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Pseudoreceptor: Concept and an Overview
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Abstract

A pseudoreceptor combines structure-based and ligand-based techniques to represent a unifying concept for both

receptor mapping and ligand matching. In this molecular modeling approach, there are opportunities to construct the

pseudoreceptor models using a set of small molecules. To build a reliable pseudoreceptor model, we need a set of ligand
molecules with known affinity (biological activity) to generate 3D bioactive conformation for each of these ligand
molecules. Several software packages are available to generate a pseudoreceptor model and this can provide an entry point
for structure based drug discovery in cases where receptor structure information is not available. In this review, we
presented the concept of pseudoreceptor, as well as discussed about various software packages available to generate a

pseudoreceptor model
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1. Introduction

To design a drug successfully through computational
modeling, experimental structure of interested target is
necessary. But, in absence of experimental structure of
target protein solved by X-ray crystallography or NMR
method, people used template derived homology model
for study. The two principle techniques: structure based
drug design (SBDD) and ligand based drug design
(LBDD) supported pharmaceutical research over last
three decades for the development of drugs.'*! 3D-
QSAR derived implementation of contour maps into
new lead generation is not always helpful for synthetic
chemists. But, atomistic receptor model allows us to
gain detailed insight into the key interactions between
ligand-receptor complexes. Concept of pseudoreceptor
was introduced in late 1980s. Ligand based and receptor
based techniques are used simultaneously in pseudore-
ceptor modeling, which fills the gap between pure ligand
based and structure based design.** In pseudoreceptor
modeling, the 3D-QSAR techniques such as CoMFA ),
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CoMSIA! and GOLPE!"! are used to map molecular
feature into a physical property of the spatially aligned
ligand conformers. The idea behind pseudoreceptor
modeling is to generate a receptor environment for sin-
gle ligand or group of ligands (superimposed) and mim-
ics the interaction patterns as like real binding site. The
successful pseudoreceptor modeling can be achieved
when the derived model attempts to capture the shape
of binding site and its interaction pattern, which is
needed for successful ligand binding. Pseudoreceptor
can trace the shape of a receptor replacement that mim-
ics an alternative host system, which is capable to pro-
duce non-covalent interactions with known ligands
having binding affinity. Manually the pseudoreceptors
are modeled by some pioneer to construct virtual host
system.!'>13] At the same time pseudoreceptor modeling
software packages are also invented. Concept of minire-
ceptor (an unconnected set of small molecules imitating
receptor side chains encircling a ligand) was introduced
by the Vedani and co-workers and they believe that it
is different from that of the pseudoreceptor™ (fully
linked peptidic or non-peptidic molecules forming a
binding pocket). We will consider both as pseudorecep-
tor model. The main aim of this review is to understand
the general concept and the methodology behind pseu-
doreceptor modeling. In this study we also discussed
about some of the software available for pseudoreceptor
generation such as ConCept '), FLARM !, PrGen !'"),
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Quasar'®, RECEPS!""’, RECEPTOR*'*!, SKEL-
GENP*31 yak 11426271 [ jterature survey shows that pre-
viously many people attempted pseudoreceptor approach
for modeling purposes.[1328-40]

2. Concept of Pseudoreceptor

Methodology of pseudoreceptor generation involves
fundamental four steps and it is shown in Fig. 1. First,
superimposition of set of 3D-conformer of ligands; sec-
ond, identification of key interaction sites of aligned lig-
and set (anchor points); third, assembling core pseudo-
receptor model around anchor points; and fourth, opti-
mization of model coordinates to find out accurate bind-
ing free energy. There are wide variety of routes are
available to generate pseudoreceptor. The main aim of
development of the pseudoreceptor model is the ligand
adopts a conformation which is comparable to real mac-
romolecule. The optimized pseudoreceptor model is
used for affinity prediction and other modeling study.
Reader should note the thing that if there is any sys-
temic error, pseudoreceptor can't mimic 100% real
receptor structure.

3. Methodology

The first and foremost thing in pseudoreceptor gen-
eration is a set of superimposed 3D-conformer of inter-
ested ligands. As in any QSAR approach for successful
model generation it requires four orders of magnitude
of binding affinities. In 3D-QSAR every ligand shows
common binding mode, by assuming this rule all lig-
ands are superimposed so that all chemical functional

Superimposed 3D-Ligands

I

Identification of anchor points

J

Generation of model

g

Validation of model

Fig. 1. Flowchart to develop pseudoreceptor model.

groups are arranged in a similar direction. Therefore, it
is advised to select the reference (Bioactive) molecules
for which the binding mode is experimentally supported
to avoid the conformation selection problem. The initial
alignment of pharmacophoric points is a crucial step, as
it provides the starting point for pseudoreceptor gener-
ation, and it sets the course for optimization of final
model in terms of quality and applicability. Small
changes in the pharmacophoric point alignment may
result in completely different models. First step fol-
lowed by selection, placement, transformation and rota-
tion of amino acid residues ahead of anchor points for
generating assembly of pseudoreceptor. In validation
step the energy of developed pseudoreceptor model
could be minimized. Alternate minimization of receptor
and ligand is carried out by keeping one constant with
suitable method like molecular mechanics, monte-carlo
simulation or molecular dynamics. The ultimate aim of
last step is to minimize geometry in XYZ coordinates
to calculate more accurately binding free energy and
mimic accurately host-guest system as like real.

4. Popular pseudoreceptor programs

There are popular software's available for peudore-
ceptor generation and they works on different basis such
as fragment based, atom based, peptide based, grid based,
isosurface based and partition based method as follows.

