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The combination of medicinal chemistry and model-organism genetics

is emerging as a powerful tool for the discovery and validation of drug

targets. Model systems can be used to identify the cognate target

for compounds that demonstrate in vivo efficacy but have unknown

mechanisms of action. Alternatively, drugs with known cognate targets

can be used to probe biochemical pathways in model organisms, revealing

new targets and mechanisms within these pathways. In both cases,

the availability of human genomic sequence data is opening up new

opportunities for accelerating target discovery.
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v One of the major challenges currently fac-
ing the drug discovery industry is the rapid
identification and validation of new drug tar-
gets. It is estimated that current pharmaceuti-
cal agents modulate only ~400-500 proteins;
by contrast, there might be 5000-10,000 novel
genes in the human genome that could pro-
vide targets for therapeutic interventionl.
Despite the imminent availability of the com-
plete human genome sequence, the selection
of genes relevant to a given disease state re-
mains problematic. An additional challenge is
the ability to assess the ‘drugability’ of these
novel targets — in other words, to determine
which targets are amenable to in vivo modu-
lation by small molecules.

Conversely, there are many compounds for
which a certain degree of specific biological
activity has been demonstrated but for which
the cognate target and/or relevant signaling
pathway is unknown. The identification of
these targets and pathways is particularly
valuable because they are likely to be thera-
peutically relevant and amenable to modu-
lation by a small molecule. This review will
focus on the use of model-organism genetics
to identify the cognate targets and probe the
related biochemical pathways of compounds
with unknown or ambiguous mechanisms, a

method we refer to as the mechanism of
action (MOA) approach.

Model-organism genetics — a powerful
paradigm

Model-organism genetics has proven to be a
valuable method for delineating protein in-
teractions and pathways in vivo, as exemplified
by the Ras (retrovirus-associated sequences)
pathway (Fig. 1). Many years of elegant gen-
etic analysis in the fruitfly Drosophila
melanogaster2 and roundworm Caenorhabditis
elegans® have contributed greatly to current
understanding of how Ras and associated pro-
teins function in humans. For example, the
discovery of Ksr (kinase suppressor of Ras),
which was first identified in model organ-
isms, provided a new protein target for poten-
tial therapeutic intervention4-5.

Interfacing genetics with small organic
molecules

Using similar strategies, genetic screens can
be used to identify proteins that interact
directly or indirectly with a drug or another
small organic molecule’. From the geneticist’s
point of view, modulating target function by
an agonist or antagonist is similar to modu-
lating protein activity by a mutation that
increases or decreases protein function. With
this principle in mind, the MOA approach
first involves administering compounds to a
model organism and monitoring their physi-
ological effects by careful examination of the
resultant phenotype. If distinctive, the phe-
notype can provide an early indication of the
process disrupted by the compound. Once
such a phenotypic assay has been conducted,
genes responsible for the compound-depen-
dent phenotype can be identified by creating
mutants that are resistant or hypersensitive to
the compound. The mutation, or change in
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Figure 1. Comparison of the Ras pathways in Drosophila melanogaster and humans. Individual human and D. melanogaster proteins are
related to each other at the level of DNA and protein sequence, as indicated by the red arrows. Moreover, the functional interactions
between proteins within the pathway are highly conserved between species. Abbreviations: CNK, connector-enhancer of KSR; DRK,
downstream of receptor kinase; Ets, E26/erythroblast transformation specific; Gap, GTPase activating protein; Grb2, growth factor receptor
binding protein 2; KSR, kinase suppressor of ras; LC-PTPHePTP, lymphoid cell protein tyrosine phosphatase/hematopoietic cell protein
tyrosine phosphatase; MAPK, mitogen activated protein kinase; MAPKK, MAPK kinase; PCPTP1, protein tyrosine phosphatase 1 from PC12
cells; PTP-ER, protein tyrosine phosphatase enhancer of ras; Raf, Ras, retrovirus associated sequences; Siah, seven in absentia human; Sina,
seven in absentia; SOS, son of sevenless; STEP, striatum-enriched-protein tyrosine phosphatase.
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DNA sequence, serves as a marker for subsequent gene
identification. Target protein mutations that cause drug re-
sistance have frequently been observed in microorganisms
and viruses, which can replicate and generate mutations
rapidly. A well known example is resistance to HIV pro-
tease inhibitors, which typically results from multiple
amino acid changes in the active site of the proteases?®.
Other cases, such as mutations that confer drug resistance
upon mycobacterial?, chlamydiall and malarial parasites2,
involve single amino acid substitutions.

