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Message from the directors

Dearreaders
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The NCCR Bio-Inspired Materials recently completed its initial four
years of activity, and the Swiss National Science Foundation (SNSF)
research council has approved funding for the second phase. This
transition was an excellent opportunity to take stock, consolidate the
research activities and other programs, and to plan for the next period.

Bringing together a large number of scientists
from different domains to shape an ambitious, inter-
disciplinary, multi-site project around one common
theme is a major challenge, and a good start is of-
ten key to future success. In our opinion, the Center
could not have had a better start! In the first phase,
it grew from 13 to 18 research groups at four sites
(University of Fribourg, University of Geneva, and
the Federal Institutes of Technology in Zurich and
Lausanne), from which a total of 169 researchers
(43% women) participated. Among this communi-
ty’s achievements: 170 papers were published; 127
oral presentations were given; five patents were
filed; one spinoff company and three third-party
funded entrepreneurial startups were created; and,
the CHF 12 million grant awarded by the SNSF for
Phase | was more than doubled by institutional
matching funds and additional third-party funding.

Besides research, the educational activities
of this NCCR were also highly prosperous. They
included the launch of a new master’s program
in soft materials, a summer internship program,
and numerous outreach activities for children.
Our equal opportunities activities were praised by
SNSF reviewers for their excellence and highlight-
ed as an example for other NCCRs to follow.

Not all of the successful outcomes can there-
fore be translated into hard numbers, as the real-
ization of such a program also depends on “soft”
factors, including social interactions, a sense of
belonging, career development opportunities,
and the perception by the international research
community. Just as importantly, by launching and
supporting actions and programs that integrate

life and material sciences, the Center is helping
the University of Fribourg, the NCCR’s home insti-
tution, to achieve important strategic goals.

In the second phase, the overall structure of
the program will be maintained, but it will be ad-
justed to reflect recommendations from the SNSF
reviewers and the evolution of the research. The
three existing Research Modules were refocused
to promote internal synergies and cross-collabo-
rations toward specific application fields. Six new
project leaders have joined us for Phase Il, bring-
ing exciting initiatives with them. A new, large-scale
project is under discussion, in which researchers
would investigate the dynamics of interacting cell
material systems in a microfluidics platform based
on systems developed in the Center.

As always, in this report, we have selected top-
ics that are representative of the diverse activities
in the different research modules and the overar-
ching goal of the program. You will also find infor-
mation on educational and technological aspects
with promise for innovation and translation toward
commercial developments.

On behalf of the whole NCCR Bio-Inspired
Materials community, we hope that you will enjoy
reading this report and that it will inspire you to
learn more about our work and programs.

Christoph Weder & Curzio Riegg
Directors NCCR Bio-Inspired Materials
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Phase change

NCCR Bio-Inspired
Materials enters phase

transition

Having completed the first and started the second of presumably
three four-year periods, the National Center of Competence in
Research Bio-Inspired Materials is currently undergoing a phase
transition. The projects originally planned have mostly been com-
pleted, and the first cohort of PhD students is graduating. At the
same time, new research teams have joined the Center and fresh

initiatives are being launched.

“Intelligent” materials whose properties
change in a selective and predictable manner in
response to external stimuli such as chemicals,
heat, light, mechanical force, or upon interac-
tion with biological molecules or cells, are of
fundamental scientific interest and potentially
useful in countless applications. Many intriguing
stimuli-responsive materials have already been
developed, but their design and function are
crude in comparison to their structurally com-
plex, highly specific, and often multifunctional
counterparts found in living organisms. To close
this gap, scientists began using design principles
found in nature as inspiration for the design of
artificial materials with stimuli-responsive prop-
erties. Recognizing that the innovation potential
in this domain is enormous, and that a large-scale
interdisciplinary effort is required to achieve
paradigm-changing scientific breakthroughs, the
NCCR Bio-inspired Materials was launched in June
2014 with the vision of becoming an internation-
ally recognized hub for research, education, and
innovation in the domain of stimuli-responsive
bio-inspired materials.

In Phase |, the Center’s research activities fo-
cused on three major areas: mechanically respon-
sive materials, responsive (optical) materials made
by self-assembly, and interactions of responsive
materials with living cells.

