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SciTECH Briefs

Eyeing with OWLS
Cells adhere to solid surfaces and to each
other, transmitting signals from one cell
to the next and responding to the extra-
cellular matrix (ECM) by shifting metabo-
lism and morphology in
complex ways. These behav-
iors are important monitor-
ing parameters for predicting
success or failure in a vari-
ety of biomedical tech-
niques—from skin grafts
for burn victims to “artificial
livers”, devices that detoxi-
fy blood plasma for people
with damaged or dysfunc-
tional organs awaiting trans-
plant.

The degree of cell spread-
ing across a solid surface is
a key method for estimat-
ing growth, metabolic state,
and survival. And cell adhe-
sion has been found to be
one of the major determi-
nants of a potential implant’s biocompat-
ibility. Controlling cell adhesion depends
on the nature of the growth surface, both
chemical (surface charge) and physical
(roughness, elasticity, porosity). Typical-
ly, these parameters have been monitored
using observational techniques (such as
light, phase, and electron microscopy) or
chemical methods (measuring protein secre-
tion, total protein or DNA, or metabolic
activity). But recently, researchers Thomas
Hug and colleagues at the Swiss Federal
Institute of Technology (Zürich) monitored
cell adhesion and proliferation using a tech-
nique called optical waveguide lightmode
spectroscopy (OWLS) (Biotech. Prog. 2002,
18, 1408–1413).

The technique involves a polarized laser
beam that is coupled by grating an Si(Ti)O2
layer, which is sputtercoated onto a glass
support, at varying angles. This provides a
surface where magnetic waves can only
propagate at specific angles that correspond
to refractive index parameters. Growth
and adhesion of cell monolayers on this

surface cause measurable change in some
of these refractive index parameters, allow-
ing information to be gathered regarding
the degree of molecular adsorption and
desorption occurring. 

Previously, the OWLS technique was used
to measure adsorption of biomolecules onto
surfaces, with a specific application to the

monitoring of protein adhesion. Hug and
co-workers demonstrated that the technique
could also be expanded to monitor the effect
of toxic chemicals (in this case, the protein
synthesis inhibitor cycloheximide and the
cytostatic drug cyclophosphamide) on hepa-
tocyte cell growth and adhesion. They
demonstrated that increases in certain OWLS
signals could be used as a quantitative sensor
to monitor on-line cell attachment, spread,
growth, arrest, and death. This has signif-
icant potential for general cellular health
monitoring, as well as for the development
and testing of drug behavior.

—Mark S. Lesney ◆

Ferritin: A Cleaning Cage
Hexavalent chromium, Cr(VI), the pollu-
tant made famous in the movie Erin Brock-
ovich, has benign uses as a wood treat-
ment, a component of stainless steel, and
a corrosion inhibitor in cooling water
systems. On the darker side, it may cause
cancer in animals and humans who drink
contaminated water or inhale contami-

nated dust particles. The most economi-
cal way known to eliminate Cr(VI) is to
reduce it to the less-toxic Cr(III). Daniel
Strongman and colleagues at Temple
University (Philadelphia) and Montana State
University (Bozeman) report that ferritin,
a protein that plants and animals use to
sequester and store iron, makes a very good

catalyst for doing just that
(Chem. Mater. 2002, 14,
4874–4879).

Ferritin consists of a
protein cage with a hollow
cavity containing a nanopar-
ticle of ferrihydrite, Fe(O)OH.
Laboratory synthesis of
ferritin is a fairly routine
process, and synthesis condi-
tions can be controlled
precisely to form ferrihydrite
particles containing 500–
4500 iron atoms, measuring
5–7.5 nm in diameter. The
ferritin cage provides a versa-
tile, constrained reaction
environment—reacting
species can either diffuse into
the cavity or transfer elec-

