ATOM3D
NEST ADVENTURE

Optical tweezers are tightly
focused laser beams used to
grasp and manipulate tiny
objects such as single cells.
In this ambitious NEST pro-
ject, scientists from seven
countries will extend tweezer
technology to allow particles
as small as molecules to be
trapped, sorted, transported
and even assembled into arti-
ficial crystals. In particular,
these techniques will have
applications in microfluidics,
the technology which allows
biochemical tests to be done
with minute quantities of fluid

—the so-called ‘lab on a chip’.

Y

Being able to grasp tiny objects without phjvsically touching them has many
applications for handling delicate biological structures such as living cells. © Roche
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Bright future for
optical tweezers

ptical tweezers were invented by US

physicists in the 1980s who dis-
covered that a tightly focused laser beam
could be used to trap microscopic objects,
from 0.1 micrometres to tens of micro-
metres in size. Being able to grasp, move
and rotate tiny objects without physically
touching them has many applications for
handling delicate biological structures
such as living cells and their components,
and has obvious implications for nano-
technology.

But the dexterity with which objects can
be held depends ultimately on the wave-
length of the laser light which is still not
much shorter than a micrometre. Much
finer tweezers will be needed if viruses
and even single molecules are to be held.
And physicists would dearly like to be
able to handle multiple objects at the
same time and place them anywhere they
wish.

ATOM3D, coordinated by Kishan Dholakia
of the University of St Andrews in Scotland,
is an ambitious NEST project to create a
whole new range of optical manipulating
tools, with numerous applications in
molecular biology and miniaturisation

technology. Its seven partners bring
a wealth of expertise in laser optics,
electronics, microbiology, microfluidics
and microfabrication.

Conveyor belt of light

The first priority of the project is to inves-
tigate how optical traps — the jaws of the
tweezers — can be formed on nanometre
scales, typically a thousand times smaller
than today’s traps. This part of the project,
led by the Institute of Photonic Sciences
in Barcelona, will try two approaches that
should work in theory but which have not
yet been demonstrated experimentally.
One makes use of so-called ‘evanescent’
waves to trap particles in a 100 nanometre
layer behind a reflecting surface. Another
will investigate how interference
holograms can be used to create not only
multiple traps on nanometre scales but
also an optical ‘conveyor belt’ to trans-
port trapped particles.

A second work package, led by the
University of St Andrews, will focus on
‘tailoring the optical landscape’, in other
words, creating traps of any desired size,
shape and number. Until recently, the only
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The seven partners involved in the project bring a wealth of expertise
in laser optics, electronics, microbiology, microfluidics and microfabrication. © VIB

way to trap more than one object at a time
was to switch the beam rapidly between
multiple sites, a feat that has been likened
to a circus performer spinning plates on
poles. More recently, diffractive optics
have been used to make multiple, though
static, traps. The team’s aim is to improve
commercial devices known as spatial light
modulators (SLMs) in the hope of being
able to rapidly mould the shape of the
laser beam to create multiple traps of any
desired form at any time.

Optically bound matter

They will also look at

The third major area of study concerns
microfluidics, the technology of manipu-
lating fluids on the nanometre scale — a
kind of plumbing complete with valves,
pumps, mixers and other devices. It has
particular application in biomedical test-
ing. A team led by Hungary’s Biological
Research Centre will build on the results
from other parts of ATOM3D, to use optical
tweezers to fabricate, assemble, operate
and power microfluidic devices. An early
application will be a microscopic ‘labon a
chip’ which can study the growth of
individual cells by optically moving them
between different environments.

exploiting the well-
known phenomenon of
Brownian motion (the
random jiggling of
particles by molecules
of the supporting
medium) to move
objects from one place

New optical tweezers
could be able to
handle and move
particles as small as
molecules.

Each work package will
itself be multidiscip-
linary, drawing on the
expertise of several
partners. The project
will finish with a public
workshop to which
other stakeholders in

to another and also to

sort objects of different characteristics.
Even more ambitiously, the team will inves-
tigate ‘optically bound matter’, artificial
crystals of particles held together by light
rather than the normal molecular forces.

molecular trapping will
be invited. Members of the consortium
will also take part in workshops organ-
ised by complementary EU projects.
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AUTOMATION
NEST ADVENTURE

No more than a nuisance to
microscopists in the early 20th
century, fluorescence has come
of age in biology. It can now be
manipulated and imaged with
a precision that has thrust fluor-
escence microscopy to the fore-
front of life sciences researchs.
The AUTOMATION consortium
—with expertise in cell biology,
microfluidic and di-electric cell
handling, image processing,
tomography and electron-
multiplying charge-coupled-
device (EMCCD) camera tech-
nologies —aims to liberate 3D
fluorescence microscopy from

its limitations.

Fluorescence activated cell sorting facility.

© Flanders Interuniversity Institute for Biotechnology

Fluorescence microscopy
floats free of limitations

Fluorochromes are dyes that fluoresce
under illumination with ultraviolet or vis-
ible light of the right wavelength. By tagging
the right fluorochromes to the right parts of
a cell’s anatomy, cell biologists can select-
ively reveal the specific details — and only
those details —they need to observe; all else
can be left dark. At the forefront of the method-
ologies, three-dimensional fluorescence
microscopy’ is now a commonplace laboratory
tool which could not have been realised with-
out advances in optics and microscopy tech-
niques paralleling those in fluorochrome tech-
nologies. In its simplest form, 3D microscopy
uses excitation illumination as normal to yield
a fluorescent image, but the focal plane of the
objective is mechanically moved in controlled
steps whereby, instead of a single image, a
series of images are acquired from each dif-
ferent focal plane through the z-axis of the
sample. This ‘through-stack’ image series of
so-called ‘optical-sections’ can then be recon-
structed to map the 3D structure of the fluor-
escent signal.

Inherent flaws
Inherent flaws limit the performance of most

3D microscopes. For example, resolution
along the z-axis — the axis along which the

objective lens is moved to change focus —is
always smaller than in the x-y plane. Other
flaws are down to the object itself, as when
optically dense parts get in the way of other
parts further from the objective. For non-
confocal systems, there are problems with
out-of-focus light. Correction is possible,
but only imperfectly, because the proper
correction varies as a function of the position
of the objective lens. Chromatic aberration,
another flaw, can be corrected too, but again
only for one position of the objective at a
time. At the root of these problems, and
least considered in alternative strategies, is
the fact that all conventional methods for
high-resolution 3D microscopy require that
the sample, a living cell, must be immo-
bilised during the acquisition, usually by
adhesion to a glass cover slip or capillary.
Already dependent on multiple correction
techniques and assumptions, 3D imaging
using through-stack procedures canill afford
the extra complexity of correcting for any
motion of the object. For these reasons,
non-adherent cells are out of bounds.

Move the object not the lens

Through heavy investment in component
technologies, commercial systems design
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and a multi-disciplinary research effort, the
AUTOMATION consortium expects to
address these problems with a novel 3D
fluorescence tomography approach. The
design proposed is based on a configuration
for which two of the consortium members
have already secured a European patent. It
differs from conventional systems in one
fundamental respect. Once the first sec-
tion of the sample has

that rotates around the body. The part-
ners already know that di-electric field
control gives predictable control, allow-
ing micro-translation and micro-rotation
of single cells, and their ultimate aim is to
construct, from the sections thus obtained,
a 3D map of fluorescence from the sample
under the lens. To achieve this, AUTOMA-
TION will do new research to provide a

mathematical basis for

been captured, subse-
quent sections for any
3D image are obtained
by moving the object -
not the objective lens.
Thus, the object’s posi-
tion is not fixed, but
instead controlled by
di-electric fields gener-
ated inside a micro-
electrode cage inside a
microfluidic chamber.
Under development by
German partner, Evotec

The project’s aim is
to introduce a new 3D
imaging method-
ology using isotropic-
optical sampling and
mathematical recon-
struction, enabling
true single-cell fluor-
escent tomography.

tomographic recon-
struction of single-cell
fluorescence, visualised
using micro-rotation.
Their success is likely
to lead to applications
in biomedicine and cell
biology. Notably, by
automating micro-rota-
tion imaging and recon-
struction, this system
will provide a new cell-
based assay tool, cap-
able of accelerating clin-

Technologies, this cell-

manipulation technology will eliminate the
problems associated with refocusing move-
ment of the objective lens between sec-
tions, and open the way to single-cell tomo-
graphic imaging.

Assays for non-adherent cells

Single-cell 3D tomography is envisaged to
work similarly to 3D image tomography, for
example, whereby a tumour inside a
patient can be visualised by computing
images recorded using an X-ray scanner

ical diagnostic analysis
of blood and biopsy samples. Equally, for
pre-clinical screening assays using non-
adherent cell models and fluorescent tags,
the device will enhance basic research on
cell structure and function. Target cells
include stem cells, embryos, lymphocytes
and other blood cells - all of them import-
ant in cell-based assays and diagnostics,
and all non-adherent. The long-term impact
of AUTOMATION is most likely to come in
the fields of diagnostics, drug discovery,
therapeutics and basic research.
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BIGDFT
NEST ADVENTURE

Quantum chemistry, which
derives the properties of mol-
ecules from the physics of
their constituent atoms, came
of age with the advent of power-
ful computers in the early
1990s. But even today’s com-
putational methods are too
slow for the large structures
and molecules now being
studied in materials science
and molecular biology. The
BIGDFT project will devise
faster techniques to extend
quantum chemistry to larger
scales, with important bene-
fits for nanotechnology and

the pharmaceutical industry.

Big future for
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quantum chemistry

ince the 1920s, physicists have had a
S complete understanding of the prin-
ciples that govern the behaviour of atoms.
Quantum theory explains why atoms have
the structure they do, and how they react
and bond with each other. If we can under-
stand single atoms, then we should be
able to calculate how they join together to
form complex molecules. Unfortunately,
things are not that simple. While the prin-
ciples are understood, the sheer com-
plexity of the calculations made ‘quantum
chemistry’ a non-starter until the 1960s.

The key to quantum chemistry lay with a
discovery made in 1964 by US physicist
Walter Kohn, who realised that the calcu-
lations could be greatly simplified. Until
then everyone had assumed that the
motions of all the electrons in the molecule
had to be calculated. Kohn saw that this
was not necessary — all that was needed
was the average density of the electrons,
an insight that led to his receiving the
Nobel Prize for chemistry in 1998.

Kohn’s approach, known as density-func-
tional theory (DFT), had to wait until the
1990s before further work and computational

developments made it practicable. DFT is
now a widely used tool in chemistry, used
to predict the geometry of molecules (elec-
tronic structure calculations) and to
address such varied problems as the work-
ings of enzymes, the degradation of the
Earth’s ozone layer by CFC molecules, and
the composition of interstellar gas clouds.

