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Abstract

Using a 4D-QSAR approach (software Quasar) allowing for
multiple-conformation, orientation and protonation-state
ligand representation as well as for the simulation of
induced-fit phenomena, we have validated a family of
receptor surrogates for the 5-HT 2A receptor system. The
evolution was based on a population of 200 receptor models
and simulated during 6,000 cross-over steps, corresponding
to 30 generations, It yielded a cross-validated r2 of 0.951 for
the 23 ligands of the training set and a predictive? of 0.859
for the 7 ligands of the test set. In this simulation, all ligand
molecules were represented by four different conformers,
obtained from a Monte-Carlo search in implicit aqueous
solution. A series of six scramble tests (with an average
predictive r2 of -1.05) indicate a high sensitivity of the
surrogate family towards the biological data.

The quantitative analysis of the contribution of the
individual functional groups to the free energy of ligand
binding, llGo, reveals that the key factors for strong
binding-and hence activity-are the ligand desolvation
energy and the costs associated with induced fit, the
adaptation of the receptor-binding site to the ligand
topology. While the ammonium functionality is essential
for recognition, its contribution to .&Go is not favorable due
to a high desolvation energy; important groups are rather
methoxy and halide substituents, For most ligand mole-
cules, the evolution does not select the lowest-energy
conformer, contrary to previous assumptions in a corre-
sponding 3D-QSAR study.

1 Introduction

In ~1 recent article, we have described generation and
validation of a surrogate for the 5-HI2A receptor based
on a 3-.0 QSAR approach [1]. This receptor is known to act
as the biological target for a series of hallucinogenic
substances, including substituted phenylalkylarnines, tryp-
tamines and LSD [2]. A prerequisite for a hallucinogenic
effect is an agonistic binding mode to the high-affinity state
of the receptor. In addition, a protonared N atom (the
aminoethylside-chain of the phenyl-alkylamines and tryp-
tamines or ring D in LSD; cf Figure 1) is also mandatory,
where by a primary amine yields maximal activity. Hydro-
xylation and methylation of position 2 of the phenyl al-
kylamines or position 5 of the tryptamines combined with
hydrophobic substituents (methyl, halides) in position 4 of
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the phenylalkylamines and position 7 of the tryptamines
leads to a significantly increased activity towards the 5-
HI2A receptor. The receptor also exhibits stereoselectivity
for the R-enantiomer of the phenylalkylamines and the S-
enantionmer of the tryptamines. Pharmacology and struc-
ture-activity relationships are reviewed, for example, in
Refs. 3-9. A large body of 3D-QSAR studies on this system
exist (W-19] due to the fact that the experimental structure
of the 5-HT 2A receptor is not presently available. In
addition, homology models based on the structure of
bacteriorhodopsin [20] were constructed-unfortunately,
these stud-ies are based on subsets (phenylalkylamines or
tryptamines) only [17-19, 21].

In our previous study, we used a 3D-QSAR concept to
construct a receptor surrogate based 011 23 compounds
defining the training set. It yielded a cross-validated r2 of
0.954 and a predictive r2 of 0.860. Subsequently, a series of
53 hypothetical congeneric compounds was evaluated with
some of the Iigands showing a predicted activity close to the
experimental value of LSD [I]. Inherent with the 3D-QSAR
approach, each agonist molecule was represented by a
single conformation derived from a conformational search.
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