Why use model organisms?

Model-organism genetic systems have several compelling
features that favor their use for studying the MOA of
organic molecules. Three of the most commonly used mod-
els — Saccharomyces cerevisiae, C. elegans and D. melanogaster —
have short generation times and sophisticated genetic and
genomic tools, which include an understanding of their
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complete genome sequences. Moreover, it is possible to
grow large populations of these organisms inexpensively
in a laboratory setting, an essential attribute that enables
the identification of the often rare mis-sense mutation that
disrupts the compound-target interaction!3. The number
of putative targets emerging from genetic screens is rela-
tively small (typically 5-10 genes) — a tractable number for
further evaluation and validation.

In a typical genetic screen, the model organism is treated
with the compound of interest and examined closely for
changes in phenotype. For example, the presence of a com-
pound might cause developmental arrest of C. elegans at
the larval stage. This observation can be used as the basis
for a genetic screen, in which a large population of C. ele-
gans is mutated (using chemical mutagens, irradiation or
transposons) before treatment with the compound.
Organisms that are resistant or hypersensitive to the effects
of the compound are isolated and the genes responsible for
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this resistance can then be mapped and cloned. A wide
range of compound-induced phenotypes (representing an
even wider range of underlying biochemical pathways) can
be observed in model organisms and used as the basis for a
screen. In C. elegans, these phenotypes can be morphologi-
cal (e.g. body size or shape, developmental defects or lipid
accumulation), behavioral (e.g. locomotion, egg laying and
pharyngeal pumping) or cellular (e.g. reporter genes and
immunohistochemistry). The initial characterization of
compound-induced phenotypes is rapid, which allows
many potentially interesting compounds to be tested in
parallel. Compounds that produce a useful phenotype can
subsequently be examined thoroughly before a genetic
screen is initiated. Examples of compounds studied in
various model organisms are presented in Table 1.

Creating a relevant phenotypic assay

The phenotype of the model organism is central to per-
forming a genetic screen and thus must be reliable, repro-
ducible and amenable to scoring in tens or hundreds
of thousands of mutated organisms. Importantly, this
approach relies on the assumption that the compound in-
teracts with the relevant ortholog of the human target in
the model organism. If the phenotypic assay reflects an
interaction with a protein other than this ortholog, the
relevance to human therapeutic application is question-
able. However, such interactions could identify secondary
targets, which might help elucidate the mechanisms of
cross-reactivity and side effects. The relevance of the
phenotypic assay can be addressed by using the lowest ef-
fective dose of a compound for genetic screening. Another
approach is to treat the model organism with various struc-
tural derivatives of a compound, and then investigate the
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correlation between model-organism phenotype and verte-
brate bioactivity. Alternatively, the phenotype itself can
sometimes lend credence to its relationship to human
physiology. If, for example, the observed vertebrate bioac-
tivity is muscle relaxation, it would be reassuring to ob-
serve (in C. elegans or D. melanogaster) compound-induced
phenotypes that are caused by the relaxation of muscle.

Model organism and human genes: a leap of faith?

