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SciTECH Briefs

“Sweet Capacity”
In an effort to capitalize on and recycle
“waste” biomass from agriculture and indus-
try, research efforts have focused on the
conversion of carbohydrates to raw mate-
rials such as ethanol or hydrogen, which
can be used more directly for energy
production. A less circuitous method of
transforming carbohydrates to electric
power could provide tremendous efficien-
cy improvements.

Researchers Swades Chaudhuri and
Derek Lovley from the University of Mass-
achusetts–Amherst (www.umass.edu)
recently reported on a method of using a
unique microorganism, Rhodoferax ferrire-
ducens, that can grow through the oxida-
tion of glucose or fructose to carbon
dioxide using Fe(III) as the sole electron
acceptor. R. ferrireducens, isolated from

anoxic surface sediments, can thus direct-
ly transform the energy from simple carbo-
hydrates into current by transferring the
electrons to an appropriate electrode (Nat.
Biotechnol. 2003, 21 (10), 1229–1232). So
efficient was this process that more than
80% of the electrons from glucose oxida-
tion were recoverable. 

Current was produced through the use
of a two-chambered “fuel-cell” system with
graphite electrodes, in which the anode
chamber was anaerobic and contained
excess glucose and R. ferrireducens, and
the cathode chamber was aerobic and

contained potassium ferri-
cyanide to enhance oxygen
reduction. Because removal of
the medium and replacement
with fresh glucose led to a rapid
resumption of current, the
researchers determined that
most of the electrons were due
to microbial cells attached to
the electrode itself. Within these
fuel cells, a steady current densi-
ty of 0.20 mA (265 mV) could
be sustained.

According to the researchers,
these microbial fuel cells exhib-
it the same desirable character-
istics as secondary storage
batters, including the ability to
be recharged to near initial levels
after discharge, maintain reason-
able capacity on charge–dis-
charge cycling, and accept fast
recharge. When the graphite rods
of the system were replaced with
graphite felt, the increased
surface area allowed for greater
microbial growth and thus
greater current production (near-
ly three-fold). Previous studies
with other sugar-based fuel cells

using a Clostridium strain showed efficien-
cies of less that 0.5% in terms of electrons
from glucose converting to current. 

Although not yet ready for practical use,
the researchers believe that given the
high efficiencies obtained, mediatorless
microbial fuel cells based on direct oxida-
tion of glucose are now fully feasible.

—Mark S. Lesney ◆

Faster Identification
NMR is used in several areas of science,
especially in biomedical and synthetic appli-
cations, to study chemical structures using
simple 1D and 2D techniques. The versa-

tility of NMR makes it pervasive in the
analytical sciences, but the throughput
of NMR traditionally has been limited.
Increased interest in rapid parallel high-
throughput analysis, particularly for screen-
ing libraries of potential drug candidates
has generated greater demand for sensi-
tive and robust analytical methods. Devel-
oping an NMR microcoil probe method to
accurately screen compounds for pharma-
cological activity is the focus of researchers
Megan Macnaughtan and colleagues at
Purdue University (www.purdue.edu) and
Ting Hou and colleagues at National Taiwan
University (www.ntu.edu.tw) (Anal. Chem.
2003, 75, (19), 5116–5123).

Previous experiments using 1D 1H
NMR to determine purity and 2D 1H NMR
automated methods for structure identi-
fication provided limited throughput.
Furthermore, methods using automatic
sample changers are not ideal because of
the tendency of the glass probes to break
and flow probes to increase carryover. In
previous work, the researchers reported
that throughput using an NMR microcoil
probe flow method was comparable to simi-

1H spectrum of amino acid and sugar
compounds. Asterisks indicate residual HDO
peaks. (Adapted with permission from
Anal. Chem. 2003, 75 (19), 5116–5123.)

Increasing microbial cell protein. (Adapted with permis-
sion from Nat. Biotechnol. 2003, 21 (10), 1229–1232.) 
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lar automated methods. NMR equipped with
microcoil probes and interfaced to a multi-
probe pipettor avoids the limiting time
factor of conventional automated systems.
The probes can also be stacked parallel to
inject four samples simultaneously. 

In the recent study, the researchers
measured the 1H chemical shifts of 16 acid
and 4 sugar compounds that they added
to deuterated water (D2O). “Very good”
resolution was observed for the compounds,
and the team was able to improve the analy-
sis time.

The researchers also performed a series
of selective excitation experiments using
presaturation pulse frequency. They
observed that by using the excitation
response, the overall analysis rate was
improved—1 sample/34 s to produce 1D
1H NMR spectra. The spectrometer time was
maximized with an introduction time of
16 s/sample into the multiplex probe,
compared with conventional methods with
an analysis time of 2 min/sample. The
method is extremely efficient because while
one sample relaxes, the other three can be
scanned simultaneously, requiring no relax-
ation delay. Overall, the researchers suggest
that the automated multiplex NMR probe
approach “significantly lowers the time
necessary for NMR analysis, paving the way
for truly high-throughput NMR analysis of
large numbers of samples.”

