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BY MICHELE ARDUENGO, PH.D., PROMEGA CORPORATION

A Roadmap for 2Ist-Century Life-Science
Research

At age seven, Jim Inglese took his new Gilbert Chemistry Set
and set up his first laboratory in the basement of his child-
hood home. Now, Jim Inglese, Ph.D., is helping to set up
another laboratory, the NIH Chemical Genomics Center
(NCGC; www.NCGC.nih.gov), this time combining state-of-
the-art technology with the efforts of some of the best scien-
tific minds in academia, government and industry. NCGC is
one of ten national screening centers created as part of the
Molecular Libraries Initiative of the NIH Roadmap (1).

The NIH Roadmap is a trans-institute plan outlined by NIH
leadership to help the NIH maintain excellence and respon-
siveness in an environment of sweeping change and
progress in the biological sciences (2). The NIH Roadmap
identifies three major themes around which initiatives and
projects are organized. The New Pathways to Discovery
theme focuses on generating an improved set of research
tools for understanding complex biological questions;
Research Teams for the Future reflects the increasing need
for highly interdisciplinary and creative research efforts, and
Re-engineering the Clinical Research Enterprise strives to
make clinical research more efficient and better integrated
with basic science research (2).

This paradigm shift reflects NCGC'’s
interest in chemical genomics, where the
aim is to define a high-resolution map of
the landscape formed by the intersection
of chemical space and biological activity.

New Tools for Groundbreaking Research

Created in July 2004, the NCGC is the first component of the
Molecular Libraries Screening Center Network (MLSCN),
which is a national network of ten screening centers created
to discover small molecules or chemical “tools” for investi-
gating fundamental biological questions and validating drug
targets. Because of its mission of creating new tools, the
MLSCN falls under the New Pathways to Discovery theme of
the NIH Roadmap. According to Jim Inglese, Deputy Director
of the NCGC, the MLSCN will help realize the promise of the
Human Genome Project. The Human Genome Project
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CHEMICAL PROBES FOR LIFE-SCIENCE RESEARCH

Figure 1. Jim Inglese, age 11, showing off his hasement chemistry
lab. Dr. Inglese is Deputy Director of the NCGC. He credits his
parents, a couple of inspiring high school teachers, and Alfred
Carlton Gilbert, creator of the Gilbert Chemistry Set, for nurturing his
interest in chemistry. Dr. Inglese received his B.S. in Chemistry from
Rensselaer Polytechnic Institute (Troy, NY) in 1984 and a Ph.D. in
organic chemistry from the Pennsylvania State University in 1989.
He worked on GPCR biology as a postdoc in the laboratory of Bob
Leftowitz at Duke University. He later moved to Pharmacopeia, a
combinatorial chemistry company, and then Merck, where he
directed HTS programs and evaluated technologies for robotic
screening and high-content imaging.

identified the approximately 25,000 genes of the human
genome, a landmark achievement in science representing
international-level collaboration and significant technology
development. The goal of the MLSCN is to build on that
work by identifying small molecules that probe the functions
of the >100,000 proteins encoded by the genome.

The work of the MLSCN will complement the ongoing
screening programs of drug discovery and pharmaceutical
companies. The goal of MLSCN is not to discover new block-
buster drugs, but rather to identify compounds that can be
used to validate new drug targets or provide information
about complex biological pathways. “While pharmaceutical
companies are searching for the next Lipitor®, MLSCN is
looking for the next cycloheximide,” explains Dr. Inglese.
Cycloheximide is a protein-synthesis inhibitor that is widely
used by biologists to investigate a variety of biological ques-
tions; more than 20,000 peer-reviewed articles have been
published in which cycloheximide was used as an investiga-
tive tool (3). The MLSCN seeks to uncover more tools like
cycloheximide for the life-science researcher.

Pharmaceutical companies concentrate on what they
describe as the “druggable” genome, those biological targets
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Figure 2. “While pharmaceutical companies are searching for the next
Lipitor®, MLSCN is looking for the next cycloheximide,” explains Dr.
Inglese. The Kalypsys suite of ultrahigh-throughput screening
technologies, being installed at NCGC, can evaluate the biological
activity of more than 1 million chemical compounds per day. Shown
here, the system’s robotic arm assembly in the midst of system
installation. The compound archive and assay incubator carousels,
cmpound and reagent dispensers and multiple detectors will be
located around the robotic arms.

that lead to the development of commercially viable therapeu-
tics. For instance, according to Dr. Inglese, G-protein coupled
receptors (GPCRs), which are targets for 50% of marketed
drugs, account for less than 2-3% of the genome. The
MLSCN will focus on “nontraditional” targets, ones that are
not studied by pharmaceutical companies because they are
not perceived as commercially interesting. The chemical
probes identified can be used by public-sector researchers to
interrogate the basic biological pathways that interest them,
and thus will drive progress on complex biological questions.

