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Computational Chemical Biology 

Objective: Understand the relationship between chemical actions (environmental 
chemicals, drugs, natural products) and disease susceptibility genes. 

Functional human variation 

Chemoinformatics Biological networks 

Integrative Chemical Biology 

Gene expression data analysis 

Toxicogenomics 





Oprea et al. Nature Chem Biol  (2007) 3, 447-450 

Small compounds 
Structural information 
Bioactivity information 

Human body 
Biological pathways 
Protein-protein interactions 
Gene expression data 
Disease phenotypes 
Side effect data, 
etc... etc... 

POLYPHARMACOLOGY 
CHEMOGENOMICS 

NETWORK PHARMACOLOGY 
SYSTEMS PHARMACOLOGY 

From Chemical to Systems Biology 



How can we do that? 



Many possibilities… 

Butcher EC, Berg EL, Kunkel EJ. Systems biology in drug discovery. Nat Biotech 2004; 22: 1253-9. 



Where to start? 



We hope for a simple concept…  

Phenotype Gene Drug 



But in reality it is not so simple  
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What is the number of targets for a drug? 

4400 drugs, 2.7 targets/drug in average 

Wombat-PK 

1081 drugs, 5.69 targets/ drug in average 



The pharmacology of a drug is still sparse 
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Chemical similarity 

Garcia-‐Serna	  R	  et	  al.	  Nat.	  Bioinforma4cs	  2010	  

Keiser	  MJ	  et	  al.	  Nat.	  Biotech	  2007	  



Yildirim	  M	  et	  al.	  Nat.	  Biotech	  2007	  

Drug-target network 



Genes-tissues specificity 



Protein-Protein interactions Network (PPI) 

What about phenotypes? 

disease Especially genetic disorders 
(color blindness, Huntington’s 

disease, Cystic fibrosis) 

disease Prader-Willi syndrome (7 genes) 

Cancer, diabetes, mental illness disease 



500 000 
interactions 

between 10,300 
human proteins Automated scoring 

of all interactions 
Trans organism 
ppi transferral 

Download and 
reformat PPI 
databases 

A quality-controlled human protein interaction network 

Lage	  et	  al.	  Nat.	  Biotech	  2007	  



Ranking disease-protein complexes 

Lage	  et	  al.	  Nat.	  Biotech	  2007	  

Identification of new disease gene 
candidates by phenomic ranking 
of protein complexes 



Side Effects 

Therapeutic outcome 

PPI 

Not looking anymore at 1 protein at the time 



Lage	  K,	  et	  al.,PNAS,	  52,	  20870-‐20875	  (2008)	  

Tissue-specific pathology and gene expression of 
human disease genes and complexes 



Integration of chemical space into biological space 

Phenome-
interactome 

Chemical 
space 

Chemical 
bioactivity 

Disease chemical biology network 

Mul$-‐data	  integra$on	  to	  
understand	  biological	  problems	  



Chemical collection with protein association 



ChemProt: a disease chemical biology database 

 Taboureau O et al. 2010 NAR 

700.000 unique bioactive compounds for 
30.000 proteins 

MACCs and pharmacophore fingerprints 
computed 

Structural similarity 
search 

Compound 1 

Protein 2 Protein 1 

Protein-Protein Interactions 
data integration** 

Compound 2 
428000 PPIs  

D2 

P2 

D1 

P1 

OMIM, BioAlma, GO, Tissue specificity 

Disease-protein complexes 



An example with citalopram (antidepressant) 

629 genes forming 4141 
interactions 

PPIs 

ChemProt 

diseases 

13 proteins associated to citalopram 
Including the primary target SERT  



-  cell communication  (p-value 1.32 e-86) 
- signal transduction   (p-value 4.07 e-81) 

      

An example with citalopram: Genes enrichment 

- Major Depressive Disorder (p-value 3.77 e-06) 
 TPH2;FKBP5;HTR2A 

- Obsessive-Compulsive Disorder 1 (p-value 1.67 e-04) 
 HTR2A;SLC6A4    

-  Schizophrenia 9.02 e-24 
-  Bipolar disorder 6.92 e-21 
- Anorexia nervosa 6.61 e-10 
-  Bulimia nervosa 1.41 e-07 
-  Obesity 2.20 e-05 

GO 

OMIM 

BioAlma 



An example with citalopram: Genes enrichment for DRD4 

Leukemia 



An example with citalopram: Src regulation of hERG? 

Citalopram inhibits hERG 
(5.4 µM in ChEMBL) Not associated to LQTS and arrhythmia 



7 proteins associated to sibutramine  

105 genes forming 326 
interactions !!!  