Faster calculations

But today’s DFT programs cannot deal
with large numbers of atoms. The time
needed to perform a calculation depends
on the cube of the number of atoms - if the
size of the system is doubled, the calcu-
lation will take eight times longer.
Although computing power is increasing
rapidly, it is not improving fast enough
for the kinds of simulation problems in
materials science and molecular biology
that scientists now want to tackle. So how
can DFT programs be made to work faster?

That is the task that the four partners in
the BIGDFT project have set themselves.
They note that other, less-powerful
approaches to chemical computation use
methods that are linear — the computing
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The results of BIGDFT are expected to have an early impact in materials science and structural biology

time is proportional to the number of atoms.
The task of BIGDFT is to see if linear
methods can be used in DFT calculations.

The four partners represent a formidable
array of computational expertise. The pro-
ject is coordinated by CEA in Grenoble,
which has one of

the faster version when it becomes avail-
able. A workshop will be organised to help
researchers learn how to use it.

The results of BIGDFT are expected to have
an early impact in materials science and
structural biology, two areas dealing in sys-

tems that are too big to

Europe’s largest paral-

be handled by conven-

lel computers, while Today’s DFT programs tional programs. They
the University of Basel | ot deal with | couldbeused,forexam-
has expertise in linear ple, in the nanosciences
scaling methods, the Iarge numbers of to predict the properties

University of Kiel in atoms.

applied mathematics

of microscopic struc-
tures such as nanowires,

and algorithms, specif-
ically in the wavelet field, and the Univer-
sity of Louvain-la-Neuve is home to the
ABINIT software package widely used to
apply DFT to chemical computations.

Open-source software

The team will try out two possible methods
for linear scaling and then adopt the
better of the two. If successful, the ABINIT
package will then be modified to use the
new methods. The new version of ABINIT,
which will be available as downloadable
open-source software, will be able to per-
form electronic structure calculations on
systems of unprecedented size. Hundreds
of researchers are already using ABINIT
and, so will be able to benefit quickly from

or in the pharmaceuti-
calindustry to study larger molecules than
is currently feasible, and so better under-
stand their effects on the human body.
They could even help scientists understand
how the function of large protein mole-
cules changes with temperature.

At very small scales, simulation becomes
an attractive alternative to experimenta-
tion, especially with relatively cheap com-
puting power in the form of clusters of
small computers. If it turns out to be a
success, BIGDFT could give European
industry a competitive edge in a range of
emerging technological fields.
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BIODEFENCE
NEST ADVENTURE

Antibody fragment producing lactobacilli binding to beads covered
with the appropriate antigen — an adhesin from Streptococcus mutans.

In the event of a bioterrorist CO U nte rin g biOte rro rism
with passive immunisation

attack, exposed populations
would be completely unpro-
tected because there are no
products available for rapid
vaccination. The BIODEFENCE
project aims to engineer
bacteria ‘generally regarded
as safe’ to produce toxin-
neutralising antibodies in the
intestinal mucosa. Adminis-
tered via food or drinking
water, the bacteria should con-
fer quick protection. Although
developed to counter weapons
of bioterrorism (anthrax and
botulism), the approach could

be applied much more widely.

he recent anthrax scare in the USA has
Tenhanced public concern about
bioterrorism, highlighting the absence of
quick, effective ways to protect exposed
populations. Antibiotics act only against
sensitive bacteria (as opposed to viruses
or bacterial toxins), and for many
pathogens there exists no safe, effective
vaccine licensed for public use. When a
vaccine is available, multiple doses are
required to build up, over months, a suf-
ficient level of immunity. Selected at-risk
groups (e.g. soldiers) can be vaccinated
preventively, but conventional vaccination
isinadequate for quick protection of large
populations in an emergency.

Conventional vaccines rely on ‘active’
immunisation, i.e. the use of an antigen to
stimulate antibody production by the
vaccinated subject. Another approach,
sometimes used in emergency situations,
is ‘passive’ immunisation: administration
of ready-made antibodies. But this is a
costly solution, requiring mass produc-
tion and purification of antibodies under
strict quality control, and the treatment
must continue as long as high antibody
levels are to be maintained.

BIODEFENCE is a three-year project based
on an idea that may revolutionise passive
immunisation: engineering bacteria
‘generally regarded as safe’ (GRAS) to
produce toxin-neutralising antibodies at
the site where they are needed. The project
focuses on bacteria that naturally colonise
the human intestinal mucosa and on the
toxins of two mucosal pathogens: the
agents of anthrax and botulism. The
protective GRAS bacteria could be
mass-produced at low cost and added to
food or drinking water. Hopefully they
would persist in the mucosa and confer
protection over an extended period.

Proof of concept

The expertise of the five BIODEFENCE
partners (based in Sweden, Estonia, Spain,
the Netherlands, and the USA) spans a
wide range of life-science disciplines and
molecular techniques. A prime objective
will be to achieve proof of concept. This
will be done with a laboratory strain of
lactobacillus, genetically modified to pro-
duce antibodies targeting the botulism
toxins or a component of the anthrax toxin
(a plasmid-based expression system is
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already available). An animal model will be
used to test the ability of these modified
bacteria to confer protection against
anthrax or botulism.

In parallel, partners will develop and
optimise the approach for use in humans.
One task is to select strains of human
gastrointestinal lactobacilli that persist
in the human digestive tract, are suitable
for genetic manipulation, and readily
colonise the intestinal mucosa (to be
demonstrated on human volunteers).
Another important task is to develop a
food-grade gene expression system
offering all necessary safety guarantees.
This notably means

Beyond bioterrorism

If this project is successful, its societal
impact could be great. Antibody-produc-
ing mucosa-colonising bacteria might be
used against a wide variety of diseases,
within or beyond the context of bioter-
rorism. A good target, for instance, might
be rotavirus, which kills nearly a million
people (mostly children in developing
countries) each year. Administered anti-
rotavirus antibodies, on the one hand,
and selected lactobacillus strains, on the
other, are known to confer some protec-
tion. Might antibody-producing lactobacilli
work even better?

ensuring that marker
genes conferring
antibiotic resistance
are eliminated from
the expression con-
structs and that the
antibody genes remain
confined within the
GRAS bacteria. Once
this work is done,
an animal model
will be used to test
expression of the

Antibody-producing,
mucosa-colonising
bacteria might be
used against a wide
variety of diseases,
either within or be-
yond the context of
bioterrorism.

This innovative approach
might extend to
pathogens affecting the
mucosae of the lungs,
mouth, or stomach. If
suitable vagina-colonis-
ing GRAS bacteria are
isolated, it might also
apply to sexually trans-
mitted diseases (even
HIV). In both developed
and developing coun-
tries, it could provide a

antibody-encoding
genes, expression-construct stability,
and protection.

cost-effective way to
address major public health problems ona
large scale.
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BIOPLASMA
NEST ADVENTURE

Biological molecules display
remarkable functions that
developers of new materials
are eager to harness. A Euro-
pean consortium is exploring
an original approach to
coating the surface of almost
any material with active
biomolecules. The idea is to
use cold atmospheric-pres-
sure plasmas to deposit the
biomolecules together with a
thin polymer coating. Potential
applications are wide-rang-
ing, and the partners hope to
obtain biocoatings optimised
for specific uses within the

next three years.

The project objective is to develop a one-step process, applicable on a large
scale, for immobilising biomolecules on surfaces of practically any kind.

‘Biocoating’ surfaces with
atmospheric plasmas

lasmas are ionised gases that conduct
Pelectricity, like the matter present in
the electric arc of a welder’s torch or inside
a neon light. One well-established coating
technology involves exposing a surface
to a plasma to which monomers (polymer
building blocks) have been added. The
plasma induces formation of a polymer
coating on the treated surface. BIO-
PLASMA is a NEST project aiming to take
this approach into new territory.

The project objective is to develop a one-
step process, applicable on a large scale,
forimmobilising biomolecules on surfaces
of practically any kind. The idea is to add
both monomers and biomolecules to a
plasma so as to incorporate functional
biomolecules into a thin polymer coating.

The low-pressure plasmas frequently
employed in plasma polymerisation
cannot be used here because they damage
biomolecules. Instead, the BIOPLASMA
partners will use cold (0-60°C), ambient-
pressure plasma processing, a compara-
tively new technology offering milder
surface-treatment conditions. Additional
advantages include lower process costs,
the ability to work in-line, and compati-

bility with practically any substrate.
This innovative approach to surface
bioengineering presents a major chal-
lenge: little is known about how such
plasmas affect the structure and activity of
biomolecules.

Feasibility and optimisation

The BIOPLASMA consortium counts four
partners in four countries (Belgium,
France, Germany, and Italy). Their aim is to
establish the feasibility of the envisaged
technology by producing active functional
biocoatings. In doing so, they will strive to
optimise the process and to determine its
potential limitations. For this, they can
count on a vast pool of expertise, ranging
from atmospheric plasma technology and
polymer science to molecular biology,
bacteriology, enzymology, bio-catalysis,
proteomics, and biophysics.

The project will require a prototype reactor
to be built, and will involve both small-
scale laboratory work and the use of large
European-scale facilities. In parallel with
extensive work devoted to optimising
plasma conditions for polymerisation and
biomolecule incorporation, research will
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If successful, the project should lead to spectacular inroads in the field of bio-mimetic surgical implants.

focus on producing the biomolecules to
be tested: enzymes of pathways leading
to biotechnologically relevant products.
Of particular interest will be enzymes from
thermophilic (‘heat-loving’) organisms,
expected to show higher stability under
non-optimal conditions. If necessary,
enzymes will be overproduced in recom-
binant bacteria.

At first, plasma processing and protein
processing will be optimised separately.

If successful, the project should lead
to applications in sectors as diverse as
chemicals, medicine, environmental
monitoring, food, high-tech materials. It
might be possible, for instance, to create
a ‘lab-on-a-chip’ bearing all the enzymes
participating in a biosynthetic pathway.
In addition to applications in bio-catalysis,
plasma-polymerised biosurfaces might
find their way into antimicrobial pack-
aging materials, bio-mimetic surgical
implants, scaffolds for growing functional

Then, after a mid-term
feasibility assessment,
these two aspects
should be integrated.
In the last year of the
project, promising
biocoatings will be
optimised for specific
applications.

Prospects pathway.

