











Bending biological membranes

The living cell represents the ultimate
soft-matter system, with self-organis-
ing molecular assemblies that also form
larger-scale architectures. Because cells
are dynamical objects, they show the
same strain and flow behaviour as any
polymer or surfactant solution put under
stress. A better understanding of these
biophysical changes can lead to new
therapeutic treatments for disease and
to novel biomimetic technologies.

To study such complex behaviour experi-
mentally, biophysicists employ simplified
artificial cells called giant unilamellar
vesicles (GUVs). These structures com-
prise a spherical lipid bilayer filled with
water, which can vary from 20 to 100
micrometres across, and so match the
dimensions of cells and organelles.

The Shiga toxin (red) causes a cell membrane to
bend inwards, forming tubules by means of which
it can enter the cell

Patricia Bassereau and colleagues at the
Curie Institute, Paris, France, have been
using GUVs to develop new physical mod-
els of cellular function. In particular, they
have turned their attention to understand-
ing the transport of biomolecules between
organelles. Long tubular lipid vehicles
are thought to form, pulled by molecular
motors called kinesins along fixed pro-
tein rails. The researchers showed that
when these motors are bound to a GUV
in contact with microtubules, the GUV is
locally deformed into a long tube, just
as in a real cell. “We were able to test
our model of this mechanism by varying
the parameters, showing it was correct,”
says Dr Bassereau.

The team has also used GUVs to study
changes in the shape of cell membranes
triggered by protein binding. They dem-
onstrated how the Shiga toxin, a pro-
tein produced by E. coli, binds to a spe-
cific membrane receptor, forming clusters
and inducing a local spontaneous curva-
ture. This causes the membrane to bend
into tubules, which then provides a con-
duit for the toxin to enter the cell. Dr
Bassereau is already collaborating with
other SoftComp groups to design drug-
delivery systems based on this principle.

A biological cell membrane is support-
ed by a cytoskeleton of actin filaments
(p.23), and several SoftComp partners

are interested in measuring the me-
chanical properties of a membrane an-
chored to an actin network. Theoretician
Nir Gov at the Weizmann Institute of Sci-
ence in Rehovot, Israel, has proposed a
model that explains how the shapes of
cells are determined by forces generat-
ed through coupling between the cy-
toskeleton and membrane. His colleague
Sam Safran has looked at the orientation
of cells in response to applied stress-
es, which is a factor in directing tissue
growth and healing. He has also been
modelling cells on curved substrates, as
are found in blood vessels and bones.
“These systems are extremely difficult
to model because you have to take into
account that the cell is consuming ener-
gy and can exert its own forces in addi-
tion to mechanistic and thermal effects,”
says Professor Safran. This kind of work
is relevant to a type of tissue engineer-
ing called organ printing, where cells are
literally printed layer by layer in a gel so
that they organise into new tissue.

Dr Patricia Bassereau
Curie Institute, Paris, France
patricia.bassereau@curie.fr

Professor Sam Safran

Weizmann Institute of Science,
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sam.safran@weizmann.ac.il



Parachutes in the blood

Red blood cells are just flexible enough to maintain a healthy

blood circulation

The blood coursing through our veins,
arteries and capillaries literally keeps
us alive. It is a highly complex system,
consisting of a fluid plasma which trans-
ports the oxygen-carrying red blood
cells, the protective white blood cells,
blood platelets and a myriad of essen-
tial molecules including proteins. Blood
is, in fact, a typical soft composite -and,
not surprisingly, how it flows through
finely branched vessels has a critical
effect on our health.
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A key influence is the micron-sized red
blood cells, which account for 45 per cent
of the volume of blood and are by far the
dominant cellular component. Physicists
find their flow behaviour intriguing be-
cause they are not spherical but shaped
like biconcave discs which deform under
stress. Unlike the vesicles contained in
many synthetic complex fluids, which
have very fluid membranes, red blood
cells have lipid membranes supported
by an internal protein network which

Disc-shaped red blood cells become parachute-shaped when they flow (the arrows show the velocity profile)

makes them more elastic, like soft rub-
ber. Some diseases, however, such as di-
abetes and sickle cell anaemia, render
them more rigid. This is thought to in-
crease the flow resistance of blood,
which then affects circulation. Under-
standing the link between the deforma-
bility of the blood cells and their motion,
especially in the confines of capillaries,
is thus of interest to clinicians as well as
soft-matter scientists.

