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Background to Molecular Field Technology 
Chemists are used to visualising compounds by considering their 2D or 3D atom and bond structure.  However, this may not be the most appropriate 
way to compare compounds and interpret protein binding and SAR data.  Proteins interact with electrons, not atoms, so we have developed technology 
to visualise compounds in terms of their electrostatic Fields [1].  Steric and hydrophobic fields are also calculated to give a more complete physicochemi-
cal description of molecules.  Fields model the binding properties of a compound and explain why compounds with different structures can bind to the 
same biological target.  Fields have been used for virtual screening [2] to identify novel hits with the same Field pattern as a known active.  No protein 
structure is required, so targets can be tackled which are not appropriate for virtual screening using docking studies, such as GPCRs and ion channels.  

2D Structure to Field Point Pattern Generation of a Bound Conformation Model 
Field technology has been extended to generate bound conformation hy-
potheses for small sets of diverse ligands binding at the same site.  Fields 
model the binding interactions of a ligand, so compounds that bind at the 
same site must be able to adopt conformations in which they all display the 
same field pattern to the target.  Therefore we need to identify those confor-
mations and find the common pattern.  Accurate bound conformation mod-
els can increase understanding of SAR and reduce lead optimisation times. 

This is obviously valuable for targets which lack x-ray crystallographic data. 
Bound conformation hypotheses (‘Trio Templating’) have been generated for 
thrombin and NNRTI HIV inhibitors and validated by comparison with x-ray 
data from protein-ligand pairs.   
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Trio Templating: Validation Protocol 
• Take 3 molecules (A, B C) and generate up to 100 conformations of each 

(A1 to A100, B1 to B100, C1 to C100) 
• Combine all pairwise alignments (Ai on Bj, Bi on Cj, Ci on Aj for i,j=1-100) and 

find ‘templates’ i.e. field patterns common to all 3 molecules e.g 
A20,B5,C89 

      A template is generated if A, B and C overlay within defined constraints  
• Optimise, then score and rank each template by field pattern similarity 

      Most similar overlays (templates) have highest score (rank = 1) 
• Compare each molecule in each template to the ‘true’ answer found from 

aligning PDB x-ray structures  
      Average heavy atom RMS < 1.3A = Correct 
      Average heavy atom RMS > 2.0A = Wrong  
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NNRTI HIV Inhibitors Results 
7 compounds with x-ray data on the protein-ligand pair were used. 
Trio templates were found for 30 of the 35 possible trios. 
The best trio (with respect to closest field fit; rank = 1) was also the closest fit 
to the x-ray data in 14 cases. 
The best fit to the x-ray data was consistently found in the top few trios. 
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HIV examples of 3 trio overlays compared to the x-ray structures  
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Thrombin Inhibitors Results 
6 compounds with x-ray data on the protein-ligand pair were used. 
Trio templates were found for 19 of the 20 possible trios. 
The best trio (with respect to closest field fit; rank = 1) was also the closest 
fit to the x-ray data in 6 cases. 
The best fit to the x-ray data was consistently found in the top few ranked 
trios where a good RMS fit was found (<1.3A). 

Thrombin examples of 3 trio overlays compared to the x-ray structures 

N
NO

N

O O
NH NH2

NH

NH2

NH

H
N

O
O

N
S

N
H

O O

O-

N

F
FNH

N
Cl

N

O

NH

F

O
NHO

N

O
N
HH2N

NH2

HN

N
H

O

N

H
N

S
O

O

O
N
H

N

A 1HS (1c4v) B BPP (1d4p)

C MID (1dwd)

E CDD (1mue) F MIN (1tom)

D I48 (1uvt)

0.511B-C-E

0.361A-D-E

0.542A-C-F

0.961B-C-F

0.653C-E-F

4.502B-D-E

2.827B-D-F

2.7613C-D-E

2.6663D-E-F

2.5272A-B-D

2.4523A-D-F

1.768B-C-D

0.851B-E-F

0.731A-B-E

0.723C-D-F

0.763A-B-F

0.592A-B-C

0.575A-E-F

0.501A-C-D

RMSRankTrio

N
NO

N

O O
NH NH2

NH

NH2

NH

H
N

O
O

N
S

N
H

O O

O-

N

F
FNH

N
Cl

N

O

NH

F

O
NHO

N

O
N
HH2N

NH2

HN

N
H

O

N

H
N

S
O

O

O
N
H

N

A 1HS (1c4v) B BPP (1d4p)

C MID (1dwd)

E CDD (1mue) F MIN (1tom)

D I48 (1uvt)

0.511B-C-E

0.361A-D-E

0.542A-C-F

0.961B-C-F

0.653C-E-F

4.502B-D-E

2.827B-D-F

2.7613C-D-E

2.6663D-E-F

2.5272A-B-D

2.4523A-D-F

1.768B-C-D

0.851B-E-F

0.731A-B-E

0.723C-D-F

0.763A-B-F

0.592A-B-C

0.575A-E-F

0.501A-C-D

RMSRankTrio

N

SH2N
OO

N

F F
F

Br

2D to 3D

Add 
electrostatic
Field

Add electrostatic
FieldPointsAdd steric

& hydrophobic
FieldPoints

Blue: negative
Red: positive

Blue: negative
Red: positive
Yellow: steric

Orange: hydrophobic

N

SH2N
OO

N

F F
F

Br

2D to 3D2D to 3D

Add 
electrostatic
Field

Add 
electrostatic
Field

Add electrostatic
FieldPointsAdd steric

& hydrophobic
FieldPoints

Blue: negative
Red: positive

Blue: negative
Red: positive
Yellow: steric

Orange: hydrophobic