4.1. ConCept - Fragement Based Model

This methodology was proposed by Wei chen and
Michael Glison.!"™! This is a novel evolutionary method
for automated de novo design of small targeted recep-
tors, which uses the M2 algorithm™!“** as a final step
in evaluating the leading candidate designs. The Con-
Cept design methodology comprises two main steps.
First, a simple energy model is used to guide an evo-
lutionary process in which a large number of candidate
receptors are automatically constructed around a stable
conformation of the targeted ligand. Second, the M2
method of computing affinities is used to evaluate the
more promising designed receptors.

4.2. FLARM - Atom Based Model

GERM is Genetic Evolved Receptor Model proposed
by Walters and his group.*"! PARM (Pseudo atomic
Receptor Model) is an algorithm which is an advance
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version of GERM. It was proposed by Jiaju et al.[*®!
FLARM (Flexible Atom Receptor Model) is a new
method to do 3D-QSAR and receptor modeling.'®! The
basis is similar to that of GERM and PARM and it is
an improved version of PARM. Its purpose is to per-
form 3D QSAR and receptor modeling under the con-
dition that the 3D structure of the target receptor is
unavailable. This approach can predict the activity of
new drugs. And the explicit atom models can help to
understand the mechanism of the interaction between
ligands and receptors and even to preliminarily predict
the active sites of the real receptors. The open receptor
model can provide a better simulation of the real recep-
tor and may rationally correspond to the pharmacophore
model. And 3D database searching can then be done
with some 3D databases such as NCI-3D or ACD-3D
to find new lead compounds.

4.3. PrGen and Yak - Peptide Based Model

Yak and its successor PrGen is a commercially avail-
able pseudoreceptor modeling package!'*!7***"! pro-
posed by A.Vedani and his group. This concept allowed
the construction of a three-dimensional peptidic pseu-
doreceptor model around a single molecule or a set of
superimposed ligand molecules. The goal of this con-
cept is to engage the superimposed molecules in spe-
cific non-covalent ligand-target interactions so as to
mimic the receptor-bound state for each ligand. This
program is one of the most successful pseudoreceptor
modeling technique and a lot of positive outcomes were
achieved with this technique.

4.4. Quasar - Atom Based

Quasar is a “quasi atomistic receptor model” refers to
a three dimensional receptor surface, populated with
atomistic properties such as hydrogen bonds, salt
bridges, hydrophobic particles mapped on to the
model.¥ In contrast to other 3-D QSAR techniques,
this approach includes receptor envelopes, individually
adapted to the topology of the various ligand molecules
as well as H-bond flip-flop particles (mimicking Ser,
Thr, Tyr, Cys, His, Asn, and Gln residues at the true bio-
logical receptor) engaging in differently directed hydro-
gen bonds with different ligand molecules, simultaneously
binding to the receptor. In Quasar, a family of receptor-
surface models is generated by means of a genetic algo-
rithm combined with cross-validation.
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4.5. RECEPS - Grid-Based Model

Kato and his group proposed a rational method of
molecular superposition. This method was implemented
in a computer program called RECEPS in the year
1987.112% With this program, one can superpose mol-
ecules manually by making use of 3D grid points for
evaluating the similarity of spatial arrangements of sub-
molecular physical and chemical properties of mole-
cules. Based on the superposed structures of multiple
active molecules, a 3D receptor model will be con-
structed.

4.6. RECEPTOR - Isosurface Based|

A receptor surface model is a hypothetical model
which characterizes the putative active site of a receptor.
This method was proposed by Mathew Hahn.?'"! In
brief it is a non-atomistic model that uses explicit sur-
faces to characterize the shape of the binding site. A
receptor surface model is visually intuitive and is mod-
ifiable as the hypothesis is refined. This approach was
applied in QSAR and it was proved successful.

4.7. SKELGEN - Partition-Based Model

SKELGEN is an algorithm for the automated gener-
ation of molecular structures subject to geometric and
connectivity constraints and it was proposed by
Todorov and his group.?**! This is a structure genera-
tion algorithm that uses an optimization method (simu-
lated annealing) to minimize a penalty function reflecting
the suitability of a chemical structure as a solution to a
particular problem. Structures are built by joining
together predefined 3D molecular templates. The algo-
rithm navigates through the space of connectivity
classes, conformations and rigid body transformations
of various structures, guided by the function, until a
skeleton is encountered that satisfies all set criteria.

5. Application of Pseudoreceptor

1. To study ligand-receptor interaction sites.

2. Reconstruction of receptor sites.

3. Prediction of binding affinity of new molecules
comparing the results obtained from 3D-QSAR tech-
nique.

4. To find out bioactive conformation of any ligand
by minimizing in pseudoreceptor model.

5. To evaluate interactions energy.
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6. Conclusions

Pseusoreceptors can be used for early stage of hit and
lead identification process, thus complementing con-
ventional ligand-based and receptor-based virtual
screening procedure. The pseudoreceptor model could
give valuable information such as essential interacting
amino acid side chains, the volume and shape of the lig-
and binding cavity, and hotspots for receptor-ligand
interaction. It is important to understand that the opti-
mized model do not precisely mimic the real receptor
binding site, but it is possible and justified to use virtual
screening of unsolved receptors sites. However, finding
a novel ligand structures with alternative potential bind-
ing mode for same receptor pocket is unachievable goal,
so the generated model should be treated with more
caution because it is known that different ligand modes
and multiple binding sites may exist for single target.
Keeping these limitations in mind, more validation
study has to be done to check the performance of pse-
doreceptor modeling programs. Especially, it can be
used for remarkable drug design methodology for mem-
brane protein targets and Ion channels.
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