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What if . . .? Two short words, one fascinating question and many
different answers. It’s an interesting notion when considering the past,
for example, although one often tinged with regret, implying that
perhaps things could have turned out better. When looking into the
future, however, the same question generally prompts thoughts of
great optimism and excitement, of wonder at what could be possible if
we really put our minds to it.
This year, iMinds The Conference is asking that question, but as you would expect, the focus is
well and truly fixed on the future, on a world of invention and innovation, on a world of
possibilities driven by ICT.
Insight is delighted to be a Media Partner at the event, once again supporting iMinds in its
can-do attitude to invention with an array of media coverage that will help bring the debate
and interaction, the research and the innovation, the opportunities and the collaborations to as
wide an audience as possible. We will be at the event in Brussels, offering live news feeds of
the main sessions and from the exhibition floor, as well as live video interviews with many of
the key delegates, speakers and researchers involved in driving ICT development in Europe and
beyond. You can see all this on the Projects website, www.projectsmagazine.eu.com
This publication will be at the event, too, adding the many hundreds of delegates to our already
impressive and targeted circulation. This gives us the opportunity to highlight the brilliant work
of those projects we feature in this edition to even more people looking to make the most of
ICT in all aspects of research and innovation.
Projects Magazine is always looking to promote the very best research in Europe and not just
ICT research. We strive to provide projects from many thematic areas a platform from which to
publicise their aims and objectives, their methodology and their results. As well as appearing in
the publication, Insight also provides all these projects with a full communications strategy
that delivers real impact. Most recently, the CRISPR project attracted widespread coverage in
European mainstream newspapers following Insight’s publicity drive (see the original article on
page 54), while the MINTWELD project has been approached by potential investors following
Insight’s communication with our specialist database.
Meanwhile, we also offer all our projects the opportunity to feature in the SEED Research
Library, with their very own project SEED. You can find out more about this exciting tool at
www.seedresearchlibrary.com, (and on page 12 of this edition) and discover all about what is
fast becoming Europe’s most valuable research dissemination resource.
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As well as our focus on iMinds in this edition, we have also developed a special focus on Dutch
research, providing a quick snapshot of some of the very best research in the country, which, of
course, is a hotbed of creativity and innovation.

William Davis
William Davis
Managing Director, Insight Publishers

Want to subscribe? Go online and register for a FREE
subscription to Projects (8 issues per year), the leading
European research and development magazine.
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Foreword
By Wim De Waele, CEO, iMinds
imes have never been more exciting in our digital
industry than they are today; digital technology has
become a true enabler of societal change and
economic growth. It is hard to believe that the
industry fuelled by the Internet is only 25 years old
if one considers how pervasive it has become. With 3 billion people
connected, our industry has become truly global – with multiple
devices and platforms distributing and generating enormous
amounts of data.
That is the playing field of iMinds. iMinds is Flanders’ digital
research and entrepreneurship hub. Every day, companies and nonprofit organisations leverage the know-how and experience of our
800+ researchers at five Flemish universities. As such, we help
them develop products and services that have the potential to
impact profoundly on the way we live and
work – both in Flanders, in Europe and far
beyond. Additionally, we help researchers and
young entrepreneurs successfully bring their
ideas to the market.
iMinds has always been a strong believer in
the value of connecting people and ideas.
Therefore, to mark our annual industry event
– iMinds The Conference – I wanted to brieﬂy
dwell on some major industry trends and on
how iMinds’ research expertise ties into those.
We are seeing many of our research activities
now becoming ready for widespread adoption.
Our Future Internet department, for instance,
has built up tremendous knowledge on the
Internet of Things (or the ‘Internet of Everything’ as some people now
call it) with possible application areas being smart grids, healthcare,
smart cities and manufacturing.
Analytics and data management, now commonly referred to as Big
Data, have always been a further focus area for our researchers. In
healthcare, for instance, they are working on data analytics
approaches that hold the promise of revolutionising the process of
drug discovery. Other iMinds research groups are focusing on
innovative solutions that enable policy-makers to control the cost of
our healthcare systems. Our media researchers are working on the
future of the semantic web, and the results of our research on
audiovisual storage and retrieval have led to the creation of VIAA,
the Flemish Institute for (Audiovisual) Archiving.
Security and privacy are two other hot topics. People are becoming
more aware of the impact and value of the data they share through
social networks and other online channels. In this discussion,
which has been overshadowed recently by the NSA revelations, we
need to find a delicate balance between privacy and progress
through better data-driven decision-making. iMinds has a strong
security department with internationally recognised expertise in

T

cryptography, distributed systems and cloud computing but we also
have legal and communication scientists on board, who can deal
with policy-making and societal implications in this field. It is a
skill set that will be in huge demand over the coming years as cloud
computing conquers the industry.
But there is so much more to iMinds than basic research. We
strongly believe in the value of an ecosystem that brings together
all actors active in the field of innovation. That is how we structured
iMinds The Conference; Flemish SMEs as well as multinationals
sharing their perspectives on how to translate research into
innovative products and services. Moreover, the exhibition f loor
contains more than 40 showcases of collaborative research projects
that have already translated into tangible results and proofs-ofconcept. We obviously rely on our industrial project partners to
take project outcomes to the market,
and I am happy to see – through
project testimonials – that this is
actually happening. The fact that a
number of companies are entering into
longer-term strategic relationships
with iMinds testifies to the value of
these collaborations.
Start-ups are another strategic
component of our ecosystem. Our
incubation and acceleration team has
experienced a real boost in the number
of requests over the last years. This is
due to increasing awareness in the
start-up community that iMinds offers
quality coaching and tailor-made programmes for aspiring
entrepreneurs. The surge of interest in our incubation programme has
led to the creation of many new companies and we intend to do all we
can to help them in their ambitions towards global leadership in their
domain. In an Economist article of 2011, I read the following quote:
“For Europe to become truly successful in technology it will have to
adapt an entrepreneurial culture similar to Silicon Valley”. I think we
are making good progress on this in Flanders!
In this global industry, however, we cannot conﬁne ourselves to our
Flemish region. Next year, iMinds will celebrate its 10th birthday
giving us the chance to reﬂect on our contribution to Flemish industry
and the Flemish economy, and the successful partnerships we have
made with companies and non-proﬁt organisations. But it will also be
a moment to reﬂect on iMinds’ international presence – ensuring our
research is globally relevant and building a network of international
partners in research and incubation to support these global ambitions.
Moving this year’s conference to Brussels, away from my beloved
hometown of Ghent, is further proof of our European and global
ambition – an ambition always driven by the fact that there is more
than enough talent in Flanders to make our mark on the world!

“iMinds has always
been a strong
believer in the value
of connecting
people and ideas”

www.projectsmagazine.eu.com
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C3 project addresses
climate change in the
Vietnamese coffee sector
(Turn over to continue)
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L E A D ST ORY

Dutch organisations UTZ Certiﬁed and the Douwe Egberts
Foundation have launched the Coffee Climate Care project
(C3), a three-year multi-stakeholder initiative aimed at
establishing adaptation strategies that will make coffee
producers more resilient against the impacts of climate change.

V

ietnam is the world’s largest
producer of Robusta coffee,
and the second largest
supplier of UTZ certiﬁed
coffee after Brazil. The
negative occurrences caused by climate
change in the country have the potential to
threaten the livelihoods of thousands of
smallholders, whose livelihoods depend on
coffee farming.
“Climate change is a global challenge,
therefore, eventually we want to apply
the lessons learnt from the C3 project in
Vietnam across our worldwide network of
coffee producers,” said Britta Wyss
Bisang, Standards Director at UTZ
Certiﬁed.
“By
strengthening
our
certiﬁcation program in adaptation
measures related to climate variability,
we can build new capacities at the farmer
level that will beneﬁt all actors along the
supply chain.”
The C3 project will be a collaborative
approach supported by the know-how of
several institutions such as the
Vietnamese Coffee Research Institute

10

and the Initiative for Coffee and
Climate, among many others. The
project will start with one pilot group of
about 500 producers in Vietnam’s Lam
Dong province.
“During our time in Vietnam, since
2001, we have seen rainfall patterns
become more erratic, with longer and
more pronounced drought periods and
heavier rainfall in the wet season. In
the central highlands, this is creating
problems for farmers in drying their
coffee. In combination with the
expected temperature increase, we may
also see drastic effects on coffee
production,” says Don Jansen, Program
Manager at the DE Foundation.
“Therefore,
innovative
adaptation
strategies are fundamental for assuring
the future of coffee producers in
Vietnam and other regions. The C3
project is expected to contribute to the
development of such strategies.”
The C3 project will have three stages: i)
assessing the climate vulnerability of the
pilot group, and collecting relevant data

on the greenhouse gas emissions and
carbon stocks of farms, ii) training and
implementation of farmers on adaptation
measures, and iii) the consolidation of
results into a reﬁned version of the UTZ
Certiﬁed code of conduct. At the end of
2016, UTZ Certiﬁed and the DE Foundation
are expecting to present the results,
which will serve as the basis for future
development of adaptation techniques
and
greenhouse
gas
emission
measurement tools in the coffee supply
chain.
UTZ Certiﬁed started operations in
Vietnam in 2002 and has been
promoting its programme in all coffee
regions. Today more than 27,000
farmers and 44,000 hectares of coffeeproducing land in the country are UTZ
certiﬁed.
The
requirements
for
achieving the UTZ label are stringent,
with farms and businesses being closely
monitored by independent third parties
on
farm
management,
working
conditions, environmental protection
and a strict no child labour policy.
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IN BRIEF

IMAGE OF THE MONTH

Alcohol substitutes
could reduce health risks
A drug that mimics some effects
of alcohol but lacks its harmful
properties would have real beneﬁt
for public health, a leading scientist
has argued. Professor David Nutt
of Imperial College London has
identiﬁed candidate molecules that
reproduce the pleasurable effects
of alcohol but are much less toxic.
“We want to get rid of any of the
unwanted effects like aggression and
memory impairment, leaving just
pleasure and the sense of relaxation.
© Johanna Werminghausen/University of Tübingen

A different kind of mating dance
Many animals have been observed to have
unusual mating habits, but this one might
just top them all. Evolutionary biologists
from the University of Tübingen have
observed that part of the hermaphroditic
sea slug Siphopteron’s mating process
involves reciprocally stabbing each other in

the head. The researchers suspect that the
secretions they inject contain bioactive
proteins which can enter the acting female’s
nervous system to manipulate reproduction
– possibly increasing the number of eggs
laid or ensuring that the most recent sperm
are preferred to those of earlier mates.

Evolvability is
evolvable in bacteria
The capacity to generate genetic
variation is itself an evolvable
trait, according to new research. B.
burgdorferi, the bacterium that causes
Lyme disease, uses unexpressed
genetic sequences organised into
“cassettes” to tweak its surface
antigen in order to escape detection
by the host immune system.
Researchers from the University of
Pennsylvania found that natural
selection seemed to favour bacteria
with more genetic variability within
these cassettes (and hence a greater
capacity to generate different
versions of the antigen).

New training network
for asteroid deﬂection

Cow massage on-demand
We all appreciate a nice massage and a good scrub, and cows are no exception. Dutch
farmer Gerrit Jan Vink decided to simplify the process of cleaning his herd by inventing
the Rotating Cattle Brush. The cylindrical rotating brush is driven by an electric motor
that starts automatically when the cow makes contact with it. Not only do the cows enjoy
it, the brush also keeps them clean, healthy and calm, which in turn produces more milk.

www.projectsmagazine.eu.com

World-leading scientists will push
the boundaries of studies on how
to deﬂect asteroids and manipulate
space debris. Led by the University of
Strathclyde, the Stardust programme
– the ﬁrst research-based training
network of its kind – aims to protect
the planet and space assets from
catastrophic impacts. Lead scientist
Professor Massimiliano Vasile said:
“Asteroids and space debris represent
a signiﬁcant hazard for space and
terrestrial assets. However, they
may also represent opportunities for
debris recycling or asteroid mining.”
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SEED REVIEW

Eurostruct
www.seedresearchlibrary.com/sciencetechnology-research-projects/178/eurostructstructural-biology
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we take a closer
look at EUROSTRUCT, a project designed to
unlock the full research potential of the Structural
Biology and Chemistry Group (SBCG) with emphasis
on structure-based drug design and discovery.
Macromolecular crystallography has been the core
activity of SBCG for over 20 years and the use of
X-rays has played a pivotal role. The establishment of
an X-ray facility, the development of a computational
infrastructure along with the recruitment of new
personnel will allow the thorough investigation of a
number of macromolecular targets of biotechnological
and pharmaceutical interest, increasing SBCG’s
research capacity at international level.
Modern structural biology, particularly protein
crystallography, can provide a clear insight into the
mechanism of action of a protein and can generate the
structure of therapeutically important targets. In
structure-based drug design, the crystal structure of a
ligand bound to a protein provides a detailed insight
into the interactions made between the protein and
the ligand, and such an understanding can be used to
design changes to the ligand to introduce new
interactions to modify the afﬁnity and speciﬁcity of
the ligand for a particular protein. In structure-based
drug discovery a number of experimental and
computational methods, such as de novo design,
virtual screening and fragment-based discovery have
been developed to use the structure of the protein
target as a route to discover novel hit compounds.

The SEED Research Library (www.seedresearchlibrary.
com) is the publishing portal for SEED, Insight’s very
own platform for hosting interactive multi-media
content as an effective and affordable form of
dissemination for projects. If you would like your project
to appear in the SEED Research Library, please contact
Sam Davis on 01172033120 or sam@ipl.eu.com
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Neurosurgeon uses daughter’s
head to create surgery simulator

A

new
neurosurgical
simulator designed to
teach basic surgical
techniques has been
created by practicing
neurosurgeon Richard Ashpole. Known
as Rowena, the design of the two part
plastic simulator was named after and
modelled on the head of the inventor’s
own daughter.
Rowena stands for Realistic Operative
Workstation
for
Educating
Neurosurgical
Apprentices,
and
consists of a moulded plastic base with
internal skull anatomy on which is
ﬁxed a replaceable upper cranium with
scalp, bone and dural layers. Inside the
skull is a realistic plastic brain.
Richard used the head of his daughter
Rowena, now aged 14, basing his

designs for the model on her skull size
and shape. The model was created in
Wales by a company normally involved
in special effects for Hollywood ﬁlm
studios.
“It was essential that the Rowena
model be as close to a real skull as
possible,
both
internally
and
externally, so it seemed logical to base
the design on a real person,” explains
Ashpole. “Fortunately my daughter
was happy to help, and sat for over an
hour and a half whilst the model
makers did their work. Rowena has
been developed over many months to
ensure all layers of the cranium
behave as realistically as possible. As
a result, it offers a unique, cutting
edge teaching aid to train the next
generation of neurosurgeons.”

Meet the real “Iron Chef”
The art of making a pizza is
usually something mastered
through years of practice and
reﬁnement. However, Professor
Bruno Siciliano is hoping that
within the next ﬁve years, his
robot – named RoDyMan – will be
able to compete with the famed
pizzaiolos of Napoli.
RoDyMan (Robotic Dynamic
Manipulation) is a service robot
that will be able to mimic complex
human tasks with a level of
dexterity and mobility never seen

before. “The manipulation of nonrigid, deformable objects – food
or clothes in our daily lives, soft
tissues such as muscles and skin in
medical operations – has not been
much investigated so far and offers
an important challenge to the
robotics community”, says Siciliano.
According to data of the
International Federation of
Robotics, about 3 million service
robots for personal and domestic
use were sold in 2012, 20% more
than in 2011.
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Left to right - Stephen Greenland, Julian Hodgson, Campbell Brown, Jethro Coulson, David Willetts MP , Brianna Stubbs, Patrick Cottam, James Dimmock and Jordan Conway.

Young scientists and engineers awarded Great Exhibition
funds to develop world-changing technologies

I

n 1851, the doors of the Crystal Palace
in London opened to the public. Inside
was what is now referred to as “The
Great Exhibition”, the ﬁrst and still
most successful world trade fair ever.
Now, still using the proﬁts from this
original show, the 1851 Royal Commission
awards a range of fellowships and grants to
support science and engineering research
and industrial education across the UK. It
has previously funded luminaries such as
Prof Peter Higgs, Sir James Chadwick and
Paul Dirac.

The Industrial Fellowships provide recent
graduates with the means to develop
innovative technology with commercial
potential, ideally leading to a patent, while
completing a PhD or EngD. Each Fellow
receives £80,000 worth of funding for their
work, to be carried out in collaboration with
an academic and a business partner.
This year, eight young scientists and
engineers have been recognised for their
ideas, including a sports drink that could
signiﬁcantly improve physical and cognitive
performance, and a 1000m tall fabric

chimney that could greatly reduce the cost of
solar power generation.
Bernard Taylor, Chairman of the Royal
Commission for the Exhibition of 1851, said:
“Building on our rich history, the Royal
Commission remains at the cutting edge of
science and engineering, through investing
in young talent across the depth and breadth
of modern British industry. This work
continues the legacy of Prince Albert and the
Great Exhibition, which brought science, art
and industry together, with the aim of
driving innovation.”

Slaying the “dragon kings”
Physicists in Brazil, Switzerland and the
US have predicted the onset of extreme
events in a chaotic electronic circuit and
then worked out a way of preventing the
events from happening. The team believes
that its work could provide important insights
into how to prevent “dragon kings”, which
are extreme events such as earthquakes
and ﬁnancial crashes that can occur with
devastating effect in complex systems.
Researchers who study these occurrences
use the term “dragon king” to describe an
extreme event that is predictable – at least
in principle – and not a random “act of God”.
The system used to model these events is
comprised of two electronic circuits, one
“master” and one “slave”, that both undergo
chaotic oscillations. The circuits occasionally
fall out of synch for brief periods of time
and such out-of-synch events are called
“bubbles”. Every once in a while a large
bubble occurs.
The team identiﬁed these large bubbles as
dragon kings and then looked carefully at

www.projectsmagazine.eu.com

the conditions from which they emerged. The
researchers then looked for ways of averting
these extreme events. Their solution was to
turn on a second, stronger coupling between
the two circuits whenever the master circuit
approached the region of instability.
While the connection between events such
as ﬁnancial crashes and coupled chaotic

oscillators may not be obvious, the equations
used to model markets are similar to those that
describe the oscillators used in the experiment.
As a result, techniques developed to predict
and prevent dragon kings in the lab could
someday be used to ensure market stability by
intervening only when the conditions suggest
a dragon king is about to occur.
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Dutch Focus
Organic catalysts are essential for a number of industrial applications, but their inability to work
within the same system or in water means that their efficiency is somewhat limited. Researchers from
the Eindhoven University of Technology believe that they may have solved this problem by taking a
leaf out of the structure of nature’s own catalysts – enzymes

Mimicking enzyme structures
for improved organic catalysis

Enzymes are highly selective and
effective catalysts, used both in the body
and for industrial applications. Their
well-deﬁned, compartmentalised threedimensional structures mean that their
active sites are highly speciﬁc to their
particular substrates, making enzyme
catalysis extremely efﬁcient. A crucial
characteristic of enzymes is that their
outside is hydrophilic, allowing them to
work in the watery environment of the
body, while the inside – where the active
site is situated – is hydrophobic.
Catalysts used in organic chemistry, on
the other hand, are quite different to
enzymes. They are typically much smaller
molecules that do not have large threedimensional structures around them, and
thus tend to be much less selective.
However, it is often the case that these
catalysts can stimulate reactions that
enzymes cannot.
Is there a way to get the best of both
worlds? Dr Anja Palmans of the Eindhoven
University of Technology thinks so. “We
can
mimic
the
three-dimensional
structure of an enzyme using polymer
chains,’ she explains. “Using what is
known as a supramolecular recognition
unit, we can fold these chains into
compartmentalised architectures very
14

similar to enzymes, which we can then
insert a catalytic core into. The folded
polymer chain will have a hydrophilic
outer surface similar to an enzyme,
allowing this synthetic catalyst to
work in water.”

