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Preface

Chemical genomics is an exciting new field that aims to transform biologi-
cal chemistry into a high-throughput industrialized process, much in the same
way that molecular biology has been transformed by genomics. The interac-
tion of small organic molecules with biological systems (mostly proteins)
underpins drug discovery in the pharmaceutical and biotechnology industries,
and therefore a volume of laboratory protocols that covers the key aspects of
chemical genomics would be of use to biologists and chemists in these organi-
zations. Academic scientists have been exploring the functions of proteins
using small molecules as probes for many years and therefore would also ben-
efit from sharing ideas and laboratory procedures. Whatever the organizational
backgrounds of the scientists involved, the challenges of extracting the maxi-
mum human benefit from genome sequencing projects remains considerable,
and one where it is increasingly recognized that chemical genomics will play
an important part.

Chemical Genomics: Reviews and Protocols is divided into two sections,
the first being a series of reviews to describe what chemical genomics is about
and to set the scene for the protocol chapters. The subject is introduced by Paul
Caron, who explains the various “flavors™ of chemical genomics. This is fol-
lowed by Lutz Weber and Philip Dean who cover the interaction between
organic molecules and protein targets from the different perspectives of labo-
ratory experimentation and in silico design. The protocols begin with the meth-
ods developed in Christopher Lowes’ laboratory (Roque et al.) for what could
be described as a classical example of chemical genomics, namely the design
of small molecules as affinity ligands for specific protein families. The theme
is continued with detailed protocols for in silico docking by Jongejan et al. that
highlights the importance of computational approaches to protein—small mol-
ecule interactions. The remaining protocols are directed towards the aim of
producing highly diverse collections of proteins, carbohydrates, and small mol-
ecules for use in arrays containing large numbers of molecules. This high-
throughput approach to screening for interaction between small and large
biological molecules is the essence of chemical genomics. The chapters by
Ryu, Doyle, Murphy, Sawasaki, Endo, Kohno, and Hoyt cover methods for the
production of proteins and carbohydrates using different expression systems.
Webster and Oxley give a protocol for analyzing the proteins using mass spec-
trometry. The techniques for arraying these proteins and carbohydrates on solid
supports are detailed in the chapters by Blackburn, Marik, and Wang. Finally
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vi Preface
an in vivo method for identifying small molecule—protein interactions is
described by Khazak et al. using the yeast two-hybrid system.

Although we recognize that no single book on chemical genomics can be
totally comprehensive in its coverage, we hope that the protocols here, in cov-
ering the key elements of the subject, will be of genuine use to the wide variety
of scientists in this rapidly expanding field.

Edward D. Zanders
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Introduction to Chemical Genomics

Paul R. Caron

1. Introduction

Small-molecule drugs are a cost-effective way to treat and prevent disease.
A study by the Slone Institute published in 2002 estimated that over 50% of the
adult population in the United States used at least one pharmaceutical drug dur-
ing the preceding week. The positive impact of small-molecule drugs on health
care has been well documented (1,2).

The discovery of novel drugs has traditionally been a combination of clever
science, brute force, and good fortune. With the advent of high-throughput screen-
ing technology, combinatorial chemistry, and the completion of the human
genome sequence in the late 1990s, the hope was that technology could address
the brute-force aspect and the genome sequence would provide insights into
the underlying science, and good fortune would continue. Although there are
some exceptions, productivity in the industry overall has gone down. Some of
this is owing to higher regulatory standards and more difficult therapeutic areas,
but a significant portion is the result of the lack of well-validated targets to apply
the technology to. The industry portfolio of pharmaceutical targets of approx
500 in 1996 (3) has not been significantly expanded.

The availability of the human genome sequence and novel biological tools,
such as siRNA, antisense, knockouts, and transgenics, suggests that over time,
the physiological function of many of the genes in the genome may be deciphered.
However, the time frame for this may be much greater than most people antici-
pated. For comparison, the first bacterial genome sequence was completed in
1995 (4), and although we may be able to now classify the majority of the genes
by biochemical function, we don’t know most of their physiological roles. One

From: Methods in Molecular Biology, vol. 310: Chemical Genomics: Reviews and Protocols
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4 Caron

conceivable way to speed up the molecular dissection of the biology underly-
ing various disease states is to use small-molecule compounds that specifically
inhibit individual targets.

There are several key factors required to be successful when using small
molecules to explore biology.

» The relative selectivity of the chemical probes that will be used must be known.