The relevance of model-organism phenotypic assays to
human physiology and disease is a major issue. It can be
argued that the genetics of D. melanogaster, C. elegans and
S. cerevisiae are too far removed from human genetics to
provide useful information in the realm of human physiol-
ogy and pathology. However, it is universally accepted that
many diverse biochemical pathways show remarkable con-
servation between model organisms and humans, not only
at the level of DNA and protein sequence, but also in the
complex network of protein—protein interactions that de-
fine the signaling pathways!4 (Fig. 1). Hence, the crucial
question for MOA studies is how often the compound
interaction site is conserved between species. Indeed, this
approach will only work if a compound-induced pheno-
type in the model organism is the result of a compound-
induced change in the activity of an invertebrate protein,
whose mammalian ortholog is the cognate drug target.
Fortunately, drug molecules are typically directed against
the active sites or ligand-binding domains of their target
proteins. These regions are probably under significant evo-
lutionary constraints, such that any mutations leading to
changes in protein function are strongly disfavored. For
example, the fungal metabolite brefeldin A is a potent in-
hibitor of protein secretion, and causes disruption of the

Table 1. Examples of compounds that have been studied in model organisms

Compound Mechanism Indication Model Induced Refs

name or target organism phenotype

Compactin HMG-CoA reductase Hypercholesterolemia S. cerevisiae Lethality 23

Fumagillin Methionine Cancer S. cerevisiae Lethality on methionine

aminopeptidase 2 aminopeptidase 2 mutants 43

Soraphen A Acetyl-CoA carboxylase Crop protection S. cerevisiae Lethality 53
(fungicide)

Avermectin Glutamate-gated CI~ channel River blindness C. elegans Lethality 54

Fluoxetine Serotonin reuptake Depression C. elegans Premature egg laying 32

Haloperidol Dopamine D2 receptor Psychoses C. elegans Movement 32

Dieldrin GABA-gated CI~ channel Crop protection D. melanogaster Lethality 13
(insecticide)

Cocaine Monoamine transporter Anesthesia D. melanogaster Behaviorial phenotypes 34

Abbreviations: C. elegans, Caenorhabditis elegans; D. melanogaster, Drosophila melanogaster; GABA, y-aminobutyric acid; HMG-CoA, 3-hydroxy-3-methylglutaryl

coenzyme A; S. cerevisiae, Saccharomyces cerevisiae.
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Golgi complex in both yeast and mammalian cells. The
molecular mechanism of this activity involves an exquis-
itely specific ternary complex between brefeldin A, a small
GTP-binding protein of the ARF (ADP ribosylation factor)
family and a guanine-nucleotide-exchange factor of the
yeast Gea/Sec7 family15. Despite the profusion of GTP-
binding proteins and related exchange factors in mam-
malian cells, sensitivity to brefeldin A is restricted to a
subset of proteins that are closely related to their yeast ho-
mologs. Although the broad applicability of this approach
for pharmaceutical target identification is relatively new,
there are several compelling examples indicating that
model-organism genetics can provide mechanistic answers
that are laborious or impossible to obtain in mammalian
systems.

Candidate compounds for MOA studies
What kinds of molecule are appropriate for study using
this approach? One group of suitable compounds com-
prises marketed or late-stage clinical drugs with known
pharmacological activity but unknown or ambiguous tar-
gets and/or mechanisms. Examples include the hypolipid-
emic agent gemfibrozil1¢ and related fibrate drugs, and the
antidepressant bupropion?, which is also used as an aid to
smoking cessation. These compounds, by virtue of their
advancement through the clinical trials process, have a
high degree of therapeutic validation in humans, and the
discovery of their cognate targets (and of other compo-
nents of their signaling pathways) can accelerate the
discovery of improved second-generation drugs. Other
compounds that are suitable for MOA studies are those
that have failed at some stage during the drug discovery
and optimization process. Reasons for such failure might
include side effects [in which case the MOA approach
might be useful for unveiling the secondary target(s)] or an
inability of the in vivo-optimized molecule to recognize the
primary target against which it was designed. Potential
MOA compounds also exist in the field of natural product
molecules?8. Such molecules frequently have potent in vivo
effects but have unknown targets and, furthermore, are
difficult to synthesize. For example, phorboxazole A is
a marine-sponge-derived natural product that exhibits
potent anticancer activity!®. However, its synthesis is
complex20 and its cellular target(s) remain obscure.
Identification of the cognate target using the MOA ap-
proach is of tremendous value for fueling new lead discov-
ery efforts. An added advantage of this approach is that,
once the target has been identified, the compound can be
exploited as a useful reagent and a positive control for sub-
sequent assay development and screening. Furthermore, if
the target is amenable to structural elucidation, knowledge
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of the compound-target interaction can be used to initiate
structure-based drug design efforts. Alternatively, in cases
where the cognate target is known, there might still be
significant value in pursuing MOA studies to delineate
other potential targets within the same pathway.