“When making drugs, for
example, the current
process involves carrying
out one reaction, isolating
the product and then
purifying the product
before moving on to the
next reaction and repeating
the whole process”
The possibilities opened up by this
research are numerous. Enzyme-like
activity in a completely synthetic system
could be used for reaction cascades in
which multiple reactions are occurring at

Substrates --> Products
once in the same environment. “When
making drugs, for example, the current
process involves carrying out one reaction,
isolating the product and then purifying
the product before moving on to the next
reaction and repeating the whole process,”
explains Palmans. “This is because
standard organic catalysts tend to inhibit
or alter each other’s activity and so cannot
be used within the same system.”
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“However, with these synthetic catalysts
the active site is shielded and so they do
not interfere with each other. This allows
one to have a system in which a number of
reactions can be happening simultaneously
within a single procedure.”
The Eindhoven University of Technology
has been the base at which this research
has taken place, and the unique
multidisciplinary environment it has
provided has been fundamental to the
success of the work, according to Palmans.
“The institute we work in, the Institute for
Complex
Molecular
Systems,
was
speciﬁcally created so that researchers
from a number of different disciplines
can work within the same building,” she
says. “We have polymer chemists to work
with the polymer chains, organic chemists
to
develop
the
catalysts
and

consulting someone via email or at a
conference, you can just drop in to their
ofﬁce and ask them directly.”
Working with people from different
scientiﬁc ﬁelds does sometimes have its
problems, as Palmans illustrates: “There
are often issues when it comes to the
language we use. When a physicist explains
something to a chemist and starts talking
about phase transitions, the chemist is
usually left with a confused expression on
their face! Likewise, when a chemist talks
to a physicist using fairly standard
chemistry terms, the physicist is equally
perplexed. It has taken some getting used
to, but I feel that we have all ended up
learning a lot about each other’s subjects.”
The research has now reached the stage
at which a good understanding of the
polymer folding has been reached, as

AT A GLANCE
Project Information
Project Title:
Mimicking enzyme structures for
improved organic catalysis
Project Objective:
We fold synthetic polymer chains
in water into compartmentalized,
catalytically active nanoreactors.
The hydrophobic interior of the
folded polymers allows efficient and
selective catalysis, reminiscent of
the catalysis performed by enzymes.
Through this, we aim to open new
vistas for catalysis in water, the next
step in polymer supported catalysis.
Project Duration and Timing:
Start: 2010, duration: not yet known
Project Funding:
NWO-ECHO, 1 PhD, k€ 260.0. Marie
Curie Actions, 1 post doc, k€ 180.0.
The National Research School
Catalysis (NRSC-C)
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supramolecular
recognition
units,
polymer
physicists
to
aid
our
understanding of the folding and to bring
complex methods of analysis, as well as
mathematicians
who
utilise
their
knowledge of modelling.”
This wide array of scientists have
worked together on the research from the
beginning, approaching the task from
different directions but with one common
goal. This has resulted in a far more
thorough understanding of what has been
achieved than is normally realised with a
narrower ﬁeld of researchers. “When we
take steps forward, they are not just in the
sense of improved catalysis; we also
understand why these catalysts are
behaving like they are and why the
polymers are folding like they are. We
know the exact shapes of the particles
and how the supramolecular recognition
units will affect these shapes. It is only
through working in an institute such as
this by which you can achieve such a
depth of knowledge. Rather than
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well as a fairly high level of catalysis.
The ﬁrst experiments on the cascade
catalytic systems are now running, but
the next step will be to relate the
structure of the polymers back to the
catalytic activity. “We can now shield
the catalysts within the polymer; that
has been proven,” says Palmans, “but
what we really want to do now is to get
back to design principals so that we can
improve the levels of catalysis. The
mathematicians we are working with
will be crucial for this step, as their
knowledge of models will allow us to
work on molecular design.”
It will be another few years before the
ﬁnal results of this intriguing research
are published, and it could be that it helps
to revolutionise the use of organic
catalysts. Until then, it is good to know
that scientists from different backgrounds
are able to work in harmony, which is
surely something to note for anyone with
aspirations of starting a new research
project.

Anja Palmans
Anja Palmans studied chemical
engineering at the Eindhoven
University of Technology, followed
by a PhD in supramolecular
chemistry. After a post-doc at the
ETH Zürich and a stay in industry,
she returned to Eindhoven in
2002, where she became associate
professor in 2010

Contact:
Tel: 0031-40-2473105
Email: a.palmans@tue.nl
Web: www.tue.nl/en/research/
research-institutes/top-researchgroups/institute-for-complex-molecular-systems/people/dr-ara-anjapalmans/
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Dutch Focus
Many recent scientiﬁc breakthroughs have been achieved through detailed analysis of ‘big data’. Consequently, demand
is growing for access to powerful computers that can efﬁciently process this information. To assist researchers, an EUfunded project, WeNMR, is facilitating access to IT resources which can considerably enhance their capabilities

A user-friendly e-infrastructure
for life-science research
“Science is evolving. Relying on a single
method is no longer the most practical way
of engaging with, or trying to solve
scientiﬁc questions,” says Alexandre
Bonvin. To effectively progress, he argues,
one needs to rely on a combination of
different types of experimental methods
and computations to address the big
challenges. A professor in computational
structural biology at the Bijvoet Center for
Biomolecular
Research
at
Utrecht
University, Bonvin’s work is a paradigm of
this principle. The groups of Bonvin and of
his colleagues, Professors Baldus and
Boelens, exploit NMR spectroscopy, a
technique that places atomic and molecular
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subjects within a magnetic ﬁeld to obtain
information about their properties. “We’re
looking at the structure, function and
dynamics of bio-molecules, studying them
in a solution or solid state. By scrutinising
their magnetic resonances (a response to
the magnetic ﬁeld), we can measure
distances between atoms, enabling us to
construct models of them. By examining
where and how they interact, we can then
begin to build physics-based simulations
to help understand their functional
relationships.”
“The role of biomolecules is very
important to human biology, since they
deﬁne functions and communication

within our bodies,” he continues. “They
are a critical component in the machinery
that makes life possible. Understanding
how they communicate is an important
step, for example, in the design of new
drugs. Diseases are often a result of
miscommunication at the molecular level,
or may occur when these minute bodies
fail to interact correctly.”
Bonvin has developed software that
assists researchers in interpreting the
large amounts of data harvested from
NMR and other experimental or
bioinformatics methods. For over a decade,
they have pioneered and reﬁned a system
called HADDOCK (High Ambiguity Driven
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biomolecular DOCKing). By submitting
experimental data and factoring in
predictions – known as ‘Ambiguous
Interaction Restraints’, the software allows
users to examine how molecules can
combine, forming structures or ‘complexes’
by theoretically ‘docking’. This process is
also integral to modern medicine.
Predicting the mode of interaction at the
molecular level is critical to anticipating
the function of drug candidates, as their
effectiveness may depend on how they
attach themselves to speciﬁed molecular
targets like proteins.

“The role of biomolecules
is very important to
human biology, since they
deﬁne functions and
communication within
our bodies”
Despite the availability of such tools,
many researchers ﬁnd their progress
inhibited by inadequate IT resources or a
lack of experience in dealing with complex
software. Without sufﬁcient processing

power,
the
duration
of
computations
may
be
signiﬁcantly lengthened, or, if
restricted to the limited
capabilities of overstretched
in-house servers, deemed
unviable. To address this
scenario, in which less
well-resourced scientists
could become marginalised
in a hierarchy of HPC elitism,
an EU project called WeNMR
(Worldwide e-Infrastructure
for NMR and Structural
biology) has been launched,
with
Bonvin
as
its
coordinator.
“WeNMR builds on grid
computing, making use of the
European Grid Initiative (EGI)
resources,” he details. “This is the
collective usage of geographically
disparate IT assets, combined to achieve a
common research goal – in this case,
progress in molecular biology”. A three
year venture, the project aims to unite
complementary research teams within a
virtual research community at a global
level. To aid them, the initiative provides
an integrated, streamlined platform
(which supports HADDOCK), to provide
an interface assisting with computational
analysis and modeling. The platform is
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not exclusive to NMR specialists, and also
aims to engage those conducting work
using small-angle x-ray scattering
(SAXS), and to form relationships with
other branches of the life sciences, which
diversify the usage of the grid.
Grid computing was historically developed
by CERN in Geneva. Consequently, it has
made a formidable contribution to
discoveries like the Higgs Boson, but this
early precedent ensured that grid usage was
initially, and continues to be, dominated by
physics. “However, over time, other
disciplines have started moving in,” says
Bonvin. “We’ve begun to combine the
power of grid computing with numerous
applications in the life sciences.” To
calculate the 3D structures of molecules
using NMR, scientists must repeat complex
calculations potentially thousands of times
– hence the necessity to accelerate the timeconsuming process. A critical goal for the
project has thus been to develop a userfriendly gateway or online ‘portal’ for
researchers to access the grid. The system
allows them to input and upload data from
their experiments, which are processed on
the grid. Once analysis is complete, the
results are returned to the researchers who
usually deposit them into public digital
knowledge repositories. The project offers
support and training to novices, providing
a hub around which expertise and
knowledge can be shared online for the
beneﬁt of the collective.
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“WeNMR allows researchers to reach EU
computational resources and that of the
rest of the world,” says Bonvin.
“Computational jobs can be sent to the grid
in South America and Asia, and we have
recently linked with the US Open Science
Grid (OSG). Locally, we’ve maintained
direct connections with the EGI (European
Grid Initiative) from inception. A
fundamental strength of our approach is
that users don’t need to worry about
settings or strict procedures and can focus
on their own scientiﬁc problems. We
provide solutions for people to use topﬂight software, which is often complex,
and requires expertise in computing,
administration, systems and installation to
fully utilise. Our growing community ﬁnds
this very attractive”.
Now in its third year of operation, WeNMR
has achieved notable recognition. The

project has resulted in over 80
publications, and succeeded in
attracting almost 900 users, in
locations
ranging
from
Afghanistan to Vietnam. Another
laudable achievement is
becoming one of the largest
virtual
organisations
supporting
life
science
research and, of course,
having contributed to
several notable projects.
One recent study accessing grid
facilities examined the sting of
ocean-dwelling cone snails, with
the aim of harnessing the
underlying biological mechanisms to
generate a new anaesthetic. The video can
be found at http://www.youtube.com/
watchv=1tWduGtNRYg. By conducting
NMR analysis on peptides contained
within the snail’s sting, which inﬂicts
numbing
paralysis
by
disrupting
communication channels in neurons,
scientists in Utrecht have been able to
comprehend how it operates at the molecular
level. Equipped with this mastery, future
scientists could attempt to recreate and
enhance some of these natural attributes,
synthesising an effective painkiller.
Within the research community, there is
presently much speculation over the EU’s
Horizon 2020 ambitions, in which WeNMR
hopes to play a meaningful part. Although
the focus of policy makers is often on the
most powerful supercomputing hardware
their nations possess, Bonvin insists that the
EU must support grid access for projects of
all scales. “Many researchers are conducting
smaller – but nonetheless important –
projects, which don’t require access to
intensive HPC, but could beneﬁt from IT
resources offered via the grid. This is the
community we want to target,” says Bonvin.
“Scientists are developing very speciﬁc tools
to obtain small, yet fundamental pieces of
information about biological systems. You
need to put all of the fragments together to
obtain a complete, holistic picture.”

MAIN CONTACT

Prof. Dr. Alexandre M.J.J. Bonvin

Photo: @ Ed van Rijswijk
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Alexandre Bonvin (1964) studied
Chemistry at Lausanne University and
obtained his PhD at Utrecht University
(1993). After two post-docs at Yale
University (Prof. A.T. Brunger) and at
the ETHZ (Prof. W.F. van Gunsteren) he
joined Utrecht University in 1998 where
he was appointed full professor of
computational structural biology in 2009.

AT A GLANCE
Project Information
Project Title:
WeNMR: A worldwide
e-Infrastructure for NMR and
structural biology
Project Objective:
WeNMR aims at bringing together
complementary research teams
in the structural biology and life
science area into a virtual research
community at a worldwide level
and provide them with a platform
integrating and streamlining
the computational approaches
necessary for NMR and SAXS data
analysis and structural modelling.
Project Duration and Timing:
Three years: November 1st, 2010
– November 1st 2013. The portal
will remain operational beyond the
project end date.
Project Funding:
Three years: November 1st, 2010 –
November 1st 2013
Project Partners:
t Bijvoet Center for Biomolecular
Research, Utrecht University
t Center for Biomolecular
Magnetic Resonance (BMRZ),
Johann Wolfgang Goethe University, Frankfurt am Main
t Interuniversity Consortium for
Magnetic Resonance on Metalloproteins (CIRMMP), Florence
University
t National Institute of Nuclear
Physics, Padua
t Radboud University, Nijmegen
t University of Cambridge
(UCAM)
t European Molecular Biology
Laboratory (EMBL)
t Spronk NMR Consultancy
(SpronkNMR)
t Academia Sinica (AS), Taipei

Contact:
Tel: +31-30-2533859
Email:a.m.j.j.bonvin@uu.nl
Web: www.uu.nl/staff/AMJJBonvin
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FEATURE

MEET THE NEXT
GENERATION OF
SMART(ER)PHONES

The smartphone is undoubtedly the gadget of a generation. For many people
they are an essential tool of their day-to-day working life, while for many more
the thought of being without one is simply unbearable. The direction in which
the smartphone market moves is consequently of great interest to a great many
people, and it is two companies from the Netherlands that have emerged as the
ones that may well shape the future of these devices, as Harry O’Neill explains

>>>
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(Above)
The modular
design concept of
Phonebloks allows
for easy repair and
customisation

T

here is no denying that smartphones
are big business. Approximately 700
million units were sold in 2012 alone,
a forty-three per cent increase from
2011, and it is now the case that these
devices are often people’s main access
point to the internet. The Five Star Equities research
group recently predicted that by 2015 the number of
smartphones will top two billion globally.
Innovation in this sector is, subsequently, a big
deal. Here we look at two Dutch companies who
have taken very different approaches in their
attempts to revolutionise this market, but which
have both garnered their fair share of media
attention and have thus put the Netherlands at the
forefront of future smartphone innovation.

Phonebloks – the DIY phone of the future

Undoubtedly one of the most successful internet PR
campaigns in recent memory, the Phonebloks
introductory video, which clocks in at just under
three minutes long, had approximately eighteen
million views at last count. Not bad for a product that
hasn’t even been made yet, because as yet the
Phonebloks concept remains just that – a concept.
However, as concepts go, it is a good one. At present,
mobile phones, no matter whether they are top-ofthe-range smartphones or bargain-bin-bricks, only
tend to last for a couple of years before they either
break or become obsolete. Although it is usually only
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one part that has lost its functionality, it is often the
whole phone that gets discarded due to the way they
are made. With Phonebloks, however, each module,
such as the camera, battery or memory, would exist
as a separate “blok” that could be detached and
replaced at will from the base. This would allow for
the easy upgrade or repair of the phone.
Not only could this system help reduce the huge
amounts of e-waste generated from people constantly
replacing their phones, it could also allow people to
customise their phones to their personal needs and
beliefs. If someone is a keen photographer, they can
install a bigger and better camera blok. If they are
particularly environmentally conscientious, they can
use biodegradeable or locally sourced bloks. The
possibilities are limitless.
Google-owned
communications
company
Motorola have also stepped in to the fray, revealing
their similar scheme titled Project Ara. They have
now teamed up with Phonebloks, brainchild of
Design Academy Eindhoven graduate Dave
Hakkens, to continue development of the opensource modular mobile phone concept. Motorola
hopes to share its technical development work with
Hakkens’ widespread social media communities
and will be releasing a developers’ kit this winter,
so people can begin designing their own components
for the phones.
In a recent interview with Forbes magazine,
Hakkens responded to widely voiced concerns about
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the viability of the project. “Price point, ergonomics
and standardisation will all pose big challenges, but
they are challenges which can be overcome,” he said.
“If it’s pricey, you can decide to buy cheaper blocks.
The challenge is to make it actually work. That’s the
key. It should really work perfectly.”
Fairphone – the phone with principles

(Below) Members of
Fairphone travelled
to the DRC to visit
mines from which
they source essential
raw minerals

Also touching on the issue of e-waste, but delving
much deeper into the provenance of each internal
component, is the Fairphone. The company behind
this crowdfunded and ethically sourced smartphone
sent out a statement of intent recently after
announcing that its initial run of 25,000 pre-orders
had already sold out.
The Fairphone, which has been produced by the
small Dutch social enterprise of the same name, has
been created in part to shine a light into the darker
recesses of the electronic supply chain. Assembled
in China by workers who are guaranteed a fair wage
and working conditions, the raw minerals (tin and
tantalum) for the Fairphone are sourced from
conﬂict-free mines in the Democratic Republic of
Congo that are not controlled by warring parties in
the ongoing civil strife in that country. Other parts
such as the case are made from recycled materials.
In keeping with the theme of sustainability and
openess the phone itself is built to last, with userreplaceable parts, dual SIM cards and a high-end
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scratch resistant screen. The phone is rootable,
meaning that the user can install their operating
system of choice. The Fairphone website also gives
a complete breakdown of all the costs involved in
the production of the device.
The project has not been without its difﬁculties,
with problems in the supply chain and delays in the
certiﬁcation process putting back the delivery of the
smartphones to December from an initial projected
deadline of autumn 2013. As people are paying for a
device they haven’t even seen or held, a large degree
of trust is involved, something alluded to by Bas
van Abel, founder and CEO of Fairphone.
“25,000 people have put down €325 for a phone
they have never seen before, from a company that
has never made a phone before. This is quite a
statement for fair electronics and that the idea of a
fairer economy is incredibly valuable to people.
People have made their statement. Now it’s up to
us,” he said recently.
Whether the Fairphone or Phonebloks will be able
to convert their groundbreaking ideas into economic
success is another story, and one that will most
likely only be answered with time. However, both
should take encouragement from the overwhelming
support they have received from potential users on
the internet, which surely sends a message to the
smartphone industry at large as to which direction
they hope phones develop in the future.
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Dutch Focus
What makes it possible for cacti to survive for years in a drought-ridden desert? How can so-called
“resurrection plants” such as the Rose of Jericho survive months, even years, of extreme dehydration, only
to be seemingly reborn when supplied with a small amount of water? Three researchers from the University
of Leiden and the Delft University of Technology think they might know the answer

NADES could be missing
ingredient in biological mysteries

Dr. Young Hae Choi and Prof. Robert
Verpoorte of the University of Leiden, and
Prof. Geert-Jan Witkamp of the Delft
University of Technology, believe that
their research into Natural Deep Eutectic
Solvents (NADES) and their speciﬁc
properties can help to shed light on a
range of biological phenomena, and more
importantly, solve long-running problems
in the pharmaceutical and food industries.
“It started about seven years ago when
we were doing a lot of metabolomics
work, trying to identify as many
compounds as possible present in plant,
animal, or microbial cells,’’ says Prof.
Verpoorte. ‘‘We noticed that they always
contained quite a large amount of organic
bases such as choline, more than you
would expect in an appropriate
biosynthetic pathway.’’
Dr. Choi and Prof. Verpoorte discussed
the implications of ﬁnding a signiﬁcant
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amount of choline in these processes, and
concluded that it may point to the
existence of a naturally occurring ionic
liquid (IL). Synthetic ILs consist of an acid
and a base in equimolar concentrations
and are tailor made from different
synthetic components for chemical and
enzymatic
reactions.
Their
major
advantage is that being totally nonvolatile, these liquids last for ever.
Experiments with choline and some
common organic acids found in plants
gave rise to liquids that were able to
dissolve a wide range of poorly water
soluble compounds commonly found in all
kind of organisms. Further studies then
led to the discovery of NADES, which are
similar in properties to ILs but can be
made by mixing neutral solid compounds
like sugars and sugar alcohols with
common amino acids, organic acids and
bases as found in all organisms.

Once the presence of NADES had been
predicted and the physical proof of their
existence had been provided, the team
started to look at the biological
signiﬁcance of their ﬁndings.
‘‘Think about a ﬂower standing in the
Sun for weeks. If the water in the ﬂower is
stored where all of the ﬂower’s fragrance
is kept, then after a day’s sunshine the
fragrances will be gone,’’ says Prof.
Verpoorte. ‘‘In reality, there is a NADES
in the ﬂower which remains after the
water has gone, and helps the ﬂower to
retain its fragrance.’’
Dr. Choi and Prof. Verpoorte suggest that
the reason a ﬂower is able to retain its
fragrant properties in its nectar is that
some of its component parts can combine
to form a NADES with high water retaining
capabilities. Essentially, the compounds
found in ﬂowers that are solid at room
temperature, for example sugars and
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amino acids, can be mixed, resulting in a
compound that still will be liquid when all
residual water has evaporated. This
remaining liquid keeps the usually low
polar volatile fragrances dissolved.
To obtain evidence for the role of NADES
in other biological processes, Dr. Choi
conducted further experiments in an
attempt to demonstrate the presence of
NADES in barley seeds. Using NMR
spectroscopy he was able to show the
presence of equimolar amounts of choline
and sugar in the tissues where germination
starts. This NADES could thus serve as a
solvent for the enzymes involved in
germination, which become active when
the NADES is diluted with water.
Prof. Geert-Jan Witkamp says that the
stabilising nature of these liquids, their
strong ability to retain water and the

subject to limitations in terms of being
administered, due to their resistance to
being dissolved in water. Prof. Witkamp
says that a large number of these drugs
that cannot be dissolved using water, can
quite easily be dissolved using NADES.
One particular characteristic that makes
NADES well suited to this purpose is the
ability to be tailor-made to suit different
compounds. For example, the antitumor
drug paclitaxel is not water soluble at all,
but dissolved quite well in NADES, and
thus could potentially be used for oral
formulations.
The food industry can also beneﬁt from
the advent of these NADES. The ability to
make a bespoke solvent that dissolves only
the desired ﬂavour-giving element of a food
has massive potential for industrial
application. A major advantage of all the

“In reality, there is a NADES in the ﬂower which
remains after the water has gone, and helps the
ﬂower to retain its fragrance”
lowered melting (and hence freezing)
points, may be key to certain plants’
abilities to survive in extreme conditions.
‘‘There may be a way in which a plant
controls the water activity in its system, the
water activity effectively representing the
amount of free water available,’’ he explains.
Prof. Witkamp is not solely interested in
the solving of biological phenomena,
however, and a large part of his work has
been aimed at discovering ways to use
these NADES and their unique properties
in real world situations.
An area in which these newly discovered
liquids can be put to use is the world of
pharmaceuticals. Many existing drugs are

NADES components is that they are nontoxic, and are in fact present in large
amounts in most food. Pharmaceuticals and
the food industry are not the limit of possible
applications for these non-toxic and
sustainable solvents, however, as their
propensity for dissolving proteins may lead
to their use in a great multitude of enzymatic
reactions integral to the chemical industry.
Prof. Witkamp draws an analogy with
ionic liquids, where it has been claimed
that around 1018 combinations are
possible. A similarly vast array of NADES
with differing properties should also be
achievable, but the professor and his
colleagues are quick to point out that
designing NADES with speciﬁc intended
properties such as polarity or strength
will only come through partnership with
other companies and researchers who
would help bring a deeper understanding
of the ﬁelds in which the NADES may
potentially be used. However, these three
researchers also believe that the right
kind of assistance will be attracted by the
far-reaching potential applications of
these new solvents.