Cluster power

Gerhard Gompper, a theorist at Forschungs-
zentrum Jilich, Germany, has been in-
terested in the flow of red blood cells
for several years. Using the SoftComp su-
percomputer cluster (p.31), he has been
developing advanced simulation tech-
niques to predict how the shape of red
blood cells changes when they flow in a
very narrow tube. Observational studies
on flowing red blood cells had already
shown that they deform into parachute
shapes, and computer simulations en-
able this behaviour to be probed in
more detail. “With the increased com-
puter power made available, we were



able to study the system taking into ac-
count the full hydrodynamic interactions
and the deformability,” says Professor
Gompper.

By calculating the deformation ener-
gy due to the curvature and shear elas-
ticity of the cell membranes, and treat-
ing the surrounding liquid as a stream of
moving, colliding particles, the simula-
tion confirmed that above a certain flow
velocity the cells do, indeed, bend back
in the shape of a parachute. In compar-
ison, a simple, more fluid lipid vesicle
just elongates into a rugby-ball shape
aligned in the direction of the flow. Pro-
fessor Gompper believes that the tran-
sition to the parachute shape limits the
flow resistance in a way that maintains a
healthy blood circulation, and regulates
oxygen delivery around the body.

Modelling real blood

In the real system, the red blood cells
tend to cluster and they also interact
with other components in the blood-
stream. Professor Gompper is now work-
ing on simulations of how groups of red
blood cells move together in microves-
sels. Starting with up to six cells, and
assuming no attractive interactions be-
tween them, he showed that they go
through a series of complex manoeu-
vres, first forming a chaotic array of discs
which then deform and stack into para-
chutes as the flow rate increases. At the

The SoftComp advantage
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Professor Gompper works with a number of research groups in the SoftComp network
who are interested in microemulsions and polymer flow, as well as those working on
biologically based problems. “The advances in computer methods achieved through
SoftComp mean that we can start to answer questions that we could not address

ten years ago,” he says.

same flow rate but higher density, the
sides of the cells nearest the tube walls
elongate forming ‘slipper” shapes in a
zigzag arrangement.

These results have aroused the interest
of the biomedical community, and Pro-
fessor Gompper is now planning collab-
orations with medical research groups
to take the work further. He hopes to
look at more complex systems, including
the large-scale flow of red blood cells in
wider vessels or in those with more com-
plex, branching geometries. “We will al-
so mix in other components,” he says.
“For example, it would be interesting to

Computer snapshots of elastic vesicles at increasing
flow rates and densities, moving randomly at first,
and then stacking up as parachutes, and finally
forming a zigzag of slipper shapes

Manipulating the flow of cells is important in the
new technology of microfluidics

simulate how red blood cells interact with
blood platelets, because this will help us
to understand blood clotting,” he adds.

A commercial area that should benefit
from this research is microfluidics, where-
by minute volumes of liquids are manip-
ulated in geometrically constrained envi-
ronments at the microscale. Microfluidics
is revolutionising clinical diagnosis and
biological research, and often involves
separating and manipulating cells under
continuous-flow conditions in microfab-
ricated channels. Computer simulations
could provide data on how to control the
flow in relation to cell properties.

Contact

Professor Gerhard Gompper
Forschungszentrum Jilich, Germany
= g.gompper@fz-juelich.de



Science goes skin deep

Walk into any department store and the
first thing you see is the beauty counter
displaying creams and lotions proclaim-
ing how they care for your skin. Backing
up those claims is vital, and companies
producing personal-care products are in-
creasingly investing in basic research on
how the skin works and what kind of in-
gredients can promote a healthy skin. As
an active partner in the SoftComp net-
work, Massimo Noro and his colleagues
at Unilever, Port Sunlight, UK, have
been collaborating with several uni-
versity research groups on experiments
and computer simulations on model lip-
id systems that mimic the properties of
human skin.