Examples of MOA studies

Three examples of MOA studies in model systems, specifi-
cally chosen to highlight the strengths of each organism,
will be discussed. In each case, an immense body of literature
and functional annotation is available to help interpret the
phenotypes that arise in the presence of the compound.

MOA in Saccharomyces cerevisiae
The first example describes the use of the yeast S. cerevisiae,
a single-cell eukaryote with ~6200 predicted genes, ~30-40%
of which have mammalian homologs21.22. In the mid-
1980s, Rine and colleagues attempted to clone the yeast
genes that encode HMG-CoA (3-hydroxy-3-methylglutaryl
coenzyme A) reductase23. This was not a trivial task at the
time because the existence of two functionally redundant
HMG-CoA reductase isozymes in budding yeast made their
identification by standard mutagenesis and complemen-
tation-cloning strategies unlikely24. Instead, a strategy was
employed involving resistance to compactin, a hypochol-
esterolemic agent that inhibits the activity of HMG-CoA
reductase, leading to fatality of the organism. A genomic
library of yeast genes was transformed into yeast, treated
with compactin and tested for suppression of lethality. The
high copy number of these genes (~40 per cell), and the
concomitant increased concentration of encoded protein,
allowed yeast overexpressing the HMG-CoA reductase pro-
teins to overcome the presence of the metabolic inhibitor
and survive. The corresponding genes (HMG1 and HMG2)
were consequently identified23 and DNA sequence analysis
revealed particularly high conservation between the yeast
and mammalian HMG-CoA reductase genes in the catalytic
domain. These proteins also provided one of the first ex-
amples of functional conservation because the mammalian
gene was able to functionally replace the yeast genes?s.
One general limitation of the MOA approach is the
extent to which a compound-induced phenotype can be
exploited. In the above example, the drug compactin
caused lethality, a severe and thus easily scored phenotype.
However, the information gained from this phenotype
alone is limited. Recently, the use of yeast to identify tar-
gets and uncover biochemical connections has been
demonstrated using expression-profiling technology?26.27.
Hughes and coworkers27” described the use of expression
profiles to rapidly identify genes that respond to com-
pound exposure. Here, the ‘phenotype’ is a compendium
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of expression profiles induced by the compound. The use-
fulness of expression profiling in MOA studies was demon-
strated by comparing the transcriptional profile of yeast
treated with lovastatin (another HMG-CoA reductase in-
hibitor) with the transcription profiles of wild-type and
mutant yeast. In this case, the expression profile of the
lovastatin treated yeast was, as expected, similar to that of
a yeast lacking HMG2 activity. This highlights one of the
unique features of using yeast for this type of study: the
ability to compare a compound with an unknown MOA,
with the profile resulting from mutations in the individual
yeast genes. Ideally, the profiles of both the drug and a
knockout of its cognate target should be identical. Of
course, the expression profiles obtained from strains that
overexpress individual genes can also be collected, and one
of these might be predicted to match the profile of an
agonist compound. An important recent advance in this
field is the development of computational-clustering algo-
rithms28-30, which allow the identification of co-regulated
sets of genes, and grouping of functional pathways.
However, frequently, such methods cannot distinguish be-
tween genes that are causally involved in the mechanism
of a compound and genes whose expression is regulated as
an effect of the compound. Moreover, the number of genes
whose expression is regulated by a compound might be
extremely large, making the identification of the actual
cognate target a daunting task. Although it remains to be
seen how often the genetic and drug-induced expression
profiles overlap, the MOA method has the potential to
make biochemical connections that were not previously
known, and to test functional hypotheses.

