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Macrocycles explore different property space
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• non-Ro5 property space
– Membrane permeability

• Protein-protein interaction inhibition

Zhou et al., J. Med. Chem., 56, 1113 (2013).

Doak et al., J. Med. Chem., 59, 2313 (2016).
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Macrocycles explore different shapes
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Drugs-like
Macrocycles

The main problem
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Quantity Quality
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OMIGEN: Macrocycle sampling by DG
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Random atom placementRandom atom placement

Minimization of distance
constraint function

Minimization of distance
constraint functionNx

Force field refinementForce field refinement

De-duplicationDe-duplication

Spellmeyer et al., J. Mol. Graph. Model. 15, 18 (1997).

Quantity v. quality in macrocycle sampling
• Quantity

– Time
– # Conformers produced

• Downstream processing

• Quality
– Reproduction of solid-state structures
– Diversity of conformer space sampling

10/21/2016 © 2016 OpenEye Scientific Software
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Data sources
• CSD

– “Training”
• What are best # attempts and RMSD?

• PDB
– “Testing”

• Are CSD parameters transferable?

• BIRD
– “Validation”

Can we reduce the problem space?

10/21/2016 © 2016 OpenEye Scientific Softwarehttp://www.wwpdb.org/data/bird
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CSD: Reliable & high quality

1657 structures

DPI < 0.45

Molecule “quality” 1650

Duplicates 1575

Clashes 1542

Diverse 1477 (89.1%)

1269 unique rings
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CSD Example molecules
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Small substituents on macrocycle
93% atoms in the macrocycle

We learn most from failure
• Choose the molecules that will challenge the

method the most
– Minimum ring size (15)
– Maximum flexibility
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35 atoms in ring

Challenging Easy
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R
R’ R’ R

Scoring ring flexibility
• Constraining groups (high penalty)
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(R)(R’)C=C(R’’)(R’’’)
R-C#C-R’

C1*C1

• Restraining groups (lower penalty)
– Exo alkene, Ketone; ester; amide; urea

= − _

24 atoms in
largest ring.
Retained.

Filtering with flexibility heuristics
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24 atoms in
largest ring.

Removed.

1477 -> 333 molecules
270 unique rings
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‘Training’ on N attempts
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# attempts <= 5000
Median RMSD < 0.4 Å, Median time < 11 minutes

‘Training’ for optimal RMSD cutoff
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Deduplication RMSD =  0.8 Å



Conformational Sampling of Macrocycles:
Recent Progress

10/19/2016

OpenEye Scientific Software 8

‘Training’: how many conformations to keep?
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MORE variable LESS variable

Macrocycle accurately reproduced.
Failure cases identified.

Data sources
• CSD

– “Training”
• # attempts <= 5000; RMSD = 0.8;

• PDB
– “Testing”

• Are CSD parameters transferable?
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PDB: Finding good quality ligand models
• Well fit to data

– Globally (R, Rfree)
– Locally (RSCC,RSR,OWAB)

• Ligand not obviously badly solved
– No clashes
– Appropriate relationship between chemistry and

geometry

• Low inherent coordinate error
– If RMSD < coordinate error, indistinguishable difference
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Hawkins et al., J. Chem. Inf. Model., 50, 572 (2010).
Warren et al., Drug Disc. Today., 17, 1270 (2012).

Sieving the PDB

1731 structures

DPI < 0.45

Model quality 270

Duplicates 146

Metal binders 102

Intra-molecular
clashes

97 (5.6%)

For comparison:
LigandExpo: 989270

Surviving: 53420 (5.4%)

53 unique rings
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PDB example molecules
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Elaborate substituents on macrocycle
56% of atoms in the macrocycle

CSD parameters on PDB ligands
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Reproduction is good.
Ensemble size is large.

RMSD for CSD = 0.62Å # confs for CSD = 608
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Whole molecule v. ring atoms
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Reproduction of macrocycle is excellent.

All atom
0.84 Å

Ring only
0.36 Å

Data sources
•

–
•

•
–

•

• BIRD
– “Validation”

Can we reduce the problem space?

10/21/2016 © 2016 OpenEye Scientific Softwarehttp://www.wwpdb.org/data/bird
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Sieving BIRD

78 structures

DPI < 0.45

NO model quality 78

Clashes 57

Metal binders 54 (69.2%)

10/21/2016 © 2016 OpenEye Scientific Software

54 unique rings

BIRD: The MOST difficult case

10/21/2016 © 2016 OpenEye Scientific Software

Elaborate substituents
on macrocycle

50% of atoms in the
macrocycle
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BIRD: The Final Frontier
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Median ensemble size: 4253
Median time: 1093 s

Reducing the problem space
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Default

Rigid fragments

Reduce time and improve results by ‘pre-organisation’?
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Fragment placement better for BIRD
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More accurate
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Fragment placement is NOT better for PDB
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Atom v. fragment placement
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• Lightly elaborated
– ATOM placement

• Heavily elaborated, large
– FRAGMENT placement

Key conclusions
• There are two kinds of molecule in the world…
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All atom RMSD: < 0.85Å
MC RMSD: < 0.5Å
Time: 11 minutes

All atom RMSD: 1.5Å
MC RMSD: 0.9Å

Time: 18 minutes
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Summary
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Ring conformations
reproduced well.

Side-chains are the
difficult part.
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For more information, please contact us:

sales@eyesopen.com
support@eyesopen.com
www.eyesopen.com
+1-505-473-7385
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