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The best of times, the worst of times



Molecular Libraries Initiative: Rationale

• Urgent need to determine function of genes
– Small molecules complementary to molecular 

genetic tools
– Act on PROTEIN, most proximate to physiology

• Urgent need to catalyze development of 
therapeutics for rare and orphan diseases
– >6000 rare diseases
– Genetic basis of many known
– Treatments available for <200





The Molecular Libraries Roadmap:
Pilot Phase FY2004-2007



The Molecular Libraries Roadmap:
Formal Phase FY2008-2013



http://mli.nih.gov











Growth In PubChem
Contributing Organizations



Growth In PubChem BioAssays



Growth In PubChem Substances 
/ Compounds



Growth In PubChem Tested 
Substances





The Molecular Libraries                         
Probe Production Network (MLPCN)



MLPCN Operation





NIH Chemical Genomics Center

 Founded 2004 as part 
of ML Roadmap

 75 scientists
 Over 100 collaborations 

with investigators 
worldwide 
 70% NIH extramural
 10% NIH intramural
 20% Foundations, 

Research Consortia, 
Pharma/Biotech

 Focus on novel targets, 
rare/neglected diseases



NIH Chemical Genomics Center:
Mission

 Develop chemical probes of proteins, 
pathways, and cellular processes
 Unprecedented targets and neglected diseases
 Starting points for drug development

 New paradigms for assay development, 
screening, cheminformatics, and medicinal 
chemistry

 Broadly profile chemical space for biological 
activity
 Therapeutics
 Toxicology



NCGC Staff



Range of screening assays performed



Disease areas of NCGC assays

Other
5%

Genetic Diseases
5%

Metabolic Diseases
5%

Toxicology
7% Basic Research

36%

Cancer
23%

Infectious
Diseases

11%

Neuroscience
8%



NCGC Screening Collections



NCGC Screening System 1:
BSL1/Kalypsys



NCGC Screening System 2:
BSL2/HRE

Capacity: •370K Assay Wells
•370K Compound Wells

Throughput: •~240 plates/day

Readers: •ViewLux
•Acumen
•Hamamatsu

New 
Capabilities:

•Modular approach to 
HTS
•Three docking 
stations to quickly 
facilitate changing of 
both compound and 
assay plate storage
•Flexible scheduling 
software to allow for 
complex assay 
methods
•BSL2 rated to further 
diversify the assays 
capable of being run by 
NCGC



NCGC 
Screening 
System 3:

BSL3/Beckman



Quantitative High-Throughput Screening (qHTS)

• Conventional HTS done at single 
concentration
– typically 10 uM

• qHTS assays compounds at 
multiple concentrations 
– No known bioactivity: 7 concs
– Known bioactivity: 15 concs 
– Range = 2nM – 100uM
– 1536-well plate format, assay 

volume ~5 uL, ~1000 cells/well
– Concentration-response curve 

generated for each compound 
from primary screen

• Produces robust activity 
profiles of all compounds
– Dramatically reduced FP and FN
– 4-6 months saved compared to 

conventional HTS
• Informatics pipeline for data 

processing, curve fitting & 
classification, extraction of SAR



qHTS curve classification criteria



Derivation of nascent SAR from qHTS



Structure-Activity Relationship (SAR) Report 

• The SAR report 
is a ‘map’ to 
enabling  
chemical 
optimization of a 
lead series



Electronic counterscreens across >100 assays



NCGC Chemical Genomics Browser



Trans-NIH nature of 
Molecular Libraries Roadmap 

brings about synergies 
• NCGC has projects on many aspects of 

DNA repair from different areas of science
– Yossi Shiloh, Tel Aviv University

• ATM (Rare disease)
– Yves Pommier, NCI

• Tdp1 (Cancer)
– David Wilson, NIA

• Ape1 (Aging)
– Roger Woodgate, NICHD

• DNA Pol ε, ι (Development)
– Sam Wilson, NIEHS

• DNA Pol β (Environmental toxicology)
– Shunichi Takeda, Kyoto University

• XRCC1 (Aging, toxicology)
– Structural Genomics Consortium

• RecQ1 helicase (Basic research)
• Bloom helicase (Basic research)



