
NEW VOICES IN CHEMISTRY

G
lobal attention has recen-

tly been focused on the se-
quencing of the human gen-
ome, a monumental event of
singular significance in human

history. Like the cast of characters in a play,
a dramatis personae, the genome gives the
list of protein sequences (characters) for
the given biological system (play).

However, the list alone does not provide
the structures and chemical properties (per-
sonalities), functions (actions), or the inter-
actions (dramatic story line) requisite for
life. The structure of each of the actors is
being provided by structural genomics
efforts that aim to have all the possible pro-
tein folds, shape space, determined in the
coming decades. These large-
scale structural efforts must nec-
essarily be matched with even
more impressive functional stud-
ies on known and as yet unnamed
proteins and enzymes to provide
the chemical underpinnings of
protein structure and function.
Eventually, the mapping of pro-
tein function in sequence space
will provide a firm chemical foun-
dation for understanding bio-
chemical structure and function.
These fundamental studies on
single components when cou-
pled with proteomics will pro-
vide global views of biochemical
function from enzymatic cataly-
sis to protein-protein interac-
tions and system regulation. In
the end, a comprehensive under-
standing of this play will provide
the basis from which to launch
patient-specific molecular med-
icine and gene therapies.

A constructive approach to under-
standing protein structure-function rela-
tionships at a fundamental level is provided
by the chemical synthesis of proteins from
first principles, de novo design. The past
decade has seen explosive growth in de
novo design technology as rational, com-
putational, and combinatorial method-
ologies have been tested and refined. The
construction of small, stable, conforma-
tionally specific protein folds is feasible,
and their successes have improved our fun-

damental understanding of the hierarchy
of protein folding and structure.

Mapping these structures onto sequence
space (experimentally and computation-
ally) illustrates the terrain of this vast land-
scape, including early indications of the
number of viable protein sequences. The
incorporation of metals and cofactors pro-
vides excellent functional synthetic
analogs for electron transfer proteins such
as those found in photosynthesis and res-
piration. These metalloprotein designs
have been used to evaluate metal-protein
ligand interactions such as the factors
modulating heme protein reduction
potentials or iron-sulfur cluster assembly.
The insight that de novo design is pro-

viding into biochemical structure and
function is not its limit; it is also finding
applications in nanotechnology, bioelec-
tronics, biosensing, and biocatalysis. 

My research group is approaching de
novo metalloprotein design from an inor-
ganic coordination chemist’s perspective.
We are studying how the interaction of
peptide sequences with metal ions estab-
lishes metalloprotein structure and func-
tion. Currently, the group is studying metal
ion specificity in designed proteins and the
design of cooperative metal ion binding as

a metalloprotein construction methodol-
ogy. These initial studies are aimed at our
long-term goal—the design and synthesis
of multicomponent metalloenzymes from
first principles. We have begun investigat-
ing the role that nonligating amino acid
side chains play in the determination of
metal ion specificity in proteins. We aim to
map function onto sequence space begin-
ning with thermodynamic metal ion bind-
ing-constants in an effort to rationally
design higher affinity metal ion-binding
sites. We are also concerned with metal ion
selectivity issues in dealing with the design
of metalloproteins containing more than
one metal ion-binding site. The five points
of the Monod, Wyman, and Changeux
model of allostery are being used as a design
rationale to access cooperative metal ion-
binding function. We envision using the
metal-ligand-binding energy of one metal
to induce a conformational change or pro-
tein folding event that assembles a second
metal ion-binding site. Such a system will

be a useful construction method-
ology for the synthesis of com-
plex multicomponent systems as
models for enzymes performing
multi-electron catalysis.

Our current and future bio-
mimetic research efforts seek to
comprehend the chemical basis
of metalloenzyme structure and
function as a foundation from
which to develop novel protein
catalysts. Thus, by understand-
ing the fundamental ways nature
has constructed the characters
of the genomes, we hope to
build a new cast of characters for
chemical applications. 

Our research team enjoys the
positive interdisciplinary envi-
ronment established by Colum-
bia University and works rou-
tinely with scientists in the
departments of chemistry,
chemical engineering, and bio-

chemistry and molecular biophysics; the
Columbia Genome Center; and the
Columbia University Institute for Molec-
ular Sensing.
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