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SciTECH Briefs

Sensor Sensibility
In studying biological systems, it is espe-
cially critical to distinguish between struc-
turally similar compounds because they
can have profoundly different effects on
metabolism and in diagnosis of metabolic
states. To increase the potential for devel-
oping selective receptors that can differ-
entiate among such analytes, researchers
at the University of Texas at Austin recent-
ly developed pattern diagnostic arrays for
identifying nucleotide phosphates in water
(J. Am. Chem. Soc. 2003, 125, 1114–1115).

Their method used a library of combi-
natorially derived receptors designed
with a core binding cleft, which contained
guanidinium groups. These groups, which
impart an affinity for nucleotide triphos-
phates, are appended with various tripep-
tides to incur differential binding proper-
ties. Previous screening of the 4913-member
library had identified a particular tripep-
tide (Ser-Tyr-Ser) that created a receptor
highly selective for adenosine-5-triphos-

phate (ATP) over guanosine-5-triphosphate
(GTP). In the current work, the group hoped
to demonstrate that by using a microar-
ray of 30 randomly chosen beads (members)
of the initial library, differential sensing
of ATP over GTP and structurally similar
compounds was possible without the need
to isolate optimal receptor beads. 

The microarray consisted of a chip-based
platform with the beads localized in indi-
vidual wells. The ionic chromophore fluo-
rescein was added to the beads, and it
subsequently bound each of the cationic
receptors, imparting an orange color (blank
beads showed no color uptake). Nucleotide
sample was then added to the array and
passed around and through the beads to
exit the bottom of the well. When
nucleotides bound to the receptors, they
displaced the dye, causing the beads to
lose color over time. Red/green/blue trans-
mitted light intensities were monitored
from each bead over the period of the assay
using a charge-coupled device. 

As differential binding affinities to
the various added nucleotide triphosphates
affected displacement of the fluorescein

marker over time, analysis of color changes
gave kinetic data that could be used to
differentiate such structurally similar
compounds as ATP, adenosine 5′-monophos-
phate, and GTP. The researchers hope
that their work will provide not only a new
method for assaying nucleotide phosphates
but also a model for analyzing other struc-
turally similar metabolites using array
systems.

 Mark S. Lesney ◆

Detecting Peroxides’ Punch 
Crimes involving peroxide-based explosives
have increased in recent years. Thus, the
ability of forensic specialists to identify
these compounds both before and after an
explosive event has become imperative.

Triacetone triperoxide (TATP), which is
almost as powerful as TNT but more sensi-
tive to impact, friction, and temperature
change, is the most prevalent member of
this group, followed closely by hexameth-
ylene triperoxide diamine (HMTD). Unfor-
tunately, detection of these compounds is
difficult because neither TATP nor HMTD
significantly absorb UV irradiation nor do
they naturally fluoresce. Furthermore,
although a quantitative GC-MS method was
developed to detect TATP, the compound
fragment has the same molecular weight
as other common contaminant fragments,
so the method is not very selective. To
address this problem, Uwe Karst and
colleagues at the University of Twente (The
Netherlands) and Bundeskriminalamt (Wies-
baden, Germany) developed a new approach
(Anal. Chem. 2003, 75, 731−735). 

The researchers focused their efforts on
the decomposition of the two explosives
into hydrogen peroxide. After unsuccess-
fully trying to decompose the compounds
using heat or low pH, the researchers found
that they could break the triperoxides into
H2O2 using UV irradiation. The researchers
then followed the generation of H2O2 by
reacting it with peroxidase and p-hydrox-
yphenylacetic acid (pHPAA) to form fluo-
rescent pHPAA dimers. The researchers
found that the degree of dimer formation
was linear with the amount of starting
peroxide explosive. By coupling this reac-
tion to reversed-phase HPLC to separate

(A) The general molecular structure of the resin-bound library of receptors and fluoroscein,
and (B) the scheme to detect nucleotide phosphates at each resin-bound sensor. (Adapted
from J. Am. Chem. Soc. 2003, 125, 1114–1115.)
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the peroxides, the researchers found that
they could detect either explosive to
concentrations as low as 2 µM.

They tested their method on dust
samples spiked with low levels of both TATP
and HMTD and with metal and paper
samples that had been destroyed in explo-
sions. In the first test, both compounds
could be detected and quantified. In the
live test, HMTD could be detected both
immediately after the explosion and after
two months at 4 °C. TATP, however, could
only be detected within two weeks of the
explosion because its natural tendency to
sublimate significantly reduced its concen-
tration after two months. This method, say
the researchers, should be useful for both
postexplosion sites and illegal manufac-
turing locations.

 Randall C. Willis ◆

Inorganic Houseflies
In a recent study, chemists at the Univer-
sity of Bristol (U.K.) created almost exact
replicas of parts of a butterfly, a housefly,
and a few plants. This is not a case of
cloning, though. These reproductions,
accomplished through a simple casting
process, replicated only surface compo-
nents. But they could be important models
for introducing some useful properties of
biological species from flexibility and
durability to optical properties and aero-
dynamics into new synthetic materials.
Making bioinspired materials has been a
popular notion of research for some time,
but achieving such complexity through
synthetic techniques offers considerable

challenges. Simpler casting strategies have
been tried using techniques such as dip-
coating specimens with a sol–gel suspen-
sion, but these have produced incompat-
ible copies that tend to crack very easily.
The Bristol researchers, on the other hand,
have demonstrated a chemical vapor depo-
sition (CVD) process that, they say, provides
faithful and stable replicas (Angew. Chem.
Int. Ed. 2003, 42, 557–559).