AT A GLANCE
Project Information
Project Title:
NADES: Natural deep eutectic
solvents: the missing link in
understanding cellular metabolism
in physiology
Project Objective:
The main objective of project is
to confirm the presence of natural
media alternative to water and lipids
in living organisms, to clarify their
physiological roles, and developing
novel industrial applications of the
NADES
Project Duration and Timing:
3 years, March 2013 to February 2016
Project Funding:
NWO (Netherland Organisation
for Scientific Research, Chemical
Science)
Project Partners:
TU-Delft
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Young Hae Choi
Young Hae Choi has been working
as a head of Natural Products
Laboratory group in Institute
of Biology, Leiden University
since 2009. His current research
interests are plant metabolomics,
biosynthesis, refining of
metabolites by chemical
engineering techniques, and
natural deep eutectic solvents.
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Dutch Focus
The detrimental impact of brain disorders can be life changing. To better understand their causes, scientists
are pioneering a new molecular imaging process, which is both economic and accessible. Using this method
to visualise the operations of a glycoprotein present in the brain, they ultimately aim to design benign
treatments, which modulate its potentially harmful functions
GMP facility for the production of PET tracers.
(photo courtesy of prof. dr. J. Pruim)

Enhancing molecular imaging
to develop new treatments
for brain disorders
There are

as many neurons in the
human brain as there are stars in the
Milky Way. It’s not in the least bit
surprising, then, that within the inner
space of our cerebra, mysterious biological
processes that science cannot yet deﬁne
occur. Although their physical symptoms
are often discomfortingly visible, the
limitations of investigative technology
often means that triggers for brain
disorders, at a molecular level, are
difﬁcult to discern. Prising secrets from
this delicate organ requires highresolution examinations of live subjects,
which has stimulated a need for new
monitoring tools.
“PET (Positron Emission Tomography) is
the current, ‘state of the art’ system used
for analysing sensitive molecular activity
within the brain. It uses scanner systems,
which monitor radioactive tracers injected
into a subject, to generate images of
biological processes in vivo – that is,
within the body,” explains Dr. Gert
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Luurtsema. A specialist from the
University of Groningen, University
Medical Center Groningen (UMCG),
Luurtsema currently heads a STW project
seeking to better understand and control
the role of P-glycoprotein (P-gp) in the
brain. P-gp is an efﬂux transporter, a
protein which ejects harmful and toxic
compounds from brain cells. Located at the
protective blood brain barrier (BBB) and
several peripheral organs, P-gp acts like a
microscopic doorman, granting entry to
benign objects and molecules whilst
shielding the brain from perceived threats.
Whilst widely acknowledged as playing a
critical role in developing the body’s
immunity to certain types of medicines, it
is also now becoming recognised as a
potential catalyst of brain sickness.
Funded by a €500,000 budget across its
four year duration, the venture, launched in
2012, unites a team of multinational
specialists at a European centre renowned
for its expertise in PET technology. “It’s a

multidisciplinary group, which includes
radiochemists, pharmacologists, biologists,
physicists, and physicians,” says Luurtsema.
“We’re collaborating with Dr. Bert
Windhorst from the VU University Medical
Center of Amsterdam and Prof. Dr. Nicola
Antonio Colabufo from the University in
Bari, Italy, and have also forged
relationships with partners in Brazil.” A
comprehensive infrastructure supports
their activities at the department of Nuclear
Medicine and Molecular Imaging of the
UMCG, including the latest PET-CT
scanners, in-house GMP- facilities for
synthesising tracers and a recently
refurbished set of cyclotron units (particle
accelerators used to produce radionuclides
for PET diagnostics).
“We
strongly
suspect
that
the
functionality of the BBB is related to brain
disorders,” says Luurtsema. “If its
operations are disturbed, we believe that
they can become a causal factor in
conditions
like
Alzheimer’s
and
Parkinson’s disease. Inadequate clearance
of peptides [an operation undertaken by
the P-gp] could lead them to accumulate in
the brain. This could, we propose, lead to
toxic phenomena when they penetrate the
BBB.” But, he admits, the researchers don’t
entirely know how these mechanisms work
in vivo. If these functions can be better
understood, improved diagnostics and
perhaps therapeutic treatments could be
devised to address them.
However, current imaging tools used to
examine brain functions are inadequate for
the task. Carbon-11, a commonly used
radionuclide for synthesizing a PET tracer,
has a short half life of twenty minutes,
which curtails the duration of monitoring
cycles. Moreover, this carbon-11 labelled
tracer can only be used by PET facilities
which possess an on-site cyclotron, as well
as GMP compliant radiopharmaceutical
production conﬁguration. “Developing
very speciﬁc ﬂuorine-18 labelled tracers
that are speciﬁcally carried by P-gp, and no
other transporters, has been absolutely
critical for us and is therefore the focus of
this project,” says Luurtsema.
“These ﬂuorine-18 labelled tracers must
also be stable once in vivo, and remain so
throughout an entire PET scan. Their
radiochemistry must be reliable, and the
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radioactive yields sufﬁcient to facilitate
robust PET scanning. Simultaneously, they
must also exhibit fast radiochemistry,
which decays during a brief time span,
without posing a hazard to the subject.” By
using an alternative radionuclide,
ﬂuorine-18, the team has been able to
synthesise a novel tracer
which
exhibits
these
attributes. Its properties will
be augmented further by the
researchers, who seek to
design new tracers to
measure an increase or
reduce
P-gp
activity,
thereby accentuating their
proﬁles
once
scanned.
“Measuring the transporters
is
paramount,
but
understanding
if
their
functionality
can
be
controlled by modulating or
inducing P-gp responses
may also have important
medicinal applications.”
Another, wider scientiﬁc beneﬁt of the
group’s pioneering tracers is that they
can be utilised in PET facilities without a
cyclotron. “Once our compounds are
reﬁned, industrialised and patented, we
hope to use spin-off companies to sell
them to other molecular imaging centres,”
says Luurtsema. “Their dissemination
will also create more opportunities for
advanced research throughout the ﬁeld,
since they require less costly equipment
to conduct scans”. Commercially, this is a

signiﬁcant European market – with the
current radiopharmaceutical sector in the
Netherlands alone worth around €12.5m
per year.
“We’ve been successful in locating new
lead compounds, which are not only highly
speciﬁc, but also very stable in vivo. A lot
of in vitro data exists
which
concerns
transporters within
the brain, but this is
inapplicable in vivo.
This is quite a new
innovative science,
and the most unique
aspect of our work,”
says Luurtsema.
The Netherlandsbased
researchers
have initiated their
ﬁrst radiochemistry
experiments,
and
evaluated a ﬁrst test
on
genetically
modiﬁed mice. “Our immediate goals are
to undertake pre-clinical assessments, but
the next step will be for us to internally
produce these compounds in our facilities
at
Groningen.
Subsequently,
we’ll
scrutinise the tracers in healthy, volunteer
subjects, in conjunction with specialists in
neurology
and
psychiatry,”
says
Luurtsema. “Of course, this is dependent
on the success of pre-clinical trials, and
obtaining proof of concept in the tests
we’re conducting on mice, rats and through
full tracer kinetic modelling.”

“We strongly
suspect that the
functionality of
the BBB is
related to brain
disorders”

AT A GLANCE
Project Information
Project Title:
New fluorine-18 labelled PET probes
for P-gp measurements at the BBB in
brain disorders
Project Objective:
The goal of this project is to develop
the synthesis, GMP production and
preclinical evaluation of fluorine-18
labelled P-gp tracers suitable for
PET imaging. In addition, the project
will lead to a multi-centre trial in
collaboration with the departments
of neurology and psychiatry, in
which these tracers will be validated
in humans.
Project Duration and Timing:
4 years, 2012 to 2016
Project Funding:
STW
Project Partners:
Dr. A.D. Windhorst, prof. dr. N.A.
Colabufo, prof. dr. P.H. Elsinga, prof.
dr. A.A. lammertsma, prof. dr. R.A.J.O.
Dierckx, dr. M. Cantore, MSc. H.
Savolainen and MSc. R. Raaphorst

MAIN CONTACT

+

Dr. Gert Luurtsema
Dr. Gert Luurtsema is a trained
radiopharmaceutical chemist
and finished his PhD study at the
VU University Medical Center in
Amsterdam. His current research
at the UMCG is to develop new PET
radiopharmaceuticals to measure
ABC transporters at the blood-brain
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Contact:
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Schematic overview of the principle of PET; Injection of
the ﬂuorine-18 labelled tracer (a), decay of the radionuclide 18F (b) and the detection of 511 keV gamma ray (c)
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INTERVIEW

Get ting the

balance right

Professor René Medema, Director of the Netherlands Cancer Institute,
believes that improving our knowledge and understanding of cancer
through fundamental research is as important as applying that knowledge
in trials and tests for new drugs and treatments. Here he tells William
Davis how getting that balance right is delivering results for his institute

W

hen Professor René Medema became
Director of the Netherlands Cancer
Institute (NKI) in 2012, he brought
with him a well-established research
group focused on the idea that by getting an improved
understanding of the cellular response to cancer
drugs, we will be able to better predict particular drug
responses to particular cancers. It sounds like a simple
idea and, when hearing Medema talk of this work, he
makes it sound eminently sensible, too. Many anticancer drugs kill cells by targeting the cell cycle – by
damaging the DNA or by preventing assembly of the
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mitotic spindle, which is required for cell division, for
example. So by studying the mechanisms involved in
cell division and in particular those molecular
checkpoints that control cell cycle progression,
Medema is looking to understand how different drugs
affect this process and this will lead to more effective
anti-cancer strategies and treatments. It is an
approach that relies on fundamental research, of
course, but one that is increasingly applied at the
Netherlands Cancer Institute.
“We feel it is important to understand cancer,” says
Medema when explaining the basic philosphy guiding
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“Historically, the
fundamental
research programmes
have been quite far
from clinical
application because
we simply didn’t
understand that
much about cancer”

this work being done at the NKI. “And to understand
cancer, we need to do a lot of fundamental cancer
research, which we then turn into useable knowledge
that translates into clinical application.
“This has always been the case,” he continues. “But,
historically, the fundamental research programmes
have been quite far from clinical application because
we simply didn’t understand that much about cancer.
As a consequence the translational research
programmes have been more limited because we simply
didn’t have a lot to translate. We are now seeing results
from fundamental research programmes that lead
directly to clinical trials.”
It is this “usable knowledge” that is key to Medema’s
work. By gaining more of an understanding about the
pathways cancer cells take and what, essentially, has
gone wrong with those cells he will be able to “translate”
that knowledge into how it can be best applied to
speciﬁc types of cancer.
“We are moving away from seeing things as organspeciﬁc types of cancer,” he explains. “It is equally
likely that we ﬁnd a prostate cancer and a breast cancer
that are alike as the chances of ﬁnding two breast
cancers that are alike in terms of the way that they
respond to drugs.”
This has signiﬁcant implications for the way different
cancers are treated, meaning that treatments are
increasingly tailored speciﬁcally for the patient, rather
than to the type of cancer, something of a holy grail for
all working in this ﬁeld, as Medema explains:
“What the cancer biology community has uncovered
is that the number of DNA mutations in a cancer cell
can be quite extensive,” he says. “There is not always a
speciﬁc link between a type of mutation and a
particular organ - and certain mutations found in a
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given tumor or organ type are frequently found in
other organs. This is relevant, since tumour behavior is
largely dictated by the mutations that a tumor carries
rather than the site at which the tumour originates.
“This is largely established,” he continues, “but
matching tumor treatment with the presence of speciﬁc
DNA mutations is a relatively young ﬁeld of research,
even if personalised treatment in itself is not new.”
Medema shares an example of how NKI is working
with this knowledge in the case of certain colon
cancers, which have not responded to a certain drug as
many thought they would respond, but when the
pathways were examined in the group lead by Professor
Rene Bernards at the NKI and two drugs were
combined, tests in rats have proved them to be
successful. This study is now undergoing clinical trials
at the NKI and although Medema admits that it is early
days for this treatment, he is conﬁdent of some success.
“It’s a drug combination,” he explains. “So a drug that
we would have predicted, initially based on mutational
proﬁle, to be effective for these colon cancers turned
out not to be effective so Bernards went back to the lab
and asked why not? His team looked to see if another
pathway was co-activated in these tumours, and when
they found it was, they used a drug for that pathway
and this turned out to be effective. Now whether this is
truly a useful therapy, remains to be seen, but patients
are being studied in clinical trials right now.”
“Trial and error” has been commonplace in clinical
trials over the years, but Medema points out that what
has changed is the useful information fundamental
research is providing for direct clinical application and
the time it takes to move from fundamental research in
the lab to clinical trials. The colon cancer testing, for
example, took just nine months from the discovery in
the lab to the ﬁrst patient being enrolled in the clinical
trial. “Historically, that’s a major accomplishment in
terms of time,” he says.
Another main focus of the NKI under Professor
Medema is to address the possibilities for cancer
treatment within the immune system. Many
researchers and institutes around the world are doing
similar work in trying to discover whether
immunotherapy can increase and improve cancer
therapies and Medema believes we are now starting
see the beneﬁts of this work.
“One example of this is the work Professor John
Haanen is doing on metastatic melanoma,” explains
Medema. “His group is using immune therapies to try
to dampen tumor growth, sometimes very successfully.
Now researchers at our institute are looking to try to
combine this with radiotherapy,” he continues. “In
radiotherapy a lot of the tumour material will be dead
so we are looking to exploit this dead material to
activate the immune system, allowing it to give
radiotherapy that extra boost. We are hoping to be
able to implement this into trials in the near future.
“Another focus for us in this work is attempting to
better understand drug resistance,” he continues.
“This is one of the major problems in the treatment of
cancer, so our research at NKI is aimed very much at
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trying out drug combinations, identifying new targets
and developing new drugs against those targets.”
Professor Medema is well aware that the continued
success of the NKI’s programmes depends largely
on two things – the scientists working in the
institute’s labs and the money needed to fund the
whole operation. While he is sure he has the very
best people in place right now, he is less sure about
the funding.
“One of the most important things for us at NKI is to
have great scientists working here, scientists
dedicated to truly understanding cancer and, with
that understanding, translating it into clinical
application,” he says. “The scientiﬁc rigor and quality
of our work is key to our success and our standing in
the cancer research community worldwide.”
Medema also believes that being a relatively small
institute plays a big part in its success and attracting
the best scientists. The institute is also connected to
a cancer hospital and so each group of people know
each other, which helps make that translation
between fundamental research and clinical testing
relatively quick.
“In this sense, I am very positive about the
opportunities we have in translating science,” he
says. “We have deﬁnitely entered an era where we
can start to match the knowledge we have gained in
the lab to new drugs.
“But the problem is more complicated as there seems
to be a tendency for politicians, funders and the
private sector to want us to shift entirely towards
translation – and this is a serious risk. I think a
healthy cancer research institute needs to have a
healthy ratio of fundamental, translational and
clinical research.
“Of course, you can debate exactly what that ratio
should be, but our success and the future developments
we make are all going to stem from our fundamental
research, so this has to be resourced properly.”
Medema uses the example of the NKI’s results with
deep sequencing and the technologies these have
produced to illustrate this point about the need for
continued fundamental research and striking the
right balance in terms of applying the knowledge of
cancer it creates.
“Once we have exploited the power of deep
sequencing we are going to need to understand the
next level,” he explains. “When we sequence a tumour,
it doesn’t mean we know the mutations that are present
in each individual cell in that tumour, since we know
there is a variety of cells in the tumour and they will
all determine the drug response. This is another level
of complexity and I think we desperately need to
cultivate the mindset, not only in the institute but also
outside the institute, that in order to solve the problem
of cancer we need to apply what we already know but
at the same time we need to continue investigating the
fundamental nature of the disease.
“It’s very tempting to say ‘we know that, we can do
this, so let’s do it, let’s apply it all’. That approach will
lead to some successes, but lots of it won’t. So we
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should just be aware that if we move too much away
from fundamental science, then in ﬁve years’ time we
will not have anything to apply because we will have
no new knowledge to build on.
“So the challenge for the entire scientiﬁc community
is to explain the importance of fundamental research,
because for the public it may seem more logical for us
to put all of our efforts into the translation of the
knowledge we have at present and do new trials
instead of doing research with no known outcome, no
deﬁnite end result.”
Despite these concerns about cancer research,
Professor Medema is certainly clear about how NKI
should continue to work. He is optimistic that the
institute will continue to extend scientiﬁc knowledge
of cancer, put that knowledge to rigorous clinical
testing and develop new drugs and treatments for
the disease.

“My vision for the institute is that we need a good
mix of science,” he explains. “We need the type of
science that leads to relatively quick translation, and
this we are doing now – turning our knowledge of
mutations into tangible physical therapies and
transferring our knowledge in immunology into
tangible new immune therapies, for example. We
must continue to do this.
“But at the same time,” he warns, “we need to have
sufﬁcient power as an institute to do the fundamental
science that is going to progress technology, progress
our knowledge.
“I am optimistic about the future for cancer research
and I am optimistic about all the ingredients we have
in place at NKI to make real progress. That is not to
say we don’t face great challenges, we do, but if we
maintain that healthy ratio of fundamental research
and translational research, then we will continue to
deliver a greater understanding of the disease and in
turn deliver new technologies and drugs to treat it.”

“We have deﬁnitely
entered an era
where we can start
to match the
knowledge we have
gained in the lab to
new drugs”
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Dutch Focus
Scheduling can have a major impact on the productivity of a process.
Its purpose is to minimise the production time and costs by telling
a production facility when to make, with which staff, and on what
equipment. CAP2M-SCHED is an EU project designed to bring
previously developed scheduling tools to market

Increased production efﬁciency

through scheduling tools

AT A GLANCE
Project Information
Project Title:
CAP2M-SCHED
Project Objective:
The demonstration project CAP2MSCHED is a consequence of the
RTD achievements of its pre-cursor
CAP-SCHED in which an intelligent
scheduling solution was developed,
allowing the human operator to
interactively set various parameters
based on his knowledge, while being
assisted at the same time by algorithmic
constraint-solving capabilities with
domain-specific heuristics.
Project Duration and Timing:
17 months: January 2012 to June 2013
Project Funding:
EU 7th Framework Programme,
“Capacities : Research for SMEs”
Call FP7-SME-2011-CP, Activity 2.3 :
“Demonstration Action

CAP-SCHED

was an FP7-funded project
done within the “Research for the beneﬁt of
SMEs”
framework.
It
involved
groundbreaking, industry-guided research
and technological development work in the
development of an intelligent scheduling
solution for industrial operations. The
newer CAP2M-SCHED project is now in
progress as a direct result of CAP-SCHED,
aiming to bring to market the outcome of
the original research project.
Production scheduling tools help to
maximise operation efﬁciency and reduce
costs,
often
outperforming
manual
scheduling methods by automatically
creating efﬁcient schedules that might seem
counterintuitive to the untrained eye. Hamid
Chehade, general manager of Princeps,
explains a little more about the project. “We
have taken what has been developed in CAPSCHED and tested it in real-life cases. Using
the algorithms we created, we have now
found a way to integrate them with the
existing infrastructures of each industry we
tested with.”
“The initial objective of the proposal was
to provide ready-to-use standalone software
for each case. Since we already had the
algorithms, we thought we would be able to
adapt them easily to each situation,”
explains Chehade. “However, we discovered
that there is actually a huge variety of
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cases; each industry is strikingly different.
We made the decision that it would be wiser
to have our product as a plugin module. In
each case there was already an IT solution
for the production management – what they
needed was to improve their scheduling
process. So now we provide modules that
can be used as a plugin.”
Many of Princeps’ clients are in the oil
industry, a classic example of a continuous
production process. “The module we
developed for the oil company we tested
with linked optimisation and simulation,”
says Chehade. “In a reﬁnery you are
scheduling through simulation (trial and
error). We have developed a way of
adjusting some of the operating parameters
using our optimisation module.”
The batch process testing focused on one
type of process Chehade calls “hybrid
ﬂowshop scheduling”, which combines a
mixed integer linear programme with a
heuristic
approach
that
improves
calculation time. The tool was tested in two
different case studies: steel bar production
and mechanical valve production. Average
throughput of steel bars was increased by
about 11% while production time was
reduced by 10%.
Once the optimal schedule has been
found, it is displayed in an easy to read
Gantt chart, which also displays the

Project Partners:
Princeps (France); Manopt Systems
(Ireland); Technology Transfer System
(Italy); SchuF Valve Technology
(Ireland)
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Contact:
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corresponding resource occupation so as to
give an overview of the whole solution. “We
are conﬁdent that we have made a solution
that is both efﬁcient and effective,” says
Chehade. “We have had positive feedback
from all the companies we have tested with,
so now it is just a case of getting these
plugin modules out into the wider
market.”
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Dutch Focus
The retina is integral to human sight. However, science lacks a comprehensive understanding of how this
visual sensor selectively ‘codes’ and shares its data with the brain. In response, pioneering EU research
is currently revealing the intricate mechanisms at work, and creating new therapeutic possibilities for
treating degenerative retinal conditions and blindness

Deciphering the retinal code
“Incredibly, only one per cent of the
information captured by the eye is actually
transmitted to the brain,” explains
Professor Maarten Kamermans. As
professor of neurophysiology and sensory
physiology at the Netherlands Institute for
Neuroscience, Kamermans is engaged in a
long-term research programme that seeks
to better understand how retinal
mechanisms work. Kamermans’ team at
the Retinal Signal Processing Lab are
examining how characteristics such as
luminance, contrast, colour, and movement
are coded in the retina and then decoded
by the brain, eventually leading to
perception by the mind.

