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B Abstract Selection and validation of novel molecular targets have become of
paramount importance in light of the plethora of new potential therapeutic drug targets
that have emerged from human gene sequencing. In response to this revolution within
the pharmaceutical industry, the development of high-throughput methods in both
biology and chemistry has been necessitated. This review addresses these technolog-
ical advances as well as several new areas that have been created by necessity to deal
with this new paradigm, such as bioinformatics, cheminformatics, and functional gen-
omics. With many of these key components of future drug discovery now in place, it
is possible to map out a critical path for this process that will be used into the new
millennium.

INTRODUCTION

The Human Genome Project was initiated on October 1, 1990, and according to
the origina plan, the complete DNA sequence of the human genome would be
achieved by the year 2005 (1). However, improvements in technology and an
increaseininterest in human DNA sequence have placed the project 2 yearsahead
of schedule; it is now anticipated that the Human Genome Project will be com-
pleted in the year 2003. Furthermore, a partial blueprint of the human genomeis
scheduled to be available as early as March 2000. Gene identification provides a
new paradigm for understanding human disease at its most fundamental level; a
knowledge of the genetic control of cellular functions will constitute the concep-
tual underpinnings of future strategies for the prevention and treatment of disease.
It is of interest that the identification in the 1980s of the gene believed to be
responsible for cystic fibrosis took researchers approximately 9 yearsto discover,
whereas the gene responsible for Parkinson’s disease was recently identified
within a period of several weeks (2). This quantum leap in the ability to associate
a specific gene with a disease can be attributed primarily to the extraordinary
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progress that has been made in the areas of gene sequencing and information
technologies.

TARGET VALIDATION

Several thousand molecular targets have been cloned and are available as potential
novel drug discovery targets. These targets include more than 750 G-protein—
coupled receptors (GPCRs), over 100 ligand-gated ion channels, more than 60
nuclear receptors and 50 cytokines, and approximately 20 reuptake/transport pro-
teins (3). A new potentia therapeutic approach for the treatment of a known
disease is published nearly every week, as aresult of the exponential proliferation
of novel molecular and biochemical targets. The sheer volume of genetic infor-
mation being produced has shifted the emphasis from the generation of novel
DNA seguences to the determination of which of these many new targets offer
the greatest opportunity for drug discovery. Thus, with several thousand potential
targets available, target selection and validation has become the most critical
component of the drug discovery process and will continue to be so in the future.

An example of the new paradigm of target selection comes as a result of the
pairing of the orphan GPCR, GPR-14, with its cognate neuropeptide ligand, uro-
tensin I1. Urotensin 11 is the most potent vasoconstrictor identified to date, being
approximately one order of magnitude more potent than endothelin-1 (4). Thus,
GPR-14/urotensin |l represents an attractive therapeutic target for the treatment
of disorders related to or associated with enhanced vasoconstriction, such as
hypertension, congestive heart failure, and coronary artery disease, to name but
afew.

The human genome contains approximately 100,000 genes, and any individual
tissue expresses between 15,000 and 50,000 of these genes in differing amounts.
In diseased tissue, gene expression levels often differ from those observed in
normal tissues, with certain genes being over- or underexpressed, or new genes
being expressed or completely absent. The localization of this differential gene
expression is one of the first crucia steps in identifying an important potential
molecular target for drug discovery. In addition to the traditional techniques of
Northern blotting analysis, there are a number of newer methods used to localize
gene expression. The techniques that typically yield the highest-quality data are
in situ hybridization and immunocytochemistry, both of which arelabor intensive.
For example, in situ hybridization or immunohistochemical localization of a pro-
spective molecular target to a particular tissue or subcellular region is likely to
yield valuable information concerning gene function. Recent examples of the
success of this approach include the case of the orexin peptides and receptors
whose hypothalamic regional localization suggested an involvement in feeding
(5). Furthermore, positional cloning of the gene encoding the leptin peptide from
ob/ob mice and its subsequent localization to adipocytes hasidentified this peptide
as an important lipostatic factor (6).
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Each of these localization techniques has its advantages and disadvantages. In
situ hybridization can be initiated immediately following gene sequencing and
cloning; however, gene detection is only at the transcriptional mRNA level.
Immunocytochemistry, on the other hand, offers the ability to measure protein
expression but requires the availability of antibodies having the requisite affinity
and selectivity, which may often take several months to generate. With either of
these techniques, target localization within the cell is possible at the microscopic
level, but it is dependent on the availability of high-quality normal and diseased
human tissues, which often represents yet another problem.

