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What is chemical genetics? 



Why is it important? 
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How does Chemical Genetics work?  

Create chemical libraries 

              Test chemicals with assays 

                        Use the Results 

Stockwell,	  B.	  R.	  (2004).	  Exploring	  biology	  with	  small	  organic	  molecules.	  Nature.	  	  



How do we create libraries? 

Focused  
Library 

 
 
 

Diversity 
Oriented 
Library 

Stockwell,	  B.	  R.	  (2004).	  Exploring	  biology	  with	  small	  organic	  molecules.	  Nature.	  	  
Restrictions 

        



How does Chemical Genetics work?  

Create chemical libraries 

              Test chemicals with assays 

                        Use the Results 

Stockwell,	  B.	  R.	  (2004).	  Exploring	  biology	  with	  small	  organic	  molecules.	  Nature.	  	  



Chemical Assay Screens 

1. Virtual screening 

2. Protein-binding assays 

3. Phenotypic outcomes 



Virtual screening 

Stockwell,	  B.	  R.	  (2004).	  Exploring	  biology	  with	  small	  organic	  molecules.	  Nature.	  	  



Screening Experiments 

1. Virtual screening 

2. Protein-binding assays 

3. Phenotypic outcomes 



Protein Binding Assays 

Stockwell,	  B.	  R.	  (2004).	  Exploring	  biology	  with	  small	  organic	  molecules.	  Nature.	  	  



Screening Experiments 

1. Virtual screening 

 

2. Protein-binding assays 

3. Phenotypic outcomes 



Phenotypic Outcomes 

Stockwell,	  B.	  R.	  (2000).	  Chemical	  GeneDcs.	  Nature.	  	  



Phenotypic Outcomes 
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How does Chemical Genetics work?  
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Using Chemical Genetics 

 

 
 
New Drug Leads 
 
 
Understanding cellular 
pathways 



Using Chemical Genetics 

Dr. Leonard Zon, M.D.                   
Boston Children’s Hospital  

 

 

 

Stem cell transplants – PGE2 

1st to pass Stage I of human clinical trials  -Prohema 

http://www.eurekalert.org/pub_releases/2013-10/bch-fft102113.php 



https://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=16760703&loc=ec_rcs#x94 

Pharmacology for a drug or 
inhibitor  



http://chembank.broadinstitute.org/chemistry/
viewMolecule.htm?cbid=471 

Not my protein 



Advantages and Disadvantages 

Reversible 
 

 

 

 

 

Can affect only 1 
domain 
 

 
 

 

 

 



Advantages and Disadvantages 

Reversible 

 

 

 

Can affect only 1 
function 

 

 

 

 

 

Specificity 
 
 

Timely Process 

http://www.merckmanuals.com/professional/clinical_pharmacology/
pharmacodynamics/dose-response_relationships.html 



Questions?  



A whole-organism screen identifies 
new regulators of fat storage!

George A Lemieux, Zena Werb, Kaveh Ashrafi, et al!



1.Identify small molecules that are effective 
 within the intact animal 

 

Focus of paper 

http://neurowiki2012.wikispaces.com/Pharmacological+Agents+and+Stem+Cell+Therapy+in+PD+Treatment 

 

2. Reveal relationships between pathways 
 that   influence energy homeostasis 

 



http://www.oconeemed.org/services/wellness_center/wellness_services/diabetes_self-management.aspx 

Diabetes, obesity, and cancer are 
societal problems 



http://www.nature.com/clpt/journal/v81/n5/fig_tab/6100163f1.html 

Energy metabolism plays a role 

Energy homeostasis 



Pharmacological agents 

How can we treat these diseases? 

http://neurowiki2012.wikispaces.com/Pharmacological+Agents+and+Stem+Cell+Therapy+in+PD+Treatment 



How do we identify these drugs? 



http://www.news.wisc.edu/newsphotos/kimble.html 

The new approach? 



How to validate Nile Red staining? 

Known modifiers of lipid metabolism 



Nile Red 

Screen for modulators of lipid 
metabolism 



1.Identify small molecules that are effective 
 within the intact animal 

 

Focus of paper 

http://neurowiki2012.wikispaces.com/Pharmacological+Agents+and+Stem+Cell+Therapy+in+PD+Treatment 

 

2. Reveal relationships between pathways 
 that   influence energy homeostasis 

 



3,200 compounds in diversity 
library 

Screening of uncharacterized small 
molecules 



Drugs effect Red Nile intensity 



Proof of principle 

Parallel induced change in GFP 
expression 



Drugs also effect Nile Red intensity 
in mammalian and insect cells 



1.Identify small molecules that are effective 
 within the intact animal 

 
2. Reveal relationships between pathways 
that  influence energy homeostasis 

Goals 



Resistance of aak-1 mutants to F17 
effects 

Distinct mechanisms 



Nile Red intensity dependent on 
structure 



F17 leads to increased Nile red 
intensity in aak-1 RNAi worms  

K08F8.2 and AAK-1 mediate F17 phenotype 



F17 activation of AMPK pathway  

Human liver cells 



Why is this important? 



? 



Genetic analysis of pathway using 
RNAi animals 

RNAi depletion of SREBP C. elegans 

Nile Red with E8 or H6 
(increased Nile Red previously) 

RNAi animals not susceptible to 
Nile Red-increasing 

RNAi yielding deficiencies in fat 
metabolism 

Nile Red with Nile Red-
reducing compounds 

All animals susceptible 
to fat reduction 

Exception=mutant animals with aak-1 
deletion 



Nile Red 

Drugs change Nile Red  

Directed approaches to identify 
drugs 
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