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Abstract

Chemogenomics is a new emerging area in the field of drug discovery and development. It describes the
development of target specific chemical ligands and the use of such specific chemical ligands to globally study the
gene level and protein level functions. The human genome contains around 100,000 genes and 30,000 proteins
which are encoded by it. Primarily the novel, systemic, very small molecular sized, cell permeable and target specific
chemical ligands are particularly useful in systematic genomic approaches to study the normal and abnormal
biological functions. The complete genomic sequence information with structural and comparative genomics when
combined with all the features in synthetic chemistry, ligand screening and identification provides target or functions
specific chemical ligands and drugs. Currently, the in-silico approaches are in vogue in novel target prediction and
systemic drug discovery. It is prediction of biological targets of small molecules via data mining in target annotated
chemical databases. This review will focus on the chemogenomics, its approaches for rational drug design and the

recent in-silico approaches in novel target prediction.
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Introduction

The completion of the human genome suggests
that there are tens of thousands of genes
(Lander et al., 2001; Ventoer et al., 2001) and at
least as many proteins, many of these proteins
are potential targets for drug intervention to
control human disease or injury. It has been
estimated that, out of 20-25,000 human genes
supposed to encode for ca. 3000 drugable
targets (Russ and Lampel, 2005), only a subset
of that pharmacological space (ca. of 800
proteins) has currently been investigated by the
pharmaceutical industry (Drews and Ryser,
1997). Progress in meeting this challenge will
contribute to  further the fundamental
understanding of the biological function of the
individual gene products and ultimately provide
a basis for the discovery of new and better
therapies  for disease. @ Chemogenomics,
chemical genomics chemical genetics and
chemical biology are the new front running drug-
discovery technologies that aim to address this
scientific challenge and that are not only
semantically related. The chemical
genomics/chemo genomics is defined as the
systemic identification of small molecules that
interact via a specific molecular recognition
mode with target proteins encoded by the
genome. The term Chemogenomics is applied
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more specifically to target family approaches in
drug discovery. Chemical genetics is an
analogous way of identification of genetic
mutations, to identify chemical compounds
which induce or revert specific biological
phenotypes by using cell —based or
microorganism-based screening of compounds.
Chemical biology is defined as the functional
and mechanistic investigation of biological
systems using chemical compounds and
constitutes a more general discipline. They
integrate basic disciplines like chemistry,
genetics, chemo and bioinformatics, structural
biology and biological screening into phenotypic
and target based assays (Bradel and Jacoby,
2004; Mannhold et al 2004; Stockwell 2000;
Schreiber, 2005).

Efficient target prediction

The  chemogenomics  terminology  itself
originated from the directed exploration of target
gene families which was probably first
emphasized in 1996 by researchers at Glaxo
Welcome, who discussed the concept of
systematization of drug discovery within target
families like G-protein coupled receptors, ion
channels or protease that had hitherto been
successfully explored. The Glaxo Welcome
scientists highlighted obvious advantages of
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system-based approaches, such as combining
advances in gene cloning and expression,
automation, combinatorial chemistry and
bioinformatics (Lehmann et al 1996). Directly
following from the lock and key analogy for small
molecules and their receptors in the human
body, the question arises, into which locks will a
key fit, i.e., with which targets will a compound
bind. Early medicines such as Aspirin and its
precursors have been used for thousands of
years without knowing the protein targets, and
their relatively safety has been established on
use empirically. This situation also applies to
some current drugs on the market such as the
Ber-Abl/c-KIT inhibitor, Imatinib, where
interestingly promiscuity has been increasingly
viewed in a positive light because it attacks at
multiple points in signaling pathways which may
be more efficient than antagonizing single
targets and further, may level the risk of
developing drug resistance (Hampton, 2004).
Still in order to conduct proper clinical trials (both
ethically and economically), it is beneficial to
know as much as possible about the system,
one is investigating. Both desired on-target
effect as well as undesired off-target effects can
be better understood by knowing the targets
modulated by a given drug. This is beneficial on
both accounts: for the desired targets,
establishing the mode of action of active
ingredient and facilitating its rational optimization
(e.g. crystallization of the target protein). In
addition off-targets completely unrelated to the
actual target can be established enabling us to
predict other secondary side effects (Jenkins et
al 2007).