The localization of agenein a particular tissue does not necessarily shed light
on al the functions of that gene. As an example, the previously mentioned dis-
covery of orexin asaputative regulator of energy balance and feeding wasinitially
concluded as aresult of localization in the dorsal and lateral hypothalamicregions
of the brain (5). However, more recently, this gene product was discovered
through a positional cloning approach to be amajor sleep-modulating neurotrans-
mitter that may represent the gene responsible for narcolepsy (7).

In recent years, new technologies such as microarray gridding (gene-chip) and
TagMan polymerase chain reaction have emerged that would appear destined to
play a more prominent role in the high-throughput localization of genes, and the
identification of their regulation in disease (8). Gene-chip technology has evolved
into two platforms: oligonucleotide (9, 10) and cDNA fragment arrays (11). The
inherent problem with oligonucl eotide arrays stems from the use of ashort hybrid-
ization sequence, which can lead to artifacts. cDNA arrays, as a result of their
extended sequence, provide higher-quality information due to the specificity and
stringency of hybridization. The latter approach does, however, require the gen-
eration of long (300—750 bp) cDNAs.

Microarray gridding is aready evolving into a procedure that will allow for
the comprehensive evaluation of differencesin gene expression patterns in nor-
mal, diseased, or pharmacologically manipulated systems (8). For genes
expressed in low abundance, more sensitive techniques may be required, and
reverse transcriptase polymerase chain reaction—based TagMan technology offers
the ability to detect changes in gene expression with as little as two copies per
cell. TagMan technology also has the potential to be developed into a robust
methodology for high-throughput tissue localization.

PROTEOMICS

Proteomics offers an aternative, and complimentary, approach to genomic-based
technologies for the identification and validation of protein targets, and for the
description of changes in protein expression under the influence of disease or
drug treatment. Much interest has been expressed by the pharmaceutical industry
in proteomics in anticipation of the value of this technology to both discovery
and development of new drugs (12).
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Proteomics involves the identification and quantitation of gene expression at
the protein level. Additionally, proteomics may help to identify proteininteraction
partners and members of multiprotein complexes. Furthermore, this technique
may assist in following time-dependent changes in protein expression levels
resulting from selective excitation of a biological pathway, and thereby deline-
ating a cellular protein network, a methodology that has been referred to as func-
tional proteomics.

A recent example of the successful application of a proteomics approach was
demonstrated by the identification of a protein (HMG-1) that is a potential late
mediator of endotoxin lethality in mice (13). This particular study is noteworthy
because it detected changes in HMG-1 release from macrophages induced by
endotoxin treatment, whereas the mMRNA expression of HMG-1 was not affected
by endotoxin treatment, indicating that protein releaseis not necessarily regul ated
by gene transcription. These authors further demonstrated that HMG-1 itself is
toxic and that anti-HMG-1 antibodies prevent lethality, implicating HMG-1 asa
potential target for therapeutic intervention (13). This example clearly demon-
strates the complementary nature of proteomic- and genomics-based methods.

In contrast to genomic-based approaches, proteomics is not nearly as well
developed as a high-throughput methodology, for a number of reasons. First,
proteins have more variable physicochemical propertiesthan doesDNA, affecting
their behavior, separation, and identification. Second, the abundance of proteins
often varieswidely. For example, transcription factors are present only at thelevel
of afew copies per cell, whereas very abundant proteins, such as actin, may be
present at 10® copies/cell. Recently, however, considerable progress has been
made in improving detection of low copy proteins through enhancement of gel-
loading techniques and enrichment strategies such as affinity-based purification
two-dimensional gel separation. Finaly, enhanced protein staining/detection
methods are now becoming available, and mass spectrometry is pushing the
bounds of detection to even more sensitive limits (14). Notwithstanding the tech-
nical difficulties that remain, sufficient evidence exists, even at this early stage of
the technology, to warrant that proteomics will provide crucia information for
the discovery and development of novel therapeutic targets.

