
NEW VOICES IN CHEMISTRY

T
he scene is set: the estimated

30,000 human genes have been
sequenced. The most sophisti-
cated techniques of molecular
biology, biochemistry, and phar-

macology are at our disposal to determine
the function and structure of each gene.
Engineered animal strains continue to be
developed in which gene expression is mod-
ified to determine the relationship between
a gene, tissue-specific expression of its pro-
tein product, and disease progression. 

High-throughput expression, purifica-
tion, and crystallization technology accel-
erate the generation of atomic-resolution
structures of protein targets for drug ther-
apy. Large-scale sequencing of individuals’
genes is being performed to identify single-
nucleotide polymorphisms that are early-
onset indicators of particular diseases. The
technology is awesome, and the rate of dis-
coveries unprecedented. 

The media reports that knowledge of
the genome will affect the lives of every
individual through the discovery of treat-
ments for conditions as diverse as diabetes,
arthritis, and depression. But where are
the drugs? The world will wait for chem-
istry to deliver the innovations that will
change our lives. Chemistry will bridge the
gap between the human genome and its
promise of a healthier world.

It has been estimated that sequencing
of the human genome and characteriza-
tion of its transcription products will iden-
tify 5,000 to 10,000 targets for drug dis-
covery. Today, approximately 500 targets
have been studied as potential points of
intervention for disease therapy. By con-
trast, it is estimated that the universe of
all druglike organic compounds comprises
as many as 10200 distinct entities. The com-
plexity and diversity of organic chemi-
cals—including only those under a molec-
ular weight of 550—is staggering and
arguably greater than that of the genome
itself. Exploration of that chemical diver-
sity in the context of human physiology, to
identify the medicines of the future, is the
arena in which pharmaceutical companies
will operate in the coming years. The chal-

lenge will be met by a combination of high-
throughput synthesis and screening,
knowledge-based design, and information
management. The days of the “drug dis-
covery factory” are upon us.

The analogy of the human genome data-
base in the chemistry world would be a col-
lection of all possible chemical structures.
Currently, the closest thing is the CAS Reg-
istry, which includes approximately 16 mil-
lion organic structures. However, the inter-
action between these compounds and

human proteins, while investigated to some
extent and reported in the literature, has
not been comprehensively documented.
The next 10 years will see a realization of
the value of mapping the chemical universe
onto the genome in a systematic way so
that the identification of biological agents
becomes more predictable. This deep un-
derstanding of small molecule recognition
by biological macromolecules, achieved by
various technologies, will become a corner-
stone of knowledge-based drug discovery.

However, mere representation of the
complexity of chemical space is itself a
tremendous challenge. Advances in the
computational storage of chemical struc-
tures and their properties have made real
the creation and searching of truly mas-
sive “virtual libraries.” The largest reported
virtual library contains more than 1013

structures from which candidate molecules
for synthesis can be selected by sophisti-
cated database-searching techniques. Such
methods provide the basis of unbiased
selection and synthesis of organic com-
pounds for evaluation as biologically active
agents by providing access to a compre-
hensive sampling of the universe of syn-
thetically accessible druglike compounds.

Biological activity and selectivity for a
given target are necessary but not suffi-
cient for a compound to be a drug. The
market imperative for oral administration
imposes severe constraints on the design
of novel drugs, including the need for
absorption from the gut and metabolic sta-
bility. The past decade has brought an
increasing emphasis on early experimental
and computational evaluation of properties
of potential drugs such as solubility, mem-
brane permeability, and stability. A better

understanding of which organic com-
pounds have the potential to be drugs will
guide the selection of compounds to make
and test. This ability will greatly increase
the efficiency of drug discovery by reduc-
ing dependence on in vivo models and
reducing the large failure rate in human
clinical trials. Currently, only 1 in 10 drugs
that enter the clinic make it to market.

In the next decade, in silico predictions
of drug properties will reach a state of
maturity, allowing the identification of sets
of compounds for synthesis and screening
that are highly rich in information. The
combination of increasingly sophisticated
high-throughput synthetic chemistry, pre-
dictive in vitro screening for multiple drug
properties, and the next generation of
chemical information-management tools
will open a new era of chemistry-led
postgenomic drug discovery.
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Chemistry will bridge
the gap between the
human genome and
its promise of a
healthier world.