Targeting the Spliceosome Complex

NCGC splicing projects
• Progeria

– Tom Misteli, NCI

• Spinal Muscular Atrophy
– Elliot Androphy, U. Mass

• B-thalassemia
– Ryzard Kole, UNC



Hutchinson-Gilford Progeria Syndrome

Pre-mature aging syndrome
1 in 4 million affected
Disease onset 12-24 months
Life expectancy 10-15 years
Aging symptoms, 
cardiovascular
defects, atherosclerosis

CAUSE: Spontaneous point mutation in lamin A



HGPS is a splicing disease



Primary Assay Principle and Read-out



qHTS against ~200k compounds



Progeria qRPA (High-Throughput Genomics) 

• Quinazoline-based
compounds are active in RPA

• Cellular phenotypic effects 
under evaluation



Selected cancer projects at NCGC 

• Targets
– Ape1
– DNA polymerase beta
– DNA polymerase eta
– DNA polymerase iota
– IκBα stabilization
– JMJD2E
– 12-lipoxygenase
– MDR1
– mTOR
– Pyruvate kinase M2
– RECQ1 helicase
– Tdp1
– Ubiquitin-specific protease

• Protein-protein interactions
– BRCA1-BRCT interaction
– CBFß / RUNX1 interaction
– Hsp90-HOP1 interaction
– Menin-MLL interaction

• Pathways
– AP1
– CREB
– ERK
– HRE
– NFkB
– p53

• Phenotypic assays
– BRCA1 chemical genetic 

synthetic lethal
– TS p53 chemical genetic 

 2 synthetic lethal
– Epigenetic modulators 
– Chordoma cell death
– CLL cell death



Human Pyruvate Kinase Activators for Cancer
NCGC Collaboration with Lew Cantley, Harvard Medical School



Alternative splicing and expression of  
Pyruvate Kinase 



The Warburg Effect: A New Insight



Summary of qHTS experiments against PK





Pyruvate Kinase Activators: Current Status

 >300 analogs prepared around both chemotypes
Improved potency and solubility

 Cell-based antiproliferative activity demonstrated
 in vivo activity being evaluated



Ameliorating the Defect in Gaucher’s Disease
NCGC Collaboration with Ellen Sidransky, NHGRI

• Gaucher’s Disease
– Rare disease caused by mutations in 

enzyme glucocerebrosidase (GCS)

– Current treatment: enzyme 
replacement

• Limited efficacy, no BBB penetration, 
expensive

• Many mutations are missense, 
leading to trafficking defect
– Pharmacological chaperones a 

therapeutic possibility



Structure–Activity Relationship (SAR) Data Derived 
from Primary qHTS





Inhibitors of Schistosoma mansoni TGR



Identification of Target : 2006



Development of Assay: 2006



Quantitative HTS: 2007

• 70,000 compounds at 7 concentrations (qHTS)
– Dose-response curve for all compounds (PNAS 103, 11473-8 (2006))
– ~10,000,000 data points (16 Time-Point Reads)
– 31 hours of robot time

• Results: 100 compounds with IC50 < 40 µM
– 71 compounds
– 6 different structural classes



Series Expansion & Target ID 
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•All retested compounds were 
found to be inactive against Prx2, 
leaving TGR as the sole target for 
all confirmed actives. 

•Singleton hits 3, 10 and 14 were 
confirmed and successfully 
expanded to small series.

•The top active compounds were 
highly potent, with IC50s 
approaching the limit of 
detection.

Simeonov et al, 
PLoS Negl. Trop. Dis., 2, e107 (2008).



Chemical probes: 2008



In vivo validation of mechanism: 2008



Probes are just the start of drug development



Probes are just the start of drug development





More Information

austinc@mail.nih.gov

www.NCGC.nih.gov   

www.MLI.nih.gov
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