It might be possible,
for instance, to cre-
ate a ‘lab-on-a-chip’
bearing all
enzymes participat-
ing in a biosynthetic

tissues, surfaces for
directing mineralisation
or controlled drug
release, biosensors for
pollutant detection,
the diag‘nosis,‘.or thicit\{
testing, ‘intelligent
textiles transmitting
biological signals to a
processor, etc. And
groundbreaking tech-

Existing methods for immobilising
biomolecules on surfaces have drawbacks.
Simple adsorption is quick and cheap,
but the biomolecules are not stably
immobilised. Other techniques require
expensive substrates (e.g. gold) or linkers.
Most involve a succession of steps, and
this makes scaling-up difficult. The new
technology developed in BIOPLASMA
should avoid such problems.

nologies like this also
tend to spawn innovative applications that
were not imaginable at the outset.
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CHIRALTEM
NEST ADVENTURE

Electron microscopes can
study materials in unrivalled
detail but, unlike competing
x-ray methods, they cannot map
magnetic fields. CHIRALTEM
sets out to confirm a surprise
discovery that an ordinary
transmission electron micro-
scope can be adapted to sense
magnetic fields in a specimen.
If successful, the project could
open the way to mapping the
magnetic structure of surfaces
and thin layers at nanometre
scales and could have an
impact in nanotechnology,
especially in the new field of

‘spintronics’.

Equipped with EMCD, a TEM could study the crystallography, morphology, chemistry and magnetic
properties of a sample in one session. © US Department of Energy Genomics: GTL Program

Magnetic microscope
puts electrons in a spin

multidisciplinary team from four

countries is setting out to demonstrate
a new technique for studying the detailed
magnetic structure of materials. Since the
1930s, physicists have used the trans-
mission electron microscope (TEM) to
make much finer images of surfaces than
is possible with light or even x-rays.
Individual atoms can now be discerned
as a matter of routine. But while the TEM
has been developed into an extremely
versatile tool, there are still some things
that it cannot do.

One of these is to map the magnetic fields
in a specimen. In this case, physicists use
a different technique (known as XMCD)
in which a polarised beam of x-rays is
directed at the specimen and absorbed
differently according to the direction of
the magnetic field —a phenomenon known
as dichroism. But the resolution is not as
fine as a TEM and the source of x-rays—a
synchrotron accelerator —is a large, rare
and expensive piece of apparatus.

In principle, a TEM could sense magnetic
fields if a polarised beam of electrons
were available: that is, a beam in which all
the electrons spin in the same direction.

As this is not yet feasible, physicists
assumed that a TEM could not be used
to study the magnetic structure of a
specimen.

Surprise discovery

Then, in 2003, Peter Schattschneider and
Cécile Hébert at the Technical University of
Vienna — now the CHIRALTEM project
coordinators — discovered to everyone’s
surprise that dichroic effects should be
observable in a TEM with an ordinary,
unpolarised electron beam. The object of
CHIRALTEM is to demonstrate this new
effect experimentally — they call it EMCD
- and find out how it could be used for
investigating materials.

The first step, for the Vienna group, is
to confirm that the dichroic effects can
actually be seen and observed with a TEM
using well-known magnetic materials. At
the same time, Josef Zweck’s group in
Regensburg will investigate how to
prepare specimens and control the
magnetic field in the microscope, while
Pavel Novak’s team in Prague will develop
computer simulations to support the
experimental work. A group led by Hannes
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Official title
Chiral dichroism in the transmission electron
microscope

Coordinator
Austria: Institute for Solid State Physics,
Vienna University of Technology
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emy of Sciences of the Czech Republic, Prague

o [taly: National Laboratory for Advanced
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The project opens the way to the study of biological magnetic materials,
such as those which give rise to the magnetic 'compass’ sense in pigeons.

Lichte in Dresden will then find the opti-
mum conditions for using the technique.

Finally, Elvio Carlino and his colleagues
in Trieste will compare ECDM with the
longer established XCMD to find out how
the two approaches can complement each
other. They also intend to promote contact
between electron microscopists and
synchrotron users, two disciplines which
have historically had little to do with each
other.

As well as reporting their findings at inter-
national conferences and in scientific jour-
nals, the project team

of a sample in one session. As far as the
team is aware, no other research of this
nature is being done anywhere in the
world, though groups in the US are likely
to start on it sooner or later.

If the project is successful —and success
is by no means assured —it could lead to
awhole new field of study. It will certainly
have applications in nanotechnology and
especially in the new field of spintronics
—atechnology that makes use of the mag-
netic field of electrons as well as their
electric charge. It also opens the way to the
study of biological magnetic materials,

such asin those in cer-

will hold a workshop
for users and manu-
facturers of TEMs, and
later a joint interdiscip-
linary workshop with
XCMD users to explore
further collaboration.

First in the world?

EMCD is expected to
be able to discern
magnetic structures
ten times smaller
than the best current
x-ray techniques. nique.

tain bacteria or which
give rise to the mag-
netic ‘compass’ sense
in pigeons. European
industry could benefit
from developing equip-
ment for the new tech-

EMCD is expected to be able to discern
magnetic structures ten times smaller
than the best current x-ray techniques.
Where XCMD scans surfaces, a TEM probes
volumes up to 100 nanometres thick, so
EMCD is ideal for the study of thin mag-
netic films. Equipped with EMCD, a TEM
could study the crystallography, morph-
ology, chemistry and magnetic properties

The partners aim for a
scientific proof of principle. The purpose
is to establish an enabling technology.
Exploration of applications of EMCD them-
selves, as that would require a much larger
consortium, is left to a future project.
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EA-BIOFILMS
NEST ADVENTURE

Electrochemically active
biofilms, which can achieve a
direct electrochemical connec-
tion when they form on a con-
ductive material, may be the
basis of a new power source.
Biofilms of micro-organisms
form naturally on solid surfaces.
Until now, they have been seen
as harmful, either to human
health, or to industrial prod-
ucts. But recent research sug-
gests they have properties
which can be used to catalyse
or control electrochemical reac-
tions, and could lead to a wide
range of new products and

processes over the next decade.

Biofilms are associated with many industrial corrosion phenomena.

Sparks from bacteria
can power the future

ecent research has identified the phe-
R nomenon of electrochemically active
biofilms (EABs). So far, however, these
results have come mainly through chance.
And while they promise wide-ranging new
applications in fields such as bio-energy,
bio-remediation, chemical/biological syn-
thesis, bio-corrosion mitigation and bio-
sensors, the science is still at an early
stage. Pursuing this research will allow
scientists to increase their understand-
ing of biofilms, which form naturally on a
wide range of surfaces.

A multidisciplinary team of researchers
from France, Italy, Germany, Belgium and
Portugal, has set out, in an EU-funded
project, to test a wide range of micro-
organisms and identify those which are
electrochemically active. Rather than grow-
ing new genetically engineered micro-
organisms, as other research teams are
doing, this team will take advantage of
natural biodiversity and test existing
microbial fauna.

Over a period of two years, they will
screen a range of media, such as aerobic
and anaerobic sea waters. Their aim is to
identify the micro-organisms which form

EABs through observing their behaviour
on different electrodes.

Do it yourself

The challenge then moves on to growing
these EABs under laboratory conditions,
trying to recreate the properties exhib-
ited in their natural state. The ability to do
this reliably is, of course, the first step in
developing industrial applications for
EABs. In the laboratory, the team will also
attempt to optimise the performance of
the biofilms.

Laboratory work will be devoted to increas-
ing understanding of the mechanisms of
EAB formation. For example, why only
specific organisms appear to be electrically
active, the media and conditions in which
they are electrically active, and the process
in which EABs form.

Expanding knowledge

The team brings together a strong range
of expertise in electrochemistry, materials
and chemical engineering and microbiol-
ogy. They aim to build a large, consistent and
extensive database of a range of EABs. This
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AT A GLANCE

Official title

Electrochemical control of biofilm-forming
micro-organisms: screening, identification, and
design of new knowledge-based technologies

Coordinator
France: Laboratoire de Génie Chimique - CNRS
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 Belgium: Universiteit Gent

e France: Commissariat a I’ Energie Atomique
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Italiano Giacinto Motta

® Portugal: Fundagao FCT, Departamento de
Quimica, faculdade de Ciéncias e
Tecnologia, Universidade Nova de Lisboa
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The occurrence of EABs could offer potential improvements in production
cost-effectiveness in the mining industry, particularly for the extraction of precious metals.

will represent a significant increase in
knowledge of EABs —in particular estab-
lishing whether there is a single model or
not. Furthermore, assessing the actual
electron transfer rate in the electrical
connections formed will be a major con-
tribution to assessing the feasibility of
linked technologies and applications.

Powering the future

The EAB phenomenon is gaining great
importance through the hope that it can
bring a breakthrough in fuel-cell tech-
nology. Applications for EABs might
include new synthesis routes in biotech-
nology and food production, new strate-

gies for protecting

Most micro-organisms
growing in the natural
environment form bio-
films on solid surfaces,
such as metals, plastics
or ceramics. These are
usually seen as pro-
ducing adverse effects
on human health,
through infection, or on
industrial products,
through biodegradation

Establishing the
means to harness
electrochemically
active biofilms will new
result in a wealth
of new scientific
and technological
applications.

materials, new bio-
sensors, implanted
power sources con-
nected directly to
metabolisms, and
therapeutic
processes.

In short, if the early
results can be repro-
duced widely, the
application of EABs

or corrosion, for exam-

ple. It is estimated that corrosion costs
developed countries around 4% of GNP
annually, although the underlying causes
are not well understood. Improving knowl-
edge of EABs should improve knowledge
of the causes of corrosion and, therefore,
our ability to prevent it. But harnessing
EABs is about much more than correcting
negative effects.

could represent a
massive take-up of natural power from
bacteria in a wide range of fields.

I
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ELCAT
NEST ADVENTURE

In the presence of an electro-
catalyst, carbon dioxide can
be reduced to useful hydro-
carbons. The reaction can take
place at room temperature and
atmospheric pressure but itis
not productive and exploit-
ation is further hampered by
rapid deactivation of the cata-
lyst. A consortium of research
organisations will explore this
reaction and hopes, thereby, to
lay the foundations for the
advancement of knowledge in
the neglected but promising
field of electrocatalysed gas-

phase reactions.

Could the greenhouse gas, carbon dioxide, be used as a raw material
in the production of fuels and other useful hydrocarbons?

Electrocatalysing a sword
into a ploughshare

he ELCAT project was born of an obser-
Tvation made by the coordinating partner
of an electrocatalytic reaction carried out at
room temperature and atmospheric pres-
sure. With carbon dioxide confined inside
carbon micropores, and electrons and protons
allowed to flow to an active catalyst —noble-
metal nanoclusters — gaseous carbon dioxide
was reduced to a series of hydrocarbons and
alcohols. The reaction products were remark-
ably similar, in fact, to those of the Fischer-
Tropsch (FT) process in which synthetic gas
is converted to a series of hydrocarbons
(alkanes, alkenes and so on) and water.