The CVD method, which was initially
developed to deposit a smooth dielectric
layer of silica on silicon wafers for inte-
grated circuits, involves the reaction of
silane with vaporized hydrogen peroxide
at room temperature to produce silica clus-
ters having flow properties that enable
them to “creep” into small gaps within a
structure. Following this coating process,
the biological material is combusted at
500 °C (calcination) to produce hollow inor-
ganic oxide copies, slightly shrunken due
to heating, of the original template, which
can be handled easily with tweezers
(although they are somewhat brittle). 

The structures of the silica replicas of
Peacock butterfly wings (naturally deceased
butterflies were used), housefly wings, and
the surfaces of two types of ultrahy-
drophobic (waxy) plants were confirmed
with scanning electron microscopy. Even
the hairy component of the housefly wings
was replicated using this process (see
figure). Interestingly, the butterfly and
housefly casts retained the iridescence of
the biological templates as well as the struc-
tures. The researchers plan to use the plant
casts to study the role of structural features
in the behavior of water repellency.

Furthermore, this process offers substan-
tial versatility both in its chemical flexi-
bility allowing various ratios of borane,
phosphane, and germane to be mixed with
silane and in the myriad shapes and qual-
ities of the natural world that it has to
choose from as templates. 

 David Filmore ◆

Small Talk
“We have laser jocks, we have theorists;
bring your ideas,” said Sam Bader, direc-
tor of Argonne’s Center for Nanoscale Mate-
rials, summing up the sentiment at the
inaugural user’s group for the Nanoscale
Science Research Centers, held February
26–28 in Washington, D.C. More than 400
scientists and other interested parties
convened at this conference sponsored
by the U.S. Department of Energy (DOE)
Office of Basic Energy Sciences (www.ornl.
gov/doe_nsrc_workshop).

John Marburger, director of the White
House Office of Science and Technology
Policy, spoke of erasing boundaries between
biology, physics, and chemistry at small
scales, and he compared potential nanoscale
developments to the rise of computers in
regard to their ability to provide a “radically
new context” in which to conduct research.
Senator Pete Domenici (R-NM), chairman
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After reversed-phase separation of TATP and HMTD, UV-generated decomposition of the perox-
ides to H2O2 allows detection via oxidation of pHPAA to the fluorescent dimer.

The hairy wing of a housefly: (a) original
specimen and (b) the hollow silica replica
with retained iridescence. (Adapted with
permission from Angew. Chem. Int. Ed.
2003, 42, 557–559, copyright 2003 Wiley-
VCH Verlag GmbH & Co.)
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of the Senate Appropriations Committee,
recalled the congressional foot-dragging
that occurred prior to the launch of the
Human Genome Project and noted that
Congress was quicker to support the Nation-
al Nanotechnology Initiative (NNI; www.
nano.gov), established in 1993 by the Clin-
ton administration, in part because the
genome project had proved such a success. 

George Whitesides from Harvard Univer-
sity asserted that the most exciting nano-

science would not necessarily be a scaled-
down version of macroscience, noting that
biological mechanisms at the cellular level
were very different from macroscale mechan-
ical devices. Richard Smalley, who won the
1996 Nobel Prize in Chemistry for his work
with carbon fullerenes, concurred: “When
you build a machine, the most important
thing you do is choose the length scale.” 

Directors of the five new research centers
presented strategies, preparations, and archi-

tectural drawings for their nascent user
facilities, each in various stages of construc-
tion and scheduled for completion in 2007.
Each of these centers is housed near one
of the national laboratories. The primary
mission of these centers is to provide expe-
rienced personnel, instrumentation, and
laboratory facilities that are not available
in typical university or industrial labora-
tories. Paul Alvisatos of the University of
California at Berkeley described the centers’
role as bridging the gap between early
discovery and “what works really well.” The
centers are slated to play a critical role in
the NNI, and they will complement the
existing university-based facilities spon-
sored by the National Science Foundation.

—Nancy K. McGuire ◆
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Science Bits
Scientists from Universidad Complutense
(Madrid) and Stanford University (Palo
Alto, CA) performed an experimental
test on a theoretical method for deter-
mining causal relationships between
reactants in a complex mechanism
and were able to predict a glycolysis
reaction mechanism with no prior
biochemical knowledge assumed (Proc.
Natl. Acad. Sci. U.S.A. 2003, 100,
1494–1498) . . . Scientists at the Univer-
sity of California (Davis), Wayne State
University (Detroit), and Southern
Illinois University (Carbondale) have
developed two methods for positioning
gold nanoparticles precisely on surfaces.
The methods might have important
application in the fabrication of
nanoscale electronic and photonic
devices (Nano Lett. 2003, 3, 389–395)
. . . Researchers at New Mexico State
University (Las Cruces) and Pacific
Northwest National Laboratory (Rich-
land, WA) solubilized single-walled and
multiwalled carbon nanotubes in phos-
phate buffer, which permitted modifi-
cation of the nanotube electrode surfaces
necessary for the development of amper-
ometric biosensors (J. Am. Chem. Soc.
2003, 125, 2408-2409) . . . Chemists
at the National University of Singapore
prepared two novel types of substitut-
ed cylam-capped β-cyclodextrin-bond-
ed silica particles for use as chiral
stationary phases in capillary elec-
trochromatography (Anal. Chem. 2003,
75, 1348–1354).