* The correlations between the cellular readout(s) used and the pathway or pheno-
type that is being assessed must be independently validated.

e All data must be fully integrated, allowing the user to navigate through biologi-
cal pathways and supporting literature, assay results, and detailed information on
compounds.

2. Different Flavors of Chemical Genomics

As with any emerging field, there are often differences of opinion on termi-
nology among researchers, sometimes subtle, sometimes not. [ will attempt to
capture and describe the major variants and apologize if I inadvertently leave out
any major themes, or end up misrepresenting some differences in trying to sum-
marize the field.

2.1. Chemical Genetics

Chemical genetics, as described by Schreiber et al. in 1999 (5), refers to the
use of small molecules to induce alterations in gene products in mammalian sys-
tems, in a manner similar to using mutations. This approach became feasible
through the combination of high-throughput cellular assays and diverse librar-
ies of compounds. The ability to perform genetic screens in cellular assays vastly
increases the throughput—traditionally a key limitation when studying higher
organisms. It also allows the separation of effects in somatic cells from those
in development.

It is critical to this chemical genetic approach to have a library of compounds
that have a high probability of being relatively selective; otherwise, the ability
to interpret the results becomes at least as complex as deciphering highly poly-
genetic phenotypes. To address this, diversity-oriented synthesis has been pro-
posed to provide arrays of complex small molecules that are easily synthesized.
The natural-product basis for many of the molecules and their complexity are
believed to contribute to their cellular potency and selectivity (6). This chemi-
cal genetic approach has been applied to identify novel inhibitors of alpha-
tubulin and histone deactylation (7).

As in classical genetics, a chemical genetic approach involves screening with
probes that potentially could interact with any target in the genome, while trying
to identify specific phenotypes. An alternate approach, termed reverse chemical
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genetics, is analogous to introducing specific gene disruptions. Here, compounds
that are known to specifically interact with a given target are used in broad phe-
notype screens to help identify the physiological role of that target.

2.2. Reverse Chemical Genetics

The key to a reverse chemical genetic approach is to have a one-to-one
link between the small-molecule compound and the target of interest. This can
be achieved by optimization of chemical reagents by thorough profiling against
other potential targets, or alternatively by altering the target itself, to introduce
changes that can be exploited for specificity. This approach has been most
broadly applied to members of the protein kinase family, where specific changes
can be made to the residues surrounding the active site that don’t significantly
alter the affinities or kinetics for natural substrates, but now allow the binding
of specific inhibitor analogs (8). Replacement of the wild-type copies of a
given gene with these engineered mutants allows these compounds to be used
to inhibit the function of the gene in cellular assays as well as in adult animals.
The in vivo assay, complete with the complications of pharmacokinetics and
pharmacodynamics, closely mimics the effect that would be expected from
dosing an animal with a selective inhibitor against the wild-type target.

Additionally, introducing mutations into the adenosine triphosphate (ATP)-
binding sites of targets allows the binding of labeled ATP analogs; these can then
be used to trace biochemical pathways at the molecular level by looking directly
at phosphorylated substrates, thus furthering the link between the target and the
observed phenotype.

A comparison between standard genetics and chemical genetics is shown in
Fig. 1 (see also Table 1).

2.3. Screening

Screening of large sets of compounds, often assembled to be quite diverse,
is often one of the first steps in a drug discovery project. The assay used for the
initial screen will both help define the likelihood of getting potent hits, as well
as form the foundation for the follow-up path. Assays that are more physio-
logical require that active molecules pass through additional filters depending
on the assay, such as transversing the cell wall, serum binding, bioavailability,
and metabolic stability. These factors tend to decrease the hit rate, but result in
molecules with better overall properties. The downside to this approach is that
further compound optimization may be hindered by a lack of knowledge about
the molecular target(s) of the initial hits. Biochemical-based target screening
is likely to yield hits that have a clearer path to optimization, but are at higher
overall risk because the link between the target and the desired physiological
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0C0

C Phenotype

Fig. 1. Comparison of genetic and chemical genetics. In the traditional genetics
approach genes are mutated resulting in missing or altered protein products. In a chem-
ical genetic approach, compounds bind to specific proteins modulating their normal
physiological functions. The throughput at steps A, B, C is used in Table 1 to help define
the different chemical genetic approaches.

changes may not be strong and these compounds may be far from having the
desired physical properties.

Smaller compound sets and focused compound libraries can be used to
screen more broadly for physiological phenotypes. In the typical high-content
screening experiment, the effects of compounds on cellular assays are captured
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