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Definitions
 Small molecules  a diverse group of natural and

synthetic substances having MW 200-1000

 Chemical Genomics
 use of small molecules to understand gene, pathway, cell

functions
 general principles governing

 interaction of small molecules with their targets
 biological activity profiles of small molecule compounds

 HTS  High Throughput Screening; the test of an
assay in miniaturized format for activity of small
molecules in a library.

 Library  a collection of 102 to 107 small molecules

Screens can be target-based or
phenotype-based

 Target-based
 “target” refers to what you are trying to affect with the

small molecule – usually a protein
 may use purified protein or engineered cells – or even

native cells if target expressed in very high quantity
 binding assay: e.g., ligand displacement
 functional assay: usually artificial reporter (e.g., luciferase)

 Phenotype-based
 cells or whole organisms
 knowledge of molecular target not required
 phenotype being assayed should be close proxy for  disease

or process under study; ideally is causally related
 readout is an image of varying degree of complexity
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“Small” molecules are generally >1000 MW

Cyclosporine
MW 1203 

Lithium chloride
MW 42 

Penicillin/streptomycin
MWs 334/582 

Cycloheximide
MW 281 

Butyrate
MW 110 

Neomycin
MW 713 

Lipitor
MW 559 

Small molecules are “small” compared to proteins

Titin
MW 2,992,867

CFTR
MW 167,986 

β2 adrenergic receptor
MW 46,426 

Insulin 
MW 2,384 

Met-enkephalin 
(Tyr-Gly-Gly-Phe-Met)

MW 573
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Small molecules can be naturally occurring
signalling molecules…

Vitamin B12
MW 1355

Vitamin C
MW 176

Glutamate
MW 147

succinate

α-ketoglutarate
Estradiol
MW 272

(when these come from non-mammals, they are called “natural products”, studied in “metabonomics”)

…but they may also be toxins

Azobenzene
MW 182

Glutaraldehyde
MW 100

Cyproterone acetate
MW 417
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Small molecules have an established
record of affecting gene/cell functions

forskolin, silfenadilcAMP, cGMPCyclic nucleotide sig.

G418
cycloheximide

30S bacterial ribosomal subunit
Peptide chain elongation

Translation

brefeldin ANDER-Golgi trafficking

troglitazonePPARγTranscription

rofecoxibCyclooxygenase-2Prostaglandin synth.

lovastatinHMGCoA ReductaseBiosynthesis

paclitaxel, cytochalasin BMicrotubule subunitsCytoskeleton

imatinib; Li+Bcr-Abl; GSK3βPhosphorylation

cyclosporine; Li+Calcineurin (PP2B); IMPaseDephosphorylation

isoproterenol/propranololβ-adrenergic receptorGPCR Signaling

fluoxetine, NFPSSerotonin, Glycine transporterMembrane transport

Small moleculeTargetProcess

diazepam; nifedipineGABA-R; L-type Ca2+ channelIon Channel flux

The Molecular Libraries Roadmap:
An Integrated Initiative

Molecular Libraries
Screening Centers 

Network 
(MLSCN)

Compound Repository
(MLSMR)

Technology 
Development

Screening Informatics

Cheminformatics
Research 
Centers

Instrumentation

Chemical
Diversity

Assay
Developmen

t

Predictive
ADMET
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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 academia, biotech, pharma

82%

Diversity 

Compounds

2%         

Known 

Bioactives  

1%

Natural 

Products)
15%

Targeted 

Libraries

NCGC Compound Libraries

NCGC exploratory library
 ~11,000 cpds
 10mM – 0.1µM in DMSO

 Primarily biologically
active substances

MLSCN SMR
 ~100K cpds
 ~500K samples
 Primarily uncharacterized

substances

NCIDiversity 

(7pt), 1,990

Lopac (15pt), 

1,280

Prestwick (14pt), 

1,120

TimTecNP (7pt), 

280

BU CMLD (7pt), 

718
UP CMLD (7pt), 

475

PCOP (7pt), 3,000

Tocris (15 pt), 973

NIEHS / EPA (15 

pt), 1,408

82%

Diversity 

Compounds

2%         

Known 

Bioactives  

1%

Natural 

Products)
15%

Targeted 

Libraries
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The NIH compound collection is available in
PubChem
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NCGC’s Mission

 Biological activity profiles of chemical
compounds

 Chemical probes for currently “non-
druggable” targets

 New paradigms for screening and probe
development

 “Chemical genomics”
 General principles of small molecule

interactions with biological targets

NCGC Divisions and Personnel

 Recruited principally from Pharma and Biotech
 Merck, Pfizer, Pharmacopeia, Caliper, Human Genome Sciences,

Amphora, Amgen, Avalon Pharma., Targacept, Pall Corp., NHGRI,
NCI, NIAAA, Naval Network Warfare Command, Northrop Grumman,
BD Biosciences, Celera

Engineering, 5%

Chemistry, 13%

Admin, 8%
Lab  Manager, 3%

Screening, 24%

Informatics, 8%

Unfilled, 39%

Doug Auld 
Wei Zheng, 
Ron Johnson
Anton Simeonov
Menghang Xia 
Ya-Qin Zhang
Adam Yasgar
Pingjun Zhu
Henrike Veith
Steve Titus

Sam Michael
Carleen Klumpp

Janak Padia
Michael Nelson
Teresa Phillips
Jeimin Lu
Karina Zuck

Ajit Jadhav
Yuhong Wang
Noel Southhall

Chris Austin
Jim Inglese
Denise Philippi

Cathy Anzick
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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]