HIGH-THROUGHPUT SCREENING

Throughout the 1990s, the pharmaceutical industry has sought to expand its col-
lections of compounds for the purpose of high-throughput screening (HTS)
against novel molecular targets (15). A notable early success using this paradigm
was the discovery of CP-96,345 (16) (Figure 1), apotent, nonpeptide, neurokinin-
1 receptor antagonist. During the past decade, many lead structures have subse-
guently been unearthed through HTS, particularly for GPCR targets (17, 18).
Although the example cited above was a spectacular success (i.e. CP-96,345 has
a 50% inhibitory concentration of 3 nM for the NK 1 receptor), it has been more
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Figurel Thestructure of CP-96,345, apotent neurokinin-1 receptor antagonist obtained
by high-throughput screening and compounds 1 and 2, rationally designed cathepsin K
inhibitors.

commonly the case that *'hits” emerging from HTS require more substantial
chemical optimization to provide therapeutic agents with the desired level of
potency, selectivity, and suitable pharmacokinetic properties (19). Furthermore,
the data available from HTS efforts have been of limited utility from the point of
view of generating structure-activity relationships capable of directing medicinal
chemistry efforts. The combinatorial chemical revolution hasled to asituationin
which chemotypes previously represented by a few examples in compound col-
lections are now available as arrays of analogs. Thus, at the outset of research
programs in the future, more valuable data will be available to guide a medicinal
chemistry effort. To fulfill the potential that is promised by this technology, sev-
era challenges are currently being addressed. First, industrial compound collec-
tions have grown from tens of thousands of compounds in the mid-1990s to
hundreds of thousands of compounds today. Fueled by combinatorial chemistry,
most major pharmaceutical companies will be screening a million or so discrete
compounds against each novel molecular target early into the next millennium.
In rising to the challenge of providing this quantity of datain atimely fashion,
the scientist involved in high-throughput screening has sought increasing use of
automation, as well as miniaturization, to reduce the demands on precious protein
reagents and chemical supplies. Traditional radioligand binding assays are giving
way to more rapid and easily miniaturizable homogeneous fluorescence-based
methods, atrend almost certain to continuein the future. The increased efficiency
of ultracHTS offers the potential, which will be realized in the not-too-distant
future, to screen discrete collections of a million or more single compounds, at
multiple concentrations. This vast body of useful structure-activity relationship
information will be made available at the nascence of amedicinal chemical effort.



182 OHLSTEIN m RUFFOLO m ELLIOTT

Traditional medicinal chemical endeavors have involved the analysis of detailed
biological data from hundreds or perhaps thousands of compounds. It is not sur-
prising that the prospect of such an explosive growth of information both from
screening and from program-directed combinatorial chemistry has driven the evo-
lution of cheminformatics (20), in much the same way that genomic sequencing
gave rise to the science of biocinformatics.

So what should the medicinal chemist expect from HTS when beginning a
new research program early into the third millennium? In many cases, the mol-
ecule(s) of requisite potency needed for biological proof-of-concept studies will
comedirectly fromthe HTS. Asthe HTS of compound collections becomes more
dependent on combinatorial chemistry, the properties of lead structures may be
enhanced rapidly using previously established high-throughput synthetic meth-
ods. The latter effort may be significantly aided by the incorporation of desirable
developability characteristics (i.e. bioavailability, drug metabolism, and phar-
macokinetics) into the design of libraries for lead generation, an area of further
impact for the cheminformatics practitioners of the future (21).

MEDICINAL CHEMISTRY

During the past 50 years, the total synthesis of many exceedingly complex natural
products has been achieved, representing a major accomplishment for organic
chemistry (22). Although these efforts have been greatly facilitated by advances
in the use of spectroscopic techniques, the underlying scientific principles are the
same as those that guided synthetic organic chemical pioneers at the turn of this
century. Organic synthesisis, and is likely to be for some time, the cornerstone
upon which medicinal chemistry is built. However, as part of an exciting devel-
opment still taking place as the millennium closes, these disciplines have wit-
nessed a paradigm shift as great as any in their history, namely the introduction
of parallel or combinatorial synthesis. For some time now, the synthesis of pep-
tides and oligonucl eotides has been conducted by automated methods, a paradigm
rendered more accessible by the modular nature of these macromolecules. The
revolution that has gripped medicinal chemistry over the past 5 years has brought
a similar philosophy to the construction of more ““drug-like” small-molecules,
using both solid- and solution-phase methods. Although early attempts to auto-
mate solid-phase small-molecule synthesis used modified peptide synthesizers,
such machines were less than optimal. However, custom designed devices are
now available that handle both solution and solid-phase protocols. Further refine-
ment of these devices will continue into the new millennium, and the use of
paralel synthesis will likely become part of the armamentarium of every medic-
inal chemist. In addition to the introduction of combinatorial methods, the 1990s
have witnessed further refinement of rational drug design based upon molecular
modeling and the use of protein X-ray crystallography. In the future, the avail-
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ability of structural information early in aresearch program will no doubt enhance
its impact, especially with the further development of de novo—design molecular
modeling protocols.

