
NEW VOICES IN CHEMISTRY

D
eciphering the human gen-

ome will probably identify
5,000 to 10,000 new proteins
of therapeutic relevance; some
will be homologous to existing

known targets, but many if not most will
be entirely novel, with unknown structure
and function.

Medicinal chemists know how to
design and prepare molecules that can
inhibit intracellular enzymes such as
proteases, kinases, and phosphatases
or modulate cell-surface or nuclear
receptors with agonists or antagonists;
indeed, many examples of such mole-
cules have reached the drug market.

However, the arsenal of concepts,
tools, technologies, and strategies that
medicinal chemists use today are
rather limited if the purpose is to con-
trol peptide-hormone/receptor inter-
actions or protein-protein interac-
tions. Mimicking the interaction of
hormones, such as follicle-stimulating
or growth hormones, with their recep-
tors or controlling cytokines signal-
ing/transcription pathways are exam-
ples of such challenges we face at
Serono International.

New tools must be invented and put
in place beyond high-throughput
screening (HTS) and peptide-phase
display technologies. Such tools will be
at the frontier of synthetic, medicinal,
analytical, and computational chem-
istry; cheminformatics; HTS technologies;
structural biology; and cell biology. Success
will depend on how efficiently these areas
cross-fertilize each other.

Thousands of new potential targets for
drug discovery will be proposed by the
genomics initiative. These numbers are
huge compared with the pre-genomic era
but are still very small when compared with
the vastness of “chemical” space. Estimates
of the number of possible “drug-type” small
molecules—those with a molecular weight
of less than 1,000—average around 1040.
The largest pharma companies today have
collections of discrete compounds that do
not exceed 10 million.

In other words, the field of investiga-
tion for chemists remains essentially unex-
plored. Here, organic synthetic chemists
will continue to play a major role by pro-
posing new, original, sophisticated (3-D
information-rich) yet readily accessible
scaffolds or templates to be used in a com-

binatorial manner; inventing new reac-
tions; developing new synthetic pathways;
and extending their scope of application.
Such tools will be essential for medicinal
chemists facing the post-genomic era.

That’s not all for chemists. One of the
greatest challenges in the post-genomic
era will be the validation of the most prom-
ising targets for therapeutic intervention.
Chemists can play a critical role by pro-
viding small molecules that alter gene func-
tion by selectively binding to their protein
products. Having a small molecule part-
ner for every gene product is the dream;
such a molecule would then be evaluated
in cell models and in vivo disease models,

thus validating the protein target for drug
discovery. This process is called “chemical
genetics” and allows chemists to be
involved in the drug discovery process
before the target is validated; previously,
medicinal chemistry programs started only
after target validation.

Chemical genetics is based on con-
structive interactions between chemists
and biologists; if successful, it will have
spectacular advantages compared to the
classical validation tools based on proteins
mutants and knockout organisms. Chem-
ical genetics offers conditional techniques
and, more importantly, allows concurrent
analysis of both the importance of a pro-
tein in a disease process (target validation)

and a protein’s amenability to func-
tional modulation by a small molecule
(target tractability). Having a small
molecule partner for every gene prod-
uct represents a fantastic opportunity
to design the next generation of drugs
in phase with the pharmacogenetics
vision of the drug market, where drug
responses are assessed on the basis of
genetic disposition.

Besides new target identification,
genomics will also lead to sharp diag-
nostic tools; it’s expected that by 2025,
everybody can have her or his genome
sequenced. We will therefore move
from the era of “disease”-specific com-
pounds to the era of “disease and
patient”-specific compounds in which
drugs will be chosen on the basis of
the phenotype/genotype of the dis-
eased cell or tissue and the genome of
the patient.

So the challenge for the future is to
discover the right drug for the right
patient at the right dose in the right
time. Chemists will play a major role in
this tough challenge, not only by pro-
viding new tools and concepts in their

own field but also as essential members of
multidisciplinary teams. This is particularly
true in biotech companies like Serono
where chemists find the research and inno-
vation culture that will make it possible.
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