Via the iris and mediated by the lens of
the eye, our external world is projected onto
the retina. The retina subsequently
processes this information. It is this process
which to a large extent controls the way we
visually perceive. A sensitive layer of
neuronal tissue, the retina, lines the eye’s
inner surface. The photoreceptors are the
light sensitive neurons within the retina.
Two main types of photoreceptors exist,
which respond differently to varying levels
of illumination. Rods function only in
poorly lit (night time) conditions and can
provide only black and white vision. Cones,
by contrast, mediate vision in bright light
(day time), and create our impressions of

colour. Data received by these photoreceptors
is processed by the retinal neural network
and ﬁnally transmitted onwards to the
brain via the optic nerve, where it is
reinterpreted to create the mental
representations we experience as vision.
One of the most important topics studied
by the Dutch researchers is the means
through
which
horizontal
cells
communicate
with
photoreceptors.
Horizontal cells are a type of laterally
interconnecting neurons, located below the
photoreceptors, and play an important role
in visual perception. “Science has so far
failed to resolve the complex relationship
between horizontal cells and cones,” says

“Nightblind patients
were studied alongside
mice and zebraﬁsh
specimens that shared
similar mutations”
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Electronmicroscopical image of the synaptic complex of cone photoreceptors in the
zebraﬁsh retina. The structures with the black labeling are dendrites of horizontal cells

to impaired vision. Working in conjunction
with the foundation for the blind, Bartiméus,
Kamermans’ team began to discern the
contribution of these proteins to night
blindness in humans. Patients showing
these symptoms were studied, alongside
mice and zebraﬁsh specimens that shared
similar mutations. This allowed for rigorous
analysis – leading to some unexpected
conclusions. “According to orthodox
thinking, eye movement problems are
actually caused by the brain rather than the
eye,” says Kamermans. “But we believe that
mutations in the retina actually lead to
brain issues, which then cause eye problems.
This is a signiﬁcant challenge to
conventional theory.”

“We’ve begun to consider
how information is
selected and compressed
before it is sent to the
brain via the optic nerve”

Schematic representation of the ephaptic feedback synapse between horizontal cells
and cones. For details see: Kamermans et al. (2001) Science 292:1178-1180
Kamermans. The properties of the synapses
(a structure which permits a neuron to pass
an electrical signal to another cell) between
those cells are critical to the function this
network performs, he says. Building on
earlier work, the researchers found that
horizontal cells in fact feed back signals to
cones using a unique, ultrafast and
essentially noiseless inhibitory mechanism
hitherto undiscovered. It would have a
major impact in neuroscience if similar
synaptic mechanisms occur elsewhere in
the central nervous system, making this
one of the key questions they are addressing.
To substantiate their observations, the
team experimented on strains of mutated
zebraﬁsh. Using molecular biological and
behavioural experiments, the scientists
were able for the ﬁrst time to directly
demonstrate that the feedback from
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horizontal cells to cones signiﬁcantly
contributes to contrast enhancement.
Having documented the basic mechanisms
at work, the group will next examine how
this particular synapse can be modulated.
Since the eye has to perform optimally
under vastly different light conditions
(think star light versus a sunny day on the
beach), it has to adjust the properties of its
synapses when going from daylight vision
to night vision.
Another
promising
breakthrough,
potentially of interest to medicine, has been
achieved through analysing the components
of a further synapse, which links
photoreceptors and ON-bipolar cells,
neurons that form the pathway through the
retina. During their investigations, the
researchers uncovered new proteins, which
when mutated yield to eye diseases leading

Another critical goal for Kamermans and
his body of ten researchers is to examine
how the large amount of redundant data is
ﬁltered out of the visual information
stream and how unnecessary unpredicted
events are processed with high ﬁdelity.
“We’ve begun to consider how information
is selected and compressed before it is sent
to the brain via the optic nerve,” he says.
“It’s critical that we understand what the
system is doing when it’s healthy, before
looking at illness and therapy. We have
assessed the retinal information ﬂow, and
can now begin to look at what computations
are performed – and attempt to obtain a
quantitative description of how the eye
codes its visual environment.”
Analogue and digital coding schemes are
both used economically by the retina in
order to use its neuronal capacity optimally.
For instance, the retina mostly sends
differential images to the brain. Rather
than operating like a camera – which
captures entire still images – it senses and
shares images in several different
dimensions.
“There
are
signiﬁcant
differences between the way such devices
and the human eye actually operate,” says
Kamermans. “Non stabilised cameras create
blurred imagery. But, strangely, in human
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AT A GLANCE
Project Information
Title:
The Retinal Signal Processing Lab

biology, a totally still eye cannot see. An
element of movement is essential.”
Knowledge of these techniques could,
Kamermans muses, be transplanted to the
digital environment, and could stimulate
the development of sophisticated, high
ﬁdelity encoding and algorithms.
There are also potential beneﬁts for
medicine here too. “If we can identify how
and where information reduction occurs,”
says Kamermans, “it may assist in the
development of efﬁcient retinal prosthesis,
and reactivation strategies to restore
vision.” One potential restoration technique
being earnestly studied by the Retinal
Signal Processing Lab is optogenetics.
Optogenetics is a novel strategy that
exploits bacterial proteins. ”These proteins
can be expressed by retinal cells, and are
activated by light,” explains Kamermans.
”We’re considering how these could be used
to reactivate the neurons of people with
degenerative visual conditions, who become
blind when their cells are no longer light
sensitive.” Proof of principle for this
strategy has been provided by Roska and
co-workers in the EU consortium RETICIRC,
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Prof.dr. Maarten Kamermans
Maarten Kamermans was trained in
biology and physics. He did his PhD
in the laboratory of Medical Physics
of the University of Amsterdam (UvA)
and his postdoctoral research at the
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coordinated by Kamermans. As a next step,
human donor retinas, obtained postmortem, are being used to assess the
possibility of reactivating non-functioning
photoreceptors and, ultimately, restoring
vision. Once deemed safe to trial,
Kamermans hopes that this technique will
become the subject of a new, EU funded
project, which will involve experimental
treatments on live patients suffering from
retinitis
pigmentosa,
an
inherited
degenerative eye disease.
Tackling such technical and theoretical
challenges, and the sustained efforts
required to conquer them are, Kamermans
feels, currently undervalued by EU leaders.
“There’s currently a great push towards
applied and translational science,” he notes.
“Policy makers forget, however, that such
research can only be conducted if there is
something to translate. If foundational
work is neglected, then existing materials
will ultimately become exhausted. Fresh
knowledge is needed to stimulate new
theories, which in turn may generate a
wealth of potentially unforeseen beneﬁts
and lucrative commodities”.

Research Objective:
Vision starts in the retina where
images are transformed and coded
into neuronal activity relevant for
the brain. Many retinal mechanisms
are present that select the relevant
information from the images before
the information is sent to the brain. We
are studying the neuronal processing
involved in these selection and
adaptation processes. This knowledge
is essential for understanding how
the visual system works and forms
the basis for research dedicated to
restoring vision in blind people.
Project Funding:
t Netherlands Institute for Neuroscience (NIN)
t Netherlands Organization for
Scientific Research (NWO) through
its division Earth and Life Sciences (ALW) and the Netherlands
Organization for Health Research
and Development (ZonMW)
t Two Dutch patient foundations
supporting retinal research: ODAS
and LSBS
t FP7 project RETICIRC
Project Partners:
G. Zoidl; U. Bienhold-Janssen; R.
Gregg; M. McCall; H. Simonsz; A.
Bergen; B. Roska; S. Picaud; R. Smith

Contact:
Tel: +31 20 566 5180
Email: m.kamermans@nin.knaw.nl
Web: www.nin.knaw.nl/research_
groups/kamermans_group
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University of California at Berkeley
with Frank Werblin. He received the
prestigious KNAW-fellowship after his
return to the Netherlands. This allowed
him to establish the Retinal Signal
Processing lab which later moved to the
Netherlands Institute for Neuroscience
(NIN) of the KNAW. He is professor
of Neurophysiology specialised in
Sensory Physiology at the Academic
Medical Center of the UvA. His ~70
peer-reviewed publications in scientific
journals including Science, Neuron, PLoS

Biology and American Journal of Human
Genetics have been widely cited in the
field. His exploration of the visual sensory
system is characterised by a highly
multidisciplinary approach and often
with a strong quantitative signature.
This is reflected in the composition of
The Retinal Signal Processing lab, which
is fully staffed and equipped for this
broad approach, ranging from genetics/
molecular biology, morphology to single
cell electrophysiology/vital imaging
information theory and behavior.
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OPINION

With the increasing signiﬁcance
of the cloud computing
market, Europe has a unique
opportunity to capitalise on
this technology by creating its
own cloud. Dutch politician
and EC Commissioner for
Digital Agenda Neelie Kroes
explains the importance of
this development and calls
for transparency, security and
effective standards in order
for it to reach its potential

A cloud for

Europe
www.projectsmagazine.eu.com
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OPINION

C

loud computing offers a massive boost for
Europe. Businesses receive the value-formoney and ﬂexible IT services that the
most dynamic, innovative companies
need. For the citizens of Europe, it is a
locker to store their favourite online material with
instant secure access whenever, wherever and
however they want. It also allows the government to
offer integrated and effective public services that
serve every citizen, without costly contracts. No
wonder the cloud is worth billions of euros to the
European economy.
Recent revelations regarding security and privacy
have been astounding. We must respond, and we must
protect ourselves. But this does not mean turning our
backs on a huge opportunity, and the EU’s leaders
realise this. At the recent European Council, they
acknowledged the importance of cloud computing
and explicitly asked the European Cloud Partnership
to help put Europe at the forefront of this ﬁeld.

The European cloud

For me, a European cloud does not mean a new
centralised European super-infrastructure. Our role
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is rather to federate and enhance national, regional
and local initiatives, thus allowing people, products
and services to freely circulate without borders or
barriers. That is what we have recognised in our
recent proposals for a connected continent, with a
single market for telecoms networks that underpins
connectivity.
Already, many member states are consolidating
isolated data centres into national clouds. However,
we can go further than this. Through the Connecting
Europe Facility, we can already support the key
building blocks that enable pan-European services,
like electronic invoicing and e-signatures. We can
boost demand (particularly from the public sector,
which makes up about one ﬁfth of the market),
through our launch of the platform for public sector
cooperation with the “Cloud for Europe” initiative.
We recently proposed the ﬁrst Horizon 2020 work
programme (for the next two years), in which we
are using a new instrument to subsidise joint
public procurement for innovative cloud services
(a so-called PPI). This will be concrete progress,
moving from joint experimentation to joint
implementation. We have also set out the EU’s

Neelie Kroes

Insight Publishers | Projects

plans for research and innovation funding into
security and privacy in the cloud, so that European
suppliers can offer the best technology, and
guarantee the highest standards of protection.
Restoring trust

Following recent allegations of online spying, we
need to restore trust and transparency. But let’s not
confuse issues: issues like data privacy and data
integrity are distinct and should be treated as such.
Nor should we be naïve, or sit there stunned like a
rabbit in the headlines. Rather, we should respond
proportionately by protecting ourselves while
simultaneously rebuilding trust and conﬁdence.
This starts with basic transparency for cloud users.
Standards and certiﬁcation can help in that context,
and we are working to provide more clarity and
transparency in Europe. But it goes beyond that,
including clear undertakings about how data will be
used. People need to know whether their data has
been breached, who can look at their data, and when,
if ever, their personal data is transferred outside the
EU. Providing those details needs to become the norm
when you’re buying cloud services, particularly for
activities beyond the EU’s borders.

“A European cloud is not just about
infrastructure: it is about a strong
and consistent European framework,
and so we need to make the most
of our single market”
Indeed our cloud strategy has already identiﬁed that
we need to review standard contractual clauses about
transfering personal data overseas and the binding
corporate rules. I am pleased that the cloud will be
dealt with in the forthcoming EU-US trade agreement,
which is a positive step forward.
A European cloud is not just about infrastructure: it
is about a strong and consistent European framework,
and so we need to make the most of our single market.
A uniform legal base for data protection is an
important part of that. We are also working with the
industry on a code of conduct for data protection in
the cloud for endorsement by data protection agencies.
This work will be completed during the current
mandate i.e. midway through 2014.

information to ﬂow easily and safely, creating
value and enabling new services without
endangering privacy.
This is not about sharing data as such. It’s about
creating a common data space with common rules,
common policies, common protections, enabling
services to work across borders. Many sectors and
industries remain unaware of the power of the
cloud for growing their businesses on a continental
basis. From banking to tourism, from music to
healthcare, there are many opportunities just
waiting to be grabbed.
We should not impose national limits and
restrictions to chain down our data. Nor should we
use yesterday’s tools or impose yesterday’s models
to ﬁx tomorrow’s problems. Those are not the way
to bring Europeans the cloud boost. Even less the
way to conquer the global market. We don’t need
national mini-clouds; we need a European cloud
that is trustworthy, secure and ambitious.
We aren’t there yet. There are many barriers to
data ﬂows within Europe, which we need to
identify, ﬁgure out how to dismantle and look at
the costs and beneﬁts. Systems need to be secure,
but without a dynamic market, choice, quality and
economies of scale, people won’t use these at all.
Let’s take down the barriers that our single
market faces and develop the technology that will
enhance our competitiveness. The twin forces of
technology and trade can bring about more
innovation, security, and opportunities.
A unique opportunity

This is how we can step up to a European
cloud. Investing in key pan-European
service infrastructures. Stimulating
demand
through
government
procurement, and supply through
research and innovation. Building trust
and transparency. Developing a single
market for data, where economies of scale
stimulate a vibrant dynamic market, and
European solutions.
Europe has a great opportunity now: to
become the home, the world’s leader, in
trustworthy cloud computing. The
European Council has given us
momentum, so let’s use it. I am pleased
that the industry is supportive and
committed to helping us lead the
world with services that
perform, data that is
protected and systems
that are secure.

The power of a common workspace

A uniform code matters because our ultimate goal
is to embrace the single market. National limits and
restrictions are not the way to bring the cloud boost
to our citizens and businesses, even less the way to
conquer the global market. However, this is about
more than personal data protection. We need
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Taken from a
speech made at the
Cloud for Europe
Conference in Berlin
in November 2013
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ICT
The ICT ecosystem that exists nowadays has almost endless capabilities, and using the technology we have available
to address the pressing issues of ageing, health and inclusion is a logical step. However, bridging the gap between
technological research advances and the practical needs of elderly people can be a challenge, and so FP7 project USEFIL is
addressing this problem by developing advanced but affordable in-home monitoring and web communication solutions

Bridging the gap
Consistently low birth rates and higher
life expectancy are transforming the
population structure of the EU, with the
proportion of over-65s having increased
by nearly four percent over the last twenty
years. The total number of seniors living
alone is also rising, which has led to
increased demands placed on society’s
care and medical services. Although ICT
technologies
can
increase
safety,
independence and quality of life for
elderly people while staying at home, the
adoption rates of such advancements show
that these are still undesired by the
majority of the population.
The FP7-funded USEFIL – Unobtrusive
Smart Environments for Independent Living
– project aims to address this gap between
technological research advances and the
practical needs of elderly people by
developing advanced but affordable in-home
monitoring and web communication
solutions. USEFIL intends to use low cost
“off-the-shelf” technology to develop
immediately applicable services that will
assist the elderly in maintaining their
independence and daily activities.
“Many of the ideas that we are working
with are not necessarily new,” says project
coordinator Dr Homer Papadopoulos. “There
have been many European projects that have
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tried to address the issue of bringing
technology into the realm of in-home care
for the elderly, but we have rarely seen this
translate into a widely adopted product.
What we want to do is to make sure that at
the end of the project we have created
something which is operational, and that
you can buy in a store.”
The USEFIL project will develop a holistic
“platform” consisting of a number of systems
and modules. These include a smart watch
capable of recognising daily activities,
household objects such as mirrors equipped
with low cost wireless video cameras for
monitoring emotional and physiological
parameters, a tablet pc, a smart web TV
device and others. The majority of these
devices are not being created by the project,
as it is instead exploiting existent technology
within the ICT ecosystem to beneﬁt the
elderly. All of these systems are
interconnected, so for example the smart
watch can be used as an easy and safe way to
login to the TV.
“The application on the tablet has two
different modes: manual and automatic,”
explains Papadopoulos. “The manual mode
involves the user changing the status to
things such as eating, reading or relaxing.
This helps to make them feel more
comfortable and connected with family

members, and in turn makes the family more
relaxed as they can see that the person they
are looking out for, be it their parent or
grandparent, is doing something.
“The automatic mode takes this a step
further. Using hardware such as the X-Box
Kinect as data input devices, information
about what the user is doing can be retrieved
automatically. This will allow elderly
behavioural indicators for problems such as
cognitive decline or geriatric depression to
be spotted as well as the general monitoring
of day-to-day well-being. The smart watch
can also help here, giving information about
the location and activities of the user.”
A smart TV can also be used as an interface,
and within two years the technology for
both the tablet and smart TV will be the
same. “Tablets can be purchased for around
€150, making them a very low cost option,”
says Papadopoulos. “Smart TVs are still
relatively expensive, but we are expecting to
see much more affordable models being
made available this year.”
One of the challenges facing the project
concerns the development of a “smart”
mirror that uses an inexpensive web camera
equipped with microphone and can assist in
assessing the physiological, emotional and
functional state of the monitored user. The
physiological signs include heart rate,
breathing rate, color paleness and pupil size
among the others. Their emotional state will
be accessed initially via face analysis and in
stage two via voice analysis.
Those involved in the USEFIL project
have been careful to be sensitive regarding
the privacy of the elderly people. No video,
audio or personal data will leave the house;
only fused data will be transmitted and
saved in the cloud. This approach - to
temporarily store data within the house,
analyse it and then fuse it – ensures that
the data being transmitted has high
conﬁdence value and will provide carers
and doctors with crucial information.
Because the system will be “software
driven,” based on open source platforms,
applications can be easily added or
subtracted with no real limit to the overall
number of services offered.
USEFIL
intends to provide guidelines for the
community of technology developers to
optimise future generation of applications
for an ageing population.
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The users of the platform (http://portal.
useﬁl.eu) will be able to register with the
USEFIL portal, creating their own page so
that they can interact with the whole
system. Professionals can also gain
access to a different user interface. They
can access their patients’ health records,
subscribe medications and schedule
appointments and reminders via their
personal calendar. They will also be able
to communicate with their patients via
audio and video communication and
create questionnaires for their patients
(which can be answered electronically
using a user-friendly interface on the
tablet or TV).
A portal for developers will be
available as well (http://devs.useﬁl.eu).
After a successful registration, a
developer will gain access to
information and developer tools for
implementing and registering his own
application to the USEFIL portal.
Examples,
source
code,
API
documentations, forums and support
from USEFIL’s developers will help
third party developer to create
applications for their own needs. They
can upload their applications to the
developer site and, after a successful
audit from the platform’s administrators,
their application will become available
through the platform’s store.
Technology implementation will be
based on user acceptance and an
understanding of user interactions that
will truly address user needs. The
technology will be constantly online,
and the cloud intelligence will be used
for the beneﬁt of the elderly user. The
project also aims to promote future

visions of big data mining of fused data
in order to uncover basic daily
behaviour together as well as signs of
progressive
health
and
mental
deterioration. This is achieved through
innovative algorithms that can model
typical human behaviour and extract
correlations from sets of fused data.
“One of the most important attributes
of the system is that the technology is
unobtrusive, allowing elderly people to
monitor themselves and to organise
their communities due to the ease of
use. These technologies will help people
live longer and healthier while living
independently,” says Papadopoulos.
USEFIL directly addresses the pressing
issues of ageing, health and inclusion
by promoting an approach that places
the individual ﬁrmly in the centre.
Elderly people are considered the core
of the service, as they will be aware of
the reality of the system and it will be
based around their needs. However, the
involvement of others is also one of the
key aspects of the approach, with
everyone from friends and family to
medical professionals and carers all
encouraged to get involved with the
platform. This will help foster the
interaction between the elderly and
doctors and carers for improved
treatment personalised to the needs of
the elderly, and also the interaction
with family and friends that allows the
elderly to keep their social network
alive even if they are unable to move
outside their home.

AT A GLANCE
Project Information
Project Title:
USEFIL: Unobstrusive Smart Environments
For Independent Living
Project Objective:
USEFIL will support independent living of the
elderly citizens as long as possible in their
home by designing, developing and deploying
widely adopted systems. USEFIL intends to use
low cost “off-the-shelf” technology to develop
immediately applicable services that will assist
the elderly in maintaining their independence
and daily activities.
Project Duration and Timing:
36 months, November 2011 onwards
Project Funding:
EC FP7/Collaborative Project/ICT,
Budget 4.628.909
Project Partners:
t/BUJPOBM$FOUFS'PS4DJFOUJöD3FTFBSDI
“Demokritos” (Coordinator), (http://www.
demokritos.gr/default.aspx?lang=en)
(Division Of Applied Technologies, Institute
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linkedin: USEFIL FP7 Project

Dr Homer Papadopoulos
An example of how health information can be accessed
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ICT
The growth of cities is a phenomenon that is often unplanned, leading to serious social problems, such
as traffic congestion, pollution and energy waste. Trinity College Dublin’s Future Cities Research Centre
has a vision for an efficient and sustainable city, in which citizens are safe, productive and included

Smart and
sustainable
cities
Future Cities is a new, multi-disciplinary
research centre in Dublin, which will
address the required optimisation of the
city’s resources, harness the growth
potential for business, reduce the city’s
environmental impact, and improve
citizens’ quality of life within urban
environments. Much has been said about
the impact that big data and analytics can
have on the optimisation of resource use,
but Professor Siobhán Clarke believes that
it is of greater importance to take this
knowledge and put it into action. “What we
want to achieve through our work at Future
Cities is to come up with ways in which we
can actually effect behavioural change and
enable more sustainable use of a city’s
resources, such as roads, energy and
water,” says Clarke. “Obviously you cannot
automate people’s behaviour, so it’s also
about engaging citizens so that they can
see the beneﬁt that a change in their
behaviour or allowing something to be
automated can bring.”
Intelligent traffic

Trafﬁc
congestion
costs
the
EU
approximately €100bn per year, and so a
number of projects within Future Cities
have been developing solutions to some of
the more common problems within trafﬁc
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management.
Although
wireless
communication cannot yet be relied upon
to organise trafﬁc, researchers have been
investigating how vehicles can use
(unreliable) wireless communication and
sensing to collaborate and improve trafﬁc
efﬁciency. “In many situations such as a
three-lane motorway merging into two
lanes, humans are truly dreadful drivers,”
says Clarke. “People keep starting and
stopping, and this hesitation makes
congestion almost inevitable. However, if
all the cars on the motorway were able to
communicate with each other, they could
be simply managed in a slot-based system,
allowing a smooth ﬂow of trafﬁc.”
With Google having recently developed
a driverless car, with a number of
mainstream car manufacturers also
involved, this technology might not be
planted as distantly in the future as one
ﬁrst thinks. “If you’d asked me two or
three years ago whether I thought this
could be mainstream within ﬁve to ten
years, I would have said no,” says Clarke.
“Now, I would be much more optimistic.”
Statistics show that a very high proportion
of road accidents are caused by human
error, and so automated cars could save
lives as well as causing fewer headaches
for insurance companies.

