
NEW VOICES IN CHEMISTRY

E
very now and again, a major

technological advance in one area
of science opens up new lines of
communication with another
field. Usually, both disciplines are

enriched by the resulting exchange of ideas,
and occasionally, a completely new sub-
field is created in the process. Such a dia-
logue has begun between chemistry and
biology, sparked by the availability of
approaches for manipulating the chemi-
cal structure of genes and the
proteins they encode. It has led
to an explosion of interdiscipli-
nary activity at the chemistry-
biology interface now called
“chemical biology.”

Why do we need a new name
to describe research that
involves chemistry and biology?
We already have “bioorganic
chemistry,” “peptide chemistry,”
“medicinal chemistry,” and “bio-
chemistry.” How does chemical
biology differ from these more
traditional disciplines? Even
though some of these research
areas certainly overlap, I believe
a distinction can be made. 

The tools of recombinant
biotechnology now allow the
ideas of chemistry—particularly organic
chemistry—to permeate deeper into biol-
ogy than ever before. Not only can we use
sophisticated chemistry-driven approaches
to manipulate the structure and function of
genes and proteins in vitro; we also can
increasingly do this in a living cell or in vivo.
As a result, areas of investigation that once
were dominated by, say, cell biologists are
now becoming accessible to chemists.

My group’s work on expressed protein
ligation is one example. Protein ligation
draws on recombinant DNA expression
technology and chemical peptide synthe-
sis to permit the generation of semisyn-
thetic proteins that possess site-specific
chemical modifications. This approach
provides unique opportunities for applying
the tools of organic chemistry to the study
of large proteins. For example, we use this
technique to study how cellular signaling

proteins are regulated through post-trans-
lational modifications.

Ideas can flow in both directions; bio-
logical problems can be addressed using
chemical approaches, as in our own work,
and chemical problems can be influenced
by concepts that originate in biology. This
reciprocity is nicely illustrated by two
established areas of chemical biology
research: chemical genetics (that is, using
small molecules to alter protein function

in living cells), in which the know-how of
synthetic organic chemistry is applied to
problems in cell biology, and catalytic anti-
bodies, in which the tools of immunology
and enzymology are applied to problems in
chemical reaction catalysis. It can be fruit-
ful to bring together ideas and approaches
that might seem worlds apart at first glance. 

The chemical biologist must be rather
broadly educated to be aware of the poten-
tial for making connections across disci-
plines. How, then, should new investiga-
tors best be prepared for a career in
chemical biology research? A long-stand-
ing perception among chemists (and per-
haps biologists) is that a chemist can ven-
ture into biology more easily than a
biologist into chemistry. Historically, this
perception might have been true. How-
ever, biology is becoming so complex and
interconnected that the days when a

chemist could learn even one area of biol-
ogy “on the fly” may soon be over.

What steps should be taken to create
the right intellectual and physical envi-
ronment for chemical biology research?
First, we must ensure that graduate stu-
dents interested in this area are offered
the appropriate courses. A carefully cho-
sen subset of in-depth chemistry and biol-
ogy courses should be taught, rather than
watered-down versions of more courses.
Several successful chemical biology grad-
uate programs already indicate that an
appropriate joint curriculum can be devel-
oped. Clearly, joint programs require
strong commitments to teaching and men-
toring from chemistry and biology pro-
fessors. The lab heads, whether in chem-
istry or biology departments, must work
within an environment appropriate for

interdisciplinary research. Chal-
lenges may stem from the fact
that some required facilities are
not found in the typical chem-
istry or biology department.
One solution is to create multi-
disciplinary institutes, physically
(by housing like-minded chem-
ists and biologists in one build-
ing) or virtually (by providing a
straightforward mechanism for
interdepartmental access to
facilities). The vital issue is to
provide the necessary infra-
structure for research.

Research at the chemistry-
biology interface simply cannot
flourish without regular interac-
tion between chemists and biol-
ogists, through active collabora-

tion or open scientific discussion. The
creation of dedicated journals and research
meetings is certainly important, but noth-
ing substitutes for a local collegiate envi-
ronment that fosters the exchange of ideas
between scientists who are excited about
what they can bring to each other’s field of
research. Now that a new language is devel-
oping for chemical biology, we must do
everything we can to strengthen the nas-
cent lines of communication.
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