A computer model showing the diffusion of a water
molecule (the sphere) through a lipid bilayer

The outermost layer of the skin is a com-
posite biomaterial of protein-rich cells
embedded in organised double layers
of various lipids in a ‘bricks and mortar’
arrangement. The main lipid compo-
nent is the ceramide molecule, which
has two hydrophobic hydrocarbon tails
of different lengths and a very small hy-
drophilic head. These long, thin, flexible
molecules pack together, grasping each
other in a tight embrace through hydro-
gen bonding, to form an excellent barri-
er protecting the body.

“We decided to build, first, a simple mod-
el of the skin on the computer, based on
a lipid bilayer of pure ceramide, and then
simulate how water would penetrate it,
using a molecular dynamics program,”
says Dr Noro. Using a classic penetration
enhancer, the simulations showed that
this molecule nudged its way between the
hydrophilic ceramide heads thus breaking
the lipid-lipid hydrogen bonds to form its
own hydrogen bonds with ceramide. The
result was that the rigid gel-like structure
of the lipids loosened into a more liquid
state, which became softer and more per-
meable to water. “Combining the simula-
tions with atomic force microscopy and

scattering measurements, we can couple
the penetration mechanism with chang-
es in mechanical properties. No-one had
done this before, so it was very exciting,”
says Dr Noro.

With theorist Peter Olmsted of the Uni-
versity of Leeds, UK, the Unilever re-
searchers then simulated the diffusion
of water molecules through more com-
plex, more realistic lipid layers also con-
taining cholesterol and free fatty acids,
and compared the results with measure-
ments made on real skin. The team went
on to carry out simulations of how these
special lipids help improve the effective-
ness of the membrane barrier. Professor
Olmsted is interested in phase chang-
es in lipid solutions and is now applying
his expertise to transitions in biological
membranes such as skin.

Dr Massimo Noro
Unilever, Port Sunlight, UK
massimo.noro@unilever.com

Professor Peter Olmsted
University of Leeds, UK
p.d.olmsted@leeds.ac.uk



Strengthening scientific excellence

Research platforms

SoftComp partners can make use of
large-scale facilities such as neutron
scattering through the Network’s

Experimental Platform

The SoftComp Network has set up an infrastructure aimed at bringing
together a critical mass of resources and expertise that will underpin
European leadership in research on soft-matter composites

Research into soft matter requires diverse
resources, including the skills required
to create complex and sometimes exotic
materials, combined with a wide range
of experimental equipment to character-
ise them. In order to achieve a quantita-
tive understanding at the deepest level,
it is also essential to model the behav-
iour of materials theoretically or numer-
ically on a computer, or both.

Individual research groups working on
soft matter often specialise in particu-
lar aspects. They may have developed
a novel instrument or methodology for
measuring properties, or, if theorists,
they may have a particular simulation
method that can then be applied to a
wide range of problems. They may make
new materials with model structures that
are ideal for testing fundamental prop-
erties predicted by theory, or for explor-
ing attributes of commercial interest, or
even for validating the performance of
commercial equipment.

Three Research Platforms

The SoftComp Network of Excellence has
been able to integrate all these activi-
ties by establishing three Research Plat-
forms, through which scientists can ac-
cess the resources available in partner
laboratories. These are:

- Synthesis

- Experimental techniques

- Theoretical and numerical methods

The aim of this infrastructure is to
strengthen research capabilities within

the SoftComp community by providing
the means to ensure that the outcomes of
research are fully optimised in an efficient
and economic way. Each platform is coor-
dinated by a designated scientist, through
whom research teams can make appro-
priate arrangements for access to mate-
rials and equipment, as well as any nec-
essary training. Although research groups
rely on their existing SoftComp funding ar-
rangements to make use of the Platforms,
they can apply to the Network’s central
budget if additional support is required.

o

Specialised materials for experiments, such as nanoparticles, are synthesised and made available through

the Synthesis Platform
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The Synthesis Platform

Several research groups have expertise
in synthesising specialised materials for
experiments, and an inventory of avail-
able samples has been placed on the
SoftComp website. “The inventory helps
people to broaden and enrich their re-
search, exploring composite materials
they would not have thought of using
before” says Luis Liz-Marzén of the Uni-
versity of Vigo, Spain, who organises the
Synthesis Platform.

