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What is PubChem?

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



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

What is PubChem?

A An archive
A Links chemistry and biology
A Search, retrieval, and data analysis tools

DD PubChem Compound: Search unigue chemical structures using names, synonyms or keywords. Links to
available biological property information are provided for each compound.

4 PubChem Substance: Search deposited chemical substance records using names, synonyms or keywords.
¢ Links to biological property information and depositor web sites are provided.

@ PubChem BioAssay: Search bioassay records using terms from the bioassay description, for example
"cancer cell line". Links to active compounds and bioassay results are provided.

Q!i Structure Search: Search PubChem's Compound database using a chemical structure as the query.
Structures may be sketched or specified by SMILES, InChI, MOL files, or other formats.

ﬁﬂ BioActivity Services: BioAssay summary and bioactivity analysis tools.

http://pubchem.ncbi.nim.nih.gov
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What isPubClhem?

A For each PubChem compound record (CID):
I Conformer model via OMEGA
I Precomputed3-D similarity via ROCGST/CT 0.8/0.5)
I Diverse conformer ordering
I 3-D Descriptors



What isPubClhem?

A For each PubChem compound record (CID):
I Conformer model via OMEGA
I Precomputed3-D similarity via ROCGST/CT 0.8/0.5)
I Diverse conformer ordering
I 3-D Descriptors

A Search, Download, Analysis capability
A Programmatic access via PUG or PUG/SOAP
A FTP for bulk download



J.Cheminformaticshematic series

biological activities of small molecules.

s%’ P u b © h e mF'ubChem is a public and open archive for the

PubChem provides search and analysis et P e SRR
capabilities to assist users to Ic:cate desired information. This is especially important given that ool o6 Ch e B S v (o By 20Dy
the PubChem contents are both vast (with tens of millions of unigue chemical structures and [:I;[;béoi]‘[;m e
over hundred million bioclogical test results) and diffuse (with an uneven distribution of ¥ 3D uCommon  m 2Donly 3D only
biological annotation of contained compounds). Many of the analysis tools PubChem provides uey Sl et e — e
utilize the notion of chemical similarity. PubChem3D adds a new integrated layer to the [Rl] = Pomeien
existing capabilities of the PubChem platform. This includes a theoretical 3-0 description for oy Sl Conformers ...‘ ”, m ' . ‘
PubChem Compound records and the notion of 3-D similarity, to augment 2-D similarity I’Fd (ondmben)
approaches. This thematic series covers: the technology and methodology behind the Rasassiiiariidie
PubChem3D project, enabling it to function and scale; the validation and analysis of the e et s eyt
PubChem3D content and approach; and the various PubChem3D components, with examples Tabarac] (Tt (8] (Puc (e aricis]
of how they can be of utility to researchers. 4 PubChem

Research article

PubChem3D: Conformer generation

Evan E Bolton, Sunghwan Kim, Stephen H Bryant
Journal of Cheminformatics 2011, 3:4 (27 January 2011)
[Abstract] [Full Text] [PDF] [PubMed] [Related articles]
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Explore the question:

What Is the diversity of shape space?



Explore the question:

What Is the diversity of shape space?

la | FdzyOQuAzy 2F O
How does It grow?



Why do we want to know this?
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Shape space grows logarithmically

10

CNC 55000m, 500309c, slope 25.6, R* 0.994
CNC 8500m, 513734c, slope 26.8,R” 0.996

CNC 55000m, 263076, slope 25.1, R* 0.996
CNC 8500m, 255849c, slope 25.9,R” 0.996
CNC 55000m, 54907¢, slope 23.7, R® 0.997
CNC 8500m, 55786¢, slope 23.5, R* 0.997
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Small Molecule Shapingerprints.
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How will we explore this question?



3-D Conformers

A OMEGA2 C++ API

I MMFF94s minusoulombicterms
I 25 kcal/mol energy filtering
I Maximum 106k conformers

OMEGA ToolkC++ 0OpenEyécientific Software, Inc.: Santa Fe, NM



3-D Conformers

A OMEGA2 C++ API

I MMFF94s minusoulombicterms
I 25 kcal/mol energy filtering
I Maximum 106k conformers

A But how do we know what RMSD to use?