The FT process requires high temperatures
and pressures and gets its carbon from the
carbon monoxide, not dioxide, in synthetic
gas. The focus of a lot of interest as a poten-
tial source of fuels and raw materials, it is
already used in some countries to produce
a substitute for diesel. One of its drawbacks
is the difficulty of controlling the distribution
of its products — which hydrocarbons are
produced and in what proportions.

A process yielding FT-like products in useful
quantities from a reaction not requiring high
temperatures and pressures would be highly
prized. If it could reduce carbon dioxide, an

abundant greenhouse gas, instead of carbon
monoxide, it would have outstanding poten-
tial. But the electrocatalytic reaction as it
stands cannot do these things; not yet, at
least. Two difficulties prevent it and the
ELCAT consortium’s mission boils down
essentially to reversing them: the catalyst is
quickly deactivated and the reaction’s pro-
ductivity is poor.

Twin experimental configurations

Scarcely any research has been reported in
the scientific literature on gas-phase elec-
trocatalysis, so the consortium is aware
that completely disposing of these diffi-
culties inside three years may prove elusive.
Even if it does, a secondary goal should
lead to valuable information on the feasi-
bility of controlling product distribution.
Another should add to what is currently
known about the advantages of confining
metal nanoparticular catalysts in carbon
nanotubes.

The team will work with two experimental
configurations. Built around a proton con-
duction membrane in which protons are
generated by catalytic oxidation of hydro-
gen on the opposite side from the carbon
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AT A GLANCE

Official title
Electrocatalytic gas-phase conversion of CO2
in confined catalysts

Coordinator

Italy: Dipartimento di Chimica Industriale ed
Ingegneria dei Materiali, Universita di
Messina

Partners

e France: Laboratoire des Matériaux,
Surfaces et Procédés pour la Catalyse,
Université Louis Pasteur

o Greece: Department of Chemical
Engineering, University of Patras

e Germany: Fritz-Haber Institut der Max
Planck Gesellschaft
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Generating hydrogen from water in a single step is one possible
long-term outcome of the research led by the ELCAT project.

dioxide, the first will be operated at
temperatures of 50-150°C for good reaction
productivity. The second configuration will be
similar but have an oxygen-anion-conducting
membrane instead. Catalysing the reaction
in both configurations, metal nanoparticles
stabilised within carbon nanotubes are
expected to generate very high local pres-
sures inside the nanotubes. This, the part-
ners believe, is probably an essential ingre-
dient in the production of the FT-like products
already observed.

The partners, though only four in number,
bring diverse but complementary expertise
to the project. One takes on the task of syn-
thesising and characterising the nanotubes;
another, that of analysing and characterising
the underlying reaction mechanism; and the
remaining two, those of

The longer-term outcomes, though naturally
difficult to gauge with any confidence, could
be considerable in several technological
areas. Similarities between the first config-
uration and proton-exchange-membrane
(PEM) fuel cells suggest the possibility of
knock-on improvements in the electrodes
of PEM fuel cells. Moreover, if knowledge
gained from the second configuration turns
out to be transferable to the related solid-
oxide fuel cell, the result might be capable,
further down the line, of generating hydro-
gen from water in a single step.

Longer-term promise, then, is clearly not
restricted to the obvious potential for con-
verting carbon dioxide, a greenhouse gas,
into useful fuels and raw materials on a large
scale, though this alone would be an
extremely handsome

testing the reaction in
one configuration each.

Because ELCAT is em-
barking upon explora-
tory research in a field
that, until now, has
barely been noticed,
any successes the team

Mmous.

If carbon dioxide can
be converted into
useful fuels at a low
temperature, the pos-
sibilities are enor-

reward. Also more niche
applications can be con-
sidered: Mars atmos-
phere is mostly com-
posed from CO2 and one
of the limitations for the
exploration of Mars by
humans is the necessity
of producing on-site the

enjoys have the poten-

tial to entice further researchers to join them
and open it up further. Indeed, the partners
have deliberately kept the consortium small
in size and tight-knit, the better to build a
base of knowledge quickly.

fuel necessary for the
back flight. Knowledge generated within
ELCAT project may be used to develop novel
devices which can use solar energy, CO2
and H20 to produce fuels.
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GIFT
NEST ADVENTURE

The discovery of a mathemat-
ical solution to the global inte-
gration of equations used to
describe physical field the-
ories has eluded the world’s
mathematicians for over a cen-
tury. Now a European team of
mathematicians, theoretical
physicists and computer sci-
entists aims to tackle this prob-
lem and provide ‘off-the-shelf’
tools to enable widespread
application of their findings.
A successful outcome could be
the key to new insights in all
areas which use mathematical
modelling, from bridge building

to stock-exchange forecasting.

Shell. © Robin Tucker

Mathematicians

bearing gifts?

odern science and engineering rely
M on the application of the ‘laws of
nature’. These are fundamentally encoded
into mathematical statements which
require considerable ingenuity to apply.
Over the centuries, great strides have
been made in crafting tools which can be
exploited to address practical problems
and expose weaknesses in the laws them-
selves. Scientific progress relies on this
continuous development of mathematical
knowledge and, without it, developments
in technology would cease.

One of the greatest challenges in mod-
ern science is the analysis of problems
described by systems of partial differen-
tial equations subject to constraints. The
effective modelling of many practical sit-
uations often results in such equations.
The behaviour of these systems is often
analysed numerically with computers
locally. A deeper theoretical understand-
ing of their structure can often guide one
to an effective algorithm for their solu-
tion. Finding an ‘efficient algorithm’
encompassing the widest possible range
of solutions is related to the problem of
‘global integrability’. The determination
of such algorithms for systems of wide

relevance to practical application is the
goal of the GIFT project: the search for
Global Integrability of Field Theories.

Hard maths

Many approaches to the problem have
been tried, and the GIFT project will com-
bine previously unrelated results from
many mathematical research areas, includ-
ing algebraic topology, computer algebra
and the formal theory of differential equa-
tions. The partners in GIFT, from Germany,
France, The Netherlands and the United
Kingdom, are experts in complementary
fields, and it is the interdisciplinary nature
of the consortium that means a real break-
through in this old problem appears pos-
sible. However, the project is not without
risks and the team will need to solve chal-
lenging problems in a number of areas in
order to ‘clear the ground’ for an assault
on their final objective. Each of these ini-
tial tasks is of interest in their own right
and will advance mathematical theory.
The final goal itself is of major strategic
interest, allowing advances in theoretical
aspects of many subjects, and providing
the basis for a variety of technical tools of
value to both industry and academia.
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Official title
Global Integrability of Field Theories

Coordinator
Germany: Universitdt Karlsruhe
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The project, led by Karlsruhe University in
Germany, will include input from physics,
mathematics and computer science. This
transdisciplinary aspect is seen as being
crucially important in building a bridge
between pure mathematics and industrial
applications, by developing sophisticated
mathematical techniques to a stage where
they can be included in commercial soft-
ware tools.

Advanced models

The results of GIFT could lead to a gener-
alisation and systemisation of a variety
of new techniques, opening the door to
fast algorithmic approaches to math-
ematical problems cur-

non-trivial solutions for evolutionary equa-
tions — which could describe completely
new physical effects —and issues in quan-
tification and quantum field theory.

But the interest is not restricted to just
pure mathematics and theoretical physics.
Mathematical modelling has gained
tremendous economic importance in a wide
variety of areas. Computer simulations
based on sophisticated mathematical
models can act as substitutes for expensive,
dangerous and time-consuming experi-
ments such as vehicle crash testing and
aerodynamic wind-tunnel experiments. Fur-
ther examples include drug-design soft-
ware, technical issues in communications,

such as non-linear fibre

rently inaccessible to
numerical analysis.
Global integrability is
a problem of a very
sophisticated math-
ematical nature. Most
applied scientists and
engineers do not have
the theoretical math-

models.

This ‘maths black
box’ will permit the
automated analysis
of mathematical

optic design, financial
economic modelling,
and pattern recognition.

In fact, all areas of fun-
damental, engineering
and social science
where mathematical
modelling with differ-

ematical background

needed to use the developed techniques
directly, which is why the proposed out-
come of the project is a toolbox of algo-
rithmic solutions. This ‘maths black box’
will permit the automated analysis of
mathematical models and therefore their
widespread use.

At the level of basic physics, GIFT can
contribute immediately to a number of do-
mains, including new types of topologically

ential equations is a
central paradigm will be of relevance. Clas-
sical examples range from the equations
describing fluid mechanics and elasticity
theory to models describing population
dynamics or the way an epidemic disease
spreads. With the breadth of impact that
a successful outcome to the work can
bring to European science and industry, it
is clear that GIFT is a very appropriately
named project.
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HYGEIA
NEST ADVENTURE

New genetic and biological
experimental techniques are
providing unprecedented
guantities of data on how liv-
Ing organisms function at a
molecular level. One major
challenge to the biological
research community is how to
take this data to model and
analyse biological systems
that typically exhibit a com-
bination of continuous and
discrete dynamics. HYGEIA
will use modelling experience
derived from engineering con-
trol and design, advanced
computing and biology to pro-
duce hybrid systems that
could form the basis for com-
puter-based simulators of

whole cells.
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High colour photo showing components of a cell

Hybrid modelling
can reveal the biological

continuum

remarkable characteristic of molecu-

lar biology over the last decade has
been the massive scaling-up of experi-
mental techniques. The entire genomes of
many organisms, including Homo sapi-
ens, have been sequenced. How the
individual genes express themselves as
proteins, and the interaction of these
proteins with other biological elements
and between themselves is providing a
huge wealth of data on the development
and function of cells.

Systems biology

There is now a need to complement the
experimental results with formal models
of biochemical networks: models that can
describe gene and protein interactions
in a precise and unambiguous way. These
models will have an instrumental role in
shaping the future of biology in many
ways. Computer-based (in silico)
experiments could be used for massive
and rapid verification of biological
hypotheses, leading to a reduction in
time-consuming in vitro and in vivo
experiments.

The ultimate possibility of this combination
of new experimental methods, sophisticated
mathematical techniques and increasingly
powerful computing is the simulation in sil-
ico of whole cells, and therefore — through
understanding how its global behaviour
emerges from interactions at a molecular
level —the behaviour of an organism in vivo.