trons through the protein shell.
Chromium-reducing activity requires

both the ferrihydrite particles (empty
protein cages won’t do) and light in the
UV-visible range (372 nm is optimum).
Some activity was observed using ferri-
hydrite and light without the protein
cages, but the ferrihydrite particles tend-
ed to agglomerate and precipitate, reduc-
ing their effectiveness over time. Ferritin
containing ferrihydrite particles with 1000
iron atoms reduced 20 times more Cr(VI)
than there was iron inside the cage,
indicating that the reaction was catalyt-
ic rather than stoichiometric. Some degra-
dation occurred over time, perhaps because
a small amount of Cr(III) had formed inside
the protein cage, but no Fe(II) was detect-
ed in solution, so the ferrihydrite core
was presumed to remain stable. Although
this study could not determine unam-
biguously whether most of the Cr(VI)
reduction occurred inside or outside the
cage, previous studies suggest that elec-
tron transfer could take place between

OWLS measuring chamber. Cells are introduced by pumping through the
inlet-tube and deposited on the Si(Ti)O2-coated chip. After the cells stick,
flow is resumed.
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the portion of the ferrihydrite particle in
contact with the cage wall and the
chromium species in the solution outside
the cage.

Most of the Cr(III) reaction products
remained in solution, making it easy to
recover the ferritin using membrane filtra-
tion. The protein cages prevented the ferri-
hydrite particles from agglomerating, allow-
ing the ferritin catalyst to be reused over
several cycles. The ability to recover and
reuse the catalyst makes it a promising
candidate for environmental remediation
projects.

—Nancy K. McGuire ◆

Jet Fuel: Urea Smooth
Most motorists don’t worry about their
engines stalling from frozen fuel, but the
extremely low temperatures that jets expe-
rience at high altitudes for extended
periods make this a reasonable concern for
pilots. Currently, increased fuel viscosity
and solidification at low temperatures are
prevented with an expensive specialty fuel
called JPTS, which is processed to have a
low freezing point and excellent high-
temperature stability. 

In a study supported by the U.S. Air
Force, Steven Zabarnick and colleagues at
the University of Dayton (Ohio) investi-
gated postprocessing methods using urea
as an additive in less expensive fuels to re-
move unwanted waxes, which are long-
chain normal alkanes (Energy Fuels 2002,
16, 1565–1570). These waxes usually
increase the viscosity of the fuel, and they

solidify at a higher temperature than other
fuel components—as little as 0.5 wt% of
solid wax can completely gel jet fuel. How-
ever, urea reacts preferentially with waxes,
forming adducts that can be removed. 

This process has been used for many
years to produce low-wax petroleum oils,
but it had not been evaluated for use

with kerosene-based jet fuels. Jet fuels
typically contain much lower concentra-
tions of wax to begin with, and they
must remain fluid at much colder temper-
atures than other petroleum oils. Zabar-
nick and colleagues evaluated the effect
of urea treatments on Jet A—what they
called a “worst-case” fuel. They measured
differential scanning calorimetry (DSC)
exotherms, which have been shown to indi-
cate the point where fuel solidification
occurs from crystallization of the largest
normal alkane present, along with observ-
ing the freeze-, cloud-, and pour-points.
The optimum results were obtained using

25% urea content, 1% methanol (which
increased urea solubility), and 3 h reaction
time, producing a 12.5 °C drop in the DSC
exotherm temperature to below –65 °C,
compared with –60 °C for untreated JPTS
fuel. The freeze-, cloud-, and pour-points
improved by a similar amount. 

Cold-stage optical microscopy analysis

provided picture proof of the cooler solid-
ification temperatures. In addition, the
crystals that were observed by microscopy
in urea-treated fuel were much smaller
than in untreated fuel. Therefore, accord-
ing to the authors, they would be less like-
ly to clog the aircraft fuel filter system.

Furthermore, it should be possible to
recover and reuse the urea after the adducts
are removed from the fuel, but this was
not investigated in the study. Likewise,
the effects of residual urea on combus-
tion and other fuel properties were not
examined.

—Nancy K. McGuire ◆
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