Samples available include polymers with
different architectures. Jirgen Allgaier at
Forschungszentrum Jilich, Germany, for
example, synthesises well-character-
ised polymers, not only for colleagues
in Jalich but also for other SoftComp
partners. “It is important to character-
ise the material extremely well, in terms
of chain length, molecular weight distri-
bution and branching, for experiments,”
he explains. “We have made H-branched
polymers for flow experiments (p.10),
which had precisely two, well-defined
arms, no more and no less,” he adds. In
addition, Dr Allgaier prepares polymer
samples for neutron-scattering experi-
ments, in which hydrogen atoms have
been selectively replaced by the heavier
isotope deuterium (p. 19). Polymers with
well-defined star shapes are also sup-
plied by Dimitris Vlassopoulos and his
colleagues at the University of Athens,
Greece (p.21).

Another important group of materials
essential for studies of soft composites
are colloids; some are available through

Professor Liz-Marzén and his group. They
supply not only metallic nanoparticles -
gold nanorods and spheres and silver
platelets (p.15, 29) - but also more
sophisticated materials such as latex
spheres coated with carbon nanotubes.
“We supply nanospheres with fluores-
cent tags for studies of the transport of
viruses through biological membranes,
for example. We have also collaborat-
ed on developing complex nanocompos-
ites prepared from polymers and nan-
oparticles. The Synthesis Platform has
led to many more connections between
research areas than expected; it has
been really successful,” he explains.

The Experimental Platform

Soft matter research requires a diverse
range of experimental tools, from large
central facilities such as the Julich Centre
for Neutron Science at Garching near
Munich, Germany, which provides neu-
tron beams for scattering experiments,
to smaller specialised equipment be-
longing to individual partners, which is
specifically designed to make measure-
ments relevant to soft-matter research.
Many of the instruments are not avail-
able commercially, and are often unique,
having been developed by a research
group with a certain experiment in mind.
The Experimental Platform maintains an
inventory of where such equipment is
located, which is then made available
to visiting partner groups, including PhD
students and postdoctoral researchers,
who are given training in its use. “This
infrastructure, which is perhaps the most
sustainable and enduring element in

the SoftComp Network, is unique in the
world and has been a real success,” says
Peter Schurtenberger of the University
of Fribourg, Switzerland, who leads the
Experimental Platform.

Equipment includes novel light-scattering
instruments and specialised microscopes,
which are used to investigate structure at
the microscopic length scales typical of
soft-matter composites. Professor Schur-
tenberger’s own laboratory has a suite of
such instruments which are suitable for
studying samples relevant to industrial
applications. Other research groups such
as the team at the University of Leuven,
Belgium, can offer specialised rheome-
ters for measuring properties related to
processing conditions (p.17). Characteri-
sation at smaller scales can be done using
neutron and X-ray scattering, spectrosco-
py and nuclear magnetic resonance. “We
now have the framework to create a vir-
tual large-scale facility with an absolute-
ly outstanding and unique instrument
suite that allows the Network partners
to make measurements over all neces-
sary length and time scales for complex
systems. That is one of the outstanding
features of SoftComp,” says Professor
Schurtenberger.

The Theory and Simulation Platform

Because soft-matter composites have
complex hierarchical structures and
dynamical properties, especially un-
der non-equilibrium conditions, statis-
tical and numerical techniques requir-
ing large amounts of computer power
are essential to describe their behaviour.



The SoftComp partners therefore agreed
to set up a dedicated computing in-
frastructure for the Network. Eight re-
search groups invested 50 per cent of
the funds needed, while the other 50
per cent came from the central budget.
The Jilich Supercomputing Centre (JSC)
at Forschungszentrum Jilich agreed to
host and operate the facility.

A Linux computer cluster with a process-
ing power of one teraflop was installed
in 2006. Then, with additional funding
from the German Government, the size
of the cluster was doubled in 2008. The
intention was to embed the SoftComp
cluster users as a working group - a so-
called virtual organisation - into the
German D-Grid. In a grid, resources like
computing power and storage are dis-
tributed among a number of locations.
“The partners contribute their own re-
sources and using the appropriate soft-
ware particular jobs can then be run on
the most suitable computer in the grid,”
says Willi Homberg of the JSC.