Hybrid engineering

This systems biology concept is extremely
attractive but is also a huge challenge.
Current models of molecular interaction
fall into two camps: models with con-
tinuous dynamics, for example, models
describing the evolution of the concen-
tration of a protein over time, and models
of discrete dynamics including graph
models that describe the interdependence
of a regulatory network.

However, evidence suggests neither of
these classes alone is adequate to develop
realistic models of molecular interactions,
with their mixture of continuous and dis-
crete phenomena. What is needed is a
hybrid system combining the two concepts.
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Hybrid Systems for Biochemical Network
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Examples of hybrid systems are those used in automated highway systems and air-traffic management.

Fortunately, such hybrid systems have
already been the focus of much research in
control engineering and computer science,
where the goal has been to integrate and
control embedded computer systems in
areas such as chemical process control,
avionics and consumer electronics. Examples
include hybrid systems in automated high-
way systems and air-traffic management.

The multi-disciplinary HYGEIA team will
bring together experts in modelling and
analysis of hybrid systems, and leading
experts in biology from Greece, France, Ger-
many and the United States, to develop
biology-aware hybrid system technologies.

The three-year project, led by the University
of Patras in Greece, will take the methods
used to analyse and control many man-made
systems, and adapt and exploit these
advances for modelling and analysis of molec-
ular biology networks.

project, the accrued knowledge will be
adapted and used to test cell-cycle modelling
and differentiation control in mammal, and
possibly human cells, exploiting the evolu-
tionary conservation of genetic information.

The impact of the HYGEIA project is likely to
be immediate and far-reaching. The estab-
lishment of a firm link between hybrid sys-
tems and molecular biology problems will
bring new insights to biology, and will also
extend hybrid system technology, devel-
oping new methods that will have applica-
tions elsewhere.

Once the link is established, it is possible
that hybrid systems — together with new
biochemical techniques — will not only be
able to analyse biological systems, but
also synthesise biochemical networks with
specific properties, or systematically design
novel disease treatments. Looking further

ahead, the systems

To develop the method-
ology, three principal
case studies will be
examined: the nutri-
tional stress response in
Escherichia coli bacte-
ria, DNA replication con- will
trol in the yeast cell
cycle, and the role of the

The establishment
of a firm link bet-
ween hybrid sys-
tems and molecular
biology problems
bring new
insights to biology

could find further appli-
cations in the develop-
ment of bio-sensors and
bio-actuators and smart
materials based on bio-
chemical reactions.

The new tools that
HYGEIA will provide can
give a tremendous

Geminin protein in cell
differentiation in multi-
cellular animals. These initial examples were
chosen as subjects with which HYGEIA team
members have direct and relevant experi-
ence. They also represent increasing bio-
logical complexity. In the final year of the

boost to both the theor-
etical analysis of bio-
logical systems and the practical use of the
huge amount of genomic and proteomic
data that continues to be harvested by

modern biotechnology.
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INA
NEST ADVENTURE

Using advances in nanotechnol-
ogy, a European research team
proposes to improve on an imag-
ing technique they pioneered. A
microscope will be built, suit-
able for surface studies down to
20 nm, and will be tested to
study the topography of glass.
Although the experiments are
primarily for scientific interest, if
successful they will prove very
useful to industry. The instru-
ment is likely to have a tremen-
dous impact on science since it
will open novel opportunities for
study —such as fragile biological
probes or metastable materials
—since samples will not require
pre-treatment and will remain

undamaged during analysis.

The first tests in the INA project will relate to the surface
structure of glass, its composition and production methods.

Atom optics for
non-destructive nanoscale
surface microscopy

he team of engineers and scientists

working on the ‘imaging with neutral
atoms’ (INA) project proposes to develop
a scanning helium-atom microscope which
will make non-destructive and non-inva-
sive surface investigations at the
nanoscale a possibility. Their first tests
will be to relate the surface structure of
glass to its composition and production
methods. But if they are successful, their
microscope will help researchers work-
ing with a wide range of materials.

Atom-optics improvements

In the scanning helium-atom microscope
the beam, composed of low-energy
uncharged helium atoms, is brought to
a focus on the sample by an atom optical
element. In previous experiments, signal
intensity was limited by the focusing
technique, which used transmission
lenses. The same limits will not apply
in the new microscope, in which silicon-
wafer atom-focusing mirrors will be used.
The larger apertures these permit will
allow greater signal intensity and, thus,

make scanning helium microscopy pos-
sible for the first time.

The ideal mirror

The first atom-focusing mirrors were
pioneered by two INA partners and
basically consist of a chemically-prepared
silicon wafer sandwiched between two
alumina discs and suspended above an
electrode structure. Applying an electric
potential between the wafer and the
electrode controls the deflection of the
mirror into an aperture on one of the discs.

The production of the mirror surface for the
current project will be challenging, as the
partners will have to develop the neces-
sary technology themselves. But it will be
important too. The team includes pioneers
in the field of scanning atom microscopy
as well as experts in the preparation of
ultra-thin wafers and optical equipment.
To achieve the resolution they are aiming
for, namely 20 nm, they plan to make vari-
ous improvements to the mirror at both the
macroscopic and atomic levels. These
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With its increased resolution, it is expected that the scanning helium-atom microscope will
have applications in the study of fragile biological samples, for example.

include reducing the error in the angle at
which the crystals are cut, thereby
minimising their warp; improving polishing
techniques to ensure uniform crystal
thinness; increasing the reflectivity of
the mirror; and optimising the electrode
structure.

Glass-surface topography

To test the equipment, once it is oper-
ational at the nanoscale

raphy and the chemical composition of
the glass surface. These tests of the micro-
scope on glass will, nonetheless, prove
usefulin themselves, in the preparation of
glass formulations, where such a method
is currently unavailable.

Microscope applications
With its increased resolution, it is

expected that the scanning helium-atom
microscope will have

level, the researchers
plan to study the sur-
faces of different types
of melt glass to iden-
tify a characteristic
‘signature’ for each
type of glass. Glass
surfaces look very
similar when coming
out of the melt, and
atomic-force micro-
scopy, which is also
used to study glass
surfaces, only reveals
small differences in try.
topography over a

By increasing the
resolution to allow
observation at the
nano-scale,
expected that the
scanning helium-
atom microscope will
have widespread
applications in both
research and indus-

applications both in sci-
entific research and
industry. For example,
it would be useful in the
study of fragile bio-
logical samples, in com-
panies involved in sur-
face coating and for
quality control in the
semiconductor indus-
try. As it has the poten-
tial to appeal to a wide
market, the team antici-
pates that the micro-
scope will eventually be
manufactured.

it is

wide range. However,

it is expected that the scanning helium-
atom microscope used in the diffraction
mode will be sensitive to both the topog-
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NANOBIOMAPS
NEST ADVENTURE

By pushing the frontiers of two
chemical analysis methods, the
NANOBIOMAPS project is
aiming to produce 3D chemical
maps of cells, tissue and other
biological samples. The tech-
nigues hope to achieve a spa-
tial resolution of 50 nanometres
or less, and be able to identify
and localise a wide variety of
substances. A successful out-
come to the project will lead to
breakthrough discoveries and
applications in many areas of
research, from fundamental
biology to clinical diagnosis
and treatment, to environmen-

tal health studies.

# LY

The NANOBIOMAPS project aims to develop new techniques that can deliver
3D chemical maps of substances in single cells and tissue. © SP

Making detailed
biological maps

ur knowledge of the molecular struc-

ture of cells and tissue, how these
structures differ at different locations, and
their relation to biological function, form
the basis of modern biomedicine. Increas-
ing our knowledge in this area is critical to
the development of new drugs and diag-
nostic techniques. An important limitation
in this area is the lack of analytical
methods that can give precise chemical
structural information at very high spatial
resolution —i.e. at the sub-cellular level.

The NANOBIOMAPS project aims to
develop new techniques that can deliver
sub-micrometre (one thousandth of a milli-
metre) resolved 3D chemical maps of sub-
stances in single cells and tissue. This con-
stitutes a significant step beyond current
methods for chemical analysis of such
samples, which can either provide non-
local information of chemical composition,
or local information on a few pre-selected,
usually fluorescence labelled substances.

TOF techniques
To get this information means analysing

minute samples present in very small vol-
umes, and will need a considerable

improvement in detection sensitivities
compared to current conventional tech-
nologies. To meet these challenges, the
NANOBIOMAPS project will bring together
recent advances in sample-preparation
techniques, instrumentation and data inter-
pretation, and push them further. The col-
laborators from Sweden, Germany and the
United Kingdom hope this wide-ranging
approach will achieve the required sensi-
tivity, together with a spatial resolution of
less than 50 nanometres (one nanometre
is one billionth of a metre). In addition,
methods for 2D mapping at different sam-
ple depths will be developed, providing a
3D chemical-analysis capability.

The techniques which will be developed
are based on time-of-flight secondary ion
mass spectrometry (TOF-SIMS) and laser
secondary neutral mass spectrometry
(laser SNMS), to provide simultaneous
identification and localisation of a wide
variety of substances.

These two related techniques use a focused
energetic beam of ions to knock off atoms,
clusters of atoms or large molecules from
the surface of a sample, and analyse their
mass spectra — a characteristic chemical

4
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Applications envisaged include chemical composition of organelles such as the energy source

of cells: mitochondria. © K. Kuchler group

fingerprint. Recent advances in ion-beam
and fast-laser technology have dramat-
ically improved detection limits for bio-
logical samples with these methods. How-
ever, considerable further improvements
(by a factor of 10) are needed to achieve
the project’s targets, and will lead to a
substantial increase in the number of sub-
stances which can be analysed and
localised.

In addition, the project will explore the
possibilities of depth resolution and 3D
mapping — a virtually unexplored field of
research in mass spectrometric analysis of
biological specimens.

combining chemistry with morphology and
histology in biological samples. This type
of information will be useful in many
research sectors including cell biology,
biosensors, pharmaceutical and food safety
research. Particular applications envisaged
include the distribution of lipids within cell
membranes, cell adhesion mechanisms,
and the chemical composition of organelles
such as the energy source of cells: mito-
chondria.

The technique may also be able to detect
cellular and tissue changes associated
with disease, and help in early detection of

the onset of serious

Tangible objectives

These ambitious tar-
gets will test the team
of instrumental, chem-
ical and biological
experts, led by the
Swedish National Test-

serious

The technique may
help in early detec-
tion of the onset of

such as Alzheimer’s
disease.

illnesses such as
Alzheimer’s disease
and other neuro-
degenerative condi-
tions.

illnesses
Other applications
may assist in the
detection of haz-

ing and Research Insti-
tute. Chemical analysis
of a single cell equates to the analysis
of samples of 100 picograms (one-tenth of
one billionth of a gram) consisting of a
complex mixture of thousands of different
substances.