Inspired by mechanically responsive biologi-
cal materials in nature that translate mechanical
forces into chemical, electrical, or optical signals,
NCCR researchers are mimicking such behavior
in synthetic materials. In the quest to discover new
mechanophores - mechanically responsive motifs
that can be integrated into polymers and bestow
them with useful functions - scientists showed
that the integration of certain metal-ligand com-
plexes can confer polymers with mechanorespon-
sive luminescence behavior, that is, a mechanical-
ly triggered fluorescence change, which is useful
for force- and damage-sensing materials. It was
shown that the mechanoresponsiveness of such
materials can be tailored via the choice of the
metal-ligand motif, and that in certain cases metal
ions can be mechanically released. This effect is
of interest for medical applications, for example
to create antibacterial materials whose function is

only activated when an implant is put under me-
chanical load, as well as for the catalysis of organic
reactions. NCCR researchers introduced several
other mechanophores, including sophisticated
mechanically interlocked molecules known as ro-
taxanes, which can be activated by a much lower
force and with a much higher selectivity than any
other mechanophore.

Targeting auxetic polymers that, like cow teats,
exhibit the strange phenomenon of expanding
when being stretched, a new polymer that re-ori-
ents parts of its structure upon deformation was
developed. Using single molecule force spectros-
copy, it was shown that conformational transitions
of carbon-carbon double bonds in a polymer
backbone can be induced by mechanical force.
This technique also proved to be a powerful tool
for elucidating the mechanoresponse of polymers
containing the above-mentioned mechanophores.
An in-depth single-molecule force spectroscopy
study of conventional polymers further revealed
that force-extension profiles can be described by
a modified freely jointed chain model and that a
correlation with parameters that describe the con-
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NCCR researchers have demonstrated how nanoparticles could inhibit viral infections.

formation of polymer molecules in solution can be
observed.

Remarkable progress was also made towards
various types of mechanically responsive contain-
ers. Silver-loaded silica, titania, and cerium oxide
nanocontainers were demonstrated to display a
tunable release of antimicrobial silver ions, while
biocompatibility was maintained. The nano-
containers were embedded in an oxide surface
coating on implants and their mechanosensitive
response in polymers is being tested. NCCR re-
searchers also created force-responsive polymer
nanocontainers, which can be opened upon
shearing and thus release their content upon me-
chanical activation. This mechanism was exploited
to mimic the phenomenon known as marine glow
shown by the algae Pyrocystis sp., which produce
blue bioluminescence when mechanically dis-
turbed by waves, ships, or swimming animals. The
triggered release of compounds from the polymer
nanocapsules could be useful for drug delivery,
the release of fragrances, or 3D printing. To effi-
ciently produce polymeric containers, parallelized
microfluidic glass devices were developed that
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The structure of white beetle shells could inspire more efficient solar cell systems.

allow the preparation of large quantities of micro-
capsules with tunable shell compositions.
Significant efforts were also devoted to the
study and application of self-assembly processes
to create hierarchical structures made from natu-
ral and synthetic materials. Exploiting properties
on a hierarchy of length scales is a common con-
cept nature uses to design materials with excep-
tional properties. In terms of material properties,
the activities were directed towards photonics,
which nature uses in various forms, such as for
camouflage or signaling. Addressing fundamental
questions on the assembly of soft particles, NCCR
researchers were able to monitor the packing
mechanism of stimuli responsive fuzzy microgels
and provided original experimental support for
a unified scenario describing the glass jamming
transition in nano-emulsions. This work utilized
cutting-edge light scattering and super-resolution
microscopy techniques that allowed unprecedent-
ed insight into the local dynamics and structure of
crowded suspensions of soft particles. Important

technical progress has also been made concern-
ing the correlation of the photonic properties of
certain biological materials and their mesoscale
structure. In a study published in Nature, NCCR re-
searchers reported their discoveries on how struc-
tural colors in flowers are recognized by bees,
while in another study the question of how some
beetles have optimized the production of a rare
white shell was answered. The team further char-
acterized the enhanced refractive index scattering
in butterflies and the chiral optics of self-assem-
bled cellulose nanocrystals. Finally, disordered di-
electric materials with structural correlations with
unconventional optical behavior (i.e. transparent
to long-wavelength radiation while having isotro-
pic band gaps in another frequency range) were
investigated and the behavior was explained.

Further, materials that mimic the color-chang-
ing behavior of chromatophores in octopuses
were investigated. The function of the latter relies
on the pigment displacement due to the expan-
sion and contraction of a container. The new

mimics consist of polymer-based microcapsules
filled with water and magnetic nanoparticles,

and change their color in response to magnetic-
field-induced displacement of the nanoparticles.

