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Small Molecules and 
Chemical Genomics: 
Tools for 
Understanding HHT?



The best of times, 
the worst of times

How to translate the genome into biological insights 
and therapeutics?



Creating the Human Genome 
Translation Toolbox

Transcriptome 
Reference Sets
(MRT Project)

KO mice genome-wide (KOMP)

Small molecules

siRNAs

cDNA collection (MGC)

HumanBase

(ENCyclopedia Of 
DNA Elements)



The common view of 
drug development



How drug development 
really happens



NIH’s mission 

“Science in pursuit of fundamental 
knowledge about the nature and 
behavior of living systems.  Foster 
fundamental creative discoveries, 
innovative research strategies, and 
their applications as a basis to advance 
significantly the Nation's capacity to 
protect and improve health.”

Provide scientific underpinnings for drug 
development
No commercial imperative



The NIH Roadmap
Initiated by Elias Zerhouni upon his appointment as 
NIH Director in May 2002

Trans-Institute strategic initiatives
Major Roadmap themes

New Pathways to Discovery
Research Teams of the Future
Re-engineering the Clinical Research Enterprise







Molecular Libraries initiative enabled 
by recent convergent developments
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and chemistry initiative

Assay
Technology



The Molecular Libraries Roadmap:
An Integrated Initiative

Molecular Libraries
Screening Centers 

Network 
(MLSCN)

Compound Repository
(MLSMR)

Instrumentation
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Support for assay development and 
access to HTS





PubChem is integrated with the other NIH databases

Query for “gleevec”

Finds PubChem 
Structures

Finds PubMed
Articles

Finds Protein
Structures 









Gleevec
complexed
with its 
protein target



PubChem Statistics 
April 2005

Bioassays: 194 
Substances: 10,316,814 
Unique Compound Structures: 
5,338,430 
Depositing Organizations: 41
Users: >20,000/day



Molecular Libraries Compound Collection

Housed at Discovery Partners International
Initial set of ~67,000 compounds purchased from commercial vendors

Chosen by external advisors + DPI + NIH
>90% purity, >10mg, ±RO5, solubility >20ug/ml, all QCed

Expanding the collection
Purchase of next 100,000 ongoing; 500,000 at maturity

Less stringent property requirements, filling out SAR clusters of 3-5
Molecular Libraries Roadmap Chemical Diversity initiatives

Pilot scale libraries for HTS
Centers for Methodology in Library Development

Boston U., Harvard, Pitt, U. Kansas 
Solicitation of compounds from chemists in public/private sectors

82%
Diversity 

Compounds

2%        
Known 

Bioactives 

1%
Natural 

Products)
15%

Targeted 
Libraries



The NIH Molecular Libraries Small Molecule Repository 
(MLSMR) is downloadable from PubChem





Assay
Peer 
review

Candidate 
Probe

Optimization 
Chemistry

MLSCN Operation

Screen Data

Adequate 
potency and 
solubility?

YES

NO

Bioassay

Investigator

Optimize 
Assay

Compound 
Repository



Products of the MLSCN
Chemical probes of gene, pathway, and cell 
functions
Optimized only for potency (≤ 1µM) and 
aqueous solubility

SAR ideally also present

No IP obtained on any probes identified by 
the MLSCN

Maximal freedom of operation for
Basic research
Target validation
Use of results as starting points for further optimization





Quantitative HTS (qHTS) Paradigm

Conventional HTS done at single [ ] 
But [ ] critical to small molecule effects

“All things are poisons, for there is nothing 
without poisonous qualities.  It is only the dose 
which make a thing a poison…a lot kills, a little 
cures .” - Paracelsus (1493-1521)

qHTS tests all compounds in titrations in 
primary screen

HTS as high-throughput pharmacology
Rich positive and negative activity data on 
chemical libraries 

ˆ[and less does nothing]



Data from a test primary screen:
1280 concentration-response curves

Assay: Pyruvate kinase
Library: LOPAC

Negative
modulation

Positive
modulation

Log apparent concentration [M]



Ameliorating the Defect in Gaucher’s Disease
NIH Chemical Genomics Center – Ellen Sidransky, NHGRI

Gaucher’s Disease
Caused by mutations in 
glucocerebrosidase

Some mutations exhibit trafficking defect 
Current treatment: enzyme replacement

Limited efficacy
Expensive 

Pharmacological Chaperone Concept
Small molecules act as reversible binders, 
stabilizing protein’s native conformation
Correct trafficking restored, enzyme exhibits  
physiological activity

Zhu et al. Angew Chem. Int. Ed. 2005 44 p7450

6-nonyl isofagomine

glucosylceramide



Glucocerebrosidase Enzyme Assay

Resorufin β-D-glucopyranoside

Cerebrosidase +
Resorufin

GlucoseEx 570 nm / Em 590 nm

Red fluorogenic substrate assay:

glucocerebrosidase catalyzes the hydrolysis of 
glucosylceramide to glucose and ceramide

1536-well Assay Protocol
Step Value

2 µL

1000 rpm, 1 min

20 nL

1 µL

1000 rpm, 1 min

20 min

548nm /600nm

Description

1 Enzyme

2 centrifugation

3 40 µM – 0.5 nM

4 substrate

5 centrifugation

6 RT incubation

7 ViewLux reader



Glucocerebrosidase inhibitors: Aryl Sulfonamide Series

MW Range: 243 to 497
ALogP Range: 0.4 to 5.0
Potency Range: 70nM to >77uM

R-Group Table

…150 analogues…

NCGC00060210
AC50 = 0.07uM

NCGC00058635
AC50 = 0.155uM



All data are deposited into PubChem







Full CRC



NCGC Website resources
www.ncgc.nih.gov

http://www.ncgc.nih.gov/




Distinguishing the NCGC from 
Pharma and Biotech

Private Sector NCGC
Develops drugs

10 yrs & $800MM

Develops probes
$50MM for MLSCN

Compound collection selected for 
“Drug-like” potential

‘rule-of-five’; IP novelty

Compound collection contains 
“broadly diverse” substances

‘Sigma catalog x Merck Index’

Target validation pre-requisite for 
screening 

clinical validation; medical need; market

Target validation can be poor or 
non-existent

probes used for target validation

Results & structures are corporate 
assets  

limited access in corporate database

Results & structures are public 
assets

immediately deposited to public database

Target class is generally ‘druggable’
e.g., GPCR; NHR; enzyme

Preferred class is ‘non-traditional’
e.g., PPI; aberrant splicing; 

phenotypic assays

Shareholder funded
profitable drugs

Publicly funded
biological insights; enabling drug disc.
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How does Molecular Libraries relate to drug development?
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How does Molecular Libraries relate to drug development?
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