Before the advent of molecular biology
and protein expression systems, all drug
discoveries were necessarily systems based
drug discovery. However, over the past few
decades a shift towards target-based screening
took place, leading to higher-throughput
biochemical assays. This step towards target-
based screening was caused by a selectivity
paradigm which maintained that selective
interference with metabolic or signaling networks
is an ideal characteristic for medicines, thus
promoting drugs to be as selective as possible.
More recently it was realized that cellular
networks are often able to compensate for
single-point modification (Csermely et al 2005),
resulting in less effective values. Several
experimental strategies for elucidating the target
of a particular compound exist such as affinity
chromatography, expression cloning and protein
microarrays (Hart 2005). Still, these approaches
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usually require a large amount of time and
capital expenditure. Recently, in silico concepts
have been used to predict particular compound’s
mode-of-action. Firstly, statistical models can be
generated based on the structure of compounds
known to show a certain degree of bioactivity,
which is undoubtedly one of the major
applications of the chemogenomics database.
While structure based chemical descriptors have
been proven to work quite well for target
prediction (Nidhi et al, 2006) in recent years a
shift from structure derived descriptors to
biological descriptors could be observed. The
affinity of a compound to a panel of targets was
used to generate models of a very diverse
nature. For example, affinity fingerprints can be
used to make predictions about active targets,
about adverse reactions or about pathways
modulated by a particular compound (Kauvar et
al, 1995) (Fig:1).

In Silico approaches in target prediction
Chemical similarity searching (Bender and Glen,
2004) for target prediction is composed of a
compound structure from a database of
compounds with known targets. By employing
the molecular similarity principle, the target of
similar compounds may also be the target of the
query structure. Likewise, it is (within limitation)
well established that similar targets bind to
similar compounds (Schuffenhauer et al, 2003).
Thus, conventional similarity searching is
inverted usually when new ligands for a known
target are desired, in this case new targets for a
known ligand are proposed. Most commonly due
to their speed, 2D descriptors such as circular
finger prints (Glen et al 2006) are employed as
target prediction approaches (Nidhi et al, 2006).
Similarity searching as a method for target
fishing (i.e. identification) can also be performed
with 3D chemical descriptors (Nettles et al
2006). In this case it is suggested that while 2D
descriptors are powerful for similarity searching
in annotated databases, 3D descriptors are
often more appropriate when the orphan
compound has low 2D similarity to all database
and molecules (Nettles et al 2006).

Data miming in annotated chemical
database is second somewhat more
sophisticated method of predicting targets for
small molecules. Multi-dimensional models
resulting from data miming differ from similarity
searching in that information from multiple
ligands can be considered in parallel to make
target suggestions. One caveat however that is,
a systemic nomenclature for target information is
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required for forming distinct activity class sets.
As one of the first such applications, the PASS
(prediction of activity spectra for substances)
application used circular finger prints to train a
Bayesian type classifier on the target activities
listed in the MDDR database (Poroikov et al
2000) An approach based on a more
comprehensive list of targets has been
presented more recently, using circular finger
prints and a Bayesian classifier but this time
trained on a total of 964 targets (Nidhi et al,
2006).

Combinatorial and de novo approaches in
chemical ligand design

Combination organic synthesis has increasingly
been used to generate small molecule libraries
for ligand screening and drug discovery. It stems
from the original solid —phase oligonucleotide
and peptide synthesis which provides a way for
synthesis and purity of peptides with defined
sequences (Blocker, 1983; Geysen et al 1984).
Such technique also allows synthesis of
oligonucleotides or peptides of all possible
permutation of nucleotides or amino acids
residues. This concept has been extended to
other small molecules as well. Polycyclic
compounds and natural product derivatives that
mimic biological active molecules (biomimetics)
are one among the most common types of
structures that have been made in this way
(Schreiber, 2000; Gray, 2001). This is because
small molecule libraries based on a known lead
compound (also known as focused libraries)
often provide better chances in finding new
biologically active molecules.

Another concept in chemical ligand
synthesis that has emerged in recent years is to
change the chirality of the compounds.
Biological molecules often contain chiral or
asymmetric carbon atoms, at which the carbon
atom is bonded to four different moieties. Such
molecules exist in two forms, known as
enantiomers. Theses molecules have opposite
effect in rotating plane-polarized light and their
three dimensional structure are different and
therefore possess different hiological properties.
The best example is the twenty naturally
occurring amino acids. Metabolism (enzymes) of
a living organism is specific for particular
enantiomers such as yeast can only metabolize
L-amino acids, which rotate plane-polarized light
to the left, but not D-amino acids, which rotate
plane-polarized light to the right (Hutt and
Grady, 1996; Vuylsteke, 2000).
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Lead compounds (de novo design) are
provided by these methods to develop a
meaningful chemical library that can eventually
yield biologically active compounds. To develop
successful lead compounds against diverse
protein targets, and a designer approach is
needed. This is where the in silico approach
comes into play, owing to significant advances in
computational power and the development of
artificial intelligence (Al) and database that
details known molecular structures with their
corresponding functions from basis of the so-

called Quantitative Structure Activity
Relationship (QSAR) approaches. Fig: 2
indicates the structure—activity relationship.

