014, 12111; ACIE 2016, 4291).
Prof. Lei has received several academic awards including the prestigious 2017 Tetrahedron Young
Investigator Award in Bioorganic and Medicinal Chemistry, and Young Chemical Biologist Award by the
International Chemical Biology Society 2013.
Key publications:
1. Sun, L.; Wang, H.; Wang, Z.; He, S.; Chen, S.; Liao, D.; Wang, L.; Yan, J.; Liu, W.; Lei, X.*; Wang, X.* “Mixed Lineage
Kinase Domain-like Protein Mediates Necrosis Signaling Downstream of RIP3 Kinase” Cell 2012, 148, 213-227
2. Wang, G.*; Wang, X.; Yu, H.; Wei, S.; Williams, N.; Holmes, D. L.; Halfmann, R.; Naidoo, J.; Wang, L.; Li, L.; Chen, S.;
Harran, P.; Lei, X.*; Wang, X.* “Small Molecule Activation of the TRAIL Receptor DR5 in Human Cancer Cells” Nat.
Chem. Biol. 2013, 9, 84-89.
3. Dong, T.; Li, C.; Wang, X.; Dian, L.; Zhang, X.; Chen, X.; Li, L.; Cao, R.; Huang, N.; He, S. *; Lei, X.* “Ainsliadimer A
selectively inhibits IKKα/β by covalently binding a conserved cysteine” Nat. Commun. 2015, 6, 6522.
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