However, the impact of the study is poten-
tially very large, giving unique information

ardous substances in
the environment, such
as particles emitted from combustion
processes. It is known that the health
effects of these particles are related to
their size, but not much is known about
their bulk and surface chemical composition.
The technology that will be developed by
NANOBIOMAPS can be easily adapted to
address this sort of sample.

i)
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OPTICAL NOSE
NEST ADVENTURE

Diagnosis of many medical
conditions may be possible
through breath testing, but
technological and scientific
barriers are slowing progress
towards this goal. OPTICAL
NOSE intends to tackle them
head-on through two comple-
mentary strands of investiga-
tion —one into advanced mid-
infrared fibre-laser sources
and sensitive spectroscopic
detection methods, the other
into the relationship between
breath composition and the
progression of colorectal can-
cer and chronic obstructive

pulmonary disease.

In recent years, the increasing maturity of sophisticated laser
technologies has recommended them for trace-gas detection.

A breath of hope from
molecular fingerprints

itrogen, oxygen and carbon dioxide

together make up virtually all of the
airin any breath exhaled by a human. The
remainder is a complex mixture of many
gases. Researchers have already identi-
fied traces of more than 3 ooo volatile
organic compounds (VOCs) in human
breath. Trace-gas composition cantell us a
great deal about the particular human who
exhaled the breath. However, the connec-
tions between specific trace gases and their
causes in the body remain unclear, and few
breath tests have been devised to exploit
the diagnostic potential of the breath.

The OPTICAL NOSE team has set itself the
task of tackling head-on the two main
obstacles holding back progress. Their
practical objective is to exploit new
fibre-laser technology to create a fast,
sensitive and versatile trace-gas analyser
for early detection of selected diseases.
The consortium unites the expertise of
four research centres and one company,
which together cover the broad field of
theoretical and applied modern optics,
with the expertise of two medical research
centres working on the study of colorectal
cancer and chronic obstructive pulmonary
disease.

Laser spectroscopy matures

First among the obstacles is the catalogue
of limitations of established diagnostic
detection technologies. Gas chromatog-
raphy (GO is typical. It is expensive and
insufficiently sensitive for ready quantifi-
cation of the ultra-low concentrations of
VOCs in the human breath. Therefore,
accumulation is needed which results in
delays of hours before analysis results
are ready. It is also slow and it can analyse
only one gas species at a time.

In recent years, the increasing maturity
of sophisticated laser technologies has
recommended them for trace-gas
detection. The consortium hopes to
realise a step change in their versatility,
to measure all trace-gas species present
in complex gas mixtures in a single
operation. Their apparatus will need to
measure light absorption by the gas
mixture at tens of thousands of discrete
wavelengths per second. Another big
challenge is the wavelength range, which
must cover the molecular fingerprint
region, stretching from 2.5 to 10 microns.
Between these limits, most important
gas molecules possess dense series of
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The breath may be the key to convenient and early diagnosis of many medical conditions.

strong absorption lines which reveal
their chemical composition.

To achieve these aims, they will investigate
optical parametric oscillators (OPO) -
lasers based on non-linear optics — for
generating microsecond pulses of rapidly
tuneable wavelengths in the mid-infrared
region. An OPO of this kind operating at
around 3 microns has already been
reported. The partners hope to improve on
its kind by experimenting with tuneable
ytterbium-, erbium- and thulium-doped
silica-fibre lasers to pump the OPO. In
this way, they expect to increase the duty
cycle to an acceptable

progression with state-of-the-art clinical
techniques, and breath samples with the
best extant trace-gas analysis techniques.

Results from these studies are essential if
the final configuration of the laser-spec-
troscopy apparatus is to be validated, and
then optimised, for breath-test detection
of CRCand COPD. They may also serve to
accelerate the search for VOC signatures
more discriminating and reliable than
those beginning to emerge in the medical
literature.

Screening by breath

level and, in particu-
lar, to enable the sig-
nal laser to be tuned
rapidly across the
whole molecular fin-
gerprint region.

New medical data

Breath tests could, in
time, become as ordin-
ary and versatile in
medical screening as
blood tests are today.

If the team demon-
strates a practicable
optical nose, it is not
too fanciful to suppose
that breath tests could,
in time, become as
ordinary and versatile
in medical screening as
blood tests are today.

The second obstacle is

the scant nature of our knowledge of the
relationship between the breath trace-
gas composition and its causes. The two
medical-research partners are to collect
data relating the progression in patients
of colorectal cancer (CRC) and chronic
obstructive pulmonary disease (COPD) to
the composition of breath samples taken
from them. They will measure disease

But it would be a
mistake to think that this exhausts the
possibilities. Applications in numerous
fields are easy to imagine — from measur-
ing the effect foodstuffs have on the body,
and monitoring industrial chemical plants,
to improving security in public places
through detection of explosives and drugs.
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ORTHO AND PARA WATER
NEST ADVENTURE

Water: more to it than meets the eye.

Properties and potential
of water spin isomers

All water molecules consist of
one oxygen atom bound to

two hydrogen atoms, but two

‘nuclear spin isomers’ are dis-
tinguished according to
whether the two hydrogen
nuclei spin in the same direc-
tion or in opposite directions.
In a project called ORTHO AND
PARA WATER, a multinational,
multi-disciplinary consortium
is generating tools and know-
ledge that should pave the way
towards exploiting the nuclear
spin isomers of water, notably

in innovative nuclear magnetic

resonance applications.

ny molecule containing two identical
Anuclei with 1/2 spin can exist in two
forms: an ‘ortho’ form, where the nuclei are
spinning in the same direction, and a ‘para’
form, where the nuclei are spinning in
opposite directions. These forms are called
‘nuclear-spin isomers’.

To date, dihydrogen (H,) is the only sub-
stance whose nuclear spin isomers have
been studied extensively and exploited.
First separated in 1954, H, isomers display
different boiling points, heat capacities,
heats of vaporisation, etc. In addition,
only ortho-H, can yield a nuclear mag-
netic resonance (NMR) signal. Para-H,,
although NMR-silent, has been used to
boost the sensitivity of NMR spectroscopy.

Water likewise exists as two nuclear spin
isomers. Scientists can measure its ortho-
to-para (o/p) ratio by infra-red spec-
troscopy, and mixtures enriched in one
isomer have been obtained by selective
adsorption on to aluminium oxide or acti-
vated coal surfaces. These achievements
make it possible to envisage a wide range
of applications. Therefore, a multinational,
multidisciplinary consortium has chosen
to focus on nuclear-spin water isomers

within the NEST project, ORTHO and
PARA WATER.

Separate, quantify, exploit

An important project goal is to isolate
pure or highly enriched water spin iso-
mers. This requires optimising, and pos-
sibly automating, separation procedures.
Optimisation will go hand in hand with
the development of improved methods
for identifying and quantifying spin iso-
mers, with emphasis on NMR approaches.

Storage of ortho- or para-enriched water
is problematic because such preparations
tend to return, sooner or later, to the equi-
librium o/p ratio. Hence, a second goal is
to understand and control the mechanisms
that contribute to re-equilibration. Along-
side the work on ortho- and para-water,
the partners hope to gain valuable insights
from studying the nuclear-spin isomers
of two other dihydrogen compounds:
hydrogen sulfide and acetylene.

Potential applications of nuclear-spin
water isomers constitute the third major
project focus. Nuclear magnetic resonance
is a target field of choice because it is

4
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Nuclear magnetic resonance is a field of choice for para-water applications of para water. Picture is rat
femur image captured by magnetic resonance microscopy. © Roche

based on the behaviour of spinning nuclei
in a magnetic field.

Innovative ideas

Para-water should be NMR-silent, but like
para-H, it might serve to boost the sensi-
tivity of NMR spectrometry. The NMR sig-
nal comes from magnetically active (I0)
nuclei subjected to a magnetic field and
stimulated by a radio-frequency pulse.
Signal strength is limited by the extent of
‘polarisation’ in the studied material, i.e.
the proportion of nuclei that, like tiny mag-
nets, have aligned with the magnetic field.
Para-H, is used to enhance polarisation,
either directly or as a tool for generating
‘hyper-polarised’ probes containing car-
bon-13. Para-water might advantageously
replace para-H, in such

In magnetic resonance imaging, NMR-
silent para-water might provide a good
negative contrast agent. In addition, its use
for the quick synthesis of carbon-13-con-
taining hyperpolarised probes could facili-
tate the development of high-resolution
carbon-13-based MRI.

Beyond NMR, the project partners are
interested in applications based on
physico-chemical differences between
ortho- and para-water. For instance, pre-
cise measurement of the o/p ratio in water
vapour might be used to monitor phe-
nomena that alter this ratio, such as select-
ive adsorption of one isomer to certain
surfaces, or diffusion of the isomers at
different rates through a biological mem-
brane.

applications, particu-
larly when the insolu-
bility of para-H, in
water is an obstacle.

An innovative idea is
to exploit NMR as a
tool for the quick

An important project
goal is to isolate pure
or highly enriched
water spin isomers

Water and its inter-
actions are so impor-
tant in nature that the
ORTHO AND PARA
WATER partners also
foresee contributions
of nuclear-spin water
isomers in fields that

determination of pro-

tein structures. Here the aim is to explore
protein surfaces with hyperpolarised
probes designed to recognise specific
exposed residues.

may seem less obvious,
such as materials science, the earth
sciences, and meteorology.
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PHARMAPOX
NEST ADVENTURE

Marine life is a gold mine of
potentially exploitable biomol-
ecules, but the EU lags behind
the USA and Japan in the
endeavour to tap this source.
The PHARMAPOX project will
contribute to European efforts to
catch up. Its focus is an as yet
unidentified factor, produced by
benthic micro-algae, which
causes disruption of male sex
organs in shrimps through pro-
grammed cell death. This novel
biomolecule may find applica-
tions in sectors as diverse as
aquaculture, environmental

control, and human medicine.

A Hippolyte inermis female enlarged 20 times
under a binocular microscope. © Pharmapox project

Shrimp gender
and cancer therapy

he shrimp Hippolyte inermis (H. iner-

mis) lives in seagrass meadows (mainly
Posidonia oceanica) in shallow waters of
the Mediterranean Sea and along the
Atlantic coast of Spain. Like many decapod
crustaceans, this species displays
protandry: animals developing initially as
males later undergo sex reversal to
females (called alpha females). This is the
pattern typical of individuals born in
autumn, but among those born in spring,
some differentiate directly as females
(called beta females).