QSAR and its variants provide the statistical
frame work for analysis of virtual libraries of
small molecules (Klebe, 2000). Computer
programs and algorithms have been developed
to guide every major step in de novo design.
Programs such as GASP (Generation
Automatique de Structures Polycycliques) which
generate a virtual library of large number of
polycyclic structures with given parameters, can
help to expand the diversity and complexity of
potential chemical ligands (Barone et al 2001).
Another area worthy of attention is the use of
Darwinian molecular evolution in ligand design.
It dates back to 1990 when Tuerk and Gold
looked for RNA ligands that bind to
bacteriophage T4 DNA polymerase by using
Systematic Evolution of Ligands by Exponential
Enrichment (SELE X) (Tuerk and Gold, 1990).

Comparative and structural genomics in
systemic chemical ligand design

Comparison of whole genome sequences of
different organisms is a powerful tool for
identifying essential components of cellular

processes, understanding the  genome
architecture as well as reconstructing the
evolutionary events. Tatusov et al (1997)

reported the comparison of 7 complete genomes
in 5 major phylogenetic lineages and this has
now expanded to 44 complete genomes in 30
major phylogenetic lineages. The database of
Clusters of Orthologous Groups (COGSs) allows
information flow from well-studied model
organisms to poorly characterized ones. In
recent years, comparative genomics in
mammals has improved the resolution of
genetics maps in human and other model
organisms and identified many human disease
genes in other mammalian models (O’Brien,
1999).
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Information obtained from comparative
genomics studies is having a significant impact
on the field of structural biology. It is clear that
the three dimensional (3D) structures of proteins
can greatly facilitate the drug discovery
processes. In many cases, the availability of
crystal structure data or predicted structure not
only helps us to better understand the catalytic
activity of the protein, but also shows the
mechanism of how such a protein interact with
other proteins as well as the allosteric actions or
conformational changes involved. The
continuous improvement in computation power
and development of new bioinformatics tools
have laid foundation for high-throughput X-ray
crystallography and Nuclear Magnetic
Resonance (NMR) spectroscopy in protein
structure determination (Stevens, 2000; Stevens
et al 2001). These structural genomic
approaches are aimed at systematic generation
of experimental protein structures and unique
structural folds (Burley, 2000). In order to provide
structures for each family of proteins using these
high-throughput analysis techniques, efforts
have been made to ensure proper protein target
selection (Brenner, 2000; Ramya et al 2007).

High throughput or high content screening
technologies in drug discovery

Chemical ligand discovery through natural
product screening has spearheaded
chemotherapeutic development and biological
discovery for many years (Bull et al 2000;
Stockwell et al, 1999). Synthetic chemistry is
now capable of producing large numbers of
diversified chemical compounds which requires
high-throughput screening (HTS) technologies
for selection of specific ligands. One prominent
example of HTS is In vitro Cell Line Screening
Project (IVCLSP) under the Developmental
Therapeutic Program (DTP) at National Cancer
Institute (NCI), which uses 60 human cancer cell
line (NCI 60) for the drug discovery screen.
About 5,000 out of 60,000 potential anticancer
compounds screened are found to have anti-
cancer activity. After eliminating closely related
compounds and the ones with known
mechanisms of action, the remaining 1,200 were
selected for further testing. Another example of
cell based HTS is the Receptor Selection and
Amplification  Technology (R-SAT), which
produces a signal (usually in terms of changes
in the levels of B-galactosidase) whenever a test
compound interacts with an expressed receptors
such as G-protein coupled receptors and
nuclear receptors. In the presence of receptors’

29

Biology and Medicine, 2 (3): 26-37, 2010

activity, cells overcome contact inhibition and
proliferate. The increase in cell number is
translated into an increase in the level of B-
galactosidase, whose level can be quantitatively
measured using a spectrophotometer.