Within the Theory and Simulation Plat-
form, theorists develop algorithms to
tackle physical problems pertinent to
soft matter, such as thermodynamic
properties, structure, or flow behaviour.
“We are constantly improving existing
algorithms to find the best way to solve
a particular problem. Computer simula-
tions complement experiments because
they can explore the underlying physi-
cal processes and mechanisms in more
detail or over a wider range of condi-
tions,” says the Platform leader, Wolf-
gang Paul of Martin Luther University in
Halle, Germany, who worked at the Uni-
versity of Mainz, Germany, until 2009.

The SoftComp computing grid has fund-
ing for another two years. Professor
Paul would like to see it expand and
become the nucleus of a broader Euro-
pean grid for soft-matter research. “It
works very nicely for the participating
groups but we would like to see it grow
into a more permanent institution,” he
comments.
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An advantage of SoftComp is that novel and unique light-scatteing
instruments developed by one research group can be used by other
partners in the Network (far left)

Small-angle neutron scattering is one of the main techniques for studying
molecular and larger soft-matter structures (centre, right)
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Professor Luis M. Liz-Marzan
University of Vigo, Spain
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Professor Wolfgang Paul

Martin Luther University,

Halle, Germany
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Professor Peter Schurtenberger
University of Fribourg, Switzerland
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The SoftComp Theory and Simulation Platform has a dedicated computing infrastructure based on a Linux computer cluster. The partners hold reqular meetings to

discuss theoretical approaches in soft-matter research



Spreading the word

Dissemination of knowledge and training of the next generation of scientists
are key components of SoftComp

One of the roles of the SoftComp net-
work is to disseminate knowledge of
both techniques and results among the
partners and others, and to provide the
means to support the training and edu-
cation of research students. This is im-
plemented through a stimulating pro-
gramme of conferences, combined with
workshops, laboratory courses, schools,
and inter-institute visits.

Education and training

* Exchange visits

Through SoftComp, all researchers, from
PhD students to senior scientists, have

Researchers at the 2009 Annual SoftComp Meeting
held in Venice, Italy, were also able to enjoy the
city’s historic surroundings (right)

SoftComp partner institutions host laboratory
courses for students in experimental techniques
such as neutron scattering (p. 33)

been encouraged to make exchange
visits with other partner laboratories,
where they are given the opportunity to
use specialised equipment not available
in their home laboratory, along with ad-
ditional training. Academics with exper-
tise on specialised topics visit other in-
stitutions to give lecture courses to PhD
students and postdocs.

* Eurothesis programme

To train PhD students in working with
various different types of soft-matter
systems and techniques, SoftComp set
up the Eurothesis programme, whereby

a student at one institution can spend at
least six months in the laboratory of an-
other SoftComp group. In this way, stu-
dents not only broaden their expertise
but also have the opportunity to expe-
rience a different research environment
in another country.

« Schools and laboratory courses

Educational opportunities for students
have also been made available through
laboratory courses and schools hosted
by various partner institutions. These
include a two-week spring school held
each year at Forschungszentrum Jalich,




SoftComp’s first International Soft Matter Conference,
which took place in 2007 in Aachen, Germany, brought
together more than 600 scientists from all over the world
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Germany, covering advanced experi-
mental techniques and applications,
and theoretical and computer simula-
tion methods, at both an undergraduate
and graduate-student level. More spe-
cialised schools have included courses
on neutron scattering, rheology and its
application to different soft-matter ma-
terials, nuclear magnetic resonance, and
light-scattering techniques.

“SoftComp contributes to these activities,
encouraging as many students as pos-
sible to take them up,” says SoftComp
Educational Officer, Peter Olmsted of the
University of Leeds, UK.