—Kimberly S. Cleaves ◆

Biomarker Bonanza
Biomarkers are small molecules or metabo-
lites that change in concentration in
response to the exposure of organisms to
various compounds, and they are becom-
ing increasingly important in the toxico-
logical analysis of new chemicals and drugs.
Unfortunately, because many of these mole-
cules occur at very low concentrations and
must be identified from complex matrices
such as blood and urine, it is difficult for
researchers to differentiate the effects of
natural physiological differences such as
age or gender from specific toxicological
effects. To address this problem, researchers
from Stockholm University (www.su.se),
the University of Bergen (www.uib.no), and
AstraZeneca R&D (www.astrazeneca.com)
combined LC-MS with two-way data analy-
sis to isolate and identify potential biomark-
ers (Anal. Chem. 2003, 75, 4784–4792).

In a proof-of-concept experiment, the
researchers dosed rats with the antide-
pressant citalopram and looked for signs
of phospholipidosis, the excessive accu-

mulation of phospholipids in tissues and
a common physiological response to toxi-
city in animals. Taking urine samples from
drugged and control rats, the researchers
extracted the samples using solid-phase
extraction before analyzing them by LC-MS.

The chemical complexity of the urine
causes the mass spectra of the samples to
be noisy, complicating data analysis.
Furthermore, LC retention times are not
constant with such samples and can vary
by up to 1 min, similarly exacerbating
analysis. Thus, the researchers applied a
two-way data analysis method called Gentle
to the LC-MS data using retention time as
one dimension and m/z values in the other
direction. This approach allowed the
researchers to resolve 1850 individual
components, which they used to gener-
ate a prediction matrix for principal-compo-
nent analysis.

Using this method, the researchers were
able to identify several potential biomark-
ers, including two species that showed a
particularly strong response to citalopram
dosing. The method also allowed them to
distinguish between potential biomarkers
and drug metabolite peaks. The next step
for the researchers is to identify the
biomarkers using LC-MS-MS and LC-NMR,
after which they can optimize the analy-
sis conditions using selective ion moni-
toring or multiple reaction monitoring to
increase sensitivity and potentially auto-
mate screening.

—Randall C. Willis ◆
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Science Bits 

Three’s a (Chiral) Crowd. Scientists from
Value Recovery (www.ptcvalue.com) and
Nortel Networks (www.nortelnetworks.
com) mathematically demonstrated that
the combination of three macroscopic
orientational factors (e.g., electric fields,
surface interactions, and directional trans-
port) necessarily create a chiral affect
on reactant molecules and, thus, accom-
plish absolute asymmetric synthesis (Can.
J. Chem. 2003, 81, 1029–1037). 

High-Pressure Combicat. Researchers
at the University of California, Davis
(www.ucdavis.edu), and Queen’s Univer-
sity (www.queensu.ca) developed a high-
pressure combinatorial dye-based assay
for the discovery of CO2 hydrogenation
catalysts. They identified a highly active
nickel-based catalyst, which is the first
such catalyst that does not incorporate
one of the expensive platinum group
metals (Inorg. Chem. 2003, 42,
7340–7341).

SERS Tags. Scientists from Emory Univer-
sity (www.emory.edu) and the Georgia
Institute of Technology (www.gatech.edu)
reported a new class of core–shell nano-
particles that could be used as surface-
enhanced Raman scattering spectroscopic
tags for multiplexed detection applica-
tions (Anal. Chem. 2003, ASAP).

Comb the Chip. Combining the capa-
bilities of dip-pen nanolithography and
an aptly named technique called molec-
ular combing, scientists from Purdue
University (www.purdue.edu) demon-
strated a process for stretching and align-
ing long DNA molecules on a silicon
template, a critical element in the
fabrication of potential DNA-based
electronic devices (Advanced Mat. 2003,
15, 1805–1809).

Polymer Shapes. Researchers from the
University of Oklahoma (www.ou.edu)
synthesized nanostructures of polyani-
line and polypyrrole on atomically flat
surfaces. Precise morphological control
was maintained using absorbed surfac-
tant molecules as templates, allowing
the formation of spheres, wires, and
flat polymer films (J. Am. Chem. Soc.
2003, ASAP).

Looking for biomarkers. Using LC-MS and
principal-component analysis, researchers
can identify potential signs of citalopram
toxicity in rats. (Adapted with permission
from Anal. Chem. 2003, 75, 4784–4792.)


