COMPARISON OF BIOACTIVE CONFORMERS WITH MODELS
GENERATED BY THE SOFTWARE PACKAGE CATALYST
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Introduction:
The Catalyst suite is a modeling package for computer aided
molecular design including the generation of pharmacophore
models with the ability to screen large compound databases in silico
[1]. An important part of this package is the module ConFirm, which is
used for the generation of conformational models applying the
CHARMm force field. The aim of this study was to evaluate the ability
of the conformational model sets generated by Catalyst 4.8 to match
the known bioactive conformations of drug-like molecules retrieved
from the Protein Data Bank (PDB) [2], and also to find the best userdefined settings for the conformational model generation. Within the
last few years, four rather limited studies [3-6] and one large scale
analysis [7] on the conformational strain of bound ligands were
reported, the later of which focused on the comparison of
Macromodel 8.0, Catalyst 4.6 and ICM 3.0. However, none of these
assessed Catalyst’s different settings in a comparably detailed way.

A sample of 510 bioactive conformers, wich contained only drug-like
molecules and which was shown to be representative for the whole
database with respect to molecular weight and the number of
rotatable bonds, was extracted from the PDB by use of the software
LigandScout [8]. Conformational models for all these compounds
were generated with ConFirm, applying the different settings FAST
or BEST and a maximum number of conformers of 50, 100, or 255,
while the energy cutoff value was kept at the default 20 kcal/mol. The
resulting models were then compared to the respective bioactive
conformations, assessing both the RMS (root mean square) values
and the energy levels of the best fitting conformers.
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RMS values (cumulative) between PDB structures and best fitting calculated
conformers depending on the method (FAST/ BEST) and max. number of
conformers (50, 100, 255), with the energy cutoff value kept at 20 kcal/mol.
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Preferred tetrahedral geometry of
arylsulfonamides

Common lowest energy conformations
generated by Catalyst

Differences between experimental and calculated lowest energy conformations for
N-mono- and N,N-disubstituted sulfonamides.

Results and Discussion:

Energy distribution of best fitting conformers with RMS < 2 and max. number of
conformers = 255, calculated for the FAST and the BEST method.

Deviations between experimental and calculated bioactive conformers
exemplifying different RMS values.
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Methods:

Effect of different settings for the energy cutoff value of the calculated conformer
models on RMS and strain energy values of the best fitting conformers (max.
number of conformers = 255, BEST method).

Additionally, the influence of the molecular weight and the number
of rotatable bonds on the quality of the conformer set was
assessed, as well as the energy distribution of the best fitting
conformers with RMS values < 2. Significantly elevated RMS and
energy values for substituted sulfonamides prompted us to further
investigate the experimental and calculated geometries for this
class of compounds. In a second series, we analyzed the
influence of different energy cutoff values (max. difference
between highest and lowest energy conformer) on the fitting
quality of our sample set. Furthermore, a cost-value analysis was
performed to assess the increase in CPU time for more accurate,
but also more time-consuming settings. Lastly, a small set of 15
drug-like molecules which were present in both the PDB and the
Cambridge Structural Database (CSD) [9] were compared to
determine whether it was possible to find energetic differences
between the conformations in these two databases.

Our results show that Catalyst is well able to generate conformations
similar to those present in the protein complexes. For the different
settings regarding the method and the max. number of conformers,
mean RMS values range between 0.93 and 1.06, and the mean
energies lie between 4.5 and 6.5 kcal/mol above those of the
estimated global minima. Every method provides best fitting
conformers with RMS < 1.5 in more than 80% and with RMS < 2 in
more than 93% of all cases. Surprisingly, energetic differences were
spread over the whole range of 0 to 20 kcal/mol. RMS values and
strain energies depend heavily on the molecular weight and on the
number of rotatable bonds of the ligands which proves the limited use
of Catalyst for large molecules. Lowering of the energy cutoff value
produces inferior fitting quality, while higher values increase the
strain energy without improving the overall fitting quality. Thus, the
default value of 20 kcal/mol is recommended. The observation of a
preference for higher RMS and energy values for sulfonamides
pointed us towards a weakness in the CHARMm force field. The
average computing time is multiplied by the factor of 230 when going
from 50 FAST to 255 BEST, while the mean RMS value is improved
by only 12%. Conformers fitting to the CSD conformers have a 4.8%
lower average energy and a 2.4% lower average RMS value than
calculated conformers fitting to the PDB conformers, which - given
the small sample set of 15 molecules - can be regarded as
nonsignificant.
Overall, our studies confirm that the CHARMm force field
implemented within Catalyst is a powerful tool which is able to
produce high quality conformers that are highly similar to the
bioactive conformers and most of the times are well suited for in silico
drug research.
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Correlation of RMS and energy values of best fitting conformers with the molecular weight and the number of rotatable bonds
(max. number of conformers = 255, BEST method).
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