
NEW VOICES IN CHEMISTRY

T
he sequencing of the

human genome has been her-
alded as a major advance for
biology, yet chemistry and
chemical thinking have been

crucial to this effort. The invention of
solid-phase synthetic routes to oligonu-
cleotides, the development of the poly-
merase chain reaction, and advances in
the automated sequencing of DNA are
examples of critical contributions
rooted in chemistry. For the fields
of biology and chemistry, the deter-
mination of genome sequences pro-
vides the basis for launching new
inquiries.

The importance of chemistry in
unraveling how genomes function
is underscored by one of my fa-
vorite popular analogies: the peri-
odic table. Like the periodic table,
the genome reveals the identities
of the building blocks—no more,
no less. Also like the periodic table,
the genome does not divulge the
diverse combinations by which the
building blocks can interact. Our
need to understand this complex-
ity was evident when we realized
how few genes there appear to be
(approximately 30,000). In terms
of number of genes, we have little to hold
over the nematode worm C. elegans (which
has 20,000 genes)!

Genes encode proteins, and illuminat-
ing the functions of all these proteins is a
major objective. To reconcile the low num-
ber of human genes, it has been suggested
that the combinatorial interactions of the
proteins give rise to the complexity that
differentiates humans from, say, nema-
todes. From the vantage point of an
organic chemist, this rationale seems log-
ical; unprecedented molecular diversity
can be generated by using only carbon,
hydrogen, nitrogen, oxygen, phosphorus,
and sulfur. Given that the next critical
objective is deciphering how molecular
interactions give rise to complexity, it is
chemistry that offers a unique and critical
perspective. Chemical synthesis can pro-

vide new compounds to manipulate
molecular interactions and thereby con-
trol the responses of cells or organisms.

Post-translational modification can
allow a single protein to interact with myr-
iad molecules within a cell or organism.
For example, the phosphorylation of a pro-
tein often triggers a cellular response
because the phosphorylated form inter-
acts with a network of signaling proteins.

Glycosylation can act similarly. Other
processes—such as proteolysis and sulfa-
tion—also influence protein recognition.
Thus, identifying the biological partners
of a particular protein requires access to
all of its chemical forms. Although bio-
chemical methods alone can be used to
produce the unadorned proteins encoded
by genes, chemical synthesis can generate
proteins in all their relevant forms. More-
over, chemical synthesis can provide access
to nonnatural proteins or proteinlike
species (for example, foldamers). Access to
authentic glycoproteins will be vital in elu-
cidating the functional roles of carbohy-
drates in cells and organisms.

Chemical synthesis offers many other
approaches to investigate the combina-
torial interactions of proteins encoded by
genomes. For example, the levels of tar-

get proteins will influence their interac-
tions. These levels can be altered by com-
pounds that up- or downregulate gene
expression. Molecules that inhibit the
enzymes involved in post-translational
modification can influence the probabil-
ity of downstream interactions. Similarly,
ligands that block critical protein/protein
interactions can disrupt and thereby
reveal the importance of protein net-
works. The relatively small size of the
human genome suggests that it will be
possible to identify compounds that
inhibit the relevant protein targets; how-
ever, these inhibitors may block multiple
pathways. Thus, the premise of “one pro-
tein, one function” may fail in more cases
than is appreciated today. A heightened
awareness of protein function in the con-
text of interaction networks will facilitate

the design of more selective ther-
apeutics.

Protein function also may be
influenced by its cellular location
relative to other proteins. For
example, the clustering of cell-sur-
face receptors in the T-cell mem-
brane may increase their effec-
tiveness in triggering the signaling
pathways that lead to an immune
response. The localization of the
signaling proteins within human
neutrophils can influence the direc-
tion of cellular movement. These
examples highlight the significant
roles of macromolecular assem-
blies of interacting proteins. Yet,
current understanding of the
impact of protein organization on
protein function is limited. 

Synthetic scaffolds that act as
templates for macromolecular assembly
can illuminate the unique and varied roles
that these assemblies play in the func-
tioning organism. By exploiting such a sys-
temic approach, scaffolds could be used to
elicit specific and desirable biological
responses. I can envision using this strat-
egy to control cellular migration, the deci-
sion between tolerance and immune
response, and even the differentiation of
stem cells. Then, the periodic table of
chemistry would enable a new era in the
exploration and exploitation of the peri-
odic table of biology.
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The periodic table of elements offers an elegant
analogy in discussing the human genome 

ILLUMINATING For Kiessling, chemistry—the
science of molecules—offers a unique and critical
perspective for deciphering how molecular
interactions give rise to complexity.
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