OMEGA ToolkC++ 0OpenEyécientific Software, Inc.: Santa Fe, NM
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Conformer model RMSD
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Conformer model RMSD
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3-D Conformers

A OMEGA2 C++ API
I MMFF94sninuscoulombicterms
I 25 kcal/mol energy filtering
I Maximum 106k conformers

A RMSD clustering in 0.2 increments (Q.4)
I RMSD = 0.219 + 0.040\%; 4101+ 0.0099 Mpeavy atoms
I Max. 500 conformers per model

A Post process
I Minimize energy of hydrogen locations
I Prune bumps (+25 kcal/mol)



Shape similarity metric

V(volume) =/_f[:£_,y,3]r:ﬂtr

/EE{I—IE'}EE_HI—IE']IE _ /E{u-pbjf_;p—:i}?

Grant and Pickup
A Gaussian Description of Molecular Shape.

J. Phys. Cheni995 99, 3503.
Shape ToolkiC++OpenEyescientific Software, Inc.: Santa Fe, NM.



Shape similarity metric

V(volume) =/_f[:£_,y,3]r:ﬂtr

/EE{I—IE'}EE_HI—IE']IE _ /E{u-pbjf_;p—:i}?

VAB
VAA +VBB B VAB

Shape similarity metria ST =

Grant and Pickup
A Gaussian Description of Molecular Shape.
J. Phys. Cheni995 99, 3503.

Shape ToolkiC++OpenEyescientific Software, Inc.: Santa Fe, NM.
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1.46B Conformers
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1.46B Conformers
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Pervolume results



ST as a function of volume
F2NI I aO02yadl yi

¢ ReferenceShapes s Shape Tanimoto
250 1.0
€ 200 0.8
=
O o}
o °
g_ 150 06 £
< c
* e
8 100 04
= ©
o e
k3 7]
2 50 0.2
0 0.0

0 100 200 300 400 500 600
Conformer Volume

SThresh=1.045 + 0.00000191V*¢ 0.00207 *\?
RR=0998  n=500



ST as a function of volume
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Available on PubChem FTP site
ftp://ftp.ncbi.nlm.nih.gov/pubchem/Compound 3D/ReferenceShapes
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Shape space for individual volumes
with a constant number of reference shapes
(V; <V, V3 <V, and ST, > ST, > ST, > 5T,).

A
V=V, .
(S-l-thresh - STl) V= VZ
(STHvesh = ST, V=V,
(STthresh - ST3) V=V,

(STthresh - 51—4)



Shape space for individual volumes
with a constant number of reference shapes
(V< V, <V; <V, and ST, > ST, > ST; > 5T,).

A

V=V, .
(STtresh = ST,) V=V,
(STehresh = ST,) V=V,
I (STthresh - ST3) V=V,

(S-rthresh - 5—|-4)
Combining of shape space

for V, and V, by re-clustering
at STthresh=gT,

Adding shape space for V5 by
re-clustering at STeh=gT,

V=V, ~V,
(STthresh = T,

Adding shape space for V, by
re-clustering at STthresh=5T,

V=V, ~V,
(STthresh = srs)

V=V, ™V,
(STthresh = ST4)



Unigue shape analysis approach

Shapespace
spanned by
conformers of
V=V,

Shape space
spanned by
conformers of
V<V,

Shared
shape
space

Represented by Represented by Represented by
small unique shared unique large unique

shape shape shape



One method, two approaches

Step 1

Re-cluster with
reference/basis
shapes for V=V,

!

Large unique
shapes

Cluster
reference/basis
shapes for V<V,

!

Small & shared
unique Shapes

Step 2 Step 1

Cluster
reference/basis
shapes for V=V,

Re-cluster with
reference/basis
shapes for V<V,

“Small-then-large” approach
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Crossvolume results
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