-  Monoamine transport 5.07 e-08  
     

GO 

-  Tourette syndrome 1.28 e-08 
-  Schizophrenia 1.22 e-07 
-  Obesity  3.0 e-07 

BioAlma 

- Neuroticism anxiety 3.1 e-03   OMIM 

86804 cohort in US who took an anti-obesity medication, 38% took antidepressants 
and 2.5% had schizophrenia as side effects (Bolen SD, Obesity, 2010) 

An example with sibutramine (anti-obesity) 



Anatomical Therapeutic Chemical (ATC) 
classification 



Drugs categorization based on the Anatomical Therapeutic 
Chemical (ATC) Classification. 

In ATC classification system, the active substances are divided into different 
group according to the organ or system on which they act and their 
therapeutic, pharmacologcal and chemical properties 



Drug – Target – Disease Classification through ATC 

Drugs categorization based on the Anatomical Therapeutic Classification (ATC) 



Drugs categorization based on their bioactivity and ATC codes 

Drug – Target – Disease Classification through ATC 



Drugs categorization based on their bioactivity and ATC codes 

Sibutramine 
Citalopram 

Drug – Target – Disease Classification through ATC 

SERT 



Drug – Target – Side Effects 

•  Over 2 million serious Side Effects (SEs) occur every 
year (in the world) 

•  Side effects potentially accounts for the 4th leading 
cause of death 

•  The underlying mechanisms of side effects are not 
understood (only partly) 

•  Greater effort on designing safe drugs 



Side effect resource (SIDER database) 

Update from 888 to 996 drugs - 
only ~ 200 drugs with placebo 



Analyze carefully the information 

21% non significant pairs 



Side Effect – Tissue integration 





Weight increase 
and 

Gastroesophageal reflux disease 

Neurological side effects 

Female side effect  





Clinical outcomes 

Oprea	  TI.	  et	  al.	  2011,	  Mol.	  Inf.	  

Association drugs, targets and clinical outcomes 



Can we predict inter-species toxicological profiles. 
We are addressing this by comparing gene expression patterns in rat and human, in vivo 

and in vitro, after treatment with a set of 130 compounds from the TG-GATEs database 

Toxicogenomics 



Toxicogenomics 

The most perturbed genes, according to the conditions (species, organs, in vivo, 
in vitro, times and doses), can be visualized and compared to each other. 



Chemoinformatics and Bioinformatics link to 
Toxicogenomics  

Low	  Y.	  et	  al.	  2011,	  Chem.	  Res.	  Toxicol.	  



Pharmacogenetics 



Genetic variation 

Single nucleotide 
polymorphism 

Copy number 
variation 



Genetic variation: CNVs of CYP2D6 

From PharmGKB 

CYP2D6 genetic variation  

Gene Type of 
variation  

Decent (healthy subjects) Enzyme substrates 

African Asian European 
CYP2D6 Duplication 0.016-0.136 0.000-0.010 0.011-0.070 Metabolism of variety of xenobiotics and environmental 

agents including antiarrhythmics, antipsychotics, 
adrenoceptor antagonists and tricyclic antidepressants. Deletion 0.006-0.061 0.045-0.062 0.016-0.073 

Frequencies of common deletion and duplications alleles of ADME genes in three major populations 
determined by PCR-based techniques. 

Perry et al Nat Genet. 2007 39: 1256–1260.  

We are looking on a Danish and Icelandic cohort based on SNP array 
and qPCR for CYP2D6 



Genetic variation: Mutations study and SNPs on SERT 

Andersen J et al., J. Biol. Chem. 284 (2009) 10276  



Genetic variation: Serotonin transporter 

Andersen J et al., J. Biol. Chem. 285 (2010) 2051  



A441G 

S438T 

A173S 

V343S 
V343N 

A173S 
CIT: 4.5x gain of function 

Des-F: 16.5x gain of function 

S438T 
CIT: 175x loss of function 

Monomethyl: 3.5x loss of function 

A441G 
CIT: 2.5x gain of function 

V343S 
CIT: 4.5x gain of function 

Des-CN: 4.9x gain of function 
[Des-F: 7.4x gain of function] 

V343N 
CIT: 3.5x gain of function 

Des-CN: 35.5x gain of function 
[Des-F: 3.8x gain of function] 

Mutagenesis study 

What is the binding site for escitalopram? 



Doest that affect others antidepressants? 



•  The study of how genetic variation influences the 
response and side-effects of a drug. 

•  Drug administration based upon genotyping of genes 
importance to drug response  

Pharmacogenetics and personalized medecine 



Conclusion 

Drugs 

Multi targets 
profiling 

Proteins 

Pathway and ppi 
Clinical effects 

Gene expression  
and toxicogenomic 

Genetic variations 
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