The appearance of beta females during
early post-larval development has been
linked to the ingestion of micro-algae
called diatoms: certain diatom species
contain at least one agent that targets
the testes and androgenic glands of
H. inermis, triggering the ‘suicide’ of cells
normally programmed to self-destruct
about 12 months after hatching. This sui-
cide mechanism is called apoptosis or
programmed cell death.

Because it eliminates cells in a controlled
way, apoptosis is essential to the devel-
opment and survival of multi-cellular

organisms. Notably, it plays an important
role in preventing cancer formation. When
deregulated, apoptosis may cause disease.
Scientists are keen to elucidate the multi-
ple roles and regulation of programmed
cell death. Drug developers and biotech-
nologists seek ways to control and exploit
it. Hence, the unknown apoptotic factor
causing the appearance of beta females in
H. inermis populations has become the
focus of a multi-disciplinary NEST research
project called PHARMAPOX, aiming to iden-
tify the factor, study its bioactivity, and
explore potential medical applications.

Wide-ranging uses

Because many shellfish have commercial
value, a compound influencing gender in
shrimps might greatly benefit the aqua-
culture sector. For instance, it is possible to
increase the market yield of giant prawns
by culturing all-male populations (males
grow faster than females). The studied
diatom factor might provide a tool for cre-
ating genetically male but functionally
female prawns to be mated with normal
males to produce all-male monosex popu-
lations. Sex regulation in shellfish could



PHARMAPOX
NEST ADVENTURE

ATA GLANCE

Official title

Chemistry, pharmacology and bioactivity of a
novel apoptotic compound — a sex regulator
in decapod crustaceans with promising
environmental and medical applications

Coordinator
Italy: Stazione Zoologica “Anton Dohrn”

Partners
e [srael: Ben-Gurion University of the Negev
® Spain: Consejo Superior
de Investigaciones Cientificas
e Spain: Universitat de Barcelona
e [taly: National Institute of Cancer
Research, Genoa

Further information

Dr Valerio Zupo

Stazione Zoologica “Anton Dohrn”
Laboratorio di Ecologia del Benthos
Punta San Pietro

1-80077 Ischia

Fax: +39 081 984 201

E-mail: vzupo@alpha.szn.it

Duration
33 months

Project Cost
€810 310

EU Funding
€600 000

Project reference
Contract No 4800 (NEST)

Web: http://www.cordis.lu/nest

© European Commission, 2004

The Commission accepts no responsibility or liability whatso-
ever with regard to the information presented in this document.

An investigator checks the growth of diatom cultures in a thermostatic chamber.

© Pharmapox project

also provide ecological advantages, cre-
ating sustainable aquaculture by minimis-
ing the risk of invasion by exotic species.

Perhaps even more importantly, the apop-
totic pathway is a major target for novel
drug discovery. The

This is ‘high-risk/high-gain’ research, with
knowledge gaps, technical hurdles, and an
unknown outcome at each step. To min-
imise delays and maximise achievements,
the project pools a wide range of expert-
ise: marine biology and ecology, chem-

istry, pharmacology,

project partners have
high hopes that the
factor they are seek-
ing will show promise
as an anti-cancer
agent. An ideal drug
for cancer treatment
should destroy cancer
cells but spare healthy
ones. An apoptotic fac-

The project partners
have high hopes that
the factor they are
seeking will show
promise as an anti-
cancer agent.

human medicine, aqua-
culture... Having pin-
pointed potential bottle-
necks, the partners
have developed a con-
tingency plan that pri-
oritises indispensable
milestones such as
selection and mass
culturing of diatoms,

tor that selectively tar-
gets specific cells could thus exhibit poten-
tial as a cancer drug.

High risk, high gain

The work is to be carried out in five steps:
selection and culture of apoptosis-inducing
diatoms and the production of extracts from
them; evaluation of the activity of extracted
materials on live model shrimps; purification
and analysis of the apoptotic factor(s); evalu-
ation of the activity of purified material on
live shrimps, prawns, and crayfish and tis-
sues derived from them; and evaluation of
the effect of the active compound(s) on nor-
mal and neoplastic mammalian cell lines.

and the isolation and
chemical characterisation of bioactive
compounds. Whatever the results of experi-
ments geared towards practical applica-
tions, the knowledge, methods, and tools
emerging from this work will make a
major scientific contribution, notably to
the study of a life process in the limelight:
programmed cell death.
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SAFER
NEST ADVENTURE

Partners in the three-year
SAFER project aim to develop
a set of combinable microsys-
tem modules for purifying and
analysing fetal cells from
maternal blood. Developed
initially to provide a low-cost
portable system for non-inva-
sive prenatal diagnosis, the
SAFER technology platform
will be exploitable in a diver-
sity of applications requiring
the isolation of rare cells. It
should contribute to the
advent of a more individu-
alised medicine where diag-
nostics and treatment go hand

in hand.

SAFER aims to develop a set of combinable microsystem modules for purifying and

analysing fetal cells from maternal blood. © Siemens

Microsystems and
nanotechnology for
prenatal diagnhosis

urrent invasive procedures for pre-
Cnatal diagnosis (e.g. amniocentesis,
chorionic villi sampling) entail a risk of
induced abortion or maternal injury, in
addition to causing discomfort and psy-
chological distress. How much better it
would be to obtain the same information
non-invasively, from a sample of the
mother’s blood! The problem is that fetal
cells are rare in maternal blood. It is hard
to isolate them from their background.
This hinders the development of routine
procedures for detecting genetic defects
and chromosomal anomalies in the foetus.

ANEST project called SAFER is tackling this
obstacle, although the partners actually
have a much broader focus. On the one
hand, they see that isolating rare cells is
a frequent challenge in medical diagnos-
tics. On the other hand, given recent break-
throughs in bio-, micro-, and nanotech-
nology, they view miniaturisation as the
way to go towards the development of
labour- and cost-effective solutions for
routine diagnosis. Given the foreseeable
health and economic benefits of improved

prenatal diagnosis, they have chosen this
field for developing and demonstrating a
low-cost, disposable, intelligent, non-inva-
sive diagnosis system using a nanotech-
nology-based device to detect, isolate,
and concentrate rare cells.

Modularity and integration

In SAFER, teams will work on different
aspects of fetal cell isolation and analysis,
on different components of what should
become an integrated modular microsys-
tem, and on integrating the modules. The
final demonstration set-up should be able
to carry out the following steps, begin-
ning with injection of a maternal blood
sample into the system: initial enrichment
in fetal cells; target-cell isolation, one-
step release of cell content, amplification
of DNA from single cells, specific binding
of amplified DNA fragments to probes on
genosensor arrays, and detection/sig-
nalling of binding by the sensors (i.e. iden-
tification of target sequences in the fetal
DNA).
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The final demonstration set-up should be able to carry out the amplification of DNA from single cells.
A DNA library. © Flanders Interuniversity Institute for Biotechnology

Particularly innovative is the work going
into bio-coated materials and microsystem
development. Microsystems will incorp-
orate techniques such as magnetic cell
sorting and DNA amplification, based on
the polymerase chain reaction (PCR). Part-
ners will design, construct, and test three
types of ultrasensitive genosensor arrays.
System integration will concern all aspects
from sample collection to safe disposal,

End-user input

To ensure an optimal match between the
technology platform and end-user needs,
the project will incorporate input from
health-care providers, first to help define
specifications, then to provide biological
samples and feedback, and finally to evalu-
ate prototypes. The biosensor-integrated
disposable microsystem should be totally
reliable in the hands of untrained per-
sonnel. With small modi-

such as fluidic require-
ments (pumps, valves,

fications, it should be

fluid channels...) and
interfaces between
modules. As PCR
involves cycles of heat-
ing and cooling, spe-
cial attention will be

Isolating and test-
ing rare cells is
essential in many
fields: early cancer
detection, residual

adaptable for point-of-
care or even home use.

Isolating and testing
rare cells is essential in
many fields: early can-

devoted to tempera-
ture control in the
sample as it moves
through the PCR unit.

The application will rely

disease monitoring,
stem cell research,
gene therapy... even
food safety.

cer detection, residual
disease monitoring,
stem cell research, gene
therapy... even food
safety. The SAFER tech-
nology platform should

on an effort to identify
novel fetal-cell-specific markers to be
exploited in the isolation process. For this,
teams will use different approaches: pro-
teomics, comparative gene expression stud-
ies, and in vitro selection. Suitable markers
will then serve to develop molecular tools
for cell selection. This work will extend to
novel genetic markers of disease identi-
fied within the project. In addition, a novel
assay for recognising fetal chromosomes
should allow their rapid genotyping.

thus find wide-ranging
applications. In the long term, its tools for
exploiting genomic findings should con-
tribute to the development of a more indi-
vidualised, theranostic medicine.
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VIMPA
NEST ADVENTURE

New sources of portable
power for applications from
laptop computers to biomed-
ical devices need to provide
more energy, for a longer time,
and from smaller and lighter
systems. A novel concept for a
micro-engine design, based
on a vibrating structure, could
provide several times the
power of conventional lithium
battery technology from a
truly miniature device. Appli-
cations for this development
could cause a ‘buzz’ in areas
as diverse as autonomous
flying, robotics and consumer

electronics.

Elastic combustion chambers could provide several times the power of a conventional lithium battery.

Micro-engines
pulsate with power

s portable electronic and mechanical
Asystems get smaller and more complex,
the requirement for very small, but powerful,
energy systems increases. Micro electro-
mechanical systems (MEMS) could develop
as a new class of high energy and high power
density generators, which can be embed-
ded in portable or autonomous devices.

Power MEMS will use combustion to gen-
erate mechanical and electrical power.
Output densities of many watts per cubic
centimetre (W/cc) for power are envis-
aged, while energy densities could be up
to several kilojoules per cubic centi-
metre (kJ/cc): considerably greater than
the current maximum values provided by
conventional battery technology, and
potentially superior to other emerging
technologies including micro fuel cells.

Step change

Developments in this area have tradition-
ally been based on scaling down conven-
tional engine designs or developing micro-
turbo-machinery or micro-engines inspired
by existing concepts. The VIMPA project is
looking to produce a step-change devel-
opmentin MEMS power supply, by devel-

oping a vibrating frictionless structure
using repeated combustion pulses. The
multidisciplinary project consortium from
Italy, Sweden and Germany will focus on
a design using positive displacement
rather than turbomachinery, and will avoid
rotary or sliding joints to minimise fric-
tion, as well as inertial flywheels, since
these types of energy storage become
ineffective as machines scale down.