MOA in Caenorhabditis elegans

The nematode C. elegans has proven to be an excellent
model organism for MOA studies. The adult worm requires
the coordinated activity of ~1000 cells, which include
diverse cell types such as neurons, muscle, intestinal cells
and germ cells. Using this complex in vivo system, Choy
and Thomas3! have studied the mechanism of fluoxetine,
an antidepressant of the selective serotonin reuptake in-
hibitor class. In humans, fluoxetine causes an inhibition of
serotonin reuptake, which results in an increased concen-
tration of serotonin in neuronal synapses. The increase in
serotonin levels has been proposed as the mechanism by
which depression is alleviated. However, the rapid (hours)
increase in serotonin levels and the long (weeks) delay in
the relief from depression has suggested that fluoxetine
might affect mechanisms other than serotonin reuptake.
In C. elegans, the administration of fluoxetine causes
several phenotypes, which include an increase in the egg-
laying rate of the adult hermaphrodite, contraction of the
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muscles in the anterior portion (‘nose’) of the animal, and
locomotory paralysis32.

Do these phenotypes relate to human depression? At
first glance, an increase in the rate of egg laying would
appear to have nothing in common with psychiatric dis-
orders. However, despite the fact that the physiological
end-points are unrelated, the biochemical and cell biologi-
cal processes appear to be conserved. Weinshenker and col-
leagues3? demonstrated that the egg-laying phenotype is
caused by an increase in serotonin levels in the neuromus-
cular synapses that control the contraction of the vulval
muscles, presumably by antagonizing the ortholog of the
human serotonin transporter. Nurrish and coworkers33
demonstrated that mutations in a gene encoding a postsy-
naptically acting G,a G-protein, and in a gene encoding a
vesicular monoamine transporter known to act presynapti-
cally, confer resistance to the paralysis phenotype. Taken
together these results suggest that both the pre- and post-
synaptic pathways impinged upon by fluoxetine are
conserved in C. elegans.

To address the serotonin-independent mechanism of
fluoxetine action, Choy and Thomas3! chose to focus on
the nose-contraction phenotype, which occurs even in
worms that are unable to synthesize serotonin. They iso-
lated mutations in genes that caused resistance to the flu-
oxetine-induced nose contraction, called ‘Nrf’ (nose resist-
ant to fluoxetine). Of the two Nrf genes that have been
cloned, ndg-4 was previously identified by resistance
to nordihydroguaiaretic acid, a lipooxygenase inhibitor.
Interestingly, the proteins encoded by the two Nrf genes
are related to each other and are predicted to be multi-pass
membrane proteins that are unlike any previously char-
acterized transmembrane proteins. Whether these are
fluoxetine transporters awaits biochemical studies and
identification of relevant human homologs.