Miniaturization and automation
enable qHTS

 Enabled by 1536-well microtiter plates and low volume liquid handling
 ‘Front-loading’ titrations on screening platform (inter-plate titrations)
 Integrate all components with robust automation
 Recruit scientists with experience in assay development and HTS

technology

1536

96

384

Well volume      Titration volume

50ul x 15 pts =  750 ul

30ul x 15 pts =   450 ul

6.8 mm

3.6 mm

1.4 mm

2ul  x  15 pts =   30 ul
4ul  x  7 pts  =    28 ul
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Data from a test primary screen:
1280 concentration-response curves

Assay: Pyruvate kinase
Library: LOPAC

Negative
modulation

Positive
modulation

Log apparent concentration [M]

NCGC Data in PubChem
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Full CRC

NTP-NCGC Collaboration
 May 2005: David Schwartz, Chris Portier initiatiate NTP-NCGC

collaboration
 Getting collection of NTP identified toxic compounds into NCGC screening

collection
 Getting assays of interest to NTP to NCGC to screen

 Jul 2005: First tox compounds received at NCGC
 Sept 2005: First tox assays received from NIEHS
 1 Dec 2005: Chemical Prioritization Community of Practice initiated
 5 Dec 2005: CA gives talk at NIEHS HTS Faculty seminar
 15 Dec 2005: Austin, Inglese, Jadhav help organize, and talk at, NTP

High Throughput Screening Assays Workshop
 22 Dec 2005: Final tox compounds received at NCGC to complete 1408
 20 Jan 2006: Tox compound set 1408 plated in dilutions at NCGC
 1 Feb 2006: First tox assay run on tox 1408
 24 Mar 2006: Sixth tox assay run on tox 1408
 20 Apr 2006: Chemical Genomics 101 and project update
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NIEHS 1408 Compound Set
92 uM concentration

What is a “chemical probe”?

A chemical probe is a member of a chemical series
displaying a structure activity relationship (SAR)
over minimally one order of magnitude, having
aqueous solubility equal to or better than 5 ug/ml
in a buffered aqueous solution, and active at
concentration of low-micromolar or below in an in
vitro (cellular or cell-free) assay.  Ideally the
probes series will include inactive isomers and
another distinct active chemical series.

Note: potency is dependent on context and supporting data.
For example, millimolar potency would be acceptable for
highly soluble compounds showing efficacy and low cellular
toxicity.
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Example 1: Distinguishing effects of a
multidomain protein

 Histone deacetylases (HDACs) are zinc-dependent hydrolases that
mediate chromatin remodeling and gene expression

 small-molecule histone deacetylase inhibitors are of interest for cancer
and neurodegenerative diseases.

 “HDAC inhibitors” also affect microtubule acetylation.
 Haggarty et al. carried out a chemical genetic screen of 7,392 small

molecules and identified ‘‘tubacin”.

 “Tubacin inhibits tubulin deacetylation but does not affect the histone
acetylation, gene-expression patterns, or cell-cycle progression.

 Class II histone deacetylase 6 (HDAC6) was identified as the
intracellular target of tubacin.

 Only one of the two catalytic domains of HDAC6 possesses tubulin
deacetylase activity, and only this domain is bound by tubacin.

 Tubacin treatment did not affect the stability of microtubules but did
decrease cell motility.

Example 2: Identifying pleiotropic
effects of a multisubstrate enzyme

 Cleavage of both Amyloid Precursor Protein (APP) and Notch are
dependent on presenilin-1 (PS1)

 Notch cleavage may be affected by APP PS1/γ-secretase inhibitors
under development for treatment of Alzheimer’s disease

 Using chemical inhibitors of PS1/γ-secretase, Figueroa et al
demonstrated that intracellular trafficking of Notch in human CNS
neurons is altered by inhibition of PS1 and is accompanied by dramatic
changes in neurite morphology, c/w inhibition of Notch

 Notch dysregulation may contribute to the neuritic dystrophy
characteristic of AD brain; inhibition of γ-secretase/PS1 may have
clinically beneficial effects on the neuritic pathology of AD, in addition
to its expected effect to reduce amyloid burden.
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Example 3: Testing a hypothesis
based on genetic evidence

 Glycine acts as a necessary coagonist for glutamate at the NMDA receptor
(NMDAR) complex

 Not clear if glycine normally saturates NMDAR-containing synapses in vivo
 Glycine transporter type 1 (GlyT1) may keep glycine sub-saturated at synapses
 GlyT1 inhibitor NFPS significantly enhanced long-term potentiation in the

hippocampal dentate gyrus
 NFPS induced a pattern of c-Fos immunoreactivity comparable with the atypical

antipsychotic clozapine and enhanced prepulse inhibition in mice
 Inhibition of GlyT1 can enhance NMDAR-sensitive activity in vivo and GlyT1

inhibition may represent a novel target for disorders associated with NMDAR
hypofunction such as schizophrenia

Update on Tox Assay qHTS
CellTiter-Glo® Luminescent Cell Viability Assay

• Description
– Method of measuring number of viable cells in culture
– Based on quantitation of ATP, an indicator of metabolic activity
– Luminescent signal proportional to amount of ATP present

• Applications
– Cell proliferation
– Cytotoxicity
– Cell viability

• Six cell lines qHTS for 1408 compounds from NIEHS
– HepG2 (human hepatocytes, hepatocellular carcinoma)
– Jurkat (Clone E6-1, human T lymphocytes, T cell leukemia)
– HEK293 (human embryonic kidney cells, transformed with adenovirus)
– SK-N-SH (human neuroblastoma)
– MRC-5 (normal human lung fibroblasts)
– BJ (normal human foreskin fibroblasts)

• Data analysis
– Robust Z’
– Heat maps
– Complete data analysis pending

• Application of Acea technology for follow up toxicology study in HepG2 cells
– Tamoxifen
– Doxorubicin


