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Microfluidic
Messengers
Although there has been pro-
found progress in the study
of nucleic acids from cells,
for the most part it still re-
mains a statistical game. There
are few reliable non-in situ
methods of examining
messenger RNA from single
cells. It is, in fact, extremely
difficult to isolate sufficient
messenger RNA from a

single cell rather than from a
conglomeration of associated
cells. 

Also, these cells may or
may not be behaving similar-
ly to a given treatment or
environmental condition. In
part, this problem is due to
dilution effects—the requisite
number of purification steps
frequently resulting in such
low concentrations of the

desired product as to be 
nearly undetectable.

Researcher Jong Wook
Hong and colleagues devel-
oped microfluidic chips for
automated nucleic acid purifi-
cation from small numbers of
bacterial or mammalian cells.
In a 2004 paper in Nature
Biotechnology (22(4),
435–439), Hong and co-
workers reported how they
were able to design a single
microfluidic chip that was

capable of sequen-
tially carrying out
cell isolation, lysis,
DNA or mRNA
purification, and
nucleic acid recov-
ery—all using 
nanoliter volumes.
Detectable levels of
mRNA were isolable
from a single
mammalian cell.

The chips were
fabricated using
multilayer soft
lithography that
provided micro-
mechanical valves

between stages of the purifi-
cation, preventing cross-
contamination. Stages
included a cell chamber, a
lysing buffer chamber, a
rotary mixer, and an affinity-
bead column chamber for
harvesting the nucleic acids.

Because these chips can 
be designed to act in parallel,
massive simultaneous
automation of the process 
is possible—giving hope 
for a host of biological and
medical applications from
basic research to clinical 
diagnostics.

Mark S. Lesney

Wooly Liposomes?
Reports about liposome
research most often focus on
the use of these lipid spheres
as carriers for drug delivery.
But liposomes have signifi-
cant other uses, among them
as a mediator of dyeing in the
textile industry. Commercial
applications of this technolo-
gy have recently become
available for coloring wool. 

But according to Mertixell
Marti and colleagues at the
Institute of Chemical and
Environmental Research,
Barcelona, and the Russian
Academy of Sciences, Mos-
cow, little is known of the
mechanisms of liposome
interaction with either the
wool or the dye. In their
report in Langmuir (2004,
20, 3068–3073), the re-
searchers examine the kinetics
of wool dyeing using Acid
Green 27 (hydrophobic) and
Acid Green 25 (hydrophilic)
dyes in three experimental
protocols: without liposomes;
with phosphatidylcholine
(PC) liposomes; and with
wool pretreated with PC lipo-
somes. They examined the
interaction of the liposomes
with wool fibers under exper-
imental dyeing conditions.
This included studying the
effect of the liposomes on the
natural composition of lipids
in the wool—which is espe-

cially important because the
lipids in the fibers account
for the dyeing and diffusion
properties of the wool.

In the case of the Acid
Green 27, liposomes retarded
the first stages of the dyeing
process in untreated wool,
presumptively because the
dye had greater affinity to the
liposomes than to the fibers,
as evidenced by the retention
of the dye in the bath treat-
ment. However, if the wool
was pretreated with lipo-
somes, the dye was signifi-
cantly exhausted (removed)
from the treatment bath,
apparently because the incor-
poration of PC in the wool
fibers increased permeability
to the dye. In untreated wool
exposed to the dye contain-
ing liposomes, there is simul-
taneous competition for the
dye between the PC that mi-
grates into the fibers and the
PC liposomes. Such studies
could improve the dyeing
process as well as lead to new
understanding of the interac-
tion of liposomes and dyes
with textile materials.

Mark S. Lesney

Squished Buckyballs
Buckyballs and carbon nano-
tubes have made the evening
news, but some researchers
have had their eyes on carbon
cages smaller than the ordi-
nary C60 buckyball. C60
buckballs are very stable be-
cause of the isolated penta-
gon rule (where a pentagon is
surrounded by five hexa-
gons). Buckyballs with fewer
carbons would have adjacent
pentagons and very high
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Photograph of a microfluidic system with
different colored dyes injected to show liquid
channels. (Adapted with permission from Nature
Biotechnology 22(4), 435–439.)
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curvatures, looking almost
like M&Ms instead of soccer
balls. This shape most likely
makes them unstable; how-
ever if they can be produced,
they are expected to have
unique properties.

Su-Yuan Xie and col-
leagues at Xiamen University
(China) and the Chinese
Academy of Sciences pro-
duced a small fullerene C50
(Science 2004, 304, 699).
Ordinary C60 can be pro-
duced in a graphite arc-dis-
charge process under a heli-
um atmosphere. Xie and
colleagues added carbon
tetrachloride to the helium
and produced soot. Using
HPLC, 2 mg of C50Cl10 was
separated from the other
carbon compounds.