The Future Cities centre is also in the
process of patenting technology for selforganising urban trafﬁc management to
relieve urban congestion. By making each
trafﬁc light smart rather than relying on a
central controller, trafﬁc lights could learn
the optimal signal settings for particular
local trafﬁc conditions, as well as cooperate
with neighbouring trafﬁc lights to optimise
trafﬁc city-wide.”

MAIN CONTACT

Professor Siobhán Clarke
Siobhán Clarke is a Professor in the
School of Computer Science and
Statistics at Trinity College Dublin,
with research interests in dynamic
software services for urban
stakeholders in large-scale, mobile
environments. She is the Director
of Future Cities, the Trinity Centre
for Smart and Sustainable Cities,
and a Fellow of TCD.
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Automating energy use

Energy is another pressing issue that could
beneﬁt from automation. One of the centre’s
projects outlines load forecasting with
demand-side management methods for
controlling residential electricity use which
could, for example, help to maximise the use
of renewable energy by increasing energy
usage during windy or sunny periods. This
would be achieved by having appliances
such as dishwashers, clothes dryers and
electric cars all communicating with each
other and the energy grid. Appliances would
run or charge themselves when energy is
cheaper (i.e. when it comes from renewable
sources), as well as communicate with each
other in order to reduce the load on energy
suppliers during classic peak periods.
“Using multi-agent systems algorithms, one
can achieve a level of collaborative
efﬁciency that is just not possible if people
are left to control energy use themselves,”
explains Clarke. “Although people may have
genuine concerns about the environment or
about the cost of their bills, it is unlikely
that they will consistently change their
behaviour because of this. That is why it is
important for us to encourage and illustrate
to people that rather than have to make
these kinds of decisions themselves, we can
design a system that optimises decisions
around their lifestyles.

North bank of the river Liffey in Dublin

Smart software

The CityWatch programme combines the use
of ﬁxed and mobile sensors to create a realtime picture of what happens within the
modern urban city environment, for
example, providing information on a
localised ﬂooding event resulting in
disruption to citizens. The mobile sensing
component is enabled by a participatory
sensing application for use on smart phones
and devices allowing citizens of the city
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itself to participate in technological
innovations that will improve their
environment, transport systems and local
services. For example, an app called
GreenWatch was co-designed with Dublin
citizens, Intel, Trinity researchers and the
City council, and now enables Dubliners to
signal wasteful practices and highlight green
initiatives, turning citizens into sensors to
create a dynamic green map of Dublin and
creating the impetus for a greener city.
All of the projects mentioned require an
extremely dynamic software environment to
work in, and so new adaptive software
frameworks are being developed to cope with
this. “Usually you have to reinstall a piece of
software when you make changes to it, but
with projects that work in real-time that isn’t
really acceptable,” says Clarke. “One project
we have is investigating how to address this
problem via a totally unique angle. Computer
scientists are collaborating with ecologists to
take the diversity that is inherent in nature,
and apply this to software so that it can adapt
itself in an almost organic way.”
A new type of city

Following productive meetings with some
of the main industry players, the next step
for Future Cities is to consolidate its place
as a world-renowned research facility that
can revolutionise the way technology is
used within urban areas. “We have had
numerous brainstorming sessions with
people from industry as well as a successful
launch event,” says Clarke, “and we want to
keep this dialogue with industry as a
regular occurrence.
“Once we have an underlying technology
base that provides this real-time control
feedback loop which is present in so many of
our projects, we hope this will trigger a
whole new set of ideas and business models
that will help make cities work better. We’ve
had ideas on trafﬁc, energy, citizen
engagement and pollution, but those are just
a few examples of what you can do with the
underlying science.”
With the UN predicting that around
seventy percent of people will be residing
in cities by 2050, innovation that affects
the way people live in urban areas is
becoming
increasingly
important.
According to the WWF, if resource use
continues its current upward trend then we
will need the equivalent of two planet
Earths to sustain us by 2030, and so the
reality is that drastic changes need to be
made to the way we live, and fast. The
Future Cities research centre promotes and
enables such change.

AT A GLANCE
Project Information
Project Title:
Future Cities. The Trinity Centre for
Smart and Sustainable Cities
Project Objective:
The Future Cities Research Centre
undertakes multi-disciplinary
research that enables, promotes
and facilitates behavioural change
for sustainability. The research
is supported by the application
of sensor, communication and
analytical technological solutions
to sustainability concerns in urban
infrastructure such as energy,
water, waste management and
transportation systems.
Project Duration and Timing:
The Future Cities Research Centre
was launched in 2013, and is an
on-going Trinity College Dublin
initiative addressing a strategic focus
on smart and sustainable cities from
a multi-disciplinary perspective.
Project Funding:
Researchers are funded through a
combination of Irish Government
funding (e.g., through Science
Foundation Ireland, Enterprise Ireland
and other government agencies),
the EU framework programmes and
direct industry engagement.
Project Partners:
The Future Cities Research Centre
has a wide range of collaborators,
including public service (e.g.,
Dublin City Council, Environmental
Protection Agency Ireland, and
many more), industry (e.g., Intel,
IBM, Alcatel-Lucent, ARUP, and many
more) and national and international
research institutions (e.g., MIT,
Imperial College London, INRIA and
many more).

Contact:
Tel: +353-1-896 2224
Email: Siobhan.Clarke@scss.tcd.ie
Web: www.tcd.ie/FutureCities/
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ICT
The way in which a city develops and the manner in which people travel through that city are inextricably
linked, but at present there are few models capable of looking at both of these issues in an integrated
manner. SustainCity is a project that addresses the modelling and computational issues of integrating
modern transport simulations with the latest micro-simulation land use models

Life in the city
The modelling

of urban development is
no easy task. In simpliﬁed terms, a city can
be understood as a group of agents
interacting within a speciﬁc space. Some of
these agents, like households and ﬁrms,
need to locate and therefore generate
demand for land or buildings. Other agents,
like land-owners or developers, produce
buildings and dwellings that are offered to
households and ﬁrms. A third type of agent
is the government, who regulates the land
use and housing market.
In terms of the transport system within a
city, it is the location of households and
ﬁrms that generates journeys and the
associated externalities, such as pollution.
Of course, the location choice of households
and ﬁrms are also affected by the
conditions of the transport system and
these externalities.
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Increasing concerns about sustainable
development and the growth of urban areas
have brought forth in recent years a
renewed enthusiasm and need for the use of
quantitative models in the ﬁeld of
transportation and spatial planning. Models
that favour a microscopic approach, such as
UrbanSim, have recently gained a lot of
interest in both the land use and transport
communities. Nevertheless, these models
still require development to support a
comprehensive analysis of the main
environmental
and
socio-economic
questions of the sustainability of urban
growth and the relevant public policies.
SustainCity is an FP7 project that aims
to go one step further in the ﬁeld of stateof-the-art land use and transport models.
“It is often the case that you will have
separate models for transport and land

use, but they lack interaction and are thus
inherently ﬂawed,” says Balz Bodenmann.
“Our aim is to bring them together in one
interacting framework.
“UrbanSim is quite famous now for its
success in the USA, but unfortunately the
software does not work when it is applied in
a European setting. One problem is that the
demographics of European people are quite
different, and also they behave differently.
Last of all, and probably the most obvious
difference, is that the geometry of European
settlements are very different. If you look at
a satellite photograph of city in the USA,
you can see that the roads are aligned in
very neat rectangles, whereas European
cities tend to look a lot more chaotic.”
UrbanSim is open-source software,
meaning that anyone who wishes to can
freely access, modify and redistribute the
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AT A GLANCE

Scenario: Road Pricing

Project Information

Topic

Project Title:
SustainCity: Micro-simulation for the
prospective of sustainable cities in
Europe

Cordon for city of Zurich
Additional cost of 5 euros for all red links
The toll is imposed from 06:00 – 24:00

Implementation
Adaption of MATSim conﬁguration

Expected Effects
Suppressed trips
More public transport
Less congestion
Accessibility in Zurich city

code, making it an attractive tool for
research. Consequently, the main objective
of the SustainCity project is to develop an
urban modelling platform for European
cities, based on UrbanSim. This platform is
tested in three case studies: Brussels, Paris
and Zurich.
The new modelling platform, UrbanSim-E,
will provide the means to evaluate the
impacts of policy measures in European
cities. With the sustainable development
objective in mind, UrbanSim-E will provide
a quantitative assessment of the trade-off
between economic, environmental or social
objectives in the development of cities. “We
want politicians and other decision-makers
to be able to use this as a tool to test the
effects of building a new motorway, or
decreasing taxes, to give two examples,”
says Bodenmann. “They will be able to
input these new variables and instantly see
the spatial effects of such decisions.”
Due to its ﬂexibility and open source
features, UrbanSim is a convenient starting
point for an integrated land use and
transportation model. UrbanSim simulates
the behaviour of all agents within an urban
system through a series of sub-models, and
a number of changes to these as well as
some new ones have been suggested for
UrbanSim-E.
Demographics

Population growth, and the consequent
formation of new households through
matching of individuals, is the main reason
for demand in the residential real estate
market. UrbanSim did not include an
internal demographic model, and so part of
the SustainCity project is the development
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of a new demographic model to work
alongside it. This consists of a new hybrid
model, accounting explicitly for the
formation of households, birth of children
and separations as the result of interaction
between individuals.
Household behaviour and residential choice

The location preferences of households
deﬁne the social structure of a city and,
at the same time, determine the demand
for dwellings at different locations in the
city. At present, UrbanSim randomly
selects which houses will relocate, but in
UrbanSim-E the decision to move is
modelled explicitly. The way in which
people select their new residence is also
modelled in a more complex way, taking
into account the negotiation process that
may occur between household members
rather than regarding the household as a
single unit.
Stakeholders

In real estate markets, there are two major
stakeholders that can affect government
decision in terms of housing policy and
land use regulation: Social Housing
Corporations and Private Home Owner
Associations. Stakeholder lobbying can be
modelled in terms of their effect on
property values, labour mobility and
transport ﬂows.
Firmographics

The second biggest demand for land in
urban areas comes from ﬁrms. UrbanSim-E
takes a step up from the current model
which accounts for jobs related to a type of
economic activity in that it will model

Project Objective:
Goal of the SustainCity project
is to address the modelling and
computational issues of integrating
modern mobility simulations with
the latest micro-simulation land use
models. The project intends to advance
the state-of-the-art in the field of
the microsimulation of prospective
integrated models of Land-Use and
Transport (LUTI). On the modelling side,
the main challenges are to integrate a
demographic evolution module, to add
an environmental module, to improve
the overall consistency and, last but not
least, to deal with the multi-scale aspects
of the problem: several time horizons
and spatial resolutions are involved.
Project Duration and Timing:
4 years, January 2010 to June 2013
Project Funding:
3.8 Mio EUR European Commission;
Seventh Framework Programme (FP7)
Project Partners:
t4XJTT'FEFSBM*OTUJUVUFPG5FDIOPMPHZ
Zurich, Switzerland (ETHZ) Prof. Kay
W. Axhausen (Co-ordinator), Dr. Balz R.
Bodenmann
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Belgium (KUL) Prof. Stef Proost
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AT A GLANCE

Data processing – spatial matching
GWR/GVZ
Housing units
Construction year
Value
Soil coverage zones (AV)
Surface information
Building footprints

Kay W. Axhausen

Parcel
Size
FAR covered
Land use zone
Planning constraints

speciﬁc ﬁrms. This means that the relocation
of ﬁrms, which is normally due to growth,
will be accounted for, as well as factors
affecting the ﬁrms such as economic
environment, policy environment and
residential location factors.
Econometrics

UrbanSim relies heavily on sub-models to
predict long term urban development. They
are used to predict land value, location of
households, location of jobs and location of

are based on more modern grid plans. This
usually makes the city centre an attractive
location, due to historical attributes and the
presence of amenities, and means that lower
income households are more likely to be
located in peripheral zones.
These differences will be considered in
several of UrbanSim’s sub models. For
example, the Household Location Choice
model and Land Price model account for the
attractiveness of the city centre and
probably give less importance to the

Prof. Dr. Kay W. Axhausen is
Professor of Transport Planning
at the ETH Zürich. He has been
involved in the measurement and
modelling of travel behaviour
for the last 30 years contributing
especially to the literature on
stated preferences, microsimulation of travel behaviour,
valuation of travel time, activity
scheduling and travel diary data
collection. Current work focuses on
the agent-based micro-simulation
toolkit MATSim and on the landuse/transport interaction

Andre de Palma

“European cities are also concentric, having
usually developed from medieval cities,
compared to US cities which are based on
more modern grid plans”
new real estate developments. Land price is
particularly difﬁcult to model due to the
fact that the price of a housing unit is not
only affected by its attributes but also by the
attributes of its surroundings, and so
UrbanSim-E incorporates one of two new
models depending on the available data for
each case study.
Descriptive and geographical data

European cities are more compact and dense
than US cities, meaning that people tend to
take shorter trips and land value is higher,
with more apartments available due to the
lack of space. European cities are also
concentric, having usually developed from
medieval cities, compared to US cities which
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presence of private green spaces (gardens or
patios) and attach more relevance to the
presence of public green areas and amenities.
Transport microsimulation

Transport microsimulation models mimic
the trafﬁc behaviour of real travellers, but
do not fully represent the travel behaviour
of individuals, which consists of a connected
sequence of trips between locations which
can alter due to trafﬁc congestion and
socio-economic status of the individual. For
example, a person might leave at a different
time than expected in order to avoid the
rush hour. This time of departure dimension
has been used in both the transport models
used by SustainCity.

Prof. Dr. Andre de Palma teaches
economics (industrial organization
and transport economics) at École
/PSNBMF4VQÏSJFVSF$BDIBO 
Discrete choice models at Paris 1,
Sorbonne and microeconomics
BU&DPMF1PMZUFDIOJRVFJO1BSJT
He is an expert in discrete
choice, transport economics,
experimental economics and
Industrial organization. He
published several books on
transportation economics and has
a few dozen international papers in
transportation journals

MAIN CONTACT
Balz R. Bodenmann
Tel: +41 71 351 10 89
Email: bodenmann@ivt.baug.ethz.ch
Web: www.sustaincity.org
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ICT
A team of iMinds researchers based at the Multimedia Lab use Semantic Web technology to create a
unique way to prove that everything is connected.

Everything is
C-O-N-N-E-C-T-E-D
When Hungarian author Friges
Karinthy proposed the concept of
connectedness over 80 years ago, he
triggered the theory of six degrees of
separation – the notion that every
individual in the human race is connected
by no more than six steps. Network theory
has been enjoyed by popular media and
43
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scrutinised by academics in equal measure
ever since. The idea that everything and
everyone is connected is undoubtedly
enigmatic, yet huge amounts of data
residing on the World Wide Web have given
it more potential than ever before. Even
more tantalising is the proposition of not
only presenting data via the World Wide
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Web, but ﬁltering and indexing information
to making intelligent connections and
enable the cross referencing of data, the socalled Semantic Web.
“The Semantic Web is not a separate
Web,” says WWW inventor, Tim BernersLee, “but an extension of the current one,
in which information is given well-deﬁned
meaning, better enabling computers and
people to work in cooperation.” Using
linked data (data that has been published
with links to other datasets) Semantic
Web technology is driving how we will

AT A GLANCE
Project Title:
R&Wbase
Project Objective:
Provide all the Governments (both
Federal, Flemish, and local municipalities) with a ’15 minutes’ Linked Open
Data publishing platform that adheres
to the Read-Write Web by taking
care of the ownership, versioning,
feedback, and provenance issues. As
such, R&Wbase will be one of the first
reference implementations of W3C’s
Linked Data Platform Specification.
Project Duration and Timing:
18 months, January 2013 to June 2014
Project Funding:
Flemish Government, 500K
Project Partners:
EWI, Flemish Government, OKFN
Project Website
www.mmlab.be
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access and use information in the future.
The opportunity for making connections
is ripe and a group of iMinds researchers
based at Ghent University have produced a
demo entitled “Everything is Connected”
that showcases how Semantic Web
technology can be used to prove
interconnectedness.
Finding links

“The Everything is Connected” demo,
presented at the 2012 International
Semantic Web Conference (ISWC) in
Boston, takes the principles of six degrees
of separation and puts it to the test using
Linked Data and online media. Users
simply need to head to www.
everythingisconnected.be, login with
their Facebook account, and type in a
concept, for example a place, idea or
person. Using your Facebook ‘likes’ as a
starting point, the programme will
establish the links between you and your
chosen concept and deliver the narrative
back to you in the form of a multi-media
presentation. It’s an impressive process
and what makes it particularly astonishing
is that there’s no frustrating ‘please wait
while we prepare your data’ caveat, it’s all
done in real time.
“We connect to the Linking Open Data
cloud via a locally indexed DBpedia,
which is the semantic version of Internet
encyclopaedia
Wikipedia”
explains
project leader Dr Erik Mannens. “The great
thing is that we can create a story in real
time. That’s very difﬁcult because there
are a trillion possibilities to follow
different paths, so once we know that a
certain path is not going to give us a
solution, we abandon it and try something

else. If a path exists, we always come up
with it within 10 seconds, as we
simultaneously try so many paths within
milliseconds. The thing that made it go
viral is that everybody has a Facebook
account, everybody likes something and
everybody is curious how they are
connected to anything in the world.”
The demo certainly taps into the Zeitgeist
of social media, which no doubt helped it
win the Best Demo award at its inaugural
outing at the 2012 ISWC. “Everything is
Connected” is a fun way to pass the time
and it proves that the concept of
interconnectedness can be taken out of the
researcher’s lab and into the real world; in
addition, it also supports the huge
potential for Semantic Web technology.
“What we could do with this demo is,
instead of asking DBpedia, i.e., the
semantic version of Wikipedia for
information, we could link this demo to
any another linked dataset, such as one
for medicines or molecules. So you could
say, ‘Okay, what kind of medicines are
related to this particular molecule or can
be made with it?’ Or, if you link it to
academic datasets, is there a way I can use
it together with another molecule? What
we did was taking one case, Facebook, and
linked one concept to another but whatever
case you have, if there is data out there
you can link it. The good thing is that you
don’t have to interpret the information
yourself if you use a semantic format, as
the computer can do this for you” This is
the power of Semantic Web technology.
Linking governments

As a direct result of the success of
“Everything is Connected”, the team is
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currently working on a project with the
Flemish government to use Semantic Web
technology to maximise the reuse of
governmental data by linking it “in 15
minutes” to the open data cloud. “We went
to the different local governments, the
regional Flemish government and the
Belgium government and told them, ‘You
sit on a goldmine of data, which is already
paid for, you have it but you do not harness
it to its full potential even within your
own organisations. What we will do is
build you a kind of content management
system for open data, where you can open
up your data and confer the Linked Data
principles.’” By creating a user-friendly
interface, data from national and local
governmental departments can be
inputted, updated, reused and reaggregated by any third party.
The US government currently operate a
platform for publishing data, Data.gov. In
the UK, Data.gov.uk offers a searchable base
for over 8,000 datasets, but Erik is ready to
push the concept further. “Data.gov is just a
data catalogue where one has to do the
semantics afterwards. Data.gov.uk is an
improvement as there is already some
semantics in the opening of the data and we
can see that the Open Knowledge Foundation
(OKFN) has created some tools for the UK
government. We even want to go a step

MAIN CONTACT:

further so that non-experts not only can
link and publish their data in 15 minutes,
but there will be a feedback mechanism via
provenance information making it a
complete read-write Web. Ours will be
completely distributed in the cloud and will
adhere to the REST principles and W3C’s
(Worldwide Web Consortium) Linked Data
Platform paradigm. This open source
product will be called R&Wbase (read:
Rawbase). Everybody who wants to open up
data can install their own R&Wbase.
Afterwards, if a third party wants to
aggregate the different kinds of data they
only have to install a R&Wbase instance
from scratch and link to other R&Wbases.
It’s a hierarchical and distributed
environment. The aggregation can be done
in just ﬁve minutes.”
A positive outcome

The societal and commercial beneﬁts of
aggregated data are evident. From
analysing trends in policy, to promoting
scientiﬁc research to developing apps,
there are a myriad of possibilities. There
are also some challenges ahead, not least,
says Erik, is the paradigm shift needed so
that people are prepared to open up and
share their data. “We have to create
awareness and that it’ll be a ‘win win’
situation for everyone. People are
generally reluctant to change and thus
also to opening up their data. They say,
‘It’s our data, we’ve paid for it, we
shouldn’t just have to give it away’. We

AT A GLANCE
Project Title:
Everything is Connected
Project Objective:
Linked Data application for automatically generating a story between two concepts in the Web of
Data, based on formally described
links. A path between two concepts
is obtained by querying multiple
linked open datasets; the path is
then enriched with multimedia
presentation material for each node
in order to obtain a full multimedia
presentation of the found path.
Project Funding:
Internal funding
Project Partners:
iMinds
Project Website
www.everythingisconnected.be

read-write Web and you can only make it
read write if you can track changes, so
you have to take care of the provenance of
the (meta)data too. If something changes
you have to log that and be aware of what
changed and who changed it and you
have to be sure you can track all the
changes to the initial entry. It’s important
because the next level is the trust estimate
of your data and you can only do trust

“The Everything is Connected” uses your Facebook ‘likes’ as a
Dr. Erik Mannens
Dr. Erik Mannens is Research Unit
Leader of the Future Media &
Imaging Dept. within iMinds and is
involved in several projects as Sr. researcher/project manager. His major
expertise is centred around Big Data
Analytics, Linked Open Data, semantic Web technologies, broadcasting
workflows, Media & iDTV, and Web
development in general.