MOA in Drosophila melanogaster

The greater behavioral complexity of D. melanogaster rela-
tive to C. elegans has recently been exploited to address
the molecular mechanisms that underlie drug abuse and
addiction in humans. McClung and Hirsh34 have carefully
documented the behavior of D. melanogaster after either
single or repeated exposures to cocaine and have found
that, similar to their mammalian counterparts, fruit flies
exhibit not only stereotypical behaviors in response to
cocaine, but also behavioral sensitization in response to
repeated exposure to the drug. Furthermore, the links
between addiction in flies and humans probably share a
common basis because sensitization to cocaine in humans
is known to occur in regions of the brain that possess
dopamine-containing cell bodies35. Hirsh and co-workers
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characterized this phenomenon by identifying several
mutant lines of D. melanogaster that respond normally to
an initial dose of cocaine, but fail to sensitize to subse-
quent doses36:37. Interestingly, these results implicate a role
for tyramine in the sensitization process, possibly via its
interaction with monoamine transporters, and the subse-
quent increase in extracellular levels of dopamine. In addi-
tion, Li and colleagues3s have recently shown that ectopic
expression of an inhibitory Ga subunit in dopamine-con-
taining neurons blocked sensitization. Similar techniques
have been employed to explore mechanisms that underlie
ethanol intoxication in D. melanogaster3s.

Identification and validation of human drug targets
Once invertebrate targets have been discovered through
the MOA approach, it is necessary to identify and func-
tionally validate the orthologous human target. The task
of identification is becoming easier as the full sequence of
the human genome emerges and will, in the near future,
be considered more of a bioinformatics task than an exer-
cise in cloning by hybridization. However, any gene dis-
covered in a simple model-organism might typically have
several human orthologs, and functional validation must
be demonstrated empirically — particularly when the pro-
posed cognate target for a given compound is a hitherto
unknown or poorly characterized gene. Complete func-
tional validation of a MOA-derived target will involve con-
firming the interaction between the compound and model
organism target, and demonstrating an interaction between
the compound and orthologous human protein(s).

Methods for validating compound-target interactions

In some instances, biochemical binding studies might be
useful for the validation of compound-target interactions
— for example, ‘fishing’ for targets using an immobilized
variant of the compound. Such studies have been success-
ful in several cases39-41, although binding of the compound
to a partner protein might not reveal the entire mecha-
nism42. Affinity chromatography was used to isolate the
cognate target, methionine aminopeptidase 2 (Met-AP2),
of a derivative of the natural product fumagillin43-45, In
this case it is interesting to note that the compound shows
similar activity against the yeast ortholog of Met-AP2.
However, in biochemical binding experiments the com-
pound must be immobilized in an active conformation
(which might not be obvious to determine a priori) and the
target must be present in sufficient quantities to enable its
isolation and detection. In the latter case, the availability
of genomic sequence information, coupled with advances
in mass spectrometry techniques46.47, can facilitate the
rapid identification of the target protein.
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Following cloning of the model-organism gene and its
human orthologs, the putative targets will typically need
to be expressed in a heterologous system to enable further
validation studies. The major challenge here is that the
genes emerging from a screen could be drawn from a large
number of protein families, ranging from soluble enzymes
to ion channels and cell-surface receptors. Efficient in vitro
expression systems have been described for the cells of
S. cerevisiae and D. melanogaster, but not for those of C. ele-
gans. Probably the most universal and rapid method for
producing a candidate target protein is transient expression
in mammalian cells. Although not large, the quantities of
protein produced by these systems are often sufficient for
confirmation of the compound-target interaction that has
been implicated by direct-binding studies.

Radioligand binding offers perhaps the most direct and
universal means of demonstrating a physical compound-
target interaction4s. Assuming that the compound of inter-
est can be synthesized in a radiolabeled form, binding can
be explored using whole cells, membrane and other sub-
cellular fractions, and purified proteins, coupled with one
of many standard techniques for separating bound from
free ligand. Several other generally applicable, label-free
systems are currently available and might have consider-
able use in the validation of compound-protein interac-
tions. For example, surface plasmon resonance instrumen-
tation [notably BlAcore4® (BIAcore AB, Uppsala, Sweden)]
has achieved sufficient sensitivity so that small molecules
of <1000 Da can be detected, although it should be noted
that immobilization of functional target proteins on the
biosensor surface (particularly membrane proteins) can
present significant technical challenges. Other emerging
methods in this category include calorimetry and capillary
electrophoresis.

