
NEW VOICES IN CHEMISTRY

A
dvanced, functional, and

even “smart” are the attrib-
utes of materials desired for
developing highly integrated
mechanical, optical, and elec-

tronic devices, sensors, and catalysts. The
enormous progress achieved in this area is
illustrated impressively by comparing
materials used in the past century’s elec-
trical devices (millimeter-diameter copper
wires) with today’s (sub)micrometer-sized
optoelectronic parts.

Similar advances have been achieved in
the biological sciences. Starting with the
discovery of DNA’s double-helical struc-
ture, biology has grown from a purely
descriptive and phenomenological disci-
pline to a molecular science. Recombinant
DNAtechnology has brought insights into
basic biochemical principles and opened
the door to modern biotechnology. Today,
we can genetically engineer relatively sim-
ple bacterial cells and are on our way to tai-
loring complex organisms. Fusing biology
with materials science is particularly chal-
lenging, but it may lead to new smart mate-
rials and solutions to biological problems.

Biomolecular coupling elements such
as antibody/hapten pairs and the strepta-
vidin/biotin system have been used to
assemble nanometer-sized inorganic par-
ticles into 2-D and 3-D superstructures of
colloids or quantum dots. Techniques such
as phage display permit the in vitro evolu-
tion of protein linker units that directly
recognize surfaces of semiconductor quan-
tum dots, thus generating supramolecular
nanoparticle networks.

Because of the specificity of Watson-
Crick base pairing, oligonucleotides have
unique and predictable recognition capa-
bilities. This makes DNAa promising con-
struction material that is rigid and stable.
And nucleic acids can be processed with
angstrom-level accuracy using nature’s tool-
box of highly specific enzymes.

Nanoscale and mesoscopic systems have
been assembled based on nucleic acid
hybridization. For example, inorganic gold
and semiconductor nanoparticles or
functional proteins are organized on a DNA

template strand, opening the door to well-
defined nanoscale hybrid materials. Besides
generating an extraordinary complex molec-
ular architecture, the unique recognition ca-
pabilities of DNAalso enable the fabrication
of nanomechanical machinery, electron-
conducting devices, and logical elements
applicable to computational problems.

Biological templating can be used for the
synthesis and assembly of organic and inor-
ganic components. For instance, the elec-
trostatic and topographic properties of bac-

terial cell surface proteins, which form
regular 2-D lattices, can be used to deposit
preformed particles or for templated wet-
chemical growth of inorganic nanoparti-
cles, thus leading to the formation of 2-D
particle arrays. Similarly, the hollow interi-
ors of biomolecular compartments (such
as virus particles) can be used as nanome-
ter-sized reactors for the chemical growth
of inorganic materials. DNA is a powerful
biological template that has been applied to
generate inorganic materials, cadmium sul-
fide nanoparticles, and silver nanowires as
well as to assemble superstructures from
small molecular building blocks such as
cationic porphyrins, fluorescent dyes, and
fullerene molecules.

Bioanalytical applications are currently
the most practical outcome of the inter-
disciplinary work. The biological sciences

greatly benefit from the refinement of ana-
lytical techniques originally developed for
the materials and physicochemical sci-
ences. Most prominently, the atomic force
microscope has become a tremendously
useful tool for exploring biological systems,
and the capabilities of using it to stretch
biomolecules brings novel insights to the
exploration of nucleic acid conformation
and protein folding. Extensive studies of
interfacial processes between biomolecules
and metal surfaces have led to the refine-
ment of distinguished spectroscopic meth-
ods, particularly surface-enhanced Raman
scattering and surface plasmon resonance,
which are now applicable as powerful tools
in biosensor applications.

Inorganic gold colloids coated with anti-
body or receptor molecules have long been
used in histochemistry for specifically stain-
ing biological materials. Nowadays, DNA-
functionalized nanoparticles are established
as convenient and effective labels in nucleic
acid analyses. Semiconductor nanoparticles
are used as biomolecular probes with size-
tunable and stable fluorescent properties.
Moreover, because of their size and ad-
justable chemical ligand sphere, fluorescent
quantum dots are applied to model proteins
for elucidating DNA/protein interactions.

The joint venture between biotechnol-
ogy and materials science aims to use bio-
molecules to fabricate hybrid architectures
with dimensions ranging from nanometers
to micrometers. This approach will dra-
matically profit from current genome and
proteome research, because eventually, we
will be able to produce tailored biocompo-
nents. The work may lead to nanosensors,
catalytic and light-harvesting devices,
molecular switches and transistors, and
other bio- and optoelectronic parts. 

Clearly, we are still far from the fabled
autonomous nanomachines that heal
wounds and perform surgery in living organ-
isms. However, we should remember the
dramatic development of total organic syn-
thesis from the early 1900s to the race for
“molecular summits” in the late 1990s. A
similar rate of progress in supramolecular
sciences, at the interface of biotechnology
and materials research, promises plenty of
excitement from future developments.
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