MS data from the sample
and simulated MS data for
C50Cl10 matched, indicating
that this was the correct
molecule. Using 13C NMR,
four separate signals were
seen, which matched carbons
at different positions within
the molecule. This led to a
deduction of the structure
with its M&M-like shape
and chlorine atoms extending
from the equator. The chlo-
rines are thought to stabilize
the C50 by binding to the
most reactive carbon atoms.
The carbons in question exist
where two pentagons share a
side, which never occurs in
C60 buckyballs.

The researchers indicate
that they may have evidence
for the presence of other

small buckyballs such as C54
and C56 and that this tech-
nique may be able to pro-
duce other carbon structures.

Michael J. Felton

Sniffing Sinusitis
Medieval doctors used one of
the most sensitive analytical
techniques besides eyesight to
diagnose illness—their senses
of smell. Now doctors are
again using odors to diagnose
infections. Researchers at the
University of Pennsylvania
School of Medicine are using
an electronic nose to help
determine if surgical inten-
sive care patients have pneu-
monia or sinusitis.

Electronic noses analyze
the exhalation of patients and
create a pattern of results,

which are compared to re-
sults from patients with
pneumonia or sinusitis. If the
two match, then the patient
is likely to have one of these
illnesses, and if they do not
match, then it is likely that
the patient does not have
pneumonia or sinusitis.

Intensive care units (ICUs)
were chosen because the pa-
tients are at additional risk
because of other health prob-
lems, and diagnosis is diffi-
cult because the patients have
limited mobility. In addition,
one quarter of ventilated sur-
gical ICU patients develop
pneumonia; it remains a
leading cause of death and
forces the aggressive treat-
ment of patients with antibi-
otics, even when they may
not have pneumonia.

The study indicated that
the e-nose could correctly
identify 92% of patients with
pneumonia. However, in a
larger study of 44 patients,
31 pneumonia diagnoses
were correct (70%). In addi-
tion, sinusitis was correctly
identified 82% of the time.

Michael J. Felton ◆

Switching EOF. Electro-osmotic
flow (EOF) is an important
method for moving fluids in
microfluidic devices, but control-
ling the rate and direction of the
EOF independent of the driving
voltage has proved difficult.
Researchers at the University of
Florida have found a way to con-
trol EOF in carbon nanotube
membranes using redox-active
polymer films. The interior of the
carbon nanotube is coated with
poly(vinylferrocene), which can
be switched between a neutral
and a polycationic form, which, in
turn, controls the rate and direc-
tion of EOF through the carbon
nanotube membrane. (J. Am.
Chem. Soc. 2004, 126, 6226)

Quantifying Stratospheric
Ozone. Researchers around the
United States have developed a
technique, using HCl as a tracer
gas, to measure ozone transport
between where it is produced in
the stratosphere and the upper
troposphere (which is below the
stratosphere), which may
address O3’s effect on global
climate. To conduct the test, the
researchers used a chemical
ionization mass spectrometer
flown on a high-altitude
airplane. Using these tech-
niques, they found that back-
ground amounts of HCl in the
upper troposphere may be far
below expectations. (Science
2004, 304, 261–265) 

Painful Pepper. Peppers are
spicy, but they may be down-
right painful to some animals.
A well-known compound found
in hot peppers, capsaicin, has
been used for a number of
years as a deterrent to rodents.
However, researchers have dis-
covered that zanthoxylum, a
component of Szechuan pepper,
stimulates different neurons
than capsaicin.

Szechuan pepper com-
pounds, like zanthoxylum, have
been found to affect prairie
voles and rats that are unaffect-
ed by capsaicin, which may
lead to more effective pest
deterrents. (Pest Management
Science 2004, 10.1002/ps.886)

Bar-coding DNA. Although
PCR has revolutionized biology,
it can be criticized as complex
and expensive. Researchers at
Northwestern University have
developed a bio-bar-code tech-
nique that can perform amplifi-
cation of selected DNA
sequences. The process uses
oligonucleotide-modified gold
nanoparticles and similarly
modified magnetic nanoparti-
cles along with a chip-based
detection system. In this test,
the researchers demonstrated
that the system offers 500-
zeptomolar sensitivity, which is
equivalent to 10 copies of DNA
in a 30-µL sample. (J. Am.
Chem. Soc. 2004, 126, 5932)

Science Bits

A 60-carbon buckyball (left) and a new 50-carbon buckyball with
chlorine atoms bound to its equator (right). (Adapted with permission
from Science 2004, 304, 699.)