The team, coordinated by the Scuola Super-
iore Sant’Anna of Pisa, Italy, will bring
together skills in combustion research,
micro-engineering design and MEMS fab-
rication, with the ultimate goal of demon-
strating a complete working prototype for
a VIMPA electric generator of around 10mm
size and weighing less than 5 grams.

Design concept

The VIMPA concept consists essentially
of two chambers: one in which homogen-
eous fuel charges are held prior to their
introduction to the combustion chamber,
and the combustion chamber itself. Com-
bustion in the chamber is achieved by
homogeneous charge compression ignition
and the engine will work at a frequency

4
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Applications of portable power could cause a ‘buzz' in areas as diverse as autonomous flying robotics and
consumer electronics. © European Space Agency

of 100 to 1 000 Hz: i.e. 100 to 1 000 com-
pression-combustion-expansion cycles
per second.

Energy can be recovered in many ways. An
electromagnetic or piezo-electric circuit
can be coupled directly to moving parts to
produce electricity, or a motion converter
can recover mechanical energy whilst the
unit can couple to a compressor device
for power pneumatics.

Liquid fuels, possibly based on sustain-
able biomass-derived sources, will be used
in the VIMPA prototype. A novel fuel injec-
tion system will be related to the tech-
nology used for nanolitre liquid delivery.
Major research efforts will also be required
in materials (both metallic and inorganic),
energy conversion in

sumer or business electronics, such as
laptop computers and camcorders, would
benefit greatly from the ability to func-
tion for a whole day on a single charge.

A second area is in autonomous devices,
including field-based microrobotics, where
swimming, locomotive or even flying
microsystems for environmental surveying
and inspection need improved lightweight
power supplies. A third field includes bio-
medical devices, where devices to assist
or replace damaged organs need long-
lasting and powerful energy supplies.

The VIMPA participants believe that the
prototype device will cause a real stir when
it is produced, and have plans to move on
to a second prototype —a 10mm-sized wire-

less flying device. This

devices, engine control
and, importantly, hybrid
integration techniques
— effective methods for
bonding silicon-based
materials and non-sili-
con components. The
advances foreseen in
these individual areas

The novel fuel injec-
tion systems will be
related to the tech-
nology used for ‘bub-
ble-jet’ printers.

would be the first auto-
nomous flying micro-
machine and should be
able to fly for several
minutes.

Clearly, the VIMPA pro-
ject team have set their
targets high, but they

will in themselves pro-
vide significant advantages to European
knowledge and competitiveness.

Micro power — macro impact
The development of small portable energy

sources is a priority for further progress in
many technology scenarios. Portable con-

are confident that their
novel work will truly astonish the inter-
national scientific, technological and
industrial community.
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PERFORCE
NEST INSIGHT

Perfluorinated compounds
(PFCs) are used in many con-
sumer products today. These
chemicals are highly stable,
do not degrade in the envir-
onment and can accumulate
in living organisms. To make a
full risk assessment of the
environmental impact of PFCs,
accurate data on their physico-
chemical properties and new
tools to assess the movement
and distribution of PFCs are
needed. PERFORCE brings
together expert teams, includ-
ing industry, to significantly
boost our understanding of

PFCs.

Evidence suggests that PFCs accumulate in blood, bile and the liver and
it is possible that they may bind to proteins in blood and tissue.

Assessing chemical toxicity
for competitive advantage

erfluorinated compounds (PFCs) are
Pchemicals that have gained increased
scientific and socio-economic interest
following their detection in organisms
from remote regions —including the polar
regions —and in human blood.

PFCs have numerous useful applications
in consumer and other products. They can
be found in textile, carpet and leather
treatments (for water and dirt proofing),
surfactants, polymerisation aids, fire-fight-
ing foams and paper additives. However, the
primary useful characteristic of PFCs —their
stability — means that in the environment
they do not readily decompose and are
therefore defined as persistent chemicals.

Blood and bile

In organisms, evidence suggests that PFCs
accumulate in blood, bile and the liver
and it is possible that they may bind to
proteins in blood and tissue. Some classes
of PFC have been shown to cause cancer
in rats. PFCs are, therefore, an emerging
group of environmental contaminants with
unique physicochemical and toxicologic-
al properties. But how they enter and are

transported within the environment is not
well known, mainly due to a lack of
physicochemical property data and
reliable detection methods.

Information on the prevalence of PFCs in
Europe is scattered and incomplete. In
fact few reliable data on their chemical
properties are available in the open litera-
ture, and prediction of environmental con-
centrations is not possible. In particular,
the few unique characteristics known
prevent the modelling of their properties
using existing estimation methods. Clearly
this substantial lack of information on the
hazardous potential and environmental
distribution of PFCs is of concern to policy-
makers, producers and consumers.

PERFORCE is bringing together European
expertise to introduce and evaluate new
chemical and biological techniques and
tools to assess the distribution of PFCs
in the European ecosystem. This will reveal
how PFCs get into the environment, how
they move within and between different
environmental compartments (i.e. ground,
water, sediment, etc.), and determine their
key environmental properties.
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By gaining new insights into environmental chemical mechanisms, in particular the source and routes for
PFCs detected in remote areas, an ecologically sound chemical replacement policy can be developed.

Scientific leader

The project, led by the University of
Amsterdam, brings together researchers
from the Netherlands, Norway, Sweden
and Belgium (including DuPont, a leading
PFC manufacturer) and aims to establish
Europe as an international scientific leader
in environmental research and exposure
assessment for PFCs. Work will be split
between developing new chemical
analytical methods,

Competitive advantage

By gaining new insights into environmental
chemical mechanisms, in particular the
source and routes for PFCs detected in
remote areas, and by understanding the
behaviour and distribution of PFCs, an
ecologically sound chemical replacement
policy can be developed which could
provide a competitive advantage for the
European chemical industry.

bioanalytical tools,
physicochemical prop-
erty and fate model-
ling, environmental
modelling and valid-
ation of techniques. An
important component
of the project will be
transfer of know-how
from industry to the

Europe.
academic teams. The P

An ecologically sound
chemical replace-
ment policy can be
developed which
could provide a com-
petitive advantage for

The introduction of new
validated chemical and
biological techniques
and tools to assess the
occurrence and distri-
bution of PFCs in the
European ecosystem
that the PERFORCE team
will deliver should allow
a reliable exposure
assessment for PFCs to

final exposure assess-
ment will be based on
both field data and modelling.

The project will also link with other
international initiatives, especially in North
America and OECD projects, to provide
calibration and comparison/standardisa-
tion of techniques to give a global
dimension to this global problem.

be made. Together with
ongoing hazard assess-
ment and toxicity testing data, this can
give the European authorities a proper
environmental risk assessment of these
chemicals in the near future.

This will be essential information for stra-
tegic decision-making and for regulatory
action on directing industrial production
and sustainable future application of PFCs.
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PORGROW
NEST INSIGHT

Obesity in Europe is reaching
epidemic proportions, but
Europe’s policy-makers need
more information about what
controls might be acceptable
and effective. The PORGROW
project will provide national
and cross-national informa-
tion to analyse the varying
perceptions and judgements
of key stakeholder groups in
nine countries. This should
contribute to identifying prom-
ising policy initiatives, and
helping policy-makers, indus-
try bodies, public health and
medical groups to make

informed strategic choices.

Overweight hurts individuals, and society.

Leaner times ahead

besity is an intractable problem,
Ocausing suffering and predisposition
to other medical conditions for the
individual, and medical and social costs to
governments. Treatment of obesity could
be tackled in a variety of ways, but far
less has been done to establish the
optimal strategy for its prevention. It is
not even clear whether there is an optimal
way, or whether regional, nutritional,
traditional or other differences in diet or
culture mean that approaches should vary
in different countries.

The PORGROW project will remove these
uncertainties by using an innovative
methodology to define how decisions on
preventing obesity could best be made.
For example, foods which are currently
over-consumed, like manufactured cakes
and biscuits, could be made less attractive
by reducing subsidies, or the prices of
fruit and vegetables could be reduced by
increasing subsidies. Information on the
nutritional value of foods could be made
more accessible and meaningful to con-
sumers, or marketing of locally-produced
fruit and vegetables could be encouraged.
PORGROW will employ the expertise of
project participants to collect views on

these possible approaches in nine
countries, representing a broad range of
geographic and demographic types. For
this reason, their inputs can be expected
to reflect a wide range of dietary, cooking,
and physical activity regimes.

Multi-criteria mapping

The methodology to be used — multi-cri-
teria mapping, MCM — was developed at
the University of Sussex as a way to com-
pare policy options. In the obesity study,
MCM will be used to interview represen-
tatives of 20 different key stakeholder
groups in each participating country. The
categories will be the same for each coun-
try, and will include food producers (such
as farmers and manufacturers), doctors,
nutritionists, teachers, food retailers,
advertisers, public policy-makers, con-
sumer and sports organisations, self-help
groups and members of the research and
public-policy communities.

Each interviewee will evaluate policy
options for addressing obesity, including
six core options and up to six more of
their own choice. Up to 12 evaluative
criteria are also to be chosen by the
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What would stop you eating this?

interviewees who will rank each policy
option for each criterion. A mathematical
formula allows each interviewee’s
appraisal to be calculated and displayed
as a bar chart. The interviewees can then
review the findings, and reconsider or
include new options or criteria if they wish.

Putting it all together

The data from all the stakeholder groups
in each country will be reviewed by the
national project teams, with the aim of
finding out to what extent they can define
a policy or collection of policies which
might provide the most effective deterrent
to obesity for that

taking a decision on which policies, and
combinations of policies, will be most
effective and acceptable to the various
groups.

PORGROW is a NEST INSIGHT project, so
its function is to investigate growing
problems which threaten European society.
It will meet this objective directly by
identifying appropriate policies to limit
the effects of obesity. As well as national
policy-makers, the outcome will also be of
great relevance to the development of
future EU food policy and legislation. More
indirectly, PORGROW’s use of MCM will
demonstrate how the approach can be

used on other complex

country. The national
report for each country
will draw out the main
areas of agreement
and disagreement in
the perceptions of the
different stakeholder
groups, including both
quantitative and quali-
tative responses.

PORGROW will define
the policy or collec-
tion of policies which
might provide the
most effective deter-
rent to obesity.

multi-factorial problems
in the future. The
approach may be
applied to many other
situations where some
of the factors are
uncertain, thereby
enabling policy-making
to become more flexible
and effective.

The final stage is to compare the national
findings. The cross-national comparison
should provide a reliable account of the
policy options that could be available,
and of the views of the key groups on
these options. It should, therefore, give
policy-makers the best possible basis for

SIXTH FRAMEWORK PROGRAMME