The positive impact that structural information has on a medicinal chemistry
program is evident from many efforts in recent years, notably those directed
toward inhibitors of HIV protease (23) and cathepsin K (24). Thus, an initial
design hypothesis for cathepsin K inhibitors, based upon the X-ray cocrystallog-
raphy of aldehyde-type structures bound to papain, led to the synthesis of potent
and selective 1,3-bis(acylamino-2-propanone, compound 1 (K; o,, = 22 M) (Fig-
ure 1) (24). Subsequent elaboration of compound 1 based upon further cocrys-
tallization experiments with cathepsin K itself, and molecular modeling, led to
the synthesis of even more potent analogs, such as compound 2 (K; 5o, = 1.4 nM)
(Figure 1) (25).

Given the importance of GPCRs as targets in the pharmaceutical industry, the
recently disclosed X-ray crystal structure of the archetypal protein of this class,
bacteriorhodopsin (26), assumes special significance. In the first decade of the
next century, it is likely that the three-dimensional structure of therapeutically
relevant GPCRs will become available, enhancing our understanding of these
targets at a molecular level and opening the way for rational drug design.

The impact of nuclear magnetic resonance (NMR) spectroscopy on rational
drug design has recently come to the fore with the description of the so-called
structure-activity relationships by NMR technique (27). This and other NMR
techniques (28) that probe molecular interactions will no doubt receive attention
in the coming decade, providing a new technique for HTS. Furthermore, NMR
structural studies may become applicableto larger proteins than heretofore exam-
ined through the development of recently described segmental labeling protocols
(29).

The successful medicinal chemical drug discovery effort for the new millen-
nium will rely on a hybrid approach of parallel and iterative (single-molecule)
synthesis. As HTS collections are built up through parallel synthesis, lead struc-
tures will be amenable to high-throughput follow-up. Iterative anal og preparation
directed at specific questions, which will influence the design of the parallel ana-
log syntheses, will, however, continueto play akey rolein the medicinal chemical
effort of the future. As a research program begins to define more clearly the
chemical structure of a compound that is appropriate for drug development, a
greater level of iterative synthesis will likely become necessary to fine-tune the
mol ecul e to enhance specific properties of the drug in order to make the compound
more suitable for drug development (e.g. potency, selectivity, pharmacokinetic
profile). Structure-based design will continue to positively impact medicinal
chemical efforts. Inthisarea, the ability of parallel synthesisto explore hypotheses
with agreater number of analogs should offer a distinct advantage in overcoming
inevitable uncertainties with even the best X-ray or NMR-derived models.
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CHEMINFORMATICS

The ability of combinatorial synthetic methods to provide large numbers of com-
pounds rapidly does not ensure that screening collections built up by this means
make the most effective use of HTS resources. To maximize the opportunity for
lead generation from a given compound collection, the constituents of the col-
lection should be as diverse as possible. However, such comparisons are compli-
cated by the fact that any measure of chemical diversity is dependent on the
parameter being considered. Certain molecular features have been considered
desirable in drug candidate molecules, such as molecular weights of <500, a
limited number of H-bond acceptors (<10) and donors (<5), and acLogP of <5,
and these characteristics have been recognized in what have become known as
the Lipinski *‘rule of five’” (21). Notwithstanding a desire to populate screening
databases with mol ecules embodying these favorable characteristics, attemptsare
being made to maximize diversity within these limits. The development of such
diversity tools by cheminformatic scientists is still in its infancy, and their value
will only really become apparent when chemical librariesthus designed have been
screened against a battery of structurally diverse targets. Database mining of these
screening data may then provide an understanding of which molecular charac-
teristics are most important for a given target. In this manner, commonalties of
molecular properties of compounds known to interact with a given protein family
can be used to enrich databases with small molecules bearing these features, so-
called biased libraries. Thus, the likelihood of finding alead structure for a novel
member of such a class of proteins may be enhanced. In essence, this approach,
although morerigorous, is a development of the empirical observation that certain
structural similarities exist among small-molecule ligands of GPCRs, the so-
caled permissive or promiscuous structures (8). Thus, at least two classes of
endothelin receptor antagonists arose from the discovery of alead structure that
had been previously prepared as an antagonist of another GPCR, the angiotensin
AT-1 receptor (30) (Figure 2).