Contact:
Tel: +32 473 27 44 17
Email: Erik.mannens@ugent.be
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starting point, the programme will establish the links between
you and your chosen concept and deliver the narrative back
to you in the form of a multi-media presentation”
have to make it clear that, if everyone
does it, they win because they can use all
the other data for free.”
There are other, more technical,
obstacles too. Not least the ability to
produce results in real time when dealing
with gargantuan amounts of data. “It’ll be
a challenge for our platform but we
already have an idea of how to tackle it,”
says Erik. “The other challenge is that
now most of the Web is read-only. What
we will do, which is something on the
roadmap for W3C as well, is to make it a

estimation if you have the provenance.”
Erik says they are working with WC3 to
standardise the read-write Web but with
the current project estimated to last two
years, establishing provenance should be
achievable within that time frame.
A World Wide Web in which data can be
cross-referenced and linked so that
readers can access a wealth of related
information is a utopic vision. It’s also
one that is likely to happen and will prove
beyond doubt that everything can be
connected.

+
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ICT
Portable electronic devices, connected via wireless networks, are ubiquitous tools of 21st century life.
As their number and sophistication increases, this places greater strain on existing communications
architectures, and increases their likelihood of failure. To improve the performance of dense, ad-hoc
networks, researchers are developing robust new strategies for processing wireless signals

Optimising communications
in wireless cloud networks
Irrespective of brand or purpose, wireless
products share a dependence on data,
demand for which is rapidly growing,
fuelled by the popularity of mobile video,
among other applications. Indeed, according
to some predictions, global usage of this
resource in 2020 will be almost 33 times
greater than in 2010 – perhaps nearing a
massive 127 exabytes (one exabyte being
equivalent to one billion gigabytes). As we
gorge on bytes and bits, however, the
limitations of contemporary network
technologies becomes progressively more
evident in the form of delays and
communication failures.
“Wireless
multi-hop
communication
systems essentially convey signals from
source to destination terminals via a series
of ‘relay’ nodes,” explains Dr Justin Coon,
an academic expert in communication
theory and networks. These nodes exist
within communication networks because it
is often impossible to transmit directly from
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the source to the destination (as they may lie
too far apart), so intermediary relays, like
stepping-stones, are needed. When a large
number of source, destination and relay
nodes are concentrated in a small geographic
area, however, many technical issues can
arise owing to the large number of
interfering transmissions that inevitably
occur in such situations. In traditional
networks, this can provoke malfunctions
and ‘lost’ packets of data.
To remedy these scenarios, a new project,
DIWINE (Dense Cooperative Wireless
Cloud Network), has been sponsored by the
EU. As an alternative to traditional
networks, which rely on complicated and
resource-consuming
interference
management mechanisms, the venture
aims to create a self-organised system that
relies on a dense network of intermediate
nodes (here termed ‘the cloud’) to
intelligently and seamlessly manage
concurrent transmissions. “The new

approach exploits novel coding and
transmission techniques, and organises the
network in a more efﬁcient way,” says
Coon. “Messages will be transmitted
without the source or destination terminals
needing to understand what’s going on in
the cloud network.”
With a duration of 36 months, the €3.8m
collaboration involves a number of eminent
specialists. Co-ordinated by the Technische
Universität
Dresden,
signiﬁcant
contributors also include the Czech
Technical University in Prague and Italy’s
Politecnico di Milano, with the Universities
of Oxford and York rounding out the
academic involvement. Toshiba Research
Europe Ltd is the key commercial partner.
Providing further commercial know-how,
Spanish SME Iquadrat Informatica S.L. are
conducting intricate simulations of the
network,
and
Italian
specialists
Pepperl+Fuchs Srl bring expertise in
industrial control and monitoring.
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The research commenced by identifying
common scenarios which the new paradigm
of dense networking might beneﬁt. Once
determined, parameters and targets for their
operations within these areas were mapped
out, permitting the team to focus its efforts
on new processing methods. In the dense
cloud network, identifying strategies that
enable self-organisational communication,
whilst conserving energy, are fundamental
objectives. Realising them is dependent on
the group reﬁning aspects of signal
processing, such as synchronisation and
interference alignment, and interfaces
between the cloud and source/destination
terminal nodes. At these termini, novel
encoding/decoding
and
processing
techniques will be deployed to exploit the
capability of the cloud to transfer multiple
simultaneous streams of data. Whilst much

begin to exploit this facility more
innovatively by adding additional services
to them. Multimedia and other types of data
could be piggybacked on top of different
applications.” Toshiba has a particular
interest in this sector – having recently
acquired Landis+Gyr, a noted leader in
smart metering technology.
Industrial critical control, the other area
in which demonstrators will be created,
also relies on systems of sensors. “In such
environments,
you
can
measure
phenomena like vibrations, pressure, and
temperature changes. The underlying
principle here is that the more data you
collect and distribute, the better control
you can exert on your systems.” Units can
thus be more rapidly shut down to prevent
malfunctions, and modiﬁcations to
stimulate productivity become easier to

“Wireless multi-hop communication systems
essentially convey signals from source to
destination terminals via a series of ‘relay’ nodes”
of this work will commence in the theoretical
domain, the project’s commercial beneﬁts
will be demonstrated through the creation
of test beds that emulate smart metering and
critical industrial control applications.
Smart metering can be ﬂexibly employed,
in numerous familiar contexts. The
technology permits consumption of utilities
(including data, electricity and gas) to be
monitored and, via the communications
network, periodically transmitted to the
supplier. This can assist billing, and supports
more prudent management of resources,
since it reveals a wealth of data about actual
demand. “Smart meter nodes found in
domestic settings are becoming more
common, and can be used to gauge a
customer’s true usage,” says Coon.
Transmitting and receiving terminals
convey the basic information through the
locale and a sequence of nodes, until it
reaches a substation or concentrator
responsible for generating or managing
deployment of the resources.
“Disseminating information gathered
from various homes, and consolidating it at
a substation, necessitates a system of
multiple links, which formulates the wireless
cloud network,” illustrates Coon. “Presently,
these are quite simple networks. However, as
infrastructure improves, businesses will
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introduce and assess, since more
information becomes available to gauge
their performance. Throughput – the
volumes of data being transmitted – is also
a critical factor in both of the project’s
practical arenas. “If we can increase
transmission data rates so that information
is received almost in ‘real time’, we may
catalyse more efﬁcient management of
energy networks, and implement timely
critical control functions. This would
likely stimulate cost and economy
savings,” says Coon.
“We’re adopting a parallel approach,
which pays equal attention to application
and theoretical aspects. After less than a
year of the project, we have identiﬁed
several potential candidate technologies
that we can integrate into our
demonstration platforms.” The smart meter
aspect, to be developed by Toshiba, will
utilise a network of around thirty software
deﬁned radio transmitters, although a
number of basic theoretical conundrums
must also be resolved prior to this phase.
“We’re looking at fundamental questions,
like how dense the cloud network needs to
be to maintain connectivity, and how to
deﬁne network models. We will also need
to determine how the signals from the
transmitters are encoded.”

AT A GLANCE
Project Information
Project Title:
DIWINE: Dense Cooperative Wireless
Cloud Network
Project Objective:
The project will solve the problem
of wireless communications
in densely interfering ad hoc
networks, by using paradigm of
virtual relay based self-contained
wireless cloud with simple and
uniform interface to terminals.
Project Duration and Timing:
36 months, January 2013 to
December 2015
Project Funding:
€2.633m
Project Partners:
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t*RVBESBU*OGPSNBUJDB4- &4
t1FQQFSM 'VDIT4SM *5
t1PMJUFDOJDPEJ.JMBOP *5
t$POTJHMJP/B[JPOBMFEFMMF3JDFSDIF
(IT)
t5PTIJCB3FTFBSDI&VSPQF-JNJUFE
(UK)
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Hrjehor Mark
Tel: 
Email: info@diwine.eu
Web: www.diwine-project.eu

A leader in the ﬁeld, Coon is proud to share
his appraisal that DIWINE’s “comprehensive,
high-level research covers all the bases”.
Encompassing
software,
simulation,
development and the creation of a prototype,
implementation opportunities for the
consortium’s research are also intriguingly
diverse. “Once theory becomes practice, the
applications are enticingly futuristic, and
almost limitless,” enthuses Dr Coon.
“Wireless cloud networks, and the real-time
data trafﬁc they support, are technologies
equally applicable to environmental
monitoring, intelligent transport systems,
and even healthcare.”

+
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ICT
Commerce is heavily dependent on sea freight, transporting valuable commodities across the globe. Between
producer and purchaser, shipping containers are relayed within complex logistical chains, frequently encountering
hazards that can cause delays or jeopardise proﬁtability. Scientists of iMinds-Ghent University in Belgium are now
piloting a standardised new system for monitoring containers’ location and status as part of the COMACOD project

Engineering new tracking systems
and software to monitor sea freight
MAIN CONTACT:

Ingrid Moerman
Professor Dr Ingrid Moerman is staff
member of the IBCN research group
within iMinds - Ghent University
where she is leading the research on
wireless communication networks.
Ingrid is also coordinating several
interdisciplinary research projects.

Contact:
Tel: +32 (0) 9 33 14925
Email: ingrid.moerman@intec.ugent.be
Web: http://www.iminds.be/en/research/overview-projects/p/detail/
comacod-2
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Shipping is truly the lynchpin of the
global economy,” reﬂects the International
Maritime Organisation. “Without it,” they
acknowledge, “intercontinental trade, the
bulk transport of raw materials and the
import/export of affordable food and
manufactured goods would simply not be
possible.” It’s a huge industry, in which
over 8,000 million tonnes of cargo was
loaded in 2013.
Monitoring the status of shipping
containers helps to ensure that extended
supply chains are effectively managed,
minimising wastage and curtailing loss.
However, due to the contexts in which
containers are stored and transported,
existing technologies are often unusable.
“Ports typically contain many containers,
stacked three-dimensionally. Surrounded
by metal on all sides, transmissions from
wireless monitoring devices in such units
are effectively blocked,” points out
Professor Dr Ingrid Moerman, a researcher
from iMinds-Ghent University specialising
in wireless networks and communication.
Together with colleague Jeroen Hoebeke, a

fellow member of the Internet-Based
Communication Networks and Services
(IBCN) research group, Moerman is
heading the COMACOD (Control and
Management of Constrained Devices)
project which aims at implementing a
more effective way of monitoring shipping
containers, by transmitting measurement
data to stakeholders in a convenient,
standardised format.
“Perishable commodities like fruit are
especially sensitive to temperature and
humidity. If these conditions can be
accurately measured – from end to end –
whilst merchandise is in transit, handlers
and clients can be reassured that goods
have not been damaged. This adds
transparency to the entire process,” says
Moerman. “Certain customers have already
expressed their willingness to pay for this
type of information, so we’re also
considering viable business models, and
how to make the technology proﬁtable.”
Neatly integrated sensors will detect, store
and relay this information to users, along
with the containers’ GPS data. This is a
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signiﬁcant improvement on comparative
tracking apparatus, which often require
reverse logistics. Where connectivity is
available, co-ordinators are able to monitor
a device’s position in real-time via the
COMACOD transmitter, allowing far more
accurate planning and organisation of
transport resources. “Many containers
become lost whilst not in use – creating
huge costs for freight companies. Often,
they’re also only partially full,” says
Moerman. “This wastage could be mitigated
by precise tracking.”
The system could also enhance security
measures,
potentially
aiding
law
enforcement agencies by identifying where
shipments are compromised. “Today,
signiﬁcant time is lost at border control
posts, as documents need to be veriﬁed
and containers individually checked,” says
Moerman. “This is an onerous, manual
process
which
involves
abundant
paperwork, but could be speeded up
through automation. We’ve therefore
developed an electronic lock or seal that, if
breached, triggers an alarm. Such alerts
could be shared with the relevant
authorities – helping to prevent smuggling
and the addition of contraband to

devices function independently, without
maintenance or a battery recharge, for up to
ﬁve years.” A start-up company, Track4C,
was established in 2012 to pilot the
technology in real world deployments.
COMACOD, the group’s current project,
seeks to reﬁne the next crucial step in the
process: the design of a middleware solution
and ‘back-end’ service platform that
communicates with the users. This venture
is an academic/industrial partnership,
involving commercial enterprises such as
Trimble Transport & Logistics and software
developers Invenso. “We want to introduce
a dynamic solution which can be easily
reconﬁgured if a client wants more
information about a shipment, or if a
container’s contents change,” explains
Hoebeke. “This will be provided in the form
of a user-friendly ‘dashboard’, which allows
updates to be processed remotely, so that
they don’t interrupt the logistical chain.
COAP (Constrained Application Protocol), a
medium that allows small, low-power
electronic devices to communicate via the
internet, can achieve this. It’s a global,
standardised solution, has the same beneﬁts
as HTTP (Hypertext Transfer Protocol) and
is very easy to adapt.”

“Monitoring the status of shipping
containers helps to ensure that extended
supply chains are effectively managed,
minimising wastage and curtailing loss”
shipments, looting and the unexplained
‘disappearance’ of goods.”
During a previous project, MoCo,
Moerman’s group pioneered a system to
track and trace containers exploiting lowpower wireless networks. Using different
power modes to economise on energy usage,
the developers optimised the transmitter
devices, rendering them low-maintenance
and hardy enough to withstand lengthy
voyages. “As part of the MoCo project, we
designed a communications solution which
exploits multi-hop communication from
one container to another,” explains
Moerman. “Transmissions are relayed
between adjacent units, until signals ﬁnally
‘hop’ to a container (potentially located on
the outside of a stack) which possesses
internet connectivity. The communications
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Showcasing its versatility, the group is
also considering other applications for the
technology – from monitoring garbage bins
to parking spaces. As such, the project
could potentially contribute to the creation
of the ‘Internet of Things’; a world in which
all objects can be remotely monitored.
“Transferring data between the different
organisations involved in the shipping
process is complex, as they will require
different levels of access, and may need to
monitor varied types of information,” says
Hoebeke. “For example, some parties may
want to look at temperature in Fahrenheit,
whereas others may use centigrade. A
means of universal interchange or
translation is thus critical, so that
information can be accurately monitored
and interpreted wherever it is received. This

AT A GLANCE
Project Information
Project Title:
COMACOD: Control and management
of constrained devices
Project Objective:
Tracking and monitoring systems
are important in various industries
in order to optimise process flows
and deliver better service to
customers. COMACOD’s goal is to
develop enhancements that make
tracking and monitoring systems
more efficient, flexible, manageable,
automated and reusable for different
markets and applications with
minimal effort.
Project Duration and Timing:
2 years, January 2013 to December 2014
Project Funding:
iMinds ICON project. Total budget
1.700kEuro (730kEuro iMinds funding)
Project Partners:
Research departments: iMinds - IBCN
- UGent, Minds - WiCa - UGent, iMinds
- Distrinet - KU Leuven
Industrial partners: Multicap,
oneAccess, Track4C, Trimble Transport
& Logistics, Invenso

will enable those managing the process to
discern if service level agreements have
been met. Simultaneously, it must also
authenticate and authorise stakeholders in a
federated way. Not all information should
be made uniformly available – as some
users will necessarily require different
privileges to others, and sensitive data must
remain conﬁdential.”
Although the technology indicates much
promise, a complex value chain in which
various stakeholders may dispute who
covers the cost of tracking services must be
carefully negotiated if the ﬂedgling product
is to enter the commercial mainstream.
“The modules are currently expensive, but
if the goods being transported are high
value then this is a realistic economy for
operators,” asserts Moerman. “To be utilised
for other products, costs must be reduced.
Encouragingly, our start-up offers a
signiﬁcantly
cheaper
service
than
competitors. We hope that our initial forays
into the marketplace will clearly show that
the technology is viable, and has the
potential to become a future standard for
the industry.”

+
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OPINION

Unlocking access

to technology
The Ambient Assisted Living Joint Programme and
iMinds share a common goal in striving to create
a lasting and positive impact on society through
information technology. Indeed, iMinds is involved
in several AAL projects. Here, MEP Heinz K. Becker
discusses the importance of the programme and how
we should make the most of ICT innovation to enable
all of us to remain active and healthy long into old age

I

n terms of ICT and the elderly, one of the most
important things to consider is the accessibility
of modern technology for older users, as
currently it is only a minority of elderly people
who are in a position to use these technologies.
Modern communication technologies are becoming
indispensable in the ﬁght against the isolation of
elderly people. The internet, for example, is on the
road to matching the cultural signiﬁcance of pen and
paper in terms of the propagation and dissemination
of information, effectively providing a window into
the rest of the world, yet this resource is not yet
available to all of those who would beneﬁt from it.
I myself am not only a Member of the European
Parliament, but also the Secretary-General of the
Austrian Senior Citizen’s Association. From this role,
I know that in Austria approximately ﬁfty to sixty
percent of the ageing population has access to modern
technologies, but I am also aware that across the rest
of Europe this percentage is much smaller. In addition,
these statistics do not necessarily provide an accurate
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picture. These ﬁgures may not take into account, for
example, the type of internet provided. Without a
broadband connection many modern websites are not
easily accessible, and it is not easy to send or receive
messages with large attachments. This means that for
many of Europe’s elderly residents living in the
countryside or in mountainous areas, despite the fact
that they have an internet connection, a large
proportion of online content remains out of reach.
The support of governments on both a national and
European scale is necessary to provide the
infrastructure required to solve this problem.
One way that the use of ICT to help the elderly has
been successfully addressed is through the continued
development of the Ambient Assisted Living Joint
Programme (AAL JP). This project has the potential
to dramatically change the way elderly people are
cared for in the future, a potential that cannot be
overlooked. I believe that increases in life expectancy
are a very good thing, and with the advances in care
that the AAL JP will bring, increases in life
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expectancy should never again be described as ‘an
ageing problem’. It should be positive that for the ﬁrst
time in the history of the human race we can reach
such ages, but developments in the care given to
elderly people are intrinsic to this.
Of course, we still have illnesses such as dementia
and Alzheimer’s disease that cause great problems for
ageing people, and we still require care for these
ageing people, but the AAL JP is important for
providing support to these carers. Family members
are still the number one carers of the elderly in
Europe, and the pressure upon these people is
gigantic. We currently have a large burnout rate
among these carers; people struggle to maintain the
high levels of care required, and the AAL JP will help
to provide a break in this pressure. For example
modern technology can be used to help elderly people
become more involved in their own care, and allow
them more opportunity to communicate with their
doctors, encouraging independence and decreasing
the responsibility placed upon their carers.
One must also be aware that elderly people should
be given the opportunity to work as long as
possible. As long as people still have a desire to
work, as long as they are still able, and as long as
governments still provide the ﬁnancial support
necessary, then they should be able to work. It has
been known for governments to discourage people
from working because this means caring for them
is easier, but this can be avoided thanks to the use
of modern technology.

“...we still have illnesses such as
dementia and Alzheimer’s disease
that cause great problems for
ageing people, and we still
require care for these ageing
people, but the AAL JP is
important for providing support
to these carers”
It is true that elderly people can sometimes be
resistant to adopting new technology; they have
not had the chance to learn how to use computers
over the course of their careers, and modern
technological interfaces can be daunting, but this
is an issue that I believe will be addressed by the
AAL JP. The world of mobile telephones has already
demonstrated that elderly people are capable of
using new technology; no technology has been
accepted so successfully as the mobile phone, and
it is clear that potential problems of resistance can
be overcome if we follow this example.
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Heinz K. Becker
The implementation of modern technologies in the
caring of the elderly has been driven by innovation,
but we are not solely talking about technological
innovation, we are also talking about social
innovation. The use of ICT and corresponding
technologies must be accompanied by new and
innovative caring structures, and combined with
new commercial interests. This combination of
technological, social and commercial innovation
has been encouraged and made possible by the
European Commission’s Social Business Initiative,
an initiative that provides support to enterprises
prioritising serving the community’s interest over
maximising proﬁt.
I very much appreciate the European Commission’s
decision to renew the Ambient Assisted Living Joint
Programme. The achievements of the associated
projects are unbelievable, the levels of medical care
now available to elderly people have signiﬁcant
beneﬁts, and the support they provide for the carers
themselves is very impressive. These carers have a
large burden to bear, and I believe that these ICT
related projects are one of the best ways to help.
However, my appreciation for this programme is not
limited to the social beneﬁts. As Secretary-General
of the Austrian Senior Citizen’s Association, I have
an interest in the ﬁnancial beneﬁts of such
programmes. I am keen on projects that have a beneﬁt
to economic growth, and it has been shown that since
2008 the AAL JP has helped SMEs to provide new
jobs in 120 projects over 19 different countries.
There is a large amount of cooperation between
political parties on this issue, there is no ideological
barrier that will hinder us in bringing it forward, and
I am conﬁdent that there will be optimum support for
what the directors of the programme intend. This is
indeed a programme that will greatly beneﬁt the
health of society in general.