Future directions

As described above, the MOA approach could be useful for
dissecting entire biochemical pathways in addition to
identifying an unknown molecular target. However, in
the case of pathway identification, it is useful to be able
to select a priori those components of the pathway (such as
kinases, proteases and G-protein-coupled receptors) that
are known to be amenable to modulation by a small mol-
ecule. Here again, model organisms can be used to favor
selection of ‘drugable’ targets during the target discovery
process itself. Reverse genetics (Box 1) affords the oppor-
tunity to search for specific classes of drug target that
modulate the same pathway as a given compound. In
this technique, detailed knowledge of the model-system
genome is used to generate a systematic collection of or-
ganisms, each of which has had a specific gene knocked
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Box 1. Forward and reverse genetics
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Forward genetics refers to the traditional means of genetic screening, as depicted in Fig. I. In the case of mechanism of
action studies, a compound-induced phenotype is used as a surrogate assay for compound function. A large population of
organisms is mutated, and any individuals that are resistant (or hypersensitive) to the effects of the compound are isolated. The
gene responsible for resistance is typically identified using positional cloning tools, which can be a time-consuming step.

Reverse genetics capitalizes on the fact that the genomic DNA sequence for each of the model organisms reviewed here
is known. Thus, mutants can be produced in advance (using a variety of technologies) and individually tested for resistance
or hypersensitivity to the compound. The advantage of this approach is that all mapping and cloning steps are eliminated,
which greatly shortens the length of time between the genetic screen and target identification. However, as a result of
technical limitations in generating the mutants, and the fact that a complete loss of gene function might be too severe to
allow for a change in the phenotypic effect of the compound, reverse genetics is not a complete solution.

Forward genetics

Compound-
induced
phenotype

Modifier
screen

Reverse genetics

Compound-
induced
phenotype

Reverse

screen

Selected
drugable
gene classes

Figure I. Forward and reverse genetics.

out. This collection can subsequently be used to search en-
tire classes of proteins (e.g. all of the kinases) that interact
directly or indirectly with a small-molecule compound.
One shortcoming of this reverse-genetics strategy is that it
does not accommodate rare single amino acid changes that
might be required to identify the cognate target. Thus,
chemical mutagenesis and forward genetics are unlikely to
be entirely supplanted by these more rapid tools. Another
promising area of future development involves generation
of sophisticated phenotypes. For example, expression pro-
filing59-52 (at both the RNA and protein level) could allow
the identification of genes that are differentially regulated
in response to certain cellular events, leading to the design
of novel phenotypic readouts (such as transcriptional
activation of fluorescent reporter proteins).

The industrialization of genetics

Until recently, yeast, worm and fly genetics was almost
exclusively an academic pursuit. Although many key dis-
coveries pertaining to fundamental biological processes

Cloned Validate
invertebrate Identify human compound—
—
target ortholog(s) target
candidates interaction
Drug DiscoveryToday

were first made using model organisms, the drug discovery
community has historically concerned itself only with the
genes and proteins of higher mammals. Now, however, we
are faced with an avalanche of data from the human
genome sequence and need to implement new tools to ex-
tract useful information from these data. Model organism
genetics is proving to be a pragmatic, rapid method for
exploring the function and relevance of related human
genes. Although it does not provide a complete solution
(e.g. acquired immunity is not conserved in invertebrates),
we can improve our chances of success by focusing on
areas where proteins and pathways are well conserved,
such as cancer, metabolic disease and neurological disor-
ders. Indeed, even when genomes of higher organisms (e.g.
mouse) become available and computational tools can
handle such increased volumes of data, D. melanogaster,
C. elegans and S. cerevisiae will still be used for studying
well-conserved pathways by virtue of their small size (both
genomic and physical), short life-cycle and experimental
tractability. Coupling model-system genetics with known
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bioactive compounds allows the rapid identification of tar-
gets and pathways for compounds of interest. Moreover,
this drug-based target discovery approach offers a means of
circumventing the crucial target validation bottleneck of
the drug discovery process.
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