Dissemination

* Conferences

The main scientific conference for
SoftComp is the Julich Soft Matter Days.
This meeting is organised once a year
and brings together scientists, includ-
ing researchers who are not necessarily

SoftComp members, working in all the
soft-matter areas, including biophysics.
More than 200 people regularly attend.
In 2007, a larger conference, the first In-
ternational Soft Matter Conference, was
held and was attended by more than
600 scientists. SoftComp plans to or-
ganise further similar conferences every
three years.

Once a year, all members are invited to
attend the SoftComp Annual Meeting,
which for many young academics often
offers the first international platform for
the presentation of their results.

» Workshops

Small focused workshops are regularly
held that explore topics of mutual inter-
est in two or more of the network re-
search areas within SoftComp. Industrial
workshops are also held, where the in-
dustrial partners can discuss scientific is-
sues relevant to their R&D programmes

with their academic colleagues, and in
the process strengthen academic-indus-
trial contacts.

* The SoftComp Newsletter

SoftComp produces a newsletter once
a year, which contains articles writ-
ten at a popular level on all aspects of
the SoftComp programme and subject
areas, with special emphasis on appli-
cations. All past issues of the newsletter
can be accessed on the internet:
www.eu-softcomp.net/news/news

Contact

Professor Jan K. G. Dhont
Forschungszentrum Jilich, Germany
52" j.k.g.dhont@fz-juelich.de

Professor Peter Olmsted
University of Leeds, UK
fp.d.olmsted@leeds.ac.uk




Achievements of SoftComp

The SoftComp Network of Excellence start-
ed in 2004, and is now in its sixth year at
the time that this brochure is published in
autumn 2009. The following information
gives some idea of the breadth, uptake
and output of the programme.

Membership

Membership of SoftComp extends across
Europe, covering twelve countries from
the UK to Israel, and involves scientists
with a diverse disciplinary background
(physics, chemistry, biology, compu-
ter science and process engineering).
36 academic groups in 30 institutions
are participating, including most of the
main European research teams working
on soft matter (p.4). The Network al-
so provides an opportunity for smaller
groups, often with specialised expertise
but limited resources, to maximise their
output. Six companies are members, in-
cluding major multinational organisa-
tions able to provide invaluable infor-
mation on applications and industrial

Partner funds

4,508

I Communication
I Dissemination and education
B Eurothesis

B Exchange of scientists

process techniques, while benefiting
from fundamental research carried out
by academic groups. SoftComp was fi-
nanced by an EU grant until 30 Novem-
ber 2009. A new consortium agreement
has been set up for the SoftComp future,
which foresees an annual fee from each
participant. Only five SoftComp partners
have decided not to continue member-
ship in the next phase, while new ones
will be joining.

Organisation and financing

During its 66-month lifetime, SoftComp
received € 6,200,000 in funding. About
60 to 65 per cent of the funding was al-
located to SoftComp partners for activi-
ties. These activities included, for exam-
ple, a focused funding programme for
strengthening the Research Platforms,
with eight instruments and twelve joint
positions funded.

The remainder was used to sup-
port the central budget. This covered

Gender funds
B management
Network coordination committee

Review and assessment

Distribution of the SoftComp budget according to activity (in 1,000 euros)

administration and communications
costs such as the website, the dissem-
ination and education programme, the
Annual Meeting, or exchanges of scien-
tists and visits to research platforms (p.
32). A gender fund was set up to help
with childcare costs for women going
to conferences.

Delivery
The following data are for the first four
years.

* Exchange of scientists: 43 scientists
for a total of 2,038 days (5.6 years),
on average 47 days per exchange

* Visits to Research Platforms: 203
scientists for a total of 1,180 days
(3.2 years), on average 6 days per visit

+ Samples exchanged between part-
ners: 273

* SoftComp contributions to confer-
ences (invited, oral, poster): 1,047

* Dissemination events supported
(workshops, conferences, topical
meetings): 30 with 4,437 participants

* Education events supported (schools,
lab courses): 19 with 1,525 participants

* Total number of research papers: 794
(of which 152 publications are joint
publications by two or more SoftComp
members)

* Papers published in leading journals:
Nature journals 11
Science 3
Phys. Rev. Lett. 78
Biophys. J. 31
Macromolecules 70
J. Phys. Chem. B 31
Langmuir 52
J. Chem. Phys. 94
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