The MLSCN consists of ten high-throughput screening centers
around the nation, each with a specific focus or expertise. Each
center will be responsible for optimizing assays for high-
throughput operations, screening the compound library using
these optimized assays, managing data, and even developing
technologies, such as label-free detection systems, to support
the network’s activities. Discovery Partners International, a
pharmaceutical chemistry firm, will maintain the repository of
chemical compounds and distribute them to the screening cen-
ters (4). In addition, a new and comprehensive database of
chemical structures and their biological activities has been
developed by the National Center for Biotechnology

Information at NIH. The PubChem™ database
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(http://pubchem.ncbi.nim.nih.gov) will house both compound
information from the scientific literature as well as screening
and probe data from MLSCN.

The NCGC will perform screening assays that can be opti-
mized for 1536-well screening formats. The center will be
responsible for assay optimization, screening, parallel medici-
nal chemistry probe optimization and informatics. According
to Dr. Inglese, for molecules that have interesting effects on
biological systems and that are chemically tractable (analogs
easily synthesized), the center will develop analogs with the
goal of making small, targeted libraries of potent probes with
excellent aqueous solubility. For phenotypic assays where the
molecular target is frequently unknown, compounds with
interesting screening profiles may be linked to an imaging
moiety, biotinylated or photoactivated to create tools for more
extensive investigation.

The NCGC moved into its laboratory space in February 2005
and installed its Kalypsys automated high-throughput screen-
ing system in July. Since February, NCGC has developed
several unconventional and exciting test assays in collabora-
tion with NIH scientists using offline detectors and liquid han-
dling systems. In the last two months, NCGC scientists have
screened several targets in a 1536-well format, generating
500,000 data points and creating about 50,000 dose-
response curves in their primary screens (3). This is a huge
achievement, particularly considering that dose-response
curves, such as ECsq values, are usually generated only in
secondary screening efforts. This paradigm shift in part
reflects NCGC's interest in chemical genomics, where the aim
is to define a high-resolution map of the landscape formed by
the intersection of chemical space and biological activity.

While the NCGC is focused on ultrahigh-throughput screening
and generation of targeted probe libraries, other centers in the
network will have different capabilities. For instance, the
MLSCN Center at Columbia University will have the capability
to perform high-speed microscopy screens using a state-of-
the-art, high-throughput confocal cell imaging system (5). The
University of Pittsburgh Molecular Laboratories Screening
Center will have the capability to perform model organism-
based assays in Drosophila and zebrafish (6). The other cen-
ters forming the MLSCN are: the Emory Chemistry-Biology
Center in the MLSCN at Emory University in Atlanta, GA; the
Southern Research Molecular Libraries Screening Center in
Birmingham, AL; the San Diego Chemical Library Screening
Center in La Jolla, CA; the Scripps Research Institute
Molecular Screening Center in La Jolla, CA; the New Mexico
Molecular Libraries Screening Center in Albuguerque, NM;
the Penn Center for Molecular Discovery at the University of
Pennsylvania in Philadelphia, PA; and the Vanderbilt
Screening Center for GPCRs, lon Channels, and Transporters
in Nashville, TN (http://nihroadmap.nih.gov/molecularlibraries/
fundedresearch.asp).
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Academic researchers will be able to avail themselves of the
MLSCN resources and should view the MLSCN as a “collabo-
rative extension of their laboratory” according to Dr. Inglese.
For instance, a researcher studying a particular pathway may
have developed a novel assay that could be run against the
MLSCN library of compounds. That researcher can submit the
assay to the MLSCN program. Proposed assays must be com-
patible with HTS platforms and address novel biological ques-
tions. Guidance for researchers on submitting assays is pro-
vided in the Molecular Library Initiative Program
Announcement (http:/grants.nih.gov/grants/guide/pa-files/
PAR-05-060.html) on the NIH Roadmap Web site, and assay
applications are accepted three times a year. Proposed assays

undergo peer review, and accepted assays are assigned to
one of the various MLSCN centers based on the particular
expertise of the center. Researchers can access all of the data
generated from MLSCN through the PubChem™ database to
identify compounds that might be useful in their research
projects.

The MLSCN of the Molecular Libraries Initiative is one of
many ways the NIH Roadmap plans to lead biological
research through the new millennium, capitalizing on the
wealth of information and successful model of collaboration
provided by the Human Genome Project. It will create
valuable new tools for life science researchers in a variety
of settings, encourage truly creative and groundbreaking
research collaborations between disciplines, and drive
technology development. l
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