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PubChem3D: What does it include?PubChem3D: What does it include?

• Single conformer per g p
compound (+17M)

• Download capabilities
d d– FTP site or on‐demand

• New indexes
– Has 3D Conformer– Has 3D Conformer
– Vol3D, X3D, Y3D, Z3D

• Helper applicationp pp
• Web‐based viewer

– Per conformer, per overlay
• Similar conformers 
neighboring relationship



Pc3D Viewer ApplicationPc3D Viewer Application



Web‐based 3D ViewerWeb based 3D Viewer



3D Overlay Display3D Overlay Display



What is a “Similar Conformer”?What is a  Similar Conformer ?

• When two conformers haveWhen two conformers have …
… similar shapes   (ST >= 80)

similar features (CT >= 50)… similar features  (CT >= 50)

… BUT only shape optimized

Similarity scores: Shape = 92%; Feature = 54%



2D vs. 3D Similarity Neighbors2D vs. 3D Similarity Neighbors



2D vs. 3D Similarity Neighbors2D vs. 3D Similarity Neighbors



2D vs. 3D Similarity Neighborsy g



History and Filters… powerful togetherHistory and Filters… powerful together



Single Conformer vs. Multi ConformersSingle Conformer vs. Multi Conformers

ST: 83
CT: 27

Energy separation <0.5 kcal/mol
CT: 27



Different conformers of structure 
h l hbcan give orthogonal neighbor sets



3D Neighbors3D Neighbors

• Lots of them…

+8B using ST/CT constraints 80/50
~500 C d~500 per Compound

• Each change in constraints (by +/‐ 5) changes 
neighbor count by about a factor of 2



3D Neighbor Distribution3D Neighbor Distribution



Cases of +30K neighborsg

Surprise! “linked phenyls”Surprise!  linked phenyls



Compound Count vs. Neighbor CountCompound Count vs. Neighbor Count



How did we 3D neighbor PubChem?How did we 3D neighbor PubChem?

• Neighboring a symmetric matrix of size 17M means 
146Q comparisons

Oh right… a Q is 1,000,000,000,000… e+12

• Brute force @ 1,000 comparisons / sec / core
= 450K CPU years

This took eight months…

How did we do it?



3D Conformers3D Conformers

• OMEGA2 C++ API 
– MMFF94s minus coulombic terms
– 25 kcal/mol energy filtering
– Max. 100k conformers

• RMSD clustering in 0.2 increments (0.4‐2.4)
– RMSD = 0.219 + 0.040 * neff_rotors + 0.0099 * nheavy_atoms
– Max 500 conformers per model– Max. 500 conformers per model

• Post process
– Minimize energy of hydrogen locations

P b ( 25 k l/ l)– Prune bumps (+25 kcal/mol)
• Pick single conformer per Compound

– Lowest energy conformer in entire ensemble

Borodina Y, Bolton E, Fontaine F, Bryant S
Assessment of conformational ensemble sizes necessary for specific resolutions of coverage of conformational space.
J Chem Inf Model. 2007 Jul‐Aug;47(4):1428‐37.  PMID: 17569521



3D Neighboring3D Neighboring

• OEShape C++ API
– Bondi radii
– Heavy atoms only, All radii
– Analytic methodology
– All color = true
– Thresholds:  ST >= 80  CT >= 50

• Pre‐computep
– Shape fingerprint
– Self overlaps  (Shape and Feature)

• Three distinct neighboring stagesThree distinct neighboring stages
– Filter
– Align
– OptimizeOptimize



Stage 1: FilterStage 1:  Filter

• Possible for two conformers to be a neighbor?Possible for two conformers to be a neighbor?
Use pre‐computed A and B self overlap

Tanimoto Equation: T = AB / ( A + B – AB )Tanimoto Equation:  T   AB / ( A + B  AB )

AB = ( A + B ) * T / ( 1 + T )

if AB > than A or B cannot be a neighborif AB > than A or B, cannot be a neighbor



Stage 1: FilterStage 1:  Filter

• Possible for two conformers to be a neighbor?g
Use pre‐computed A and B self overlap

