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What is PubChem? 

ÅAn archive 

ÅLinks chemistry and biology 

ÅSearch, retrieval, and data analysis tools 

http://pubchem.ncbi.nlm.nih.gov 

http://pubchem.ncbi.nlm.nih.gov/
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! ŦŜǿ ƻŦ ƻǳǊ ŎƻƴǘǊƛōǳǘƻǊǎΧ 

http://ccr.nci.nih.gov/
http://www.bindingdb.org/bind/index.jsp
http://ccc.chem.pitt.edu/index_03.html
http://www.ebi.ac.uk/chebi/init.do;jsessionid=985A1849221B937E176F9CA119763721
http://www.epa.gov/
http://www.exchemistry.com/index.html
http://hdhpharma.com/index.php?PHPSESSID=7ca7e812423dafb55e503ed194606535
http://www.genome.jp/kegg/
http://www.leadscope.com/index.php
http://www.lipidmaps.org/index.html
http://www.columbia.edu/
http://ncgc.nih.gov/
http://www.nihclinicalcollection.com/index.php
http://www.niaid.nih.gov/daids/
http://nmrshiftdb.ice.mpg.de/nmrshiftdb;jsessionid=07A67B86E1AD721FC38E21C97E7C5336.tomcat1
http://www.sigmaaldrich.com/sigma-aldrich/home.html
http://www.chemblock.com/index.php


tǳō/ƘŜƳ ŎƻƴǘŜƴǘǎ ŀǊŜ ƎǊƻǿƛƴƎΧ 
Depositors Chemicals 

Bioassays Bioactivities 

Tested Chemicals 

Protein Targets 



tǳō/ƘŜƳ ƛǎ ŀ Ǝƭƻōŀƭ ǊŜǎƻǳǊŎŜΧ 

Interactive usage by country  
(Oct 15 2010 ς Nov 15 2010) 



What is PubChem3D  ? 

ÅPer PubChem compound record (CID): 

ïConformer model via OMEGA 

ïPrecomputed 3-D similarity via ROCS (ST/CT 0.8/0.5) 

ïDiverse conformer ordering 

ï3-D Descriptors 

ÅSearch, Download, Analysis capability 

ÅProgrammatic access via PUG or PUG/SOAP 

ÅFTP for bulk download 
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J. Cheminformatics thematic series 

http:// www.jcheminf.com/series/pubchem3d 

 

 

http://www.jcheminf.com/series/pubchem3d
http://www.jcheminf.com/series/pubchem3d


Explore the question: 
 

What is the diversity of shape space? 

 

!ǎ ŀ ŦǳƴŎǘƛƻƴ ƻŦ ǾƻƭǳƳŜΧ  

 What is the (relative) rate of increase? 



Explore the question: 
 

What is the diversity of shape space? 

 

!ǎ ŀ ŦǳƴŎǘƛƻƴ ƻŦ ǾƻƭǳƳŜΧ  

   How does it grow? 



Why do we want to know this? 



ά!ƭƛƎƴƳŜƴǘ wŜŎȅŎƭƛƴƎέ 

Fontaine, Bolton, Borodina, and Bryant 
Fast 3D shape screening of large chemical databases through alignment-recycling. 
Chem Cent J., 2007, 1, 12.    PMID: 17880744  



Shape space grows logarithmically 

Haigh, Pickup, Grant, and Nicholls 
Small Molecule Shape-Fingerprints. 
J Chem. Inf. Model, 2005, 45, 673.   PMID:  15921457  

12-32 
heavy 
atoms 



How will we explore this question? 