+

AAL JP has
helped SMEs to
provide new jobs in

120 projects
over 19
different
countries
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Geology
The Earth’s interior could contain more than three times the amount of water present in all our oceans combined, existing
within the structures of silicate minerals that are stable at the prevailing conditions deep inside the Earth. New research
has helped to elucidate how deep water can be transported into the Earth’s interior. We spoke to Carmen Sanchez-Valle
of ETH Zürich about the methods involved in collecting this data, as well as the implications behind these ﬁndings

Shedding light into deep waters
Water is

fundamental for processes that
occur at the Earth’s surface, but it also plays
a critical role in many geological processes
occurring deep inside of the earth that shape
its evolution. Small amounts of water
incorporated into the structure of minerals
have a major effect on their stability,
behaviour and phase equilibria. Global
processes such as mantle convection,
deformation and melting behaviour are
strongly inﬂuenced by the activity of water
that also fuels plate tectonics. Naturally
occurring catastrophic events, such as
earthquakes and volcanic eruptions, are
inﬂuenced or triggered by the behaviour of
these hydrous components contained within
minerals. Carmen Sanchez-Valle, assistant
professor of experimental geochemistry and
mineral physics at the Swiss Federal Institute
of Technology, Zurich, has worked with her
team to develop several novel analytical
techniques to investigate this environment.
“Through learning about the Earth’s interior,

Figure 1: Close view of a diamond anvil
cell used to reproduce the pressuretemperature conditions of the Earth’s
interior in the laboratory.
we become more aware of what actually
occurs on the surface,” she explains.
Water is reintroduced into the Earth’s
interior by hydrated tectonic (oceanic) plates
that return into the mantle in subduction
zones, and released when hydrous minerals/

phases are decomposed due to the high
pressure and temperature of the Earth’s
interior. Much of this water returns to the
surface by volcanism, but a large fraction of
is retained in newly formed high pressure
hydrous phases that are stable at much
higher depths, opening the possibility for
water to recirculate deeper into the mantle
beyond 400 km depth. However, the exact
amount of water stored in the solid Earth,
and how (and how much) of this water is
recycled back to the surface, remains
obscure. These questions are key to
understanding the inner and surface
evolution of planet Earth. “It’s difﬁcult, but
also a very important challenge for us to try
and quantify how much water could be
contained there, and how it might be
distributed back to the surface,” says
Sanchez-Valle.
Because these processes typically take
place hundreds of kilometres beneath the
surface of the Earth, obtaining samples is

Figure 2: Experimental setup using a
green laser light to measure the speed
of seismic waves in Earth materials
(“indoor seismology”).
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impractical. Answers to open questions
surrounding the Earth’s deep water cycle
thus rely on secondary tools, including
experiments to understand the physical
and chemical properties of candidate
hydrous phases that plausibly carry water
at depth, geodynamic models and seismic
observations. Seismic waves propagating
in the Earth’s interior are indeed the
primary source of information about the
inaccessible Earth. Because water changes
the physical properties of many rocks, it
slows the speed of seismic waves and
generates seismic wave anisotropy (i.e.,
variation of seismic wave velocities as a
function of the direction of propagation
in anisotropic materials) when passing
through. These parameters are the major
diagnostic features for the remote
identiﬁcation of hydrous regions in the
Earth’s interior.
A group of dense hydrous silicate phases
discovered in laboratory experiments in
the mid-1960s, the so-called alphabet
phases (phase A, E, D and superhydrous
B), are plausible candidates for the
transport of water at depth due to the
large stability ﬁeld. The physical and
chemical properties of these materials,
obtained through mineral physics studies,
are fundamental to revealing the deep
water cycle. Therefore, identifying the
seismic signature of these phases in
subducting plates to determine their
degree of hydration (water storage
capacity) at depth has been one of the
goals of Sanchez-Valle’s work. Recent
studies have focused on the role of phase
D, a dense hydrous phase made up of
silicon, magnesium and oxygen (with
minor amounts of iron and aluminium),
in recycling water into the Earth’s interior
via subduction. Phase D is the ultimate
water carrier in subducted slabs, as it is
the only known hydrous phase stable
under the immense pressures and
temperatures of the mantle.
A device called a diamond-anvil cell is
the primary tool used by researchers to
replicate extreme conditions that exist at
the Earth’s interior, and explore how
hydrous phases behave. By powerfully
compressing micrometric-size samples
between the ﬂat surfaces of quarter-carat
diamonds, the apparatus authentically
simulates pressure conditions down to the
Earth’s core (Figure 1). To recreate the
infernal temperatures present in these
realms, heating elements or infrared
lasers are introduced to the tests.
“Crucially, the diamonds are transparent,
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which means that brilliant x-rays
produced by synchrotron sources and
laser analysis can be used to probe the
physical and chemical state of samples
while they are submitted to extreme
pressure and temperature conditions,”
adds Sanchez-Valle. “These experimental
simulations provide us with a virtual
window into the deep Earth.”
Fortunately, seismic waves can be
simulated within the team’s facilities.
Using a unique laser spectroscopy called
Brillouin scattering spectroscopy (Figure
2), the speed of seismic waves and
elasticity of materials can be monitored
under pressure, divulging their waterbearing qualities. The team also use the
brilliant X-rays produced at synchrotron
sources to monitor the development of
textures in hydrous materials deformed
at conditions that mimic those of
subducting slabs penetrating in the
lower
mantle.
The
deformation
mechanism and strength of materials
can be monitored using unconventional
X-ray diffraction measurements.

“These experimental
simulations provide
us with a virtual
window into the
deep Earth”
“Our combined studies on hydrous
phases has allowed us for the ﬁrst time to
interpret seismic anomalies observed in
deep subducted slabs in terms of the
degree of hydration, placing constraints
on the amount of water transported below
the transition zone (region in the mantle
that spans depths of 400 to 700 km),” says
Sanchez-Valle. “The work has shown that
hydrous slabs penetrating below the
transition zone in areas such as Tonga
could contain at least 1.2% in weight of
water bound to dense hydrous phase D.
The dehydration of phase D at greater
depths is a potential mechanism to
activate very rare (and less damaging)
deep focused earthquakes, and the water
released into the lower mantle has
important
consequences
for
the
geodynamical and geochemical evolution
of the deep Earth.”
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Biology
Following extensive global coverage of the groundbreaking CRISPR technology, we revisit the research
as first revealed in Projects Magazine that helped bring about this exciting new tool for genomic
editing and which holds huge potential in the fields of biotechnology and medicine.
In a 1987 paper, researchers at Osaka
University described an unusual segment of
DNA consisting of short, directly repeating
nucleotide sequences ﬂanked by short
unique segments. At the time, this was an
innocuous side-note in a paper about a
bacterial enzyme, and the researchers

stated that ‘the biological signiﬁcance of
these sequences is unknown.’ However, as
it turns out, this was the ﬁrst step on a road
to discovering a groundbreaking new tool
for genetic manipulation.
Twenty six years later, the ﬂoodgates have
opened in the scientiﬁc community. A

Genomic scissors
created from bacterial
immune system

constant stream of papers has been appearing
in prominent journals espousing the merits
of what is known as the CRISPR-Cas system
as a simple and versatile tool for genomic
editing. At the heart of the breakthrough are
Professor Emmanuelle Charpentier and her
students Elitza Deltcheva and Krzysztof
Chylinski from Umeå University, Sweden and
her collaborators Professor Jennifer Doudna
and Dr. Martin Jinek at the University of
California in Berkeley, USA.
“Our discovery stemmed from our interest
in a family of small regulatory RNAs in
bacteria,” says Charpentier. “While looking
for these, my laboratory came across an
RNA, which we named tracrRNA, that was
involved in the immune system of the
bacteria against invading genomes.”
Charpentier and her laboratory were
looking at part of what is known as the
CRISPR (clustered regularly interspaced
short palindromic repeat) system. This is an
adaptive immune system present in bacteria
and archaea that integrates short DNA
fragments from viruses and plasmids into a
speciﬁc area of the host cell genome, allowing
the host to remember the genetic ﬁngerprint
of invaders and then destroy the DNA that
these invaders implant inside of its own cells.
“My laboratory had found an endonuclease,
Cas9, which was guided by a two-RNA
structure that could induce site speciﬁc
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MAIN CONTACT

Prof. Emmanuelle Charpentier
Emmanuelle Charpentier is Professor
at the Hannover Medical School
and Helmholtz Centre for Infection
Research, and Alexander von
Humboldt Professor in Germany,
and Associated Professor at the
Laboratory for Molecular Infection
Medicine Sweden (EMBL Partnership
for Molecular Medicine) at Umeå
University in Sweden.

54

Insight Publishers | Projects

cleavage of the invading DNA,” says
Charpentier. “What was particularly
interesting was that the guide RNA was
displaying very similar behavior to miRNA
and siRNA, the agents involved in RNA
interference in eukaryotic cells.”
This ﬁnding intrigued the scientists, and
they began to read around the subject a little
more. RNA interference is the biological
process by which RNA molecules inhibit gene
expression, and siRNA has been used in the
past as a genetic tool to silence genes of
interest, albeit with varying degrees of
success. What excited Charpentier and her
colleagues was that any molecule that was
acting similar to siRNA might also have the
potential to be used in a similar manner.
In recent years, interest in genome editing
has mushroomed with the advent of
techniques using site-speciﬁc nucleases
such as TALENs, ZFNs and meganucleases.
These technologies can introduce breaks in
the DNA at speciﬁc sites, allowing for gene
disruption or gene displacement but, despite
being successfully used in various hosts,
are held back by various limitations, of
which the most signiﬁcant is the time and
cost requirements of developing such
engineered, customised proteins for each
desired target sequence.

AT A GLANCE
Project Information

speciﬁc DNA cleavage with this
tool in their own model
organisms, and it has proven to be
effective in human cells, zebraﬁsh, mice,
bacteria and yeast.
The potential of this system is huge,
allowing the ability to study genetics in
ways that were previously impossible. For
example, if there were three changes in or
around a gene that might cause a disease, it
would be difﬁcult to study them directly
using current methods. Now, however, one
could take a cell from someone who has had
their genome mapped and create an induced
pluripotent stem cell (a cell that behaves
similar to those in embryos), and then use
the CRISPR-Cas system to edit the three
changes. Researchers would then be able to
compare this cell to a cell without those
speciﬁc changes – an incredibly useful
thing to be able to do in terms of creating
new medicines, to give one example.
Genome engineering using the CRISPRCas system promises to have broad
applications in synthetic biology, direct and

“Our discovery stemmed from our interest in a
family of small regulatory RNAs in bacteria”
Realising the potential of their discovery,
the researchers published their ﬁndings in
the journals Nature and Science, and very
quickly the scientiﬁc community took notice.
“The piece published in Science was the ﬁrst
to suggest that the CRISPR effector enzyme
Cas9, guided by dual-RNAs for site-speciﬁc
DNA cleavage, might be used for RNAreprogrammable genome editing,” says
Charpentier. “The signiﬁcance of this was the
idea of a system in which the RNA – relatively
easy to manipulate - determined the point at
which the DNA would be broken.”
In bacteria, the Cas9 protein is guided by
two distinct RNA transcripts, crRNA and
tracrRNA. This paper showed that this dual
RNA could be reconﬁgured as a single-guide
RNA (sgRNA), including sequences sufﬁcient
to programme Cas9 to introduce doublestranded breaks in target DNA. Numerous
papers have now been published from
researchers all over the world who were keen
to see whether they could achieve site
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multiplexed perturbation of gene networks,
and targeted ex vivo and in vivo gene
therapy. Future challenges will be to
analyse and address possible off-target
effects and improve the efﬁciency and
speciﬁcity of the system. In this regard, it
will be important to compare CRISPR-Cas
with existing genome-editing tools.
In addition to genome editing, this approach
offers the exciting possibilities of
transcriptional gene silencing using an
inactive Cas9, or engineering Cas9 to have
new functions, such as transcriptional
activation. The discovery and application of
bacterial systems, such as restriction
enzymes and thermostable polymerases,
have revolutionised molecular biology in the
past. With RNA-guided Cas9 enzymes,
bacteria now offer a versatile tool for
rewriting genomic sequence information
that has the potential to reshape the genome
engineering landscape in biotechnology and
medicine.
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Biology
Bladder pain syndrome, or interstitial cystitis, is a chronic condition characterised by a number of symptoms,
including unexplained bladder pain and the feeling of constantly needing to urinate. Two researchers from
the University Hospital of Bern have been investigating the roots of this common afﬂiction at a molecular
level in an attempt to work out what causes the many symptoms associated with this problem

The molecular
causes of
bladder pain
syndrome
Our work in basic research is focused on
non-cancer issues in the bladder,” says
Professor Fiona Burkhard of the Bern
University Hospital. “This includes things
such as obstruction and incontinence,
with my original research looking at
changes in the bladder caused by outlet
obstruction because of an enlarged
prostate. My work now with Dr. Katia
Monastyrskaya is focused on bladder pain
syndrome, otherwise known as interstitial
cystitis.”
Bladder pain syndrome (BPS) was once
considered to be a rare condition, but recent
statistics have shown it be far more common
than previously thought, with at least 230
conﬁrmed cases per 100,000 females and
an estimated occurrence of up to 20% of
all women. Symptoms include pain in the
bladder region, often waking up to urinate
and having to go to the toilet a lot in
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general. BPS is far more common in women,
with a ratio of approximately ﬁve to one
female to male sufferers.
“The full blown disease can be quite
debilitating,” says Burkhard. “If you have
to go the toilet every ﬁfteen minutes
despite having an almost empty bladder,
then you have a problem which can
majorly impact on your quality of life.”
As a clinician, Burkhard often meets
patients with the typical symptom
complex symptom associated with BPS. A
biopsy is then used to conﬁrm that the
problem is indeed BPS and not something
else such as an infection or obstruction.
The biopsy is then handed to molecular
biologist Dr. Katia Monastyrskaya. “We
observed changes in gene expression of
several
signalling
and
structural
molecules in BPS compared to the control
group. These changes are indicative of

inﬂammatory processes and might
account for increased nociception in BPS
patients,” explains Monastyrskaya.
One hypothesis for BPS concerns the
epithelial lining that surrounds the
bladder. This layer of cells has a number of
functions, including stretching to allow
for different volumes of urine, sensing and
excreting proteins, and forming a barrier
that stops any urine - which has high salt
levels and thus can have a caustic effect on
tissue – from escaping the bladder.
“When looking at patients with BPS, we
often see microscopic ulcers throughout
the epithelial layer, which suggest that
the layer has been compromised as a
barrier. If this theory is correct, and the
pain is being caused by this, then you
might expect to see changes in expression
of components that make these epithelial
cells impermeable to urine.”
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These changes have indeed been
observed, and the question being asked
now is why this is happening. The
investigation has narrowed its sights on a
class of regulatory molecules called
microRNAs – tiny non-coding RNAs
involved in the regulation of gene
expression. “We have identiﬁed a number
of these microRNAs which are found at
different levels than normal in sufferers
of BPS. This change in expression is
reﬂected by changes in the expression of
the target proteins.”
In a recent paper, the microRNA known
as miR-199a-5p was shown to be
upregulated in sufferers of bladder pain

exactly what the root of over-activity is,
we might be able to help.”
One of the biggest problems with BPS is
the variety of causes, according to
Burkhard. “If you don’t know what’s
causing the problem, you have to try
various treatments on the patient. It is
basically a case of guesswork until you ﬁnd
something that works, and only sometimes
does this cause a permanent improvement.
“People can sometimes be in such a
miserable state that we end up having to
remove their bladder, but sometimes even
this does not completely stop the pain,”
continues Burkhard. “That is one the
main issues with BPS; it is one of these

“The other issue with bladder over-activity is that you
can prescribe drugs such as antimuscarinics, but after a
year most patients have to stop taking them due to
side-effects or because the drugs stop working”
syndrome. “Too much of this miRNA has
an effect on the proteins that help to keep
the epithelium watertight, causing it to
become
more
permeable,”
says
Monastyrskaya. “We were able to test
this by introducing speciﬁc molecules
into primary cultures of epithelial cells,
and then watching how the cells
differentiated and tightened.”
Another related problem is bladder
over-activity. Essentially the same as
BPS but without the perceived pain, the
researchers are looking at the differences
between over-active bladder with and
without obstruction at the gene
expression level. “We already have a lot
of knowledge on BPS, and we are hoping
that by looking at patients with overactive bladders we might be able to
single out exactly what
component causes the
pain
using
an
evidence comparison
study.
“The other issue with
bladder over-activity is
that you can prescribe
drugs
such
as
antimuscarinics, but after a year most
patients have to stop taking them due to
side-effects or because the drugs stop
working,”
says
Monastyrskaya.
“Therefore, if we can help to single out
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classically enigmatic disorders that not a
lot is known about, and so it is actually
just as much a diagnostic problem as it is
a treatment problem.”
Funding
for
Burkhard
and
Monastyrskaya’s work was provided by
the Swiss National Research Foundation,
and they count themselves lucky to have
received it. “Finding funding for noncancer based research can be difﬁcult to
come by, although some of the illnesses
that come under this bracket are
extremely debilitating,” says Burkhard.
“We feel it is important to bring awareness
to problems such as BPS that don’t have
the same sort of attention and research
time devoted to them as more wellknown afﬂictions.”

+
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Biology
High-throughput screening has long been successfully used to create new medicines, but a team from the
University of Nottingham has now used the same method to identify a group of polyacrylates that are
highly resistant to bacterial attachment. This could mark the start of a new era for medical devices, which
have recently been implicated in numerous cases of healthcare associated infections

High-throughput
screening yields
antibacterial materials
Anyone working

in the ﬁeld of drug
discovery will be familiar with highthroughput screening, a method of
scientiﬁc experimentation that allows
one to rapidly conduct vast numbers of
tests. Traditionally, this has allowed
researchers to identify compounds (from
among millions of candidates) that can
modulate speciﬁc biomolecular pathways,
providing an invaluable head start in the
long process of creating new medicines.
But what if you were to use this method in
a completely different ﬁeld, for instance
in the development of new materials?
That is exactly what a team led by
Professor Morgan Alexander at the
University of Nottingham have set out to
do, and the results have been rewarding.
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Their ﬁrst paper, published in Nature
Materials in 2010, described a new
synthetic surface that allows stem cells to
stay alive and continue reproducing
themselves - a trait which had previously
been notoriously difﬁcult to achieve.
Their attentions then turned to urinary
catheters, widely acknowledged to be one
of the leading causes of healthcareassociated infection. At present, these
devices are made of silicone or latex, but
these materials have to be impregnated
with silver, iron, antibiotics or other agents
to stop them from becoming riddled with
bacteria. “The current crop of catheters are
based on materials chosen for their
ﬂexibility and resistance to chemical
degradation,” says Prof Alexander, “but we

believe that the way in which the material
responds to bacterial attachment should be
the highest priority.”
Collaborators from MIT originally
developed a high-throughput platform for
screening materials against cellular
response in 2004, and since then the
researchers from Nottingham have been
screening materials in the hope of
identifying some that can be applied in
situations such as these. In September 2012,
they published a paper in Nature
Biotechnology describing a new group of
polymers that were able to resist bacterial
and bioﬁlm attachment. “We are now in
the process of licensing that class of
materials to companies in certain market
sectors, but the research has really only just
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Materials are initially tested as micron-scale polymer spots printed using metal pins

High performance materials are subsequently
scaled up for further biological testing

“We’re interested in
exploring other
market sectors and
understanding the
mechanism of
bacterial response
to the materials”

begun,” says Alexander. “We’re interested
in exploring other market sectors and
understanding the mechanism of bacterial
response to the materials.”
When bacteria grow in bioﬁlms, they are
1000 times more resistant to antibiotic
treatment and to the host immune system,
so when they form on medical devices they
can pose serious health risks. One of the
ﬁrst steps in bioﬁlm formation is when
bacteria attach to a surface. “We wanted to
ﬁnd a material that had the surface
properties to resist this initial stage of
bacterial attachment,” says Dr Andrew
Hook, a member of the Nottingham team.
“We used our high-throughput platform
technology to screen three clinically
relevant bacterial strains: Pseudomonas
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aeruginosa, Staphylococcus aureas and
Escherichia coli. These bacteria were
transformed to express green ﬂuorescent
protein, allowing us to rapidly quantify
how much bacteria was on each polymer
and quickly identify which of these
polymers were the most resistant to
bacterial attachment.”
In addition to the Nature Biotech paper,
the researchers published an expansion of
their work in an Advanced Materials
publication at the beginning of 2013. This
involved screening every single one of the
116 commercially available acrylate
monomers (the polymer microarray system
they use is based upon acrylate chemistry),
providing the maximum chemical diversity
possible to start off with. “That was our

ﬁrst generation screen,” explains Hook,
“and from there we selected monomers to
continue investigating. The second
generation assay explored the combinatorial
possibilities of these monomers by looking
at different mixtures of them, while the
third generation explored hits from this
second generation array, trying out various
ratios of the monomers in order to ﬁnd the
optimum composition for resisting
bacterial attachment.”
The materials the researchers were left
with after the third generation screen were
somewhat surprising, a complete departure
from what they could have predicted based
upon previous work in the subject. One
particular class of materials that had been
shown to perform excellently were then
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AT A GLANCE
Project Information
Project Title:
High throughput microarrays for
discovery of polymers resistant to
bacterial colonisation.
Project Objective:
Bacterial attachment and
subsequent biofilm formation
pose key challenges to the optimal
performance of medical devices.
In this study, we assessed the
interaction of three bacterial species
to hundreds of polymeric materials
in a high-throughput microarray
format in order to identify novel
materials with broad spectrum
resistance to bacterial attachment.
Project Duration and Timing:
4 years, Sept 2008 to Sept 2012
Project Funding:
Wellcome Trust, Grant number
085245, £1.3 million

Surface characterisation is a key aspect of the materials development programme.
ToF-SIMS surface analysis equipment pictured

Project Partners:
University of Nottingham
Massachusetts Institute of
Technology (MIT)

MAIN CONTACT
tested in vivo in a mouse model. Applying
the polymers as a coating on to silicone
catheters, the researchers then inserted
these catheters subcutaneously in to the
mice. The lumen of each catheter was then
inoculated with a strain of luminescent
Staphylococcus aureas, and the amount of
bacteria within the mouse was monitored
over the next four days using live animal
imaging equipment. “We observed an order
of magnitude reduction in the amount of
bacteria on the coated catheters compared
to uncoated catheters,” says Dr Hook. “We
think that because the bacteria was unable
to form a bioﬁlm, the mice’s immune
systems were more able to deal with the
bacterial inoculum.”
The class of polyacrylates that is so
successfully able to deter bacterial
attachment is characterised by a non-polar
cyclic hydrocarbon pendant group along
with a polar ester group. They are weak
amphiphiles, meaning that they possess
both hydrophilic and lipophilic properties
that the researchers believe could be closely
related to their antibacterial mechanism.
Due to the high-throughput approach,
however, research into this mechanism has
only just begun due to the absence of an
original mechanistic hypothesis. “There is
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still at least ﬁve to ten years of work to be
done in this area before we can fully
describe the mechanism,” says Alexander.
“We have a common structural motif
between these materials which is likely to be
behind the mechanism, but we need to look
at a very basic biological and biochemical
level as to why this is happening. This will
be crucial for the development of these
materials in the future.”
The potential of these materials is not
limited to urinary catheters; in fact,
nearly all medical devices suffer from
issues with bioﬁlms, meaning that the
development of these coatings could well
revolutionise this aspect of healthcare in
the near future. “Endotracheal tubes,
external scaffolds for severe bone
fractures, intravenous tubes – all of these
have been associated with increased risk
of infection and could thus beneﬁt from
our polymer coatings,” says Alexander.
“We have even been contacted by people
in the shipping industry who are interested
in stopping the colonisation of ship hulls,
which can end up adding huge fuel costs
due to drag. We haven’t really explored our
materials in that area yet, but it is known
that bacterial attachment is a precursor to
marine microorganism attachment.”

