
NEW VOICES IN CHEMISTRY

T
he beginning of the new

millennium is a remarkable time
for chemistry and biology. Per-
haps the best symbol of the
progress that has been made is

the completion, by two different groups, of
the sequencing of the human genome. This
achievement was possible only through
advances in analytical chemistry (necessary
for high-throughput DNAsequencing) and
molecular biological tools (necessary for the
generation and analysis of DNAfragments)
as well as computational methods (neces-
sary for managing the huge amounts of data
involved). The opportunities to understand
fundamental biological processes at a
detailed chemical level and to use chemical
approaches to probe and manipulate bio-
logical systems are truly breathtaking.

I am in a unique position to take stock
of our growing knowledge of the chem-
istry of life processes because I am in the
final stages of revising Lubert Stryer’s clas-
sic text “Biochemistry” in conjunction with
Professor John Tymoczko from Carleton
College. The first edition of this text
appeared in 1975, when only a handful of
protein crystal structures had been deter-
mined and the first key experiments lead-
ing to recombinant DNA technology had
just been performed. Much has been
accomplished in 25 years!

First, the three-dimensional structure of
nearly every protein that was mentioned in
the first edition of “Biochemistry” is now
known. This list includes all of the enzymes
of the glycolytic and many other pathways;
key enzymes involved in DNA replication
and gene expression, such as DNA poly-
merase I and RNA polymerase; muscle
components, such as actin and myosin; and
complex macromolecular assemblies such
as the ribosome. These structures provide
frameworks for understanding the mech-
anistic basis for many biological processes
in great detail. Tools from molecular biol-
ogy such as site-directed mutagenesis allow
such questions to be examined incisively. 

Second, evolutionary relationships with
their associated mechanistic parallels have
been discovered to an unsuspected degree.

Comparisons of amino acid sequences and
three-dimensional structures are revealing
large families of proteins that share evolu-
tionary history leading to structural and
chemical similarities. For example, elonga-
tion factors involved in
protein synthesis are struc-
turally and mechanistically
similar to myosin. It is
enlightening to see how
the chemistry of nucleo-
tide triphosphate hydroly-
sis has been harnessed to
increase the fidelity of
aminoacyl-tRNA transfer
in one case and to drive
large-range molecular mo-
tions in another. Thus, systems that are
completely distinct in biological terms are
united at the level of chemistry.

How does this progress affect chemists
who are interested in contributing to our
understanding of biological systems? Many
of the most intriguing biological problems
can be posed in chemical terms. Much of
my own research over the past 15 years has
centered on “zinc finger” proteins. It has

been delightful to see how the chemical
properties of zinc have been harnessed to
generate proteins that regulate gene expres-
sion by binding to specific sites within the
genome. This field—which began with the
discovery that a protein isolated from
immature frog eggs contained bound zinc
ions—has grown explosively. The human
genome encodes hundreds of members of
this protein family, and more than a dozen
other structural domains organized around
bound zinc ions have been discovered and
characterized. The roles of these proteins
can be understood only through a com-
bination of an understanding of the

biological processes to
which they contribute
and a clear grasp of the
underlying inorganic and
organic chemistry that
controls their structural
properties and reactivity.

Many truly fundamen-
tal questions are ripe to be
addressed in the near fut-
ure. Cells are clearly more
organized than a “bag of

enzymes” and less well organized than a
crystal. How is this organization best
described in chemical terms, and how does
it affect biochemical processes? What are
the impacts of thermodynamics, kinetics,
and stochastic behavior on biological sys-
tems? Here, the relatively small size of cells
and the relatively small number of mole-
cules (down to single molecules) of certain
classes of compounds they contain can be
crucial. What is the fundamental chem-
istry of enzymatic reactions, and what role
does molecular dynamics play?

Chemistry must play a role in many
practical advances as well. The wealth of
structural information should lead to much
activity related to the design and synthe-
sis of molecules to probe and perturb bio-
logical systems. Combined with novel
methods to assay biological function, the
ability to design such chemical probes
rationally should greatly facilitate the trans-
lation of fundamental information regard-
ing biological systems into improvements
in the human condition.
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