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Abstract

There have been a number of papers on the amount

of conformational strain present in the bound

ligands.1,2 We present data to show that when a small

molecule force field or QM potentials are used for the

ligand during refinement most of the conformational

strain found in PDB coordinates disappears.

Figure 1: Local strain is the difference in energy

(enthalpy) between the bound conformation and the

closest solution state (blue box) conformation. This

conformation is generated by gently relaxing the bound

conformation in a continuum solvent model (Sheffield).

For this work we will not address how global

conformational free energy might be calculated.

Results

Figure 2: A histogram (in blue) of the local strain energy

(Estrain) in kcal/mol for the ligand coordinates from the PDB

for Iridium-HT. The Estrain values were calculated using

freeform v1.8.0.1. The median Estrain value for the 189

ligand instances in this set is 31.0 kcal/mol.

In this study we look at ligand coordinates from two

data sets; a subset of M Sitzmann et al.2 and Iridium-

HT3. For the Sitzmann set the protein-ligand

structures were re-refined using the program BUSTER

in which the ligand optimization function was either

MMFF94S or DFT B3LYP/6-31G(d) in Gaussian03. For

the Iridium-HT set the protein-ligand complexes were

re-refined using AFITT generated dictionary files from

the deposited and AFITT generated ligand

coordinates with Refmac5.5.0109. The were also re-

refined (starting from deposited ligand coordinates)

using Phenix.refine dev 1888 with MMFF94S.

Conclusion
There are a number of reports in the literature that

bioactive ligand conformations can be highly strained.

The reported high strain values are physically

inconsistent with measured high binding affinity for

the same molecules. We have shown that for two

data sets, Iridium-HT and Sitzmann et al., the

reported high Estrain values are a result of how the

model for the ligand was generated. If a good small

molecule force field or QM potential is used to drive

the ligand conformation during refinement low energy

conformations are found. These conformations fit the

electron density as well (and in some cases better) as

conformations generated by traditional methods.

While low strain values from using the same potential

to generate the conformation as is used to assess

conformation quality only prove self-consistency, the

similar results from both MMFF and DFT show that

very different methods produce consistent results

with small differences in conformation. In the

absence of ultra-high resolution data where atoms

can be refined as independent parameters, the use of

a high quality small molecule force field results in low

strain conformations that fit the data well.
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Implementation of AFITT MMFF in Buster was done

by Oliver Smart of SmartSci Limited. The data

presented in Figure 6 was generated by Oliver. Pawel

Janowski implemented AFITT MMFF in Phenix with

the support of Nigel Moriarty and Brian Kelley. The

Phenix data presented in Figure 5 was generated by

Pawel as part of a validation of the implementation.
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Methods

There are many reasons for wanting the know how

much conformational strain is present in a ligand’s

bioactive conformation. Local strain (see Figure 1)

affects conformation generation and ligand

conformation quality assessment. Global strain

affects free energy binding predictions and protein-

ligand structure quality assessments to name a few.

A fundamental problem with past work is that

analysis has been carried out on deposited

coordinates and has not looked at the underlying

data (electron density) used to generate the model.

Introduction

Using AFITT in BUSTER and PHENIX

Are those ligand conformations as good as you think?
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Figure 3: A histogram (in green) of the Estrain in kcal/mol

after refinement of the deposited coordinates using an AFITT

dictionary file. AFITT dictionary files use the MMFF94S bond

and angle equilibrium values. This results in a dramatic

reduction in Estrain where the median value drops 8.4

kcal/mol.
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Figure 4: A histogram (in red) of Estrain in kcal/mol after

refinement of the AFITT generated ligand coordinates using an

AFITT dictionary file. This figure shows that there are other

conformations for the ligand that fit the electron density and

have lower Estrain. The median Estrain drops by 1.3 kcal/mol

when AFITT generated conformations are used with AFITT

dictionary files.
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Figure 5: A histogram (in gold) of the Estrain in kcal/mol for

the ligand coordinates after refinement with Phenix using

MMFF94S. The initial ligand coordinates were the deposited

coordinates (see Figure2). The direct use of MMFF during

refinement results in a dramatic decrease in the median

Estrain with a very minor computational cost of ~17%. This is

the first time ligand conformations are being generated that fit

the electron density and are fit for purpose, i.e. do not require

restrained optimization to make them useable. There are only

4 ligands with Estrain > 20 kcal/mol and one example is

shown in grey. The cis-amide bond is an example of poor

modeling of the ligand conformation. The green structure with

a trans amide bond is another copy of the ligand found in the

same crystal structure.

Figure 6: A scatter plot of the DFT Estrain on the X-axis

versus MMFF94S Estrain on the Y-axis for 19 example

structures taken from the M Sitzmann et al. data set. These

structures were refined using the program BUSTER with either

DFT or MMFF generating the potential for ligand refinement.

The Estrain, as measured by Sitzmann et al., ranged from 5 to

105 kcal/mol. An encouraging result from this data is that

MMFF generates conformations, except for 3 outliers, that are

within 1 kcal/mol of the DFT conformations. Most important is

all conformations have less than 5 kcal/mol Estrain.