Although many classes of receptors and enzymes have had small-molecule
agonists/substrates and antagonists/inhibitors discovered for them, protein-protein
interactions have proven to be more difficult to influence, an exception being
certain integrins. This has been found to be the case despite a large number of
such targets having been subjected to HTS (15). It is also true, however, in the
case of the integrins, that structures synthesized for one target, such as GP I/
I11, have provided lead molecules for another member of the integrin family,
B3 (31). In the mid-1990s, a study of the complex between human growth
hormone and the extracellular domain of the human growth hormone receptor
highlighted, through site-directed mutagenesis, a relatively small area of inter-
action, or a‘ hot spot,” responsible for the more than three quarters of the binding
free energy (32). Although this observation bodes well for the possible ability to
identify an inhibitor of the protein-protein interaction with a small molecule, the
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Figure 2 Two classes of endothelin receptor antagonists obtained by screening collec-
tions of compounds made for another G-protein—coupled seven-transmembrane receptor,
angiotensin Il AT-1. ICs,, 50% inhibitory concentration; ET ,, endothelin-A receptor sub-
type; ETg, endothelin-B receptor subtype; SK& F, SmithKline and French.

generality of this paradigm remains uncertain. As structural information for pro-
tein-protein interactive targets becomes more plentiful, combined with site-
directed mutagenesis data, the medicinal chemist of the future may be able to
predict which of these targets are more likely to be susceptible to small-molecule
therapeutic intervention. A further breakthrough in this area has been achieved
recently with the discovery of a small-molecule agonist of the GCSF receptor,
which acts by oligomerization of receptor proteins (33). As examples of small
molecules influencing protein-protein interactions accumulate, cheminformatic
analysis of the data, as described above, could expand the influence of medicinal
chemistry within this important area.

FUNCTIONAL GENOMICS

The term functional genomics is how being used to describe the post—genome
project era, which will begin early in the new millennium and will encompass
the many efforts needed to elucidate gene function. Indeed, the phenotyping of
genetically manipulated animalswill be critical in the determination of biological
function of aparticular gene. But, in reality, the discipline of functional genomics
has its foundation in the physiological and pharmacological sciences. This is
gratifying to the **traditional” pharmacologist, whose expertise will be drawn on
even more in the future to unravel the mysteries of genetics. Although the eval-
uation of genetically manipulated animals will require a thorough understanding
of physiology and pharmacology, the experimental approach will involve many
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new technologies. These methods will include in vivo imaging (i.e. magnetic
resonance imaging, micro—positron emissions tomography, ultrafast computed
tomography, infrared spectroscopy), mass spectrometry, and microarray hybrid-
ization, all of which should enhance the speed and accuracy at which functional
genomics is achieved.

There are two general systematic approaches to the generation of mutationsin
the mammalian genome, one genotype driven and the other phenotype driven.
Genotype-driven mutagenesis involves classic transgenic approaches whereby
constructs introduced into the genome by pronuclear injection lead to insertional
mutagenesis. Alternatively, homologous recombination in embryonic stem cells
can be used to introduce new mutations into known genes. This approach is not
easily scalable to the recovery of alarge number of mutations on a genome-wide
basis.

Because the phenotyping of mutant animalsis usually driven by preconceived
notions concerning the biological function of the manipulated gene, critical data
can be overlooked. Thus, in the case of the endothelin-B receptor knockout
mouse, anticipated to be hypertensive, more rigorous phenotyping implicated this
receptor as an important sensory pain mediator (34).

Phenotype-driven approaches have focused on random mutagenesis systems
to identify novel genes and pathways. One type of phenotype-driven mutagenesis
employs the chemical mutagen, N-ethyl-N-nitrosourea. This potent mutagen can
deliver mutation frequencies of approximately 1 in 1000 gametes and istherefore
effective in accomplishing saturation mutagenesis of the entire mouse genome.
Obvioudly, this approach draws heavily on the appropriate biological screens used
to identify phenotypes of interest.