3-D Conformers 

ÅOMEGA2 C++ API  
ïMMFF94s minus coulombic terms 
ï25 kcal/mol energy filtering 
ïMaximum 100-k conformers 

 

ÅBut how do we know what RMSD to use? 
ïRMSD = 0.219 + 0.040 * neff_rotors + 0.0099 * nheavy_atoms 
ïMax. 500 conformers per model 

 

ÅPost process 
ïMinimize energy of hydrogen locations 
ïPrune bumps (+25 kcal/mol) 

OMEGA Toolkit-C++, OpenEye Scientific Software, Inc.: Santa Fe, NM. 
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ha9D! ŀŎŎǳǊŀŎȅ ǘƻ άŜȄǇŜǊƛƳŜƴǘέ 

Bolton, Kim, Bryant  J Cheminformatics 2011, 3, 4.    PMID: 21272340 
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Conformer model RMSD 

RMSDpred = 0.029 + 0.0099 *  NNHA + 0.040 * NER 
 

        R2 = 0.65, STD = +/- 0.19, n = 25,972 

 
  NER = NR + ( NNARA / 5 ) ă  Borodina, et.al.  J Chem Inf Model 2007, 47, 1428. 

ă Bolton, et.al. J Cheminformatics 2011, 3, 4. 
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3-D Conformers 

ÅOMEGA2 C++ API  
ïMMFF94s minus coulombic terms 
ï25 kcal/mol energy filtering 
ïMaximum 100-k conformers 

 

ÅRMSD clustering in 0.2 increments (0.4-2.4) 
ïRMSD = 0.219 + 0.040 * neff_rotors + 0.0099 * nheavy_atoms 
ïMax. 500 conformers per model 

 

ÅPost process 
ïMinimize energy of hydrogen locations 
ïPrune bumps (+25 kcal/mol) 



Shape similarity metric 

Grant and Pickup 
A Gaussian Description of Molecular Shape. 
J. Phys. Chem.  1995, 99, 3503. 
 

Shape Toolkit-C++, OpenEye Scientific Software, Inc.: Santa Fe, NM. 



Shape similarity metric 
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Grant and Pickup 
A Gaussian Description of Molecular Shape. 
J. Phys. Chem.  1995, 99, 3503. 
 

Shape Toolkit-C++, OpenEye Scientific Software, Inc.: Santa Fe, NM. 



Corpus 



16.4M Compounds 



1.46B Conformers 



1.46B Conformers 

Limit to large population 



Method 









Basis shapes  Ą 
(18 partial unique) 



Basis shapes  Ą 
(18 partial unique) 

Reference shapes  Ą 
(7 unique) 



Per-volume results 



ST as a function of volume 
ŦƻǊ ŀ άŎƻƴǎǘŀƴǘέ ǎƘŀǇŜ Ŏƻǳƴǘ 

STthresh = 1.045 + 0.00000191 * V ς 0.00207 * V2 

R2 = 0.998 n = 500 



ST as a function of volume 
ŦƻǊ ŀ άŎƻƴǎǘŀƴǘέ ǎƘŀǇŜ Ŏƻǳƴǘ 

Available on PubChem FTP site 
ftp://ftp.ncbi.nlm.nih.gov/pubchem/Compound_3D/ReferenceShapes 

ftp://ftp.ncbi.nlm.nih.gov/pubchem/Compound_3D/ReferenceShapes


Per-volume shape diversity 



²Ƙŀǘ ŀōƻǳǘ άŎǊƻǎǎ-ǾƻƭǳƳŜέ ŘƛǾŜǊǎƛǘȅΚ 







Unique shape analysis approach 



One method, two approaches 



Cross-volume results 



Cross-volume shape counts 



Small-then-large / Large-then-small 



ά±ŜƭƻŎƛǘȅέ ƻŦ ǎƘŀǇŜ ǎǇŀŎŜ growth 

[ŀǊƎŜ ǳƴƛǉǳŜ ǎƘŀǇŜǎΧ ƴŜŀǊ Ŏƻƴǎǘŀƴǘ ƛƴ ƳŀƎƴƛǘǳŘŜ 



ά±ŜƭƻŎƛǘȅέ ƻŦ ǎƘŀǇŜ ǎǇŀŎŜ loss 

Large & Shared identical to per-±ƻƭǳƳŜ ǳƴƛǉǳŜ ǎƘŀǇŜǎΧ ōȅ ŘŜŦƛƴƛǘƛƻƴ 