Stockwell et al (2000) developed a
miniaturized, whole cell immunodetection
system, called “cytoblot” for high throughput
screening of biologically active molecules. Like
DNA, small chemical ligands can also be
immobilized on a glass surface for in vitro ligand
screening (McBeath et al, 1999). Knocaert et al
reported the use of such an approach in
identifying intracellular targets of chemical
inhibitors of the cyclin dependent protein kinase
(Knocaert et al, 2000). Several groups have
recently reported the development of protein
micro-arrays for variety of applications such as
identification of substrates for different protein
kinases (Zhu et al 2000), antibody screening
(Lueking et al 1999), screening for protein-
protein interactions as well as protein targets for
chemical probes (McBeath et al, 2000) and
accurate measurement of protein abundance
using antibody/antigen microarrays (Haab et al
2001).

More recently, McDonald et al (2006)
reported on a high-content assay where they
monitored signal transduction pathways by
detecting protein-protein interactions within the
spatial cellular context, described as protein
complementation assay (PCA) (Michnick et al
2000). These protein complementation assays
specifically use the cells which are engineered
to simultaneously express two proteins from a
common signaling pathway that are fused to
complementary fragment of a fluorescent protein
receptor. When the two proteins physically
interact, they bring together the complimentary
fragments and generate a fluorescent report.
The group constructed 49 such PCAs that
probed a diverse set of cellular pathways (for
example, cell cycle, ubiquitin proteolytic and
stress response), and monitored the activity and
intracellular localization of those pathways
independently by automated microscopy
response to 107 different bioactive compounds.
Hierarchical clustering of compounds based on
the pathway activity biological fingerprints
successfully recapitulated known  structure
activity relationships.

Chemical
profiling
The most popular approach currently is to use
chemical ligands to study the role of drug target

ligands and gene expression
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in the control of gene expression. High-density
oligonucleotide or complementary DNA (cDNA)
microarrays (collectively called DNA
microarrays) immobilized on the surface of glass
slide can be used simultaneously to analyze the
expression of thousands of genes (Lockhart and
Winzeler, 2000). DNA microarrays have proven
to be very useful in elucidating the functions of
the drug target involved in transcriptional control
(Fig: 3). In such an approach, the cell, tissue or
organism is treated with chemical ligands.
MRNA are then prepared from the treated and
untreated cell or organism, and then used to
produce fluorescence labeled cDNA to
hybridizes DNA microarrays and generate gene
expression  profiles. By comparing the
differences between the profiles before and after
drug treatment, genes whose expression is
modulated by the chemical ligands are then
identified. These genes are further classified into
pools based on similar functions or co-regulation
in the cell. This information can often reveal
specific transcription factors and other regulators
for each gene pool, thereby allowing assembly
of potential regulatory pathways involving the
drug target. The good example is provided by a
recent study of yeast histone deacedylases
(HDACS) (Bernstein et al 2000).

Chemical
interaction
Genetic interaction is powerful way to study the
relationship among genes or protein. If a gene
acts in the same pathway or a parallel pathway
with a second gene, its mutation may affect the
phenotype(s) of a mutation in the second gene.
Such secondary mutations lead to modification
of phenotypes of the first mutations and are thus
called modifier mutations, which allows the
identification of new components in the
pathway(s) of a gene of interest. In extreme
cases, two normally viable mutations, when
combined, can generate a lethal phenotype,
which is called synthetic lethality. Several
genomic deletion projects have systematically
generated deletion of individual genes in model
organism including the budding yeast (Anderson
et al 1999), the worms (Liu et al 1999;
Bergmann, 2001), the fruit fly (Spradling et al
1999) and the mouse (Coelh et al 2000).

The potential global genetic pathways or
global genetic network can then be assembled
by simply pooling genes with similar cellular
functions (Fig 4). The screening process can be
easily automated either as a 96-well plate-based
assay or as an oligonucleotide microarray-based

ligand and its global genetic
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assay that takes advantage of the internal
barcodes to each deleted locus (Giaever et al
1999). Giaever et al. demonstrated the feasibility
of a genome wide drug sensitivity screen by
examining 233 yeast deletion strains to the drug
tunicamycin. The yeast genomic deletion
mutants were first used in the global study of
genetic interactions with TOR (Chan et al 2000).
TOR is a highly conserved ataxia
telangiectasia—related protein kinase essential
for cell growth. To establish a global genetic
interaction network of TOR, Chan et al
systematically measured the sensitivity of
individual yeast mutants to a low concentration
of rapamycin based on the relative growth of
each mutant, thereby assembling a global
genetic interaction network for TOR. The
genome-wide screen is obviously advantageous,
because it profiles every single mutant gene,
regardless of the severity of the mutants’
phenotype. Even a moderate sensitivity could be
biologically significant, which would likely be
missed in a traditional genetic screen due to a
weak phenotype. Moreover, every single
mutation is a complete deletion - it avoids many
complicated phenotypes by a point mutation or
multi-allelic mutations in a typical traditional
genetic screen.