GENE THERAPY

Gene therapy as a therapeutic technique offers the possibility of introducing a
functioning gene into somatic cells of a patient to correct a defective gene and
thereby restore biological function. The major interest of the pharmaceutical
industry in gene therapy will undoubtedly be centered around in vivo treatment
protocols, athough more invasive ex vivo methods (whereby cells are removed
from the patient, transfected with the gene of interest, and then placed back into
the patient) may be acceptablefor certain serious diseases (e.g. cancer). Currently,
genetic information can be transferred into cells by a number of protocols, in-
cluding the use of DNA plasmids, DNA liposomes, or a variety of viruses. The
most effective transforming agents are vira vectors, such as adenovirus, adeno-
associated viruses, and retroviruses. Although retroviruses require cell division
to incorporate the new information into the genome, adenovirus and adeno-
associated viruses will transfer their information into nonreplicating cells. Despite
considerable efforts that have gone into vector design during the past decade,
delivery of genes still represents one of the major problems associated with the
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genetherapeutic approach. Encouragingly, recent work has demonstrated the abil-
ity of certain viral vectorsto stably incorporate genetic material in vivo, resulting
in expression of the resultant proteins, which can be maintained for periods of
several months (35).

The Food and Drug Administration has approved approximately 90 clinical
studies involving gene therapy, which represents one of the fastest growing areas
in biomedical research. Safety is, and will continue for some time to be, an issue
with this approach, and many of the clinical trials involving gene therapy are
directed toward patientswith life-threatening diseases (e.g. cancer patientsalready
receiving conventional therapy). Most reports to date have been phase | clinical
studies confirming gene transfection and demonstrating safety, but evidence of
efficacy has been anecdotal. Properly controlled phase Il and phase Il clinical
trials involving gene therapy are yet to be done and will tax the current devel-
opment capacity within the pharmaceutical industry.

Some published examples of clinical studies of gene therapy in the cardiovas-
cular arena have appeared. For example, the intra-arterial gene transfer of aplas-
mid that encodes for vascular endothelial growth factor has been tested for its
ability to increase coronary and peripheral angiogenesis (36, 37). The initia
results from these early clinical trials suggest that vascular endothelial growth
factor genetransfer produces angiogenesis and reducesischemic symptoms. How-
ever, as mentioned above, these studies areinadequately controlled and the results
can only be considered anecdotal.

Gene therapy has received much attention for the treatment of inherited met-
abolic diseases. One such disease in which preclinical datasuggest promisetargets
familia hypercholesterolemia. Replacement of the low-density-lipoproteinrecep-
tor gene by adenovirus transfection into mice in which the gene for this receptor
had been knocked out resulted in correction of the dyslipidemia (38).

PROTEIN THERAPEUTICS

The development of proteins as drugs has been the principa focus of the bio-
technology industry as well as a component of the drug pipeline of severa larger
pharmaceutical companies for some time. With the anticipated disclosure of the
blueprint of the human genome scheduled for the spring of 2000, further interest
is likely to emerge in the area of novel proteins as drugs. Although the focus of
the pharmaceutical industry is likely to remain principally on small-molecule
agents, there have been some notable successes with protein agents (e.g. eryth-
ropoietin). Human genome sciences have already converted genomic information
obtained from high-throughput sequencing into potential therapeutic proteinsin
clinical trials. Thus, myeloid progenitor inhibitory factor-1 is currently in phase
Il clinical trialsasastem cell protector in cancer therapy. In addition, keratinocyte
growth factor-1 isin phase Il clinical trials for wound healing.
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Figure 3 Progression of molecular targets to novel therapeutics under a new paradigm
for drug discovery. HTS, High-throughput screening; RT-PCR, reverse transcriptase poly-
merase chain reaction; MRI, magnetic resonance imaging; CT, computed tomography;
PET, positron emissions tomography.

CONCLUSIONS

The tremendous impact of genomic sequencing is currently being felt across all
areas of drug discovery, and mgjor challenges for the pharmaceutical industry
into the next millennium will be in the areas of drug target selection and vali-
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dation. The progression of new molecular targetsinto novel drugs under this new
paradigm for drug discovery is shown in Figure 3. One can aready anticipate the
future availability of genetic structure and susceptibility to disease at the individ-
ual level. With such information available early in a research program, the drug
discovery scientist is faced with the unprecedented opportunity to address the
individual variability to drug therapy and safety prior to advancing a compound
into clinical trials. The exponentia growth of attractive novel molecular targets
for potential drug therapy has heavily taxed the core disciples of drug discovery,
and automated methods of compound synthesis and biological evaluation will
play an even more dominant role in the pharmaceutical industry of the twenty-
first century.
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