Tanimoto Equation:  T = AB / ( A + B – AB )

AB = ( A + B ) * T / ( 1 + T )
if AB > than A or B, cannot be a neighbor

But shape overlap AB can be larger than A and B!
Actual filter relationship at ST=0.8:

0 75 < 2 25 * A / ( A + B ) < 1 500.75 <= 2.25 * A / ( A + B ) <= 1.50
0.75 <= 2.25 * B / ( A + B ) <= 1.50

where: 2.25 = ( 1 + T ) / T = 1.8 / 0.8 = 2.25



Stage 2: AlignStage 2:  Align

• Use pre‐computed shape fingerprintsUse pre computed shape fingerprints

• Find common reference shapes
– If none in common, then not a neighborIf none in common, then not a neighbor

• Loop over and “replay” alignment to reference shape

• Compute (grid) shape overlap (AB)

ΑΑAlignment 

Compute (grid) shape overlap (AB)

• Keep alignment giving best shape overlap

• Compute analytic ST TargetRefRefQuery ΑΑAlignment • Compute analytic ST
ST<75 not a neighbor

Fontaine F, Bolton E, Borodina Y, Bryant S
Fast 3D shape screening of large chemical databases through alignment‐recycling.
Chem Cent J. 2007 Jun 6; 1‐12.  PMID: 17880744



Stage 3: OptimizeStage 3: Optimize

• Use Stage 2 alignment as starting pointUse Stage 2 alignment as starting point

• Optimize analytic shape overlay “AsIs”

f i l i C l l i• Perform single point CT calculation

One optimization not many…



Alignment RecyclingAlignment Recycling

Fontaine F, Bolton E, Borodina Y, Bryant S
Fast 3D shape screening of large chemical databases through alignment‐recycling.
Chem Cent J. 2007 Jun 6; 1‐12.  PMID: 17880744



Shape Fingerprint Definition

• Represents all unique Volume Reference Conformer p q
shapes for 17M 
compounds and their 
+2B conformers

Range ST Count Count

1-165 75 251 40M
+2B conformers

• No (useful) correlation 
between count of

166-199 70 274 72M

200-238 65 271 167M

239-285 60 349 448M between count of 
common reference 
shapes and shape 
i il it

239 285 60 349 448M

286-344 55 361 768M

345-432 50 473 519M

similarity
• Can have only one 
common shape yet be

433-999 45 633 116M

2,612 Total Refs common shape yet be 
highly similar



Method EfficiencyMethod Efficiency

• Case study… neighbor 5,000 compoundsCase study… e g bo 5,000 co pou ds
– 854,531,025,000 comparisons  (5K by 17M)
– Filtering performance (to remove from consideration)

• ST Filter:   7%     61B CPU Cost   0%
• CT Filter: 17%  145B CPU Cost   0%
• FP Align: 76% 649B CPU Cost 39%FP Align:  76%  649B CPU Cost 39%

• ST Optimize:  295M times (0.034% … 1 in 2,941)
CT C 56M i (0 0064% 1 i 15 625)• CT Compute: 56M times (0.0064% … 1 in 15,625)

– Total time: 30 hours on 1500 cores

– All this for 954K unique neighbors (382/Compound)



How to neighbor faster?How to neighbor faster?

• 40% (12H ‐> 6H?) identify similar and align40% (12H  > 6H?)… identify similar and align
– Avoid consideration of dissimilar shapes

Use Quadrupoles?– Use Quadrupoles?

• 30% (9H ‐> 4.5H?)… align similar shapes
– “Analytic” optimization is expensive

– Optimize on grid then compute analytic overlap?

• 30% (9H ‐> 3H?)… compute feature similarity
– Re‐computation of CT self overlap is wasteful

– Compute overlap (AB) only?



Possible Future DirectionsPossible Future Directions

• On‐demand structure clusteringOn demand structure clustering
– Using shape/feature similarity

• Bioassay data analysis
– (help) separate actives from inactives( p) p

• Search system

• Expose more than one conformer
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