Chemogenomic examples

An example of a broad family of enzymes, many
of which are attractive drug targets because of
their roles in signal transduction, is the protein
kinase (s). Roughly, 500 serine/threonine and
tyrosine protein kinase have homologous
sequences. This sequence homology is also
evident in the structural similarity of proteins
within the protein kinase family. Inhibitors such
as staurosporine are active against both
serine/threonine and tyrosine kinase and can
serve as a starting point for discovery of highly
specific inhibitors (Garcia-Echeverria et al;
Cohen, 1999). Relatively simple modifications of
staurosporine have been shown to increase
specificity consistent with predictions from
homology modeling of cross-reacting kinase
(Lamers et al 1999). Recent interest in the
mitogen activated protein (MAP) kinase have led
to the discovery of multiple parallel protein
kinase cascades comprised of proteins of
related sequences (Treisman, 1996). Another
example of an interesting gene family is the
caspase, which are cysteine proteases with
specificity for cleavage after aspartyl residues.
Interleukin-18 converting enzyme (ICE) has
been shown to be essential for cytokine
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processing and is currently being pursued as a
drug target (Dinarello, 1998).There are also
roughly a dozen caspases with sequence
homology to ICE, and although the exact
function of all of these is not known, it is clear
that some of these have an important role in
regulation of apoptosis (Marks and Breg,1999).
Structural insights through X-ray crystallography
facilitated the rapid identification of selective
inhibitors of these other potential drug targets.
Experience with ICE has also been applied to
the other caspase-family members in the areas
of expression, purification, assay development,
crystallization and structure determination (Wei
et al 2000).

Conclusion

Chemogenomics approaches to rational drug
discovery have been under investigation in the
last years as high-throughput data became
available for both targets and ligands of
pharmaceutical interest. Real power of having
the complete genome sequence lies with the
ability to use this information to develop novel
therapeutics. The chemogenomics approaches,
in which this sequence information is combined
with protein structure and models to link to
chemical inhibitors or activators, is designed to
fully utilize the sequence information by
considering the large families of gene targets at
once, which depends on various well
established approaches, all of which drive the
efficient utilization of information and capital.
Chemogenomics approaches can produce
complete biological and genetic profiles of the
drug target protein, examination of which will
allow accurate detailed prediction and assembly
of the biological pathways involved. With
chemogenomics approaches, bottlenecks of the
drug development has been shifted to the target-
validation area but it also provides reagents that,
if properly designed, can help alleviate this new
challenge by taking advantage of availability of
compounds such as biochemical probes to
dissect the role of novel target at level of cell or
animal-disease model. This knowledge will also
be helpful for understanding disease mechanism
and selecting the most relevant protein targets
for discovery of the optional drugs, predicting
other benefits and side effects of the existing
drugs based on the global effect of the drug on
gene expression, posttranslational modification
and the biological pathways based on various
chemogenomics approaches. In near future, an
efficient, easier and better control of ligand
selectivity can be ensured by using these data
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and novel genetic target can be better

addressed in the target space.
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Figure 1: A typical streamline of design, synthesis and selection of chemical ligands

... Target-oriented
* design of
Structural 2 lead compound
genomics
—_—

: . = Lead compound
Amino acids Target sites :
sequence identification

Screen for affinity for ﬁ
Synthesis of the target protein
cfhemlcal ' Chemical ligand that
library ' binds to the target protein
o— '
A library of
Chemical

-

Chemical ligand disrupting
interacting proteins

compounds j

Screenfor biological activity
of atarget such as protein-
protein interaction

35



Review Article Biology and Medicine, 2 (3): 26-37, 2010

‘h' \\ o\‘ i’ New gene

New target

M Find homologous
!% :, Liganded-targets
al
Select reference
CH @, compounds
H

Screen for chemically-
Similar analogs

\
-

Test analogs
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Figure-3: Chemical ligands in gene expression and protein profilings
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Figure-4: Chemical ligands in global genetic interaction study
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