Prof. Morgan Alexander
Morgan Alexander is Professor
of Biomedical Surfaces at the
University of Nottingham and a
Royal Society-Wolfson Research
Merit Award holder. His group
develops materials for application
in biological environments,
characterising relationships
between the surface and biological
response. Understanding these
relationships is critical in developing
the biomaterials of the future.

Contact:
Tel: +44 115 9515119
Email: Morgan.Alexander@
nottingham.ac.uk
Web: www.nottingham.ac.uk/pharmacy/people/morgan.alexander

+
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Support Actions
BIOCOR is a Marie Curie Initial Training Network (ITN) funded by the EU Seventh Framework “People” Programme.
ITN projects offer early-stage researchers the opportunity to improve their research skills, join established
research teams and enhance their career prospects. BIOCOR ITN aims to develop a new proﬁle of researcher,
capable of addressing all aspects of scientiﬁc and industrial problems related to microbially inﬂuenced corrosion

What is Biocorrosion?
Any material in contact with water or
moisture becomes rapidly colonised by
microorganisms, growing in assemblages
referred to as bioﬁlms. Microbial
development on the surface of solid
materials thus occurs in almost all
natural and man-made environments.
It is now recognised that bioﬁlms may
signiﬁcantly inﬂuence the kinetics of
corrosion processes by sufﬁciently altering
the interfacial chemistry between the
colonised material and the bulk ﬂuid.
Bioﬁlm-inﬂuenced degradation of metallic
materials is referred to as microbially
inﬂuenced corrosion (MIC) or, more
commonly, biocorrosion. Today, the main
treatment designed to mitigate biocorrosion
is the control of microorganisms within the
www.projectsmagazine.eu.com

bioﬁlms by massive application of biocides,
but this solution can present signiﬁcant
environmental pollution issues.
Although electro-chemical corrosion
processes have been widely studied and
well understood, this is not the case for
biocorrosion, which requires expertise not
only in chemistry, electrochemistry and
material sciences but also in life and
biological sciences. Previously, there were
a number of European research teams
studying biocorrosion, but there was a lack
of harmonisation and collaboration due to
the different approaches, disciplines and
analytical methodologies. The purpose of
the BIOCOR project has thus been to
provide the European Community with
new multidisciplinary expertise in the

area of biocorrosion in order to develop
more efﬁcient knowledge-based solutions
for the industry.
BIOCOR-ITN: A new solution

“We started BIOCOR because we realised
that there was a need to develop a new
proﬁle of researcher, capable of addressing
and managing all aspects of scientiﬁc and
industrial
problems
related
to
biocorrosion,” says Dr Régine Basséguy.
“We wanted to provide the European
industry
with
alternative
multidisciplinary expertise in this area.”
Eleven early stage researchers and ﬁve
experienced researchers were recruited
throughout the course of the programme to
take part in the research and training
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AT A GLANCE
Project Information
Project Title:
BIOCOR ITN – Collaborative research
and training across Europe
Project Objective:
The main objectives of the BIOCOR
ITN project are:
t5PEFWFMPQBOFXQSPöMFPG
researcher, capable of addressing
and managing all aspects of
TDJFOUJöDBOEPSJOEVTUSJBMQSPCMFNT
related to MIC,
t5PQSPWJEFUIF&VSPQFBOJOEVTUSJFT
XJUIBMUFSOBUJWFNVMUJEJTDJQMJOBSZ
expertise in this area.
Project Duration and Timing:
ZFBSToGSPNUP

Project Funding:
Marie Curie Programme under the
FP7 People Programme –
FVSPT

BIOCOR Project members - Venice, Italy
provided by the BIOCOR network. Two
internationally renowned senior scientists
– Professor Mirna Urquidi-Macdonald of
Penn State University and Professor Robert
Melchers of the University of Newcastle –
were also involved in the project, supporting
the network for four months each.
“The
problem-oriented
approach
developed in the project was essential
when dealing with such a complex topic as
biocorrosion,” says Dr Basséguy. “This
pioneering training programme has
opened the way for a new generation of
research project managers capable of
leading groups of experts from different
disciplines and countries, and we believe
that this will lead to an increased
competitiveness of the European scientiﬁc
and industrial communities.

systems and more. This carbon steel is
often in extended contact with water,
making it prone to biocorrosion.
Starting out in the ﬁeld, pigging samples,
water samples and biocoupons – small
metallic items on which bioﬁlm has been
cultivated – were provided by industrial
partners. These samples were distributed
to a number of different researchers.
Various research programmes were then
initiated, including surface analysis,
electrochemical tests, mechanical tests,
weight loss and investigation into the
metabolic processes of microorganisms. A
joint action on extracellular polymeric
substance (EPS) analysis was performed in
order to give a deeper look into biocorrosion
understanding,
monitoring,
risk
assessment and mitigation. The data from
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“BIOCOR has played an active role in the wider
academic community since its inception”
Dr Régine Basséguy
Tel:   
Email: 3FHJOFCBTTFHVZ!FOTJBDFUGS
Web: XXXCJPDPSFV

“The multidisciplinary aspect of the
project has been crucial, as well as the
inclusion of both academia and industry,”
continues Dr Basséguy. “After four years
of working together like this, we feel that
we have succeeded in bringing these two
sectors closer together, not only in their
understanding of each other but also in
ensuring close relations for the future.”
Oil and gas industry

The oil and gas industry extensively uses
carbon steel for pipelines, water injection
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these assessments were used to make
recommendations about how to recognise
and deal with biocorrosion, as well as
pigging frequency and ﬂow velocity in
pipe and to complete the data base built for
the project on ﬁeld cases.
Moving back into the ﬁeld, one of the
outcomes was the development of new
biochips for the rapid detection and
quantiﬁcation of microbial processes that
provoke or inhibit biocorrosion in
stabilised oil systems. A side stream rig
was installed on an offshore platform, and
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the effects of biocides and ﬂow rates in the
pipeline were also examined.
Energy facility cooling systems

The research sub-programme looking at
cooling systems in energy facilities began
with an energy company, who provided
metallic samples and the opportunity to
test them in an on-line monitoring
system. One of the most important parts
of the programme was the investigation
into the corrosion mechanisms of copper
alloys, both with and without chlorination,
in the presence of the microorganisms
from seawater used in these cooling
systems. It was shown that a short
chlorination
stopped
the
negative
inﬂuence of biofouling on the formation
of protective oxide layers.
Using the model organism Pseudomonas
2021 and EPS, laboratory researchers
investigated the mechanisms leading to the
formation of adsorbed biomacromolecule
layers at metallic surfaces exposed to sea
water. Work in the lab also involved the
development of anti-fouling nanocoatings,
which were then tested for efﬁciency in
corrosive and microbial environments in
cooling systems. Important work on EPS
action was carried out in collaboration with
the oil and gas sub-programme.
The return to the ﬁeld helped to bring a
number of improvements in areas such as
online monitoring. Pertinent advice based
on the laboratory research was given to
help plant procedures. The anti-fouling
coatings were also given test-runs in the
real world, both in saltwater and
freshwater situations.
Nuclear waste disposal

It is important to know that when nuclear
waste is left buried deep in the soil there
will be no problems with biocorrosion. High
activity waste will be stored in carbon steel
containers placed 500m underground, and
anoxic corrosion of the containers will
produce hydrogen gas and iron oxides.
Hydrogen could represent some hazards
when accumulating for years in the
surrounding clay environments.
The microorganisms that may be
associated with hydrogen and iron oxides
have been identiﬁed to be Iron Reducing
Bacteria (IRB) and Hydrogen Oxidizing
Bacteria (HOB). Researchers monitored the
impact of the hydrogen on bacterial
activity and corrosion products. They also
worked to characterise the electrochemical
interfaces in order to determine if carbon
steel biocorrosion may occur in presence of
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IRB and HOB in a clay environment. The
results from this laboratory work put in
evidence a consumption of hydrogen and
rather an inhibition of localised corrosion
of carbon steel by the tested bacteria.
Networking for success

BIOCOR has played an active role in the
wider academic community since its
inception. Having taken part in the
annual EUROCORR congress on corrosion
in the years 2011 and 2012, BIOCOR will
this year be holding its ﬁnal conference
during the event in Estoril, Portugal.
Here the research will be presented
showing the culmination of four years of
hard work within the network.

“We started BIOCOR
because we realised that
there was a need to
develop a new proﬁle of
researcher, capable of
addressing and managing
all aspects of scientiﬁc
and industrial problems
related to biocorrosion”
Looking further back, BIOCOR also
organised a successful summer school in
July 2011 at the University of Portsmouth.
It consisted of six days of lectures and
workshops by internationally renowned
lecturers
presenting
state-of-the-art
biocorrosion science, and was open to all
who wished to attend.
Much work has also been undertaken in
terms
of
academic
publications
throughout the four years of the network,
including a special biocorrosion edition
for
the
scientiﬁc
journal
Bioelectrochemistry, a “green book”
published by the European Federation of
Corrosion and numerous other academic
papers and presentations.

+

The research leading to these results
has received funding from the European
Community’s Seventh Framework
Programme (FP7/2007-2013) under grant
agreement n° 238579.
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Biology
The survival of young ﬁsh in their vulnerable larval state is crucial to the success of aquaculture, but
establishing positive larvae-microbe interactions seems to be a major obstacle. By analysing the mechanisms
through which microbes interact with these creatures, scientists are devising new strategies to sustain them,
thereby improving the productivity of aquaculture

Improving larval survival
in aquaculture
Overﬁshing and

the deterioration of
marine
ecosystems
have
prompted
investment in aquaculture as an alternative
to wild catches. In 2010, this vast industry
produced ﬁsh with a value of more than
$217bn. According to the United Nations
Food and Agriculture Organization, natural
extraction has effectively levelled off in
recent years, but aquaculture production
continues to burgeon, presently accounting
for around 60 million tonnes of production
- 60% of the world total in 2011, and
increasing by 7% per year.
Despite carefully managing their waters,
larviculture may still ﬂounder due to
biological hazards. Temperature, feed, water
quality and sanitation are all carefully
modulated, because concentrating large
quantities of ﬁsh in comparatively small
spaces may exacerbate threats. Stocking
densities, behavioural interactions, disease
and parasitism all pose risks to young ﬁsh,
which are especially susceptible to these ills,
as larvae can only rely on their innate
immune system to combat infections. The
majority of diseases in ﬁsh larvae are
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thought to be caused by opportunistic
microorganisms, which become pathogenic
when their host’s resistance is lowered by
environmental stress factors. These can be
partly mitigated by hygienic measures, such
as ﬁltering and disinfection of the water.
Despite
the
ubiquity
of
these
countermeasures, the high (and poorly
predictable) mortality observed in the
rearing of most species suggests that the
present countermeasures provide limited
protection. Moreover, it has been proposed
that they may even affect the microbial
communities negatively. “This is a signiﬁcant
issue, both within academia and industry,”
says Professor Olav Vadstein, a specialist in
microbial ecology at the Trondheim-based
Norwegian University of Science and
Technology. (NTNU). “Survival of larvae is
generally very low. This threatens animal
welfare, production and proﬁtability.”
If widely acknowledged as a signiﬁcant
contributor to larval mortality, the
processes through which microbes interact
with their hosts have hitherto remained
enigmatic. “Recent advances in molecular

biology tools in combination with strictly
controlled
microbial
environmental
conditions for these larvae have been a
catalyst to revisit this problem,” says
Vadstein.
“Thanks
to
the
recent
methodological revolution in molecular
biology, we are now able to comprehensively
examine this problem. Not only have we
devised analytical models to examine
relationships between microorganisms and
their hosts, but we have also considered
how to potentially mitigate their most
detrimental effects”.
Ghent University, Institut Français de
Recherche pour l’Exploitation de la Mer
(IFREMER), Wageningen Univeristy, NTNU
and SINTEF have all been important
contributors to a 3m project titled ’Microbes
As Positive Actors For More Sustainable
Aquaculture’. Since commencing in 2009,
the project has developed several novel
techniques to improve the survival of hosts.
The project’s ﬁndings suggest promising
new management techniques for the
aquaculture industry. Fostered by a
progressing understanding of factors

Insight Publishers | Projects

affecting
the
interplay
between
amount of waste organic matter available
microbiological organisms and their
to the microbial biomass in the tank, thus
hosts, the latter phase of the project
restricting microbial growth and
tested the responses of larvae to benign
minimising oscillations in microbial
microorganisms, to assess whether they
biomass
and
activity.
“We’ve
could
counter
biological
threats.
consequently developed the possibility of
Traditionally there has been more focus
steering, or controlling microbial
on malign than on benign microbe-ﬁsh
community composition and activity in a
interactions, despite the fact that being
way which enhances appetite, growth
healthy should be the
and survival of larvae,”
normal situation. Trials
says
Vadstein.
were also conducted to
“Formerly, the general
“We’ve consequently thinking was that
ascertain
the
benevolent effects of
microbiological water
developed the
microbes, as an agent to
quality is critical to
possibility of steering, larvae only for the ﬁrst
combat
invasive
pathogens.
few
days,
and,
or controlling
“Using
molecular
thereafter, it’s primarily
tools, we’ve generated
microbial community the microbiota of their
some quite unexpected
diet which affects them.
composition and
results,” says project
Our ﬁndings indicate
coordinator
Professor
that this is incorrect.
activity in a way
Peter Bossier of Ghent
Moreover, recirculating
which enhance
University. ”We can now
aquaculture
systems
revisit much of our prior
seem to function as a
appetite, growth and microbial management
work
on
larvae.
Formerly,
only
the
technology - an aspect
survival of larva”
growth
rates
and
that has been almost
enzyme activity of larvae were quantiﬁed,
completely overlooked.”
but now we can also examine how the
Finally it appears that is not only possible
development of the ﬁsh and the
to steer microbial community composition
experimental situation are linked to
but also their activity. Depending on the
expression of genes, including speciﬁc
microbe-host interaction under study, it
responses to well deﬁned microbial
has been established that the outcome of
communities. We’ve obtained far more
these interactions might be determined by
information about the varied mechanisms
secreted quorum-sensing molecules. Such
which govern healthy development of
types of molecules contribute to the
larvae than we had previously, although
production
of
virulence
factors.
much remains to be learned about the
Interference with the production of these
molecular
basis
of
host-microbe
quorum-sensing molecules can be
interactions in the larval phase.”
beneﬁcial to the host. Quorum quenching,
To enhance the microbial quality of the
as the technique is called, can be realised
aquatic environment and to suppress the
through the addition of antagonistic
proliferation of damaging microbes
molecules (contrary to antibiotics, these
within it, the group suggests a twocompounds inhibit certain microbial
pronged intervention. The ﬁrst of these is
activity rather than trying to eliminate
related to improved health by steering
them) or through the addition of
microbiota in the water. By channeling
microorganisms able to degrade quorumwater through bioﬁlters, microbes are
sensing molecules. Future full-scale
forced to compete for nutrients, resulting
experiments are needed to establish
in exclusion of opportunistic bacteria
whether this can become a reliable
and creating a more stable and diverse
microbial management technique.
microbial environment. The group found
“Relationships between the larvae and
that such a microbial community results
microbiota should be mutualistic and
in more viable larvae, and in experiments
symbiotic,” summarises Vadstein. “There
with Atlantic cod larvae, managing
is no uniform solution, or magic
bacterial communities in this way
ingredient you can simply add to the
resulted in a 60% higher survival rate
water which improves larval survivability.
compared to a conventional setup. The
Nonetheless, we have begun to explore
system limits the availability of nutrients
and control a complex of underlying
within larval tanks and stabilises the
mechanism at work here.”

AT A GLANCE
Project Information
Project Title:
PROMICROBE: Microbes as positive actors
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This project suggests bringing together
various European research groups that
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Project Funding:
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Peter Bossier
Peter Bossier has been a researcher for 30
years in the domains of microbial ecology,
molecular genetics (of stress response)
and fish quality. At the moment, his
focus is on host microbial interactions in
larviculture. His research output stands at
167 A1 papers.

Contact:
Tel: 32 9 264 37 59
Email: Peter.bossier@ugent.be
Web: www.promicrobe.ugent.be/
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Chemistry
Recent developments in nanoscience have opened up a number of
possibilities in the world of drug delivery. One particular group of
nanocarriers called cyclodextrins has been extensively studied in a
recent project, CYCLON, and a new four-year ITN network, CycloN
Hit has now been conﬁrmed to continue this work

New nanotechnology
solutions for drug delivery
The worldwide

spread of antibioticresistant microorganisms can be viewed
as an ecological consequence of the
systematic use of antimicrobial agents.
Resistant bacteria prevail in healthcare
environments where antibiotic selective
pressure is intensive. Novel therapeutic
approaches are therefore urgently
required to deliver the well-documented
existing drugs to protect them from
degradation, increase their bioavailability,
reduce toxic side effects, increase patient
compliance
and
reduce
treatment
duration and related costs. =
In this sense, nanocarriers based on
cyclodextrins are particularly appealing
for the delivery of antibiotics. This approach
is of main interest for tuberculosis,
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Konstantina Yannakopoulou
,:BOOBLPQPVMPVIPMETB#4DJO
$IFNJTUSZGSPNUIF6OJWFSTJUZPG
"UIFOT (SFFDF B.4DJO$IFNJTUSZGSPN
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molecular structure-properties relations,
host/guest interactions, synthetic
modifications of cyclodextrins and their
bio- and nano-applications.
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infections
related
to
Salmonella
Typhimurium, Staphyloccocus aureus and
for species most frequently implicated in
hospital infections such as enteric gramnegative rods.
The CYCLON project (which ﬁnished
September 2013) aimed, through the
training of young researchers within a
highly competent and multidisciplinary
network, to develop a new generation of
multifunctional drug nanocarriers based
on this family of water soluble and
biocompatible
oligosaccharides,
the
cyclodextrins. The nanocarriers were
thoroughly studied and evaluated as
delivery vehicles of anticancer drugs,
especially photoactive ones. Extensive
developments in nanoscience provided
great opportunities to develop the next
generation
of
pharmaceutical
nanocarriers,
i.e.
drug
delivery
nanosystems, combining a variety of
properties and aiming at combating
cancer and other serious diseases such as
viral infections.
Following on from this, the CycloN Hit
ITN network will design and characterise
the cyclodextrin-based nanocarriers, test
their ability to encapsulate drugs and
study their efﬁcacy in vitro on bacteria
and infected cells. The best formulation
will be tested in vivo and scaled up. The
overall objectives of the project are to take
full advantage of nanotechnology and of
the high level interdisciplinary expertise
of the partners involved to efﬁciently
encapsulate and protect antibiotics in
nanocarriers to combat resistant bacteria,
and study the mechanisms in biological
systems using state-of-the art techniques.
Using the most recent advances in the
nanomedicine ﬁeld, the ﬁnal goal of the
CycloN Hit project will be to bring to the
preclinical studies an antibiotic formulation
for the treatment of tuberculosis and more
tailored alternative therapeutic approaches
for other resistant microorganisms.
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Project Information
Project Title:
CYCLON: Novel multifunctional
cyclodextrin-based nanocarriers
for drug encapsulation and delivery
as a strategy to overcome current
therapeutic drawbacks
Project Objective:
The objectives of the CYCLON project
have been to provide top quality
training to young researchers via top
quality research in nanomedicine
within a highly competent and
multidisciplinary scientific network.
The research succeeded in developing
a collection of new, water soluble,
biocompatible and multifunctional
drug nanocarriers based on
cyclodextrins, to be used as delivery
vehicles of anticancer drugs, especially
photoactive ones.
Project Duration and Timing:
4 years, Oct 2009 to Sept 2013
Project Funding:
2.4 M€ (FP7-PEOPLE ITN 2008 –
Multipartner Network)
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