Although stimuli-responsive, “smart” nanopar-
ticles (NPs) promise important breakthroughs in
disease diagnosis and therapy, translational prog-
ress in this domain has been slow, which can be
attributed to many factors, including robustness
of the materials and the lack of an understanding
of the underlying fundamental biological inter-
actions. With diagnostic applications in mind,
NCCR teams focused their research on this lat-
ter aspect. Several groups collaborated on the
optimization of polyethylene glycol (PEG) and
lipoic-acid-functionalized gold NPs, which were
shown to be 100 times more efficient than free
antibodies in targeting breast cancer cells in vitro.
The feasibility of a bio-inspired signal amplifica-
tion cascade was demonstrated by cell-bound
NPs carrying pro-coagulant enzymatic activity and
the induction of cell-associated clotting. Further,
conditions were established to optimize dense
brush PEG conformation on gold NPs, which is
relevant for enhancing the circulation time of sys-
temically administered NPs. Another goal was to
target and neutralize viruses by applying virucidal
mechansims. This was achieved by designing
gold NPs coated with mercaptoundecanesulfon-
ate (MUS) ligands. A first breakthrough was the
demonstration that this approach allows the ir-
reversible inhibition of wild-type viruses such as
Herpes Simplex, Human Papilloma, and Lentivirus
viruses ex-vivo and in-vivo. It was also shown that
MUS-modified cyclodextrin displays extensive
virucidal activity, and that NPs modified with a
specific glycan sequence can counter sialic ac-
id-dependent viruses, including the influenza vi-
rus HIN1, at very low concentrations. These results
demonstrate that bio-inspired viral mimicry can
be exploited to achieve relevant virucidal activity
and may have a significant societal impact.

In another project, the impact of surface func-
tionalization protocols on the magnetic and ther-
mal properties of superparamagnetic iron oxide
nanoparticles (SPIONs) was investigated and a
new technique for quantifying heat generated by
SPIONs was established. These discoveries have
great potential for scientific and commercial ap-
plications in the field of cell biology and cancer
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diagnostics. Furthermore, a biocompatible mag-
neto-responsive substrate for cell cultures was de-
veloped, and the viscoelasticity of a soft polymer
blend in air and liquid was characterized using a
dynamic AFM technique.

Another important advance was the demon-
stration that NP endocytosis is cell and parti-
cle-type dependent, and that the endocytotic
uptake pathways can be modulated by specifically
tailored NPs. An analytical toolbox was developed
to determine the colloidal stability of NPs in a
biological environment, which is relevant for the
design of safe and efficient nanoparticle formula-
tions. A new project focuses on the programmed
assembly of pore-forming peptides with predeter-
mined pore diameters. The team demonstrated
the proof-of-concept to modify the transmem-
brane part of a pore-forming peptide without
compromising its insertion in lipid membranes.
The addition of cholesterol moieties to DNA-mod-
ified peptides was shown to lead to a 20-fold in-
creased potency of pore formation. It was further
observed that conjugation of the transmembrane
part of the peptide with a short hydrophilic DNA
strand significantly increases the stability of the
pores. Finally, a rapid screening method for as-
sessing interaction of NPs with immune cells was
developed with a significant impact on accelerat-
ing the development of nanomaterials for biomed-
ical applications. This test received extensive cov-
erage in the press and several awards at scientific
conferences.

Overall, the research output of the Center -
the integration of research efforts across the many
research groups and various disciplines - has pro-
gressed beyond expectations. The emerging web
of joint publications across projects, modules,
and universities strikingly reflects that the Center
creates and exploits significant synergies between
groups and enables outcomes that would not be
possible by funding individual research projects.
For instance, the synthetic groups are sharing
knowledge, chemical building blocks, and analytic
methods to create and investigate mechanically
responsive polymers. The Center has also capital-
ized on the complementary competences of the
molecule-making groups and the single-molecule
measurement techniques, as well as the process-
ing capabilities of other teams, whereas the bio-
medical research is an integrated effort between
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Bioluminescent algae have led to nanocontainers that can be opened by shear forces.

chemists, biologists, and medical doctors who
investigate and utilize NPs.

Based on the very successful research out-
comes in this initial phase of the NCCR, the re-
search lines that were established will largely be
continued in Phase II. The Center’s activities on
mechanically responsive materials will now spe-

cifically address the element of considering differ-

ent length scales, efforts on biologically-inspired
assembly will be concentrated on optical materi-
als, and biological work will focus on responsive
bio-interfaces and surfaces. The knowledge gen-
erated in Phase | will be used to create materi-
als with specific functions, and as the research
progresses, efforts will increasingly be directed
towards specific application fields. The Center
has launched Phase Il with 20 research projects,
which represents a significant growth vis-a-vis
the 13 projects at the start of Phase I. If funding
permits, a new effort to create complex cell mod-
els on a chip will be launched. This venture will
serve to establish the next generation of organs

on a chip, opening a pathway to induce and study
cellular responses using a wide range of sensing
and delivery systems. This high-risk/high-gain ac-
tivity expands and integrates the existing research
lines, focuses on a specific complex problem, and
exploits the unique constellation of an existing
center that unites researchers who have comple-
mentary expertise and an established track record
of successful collaboration.

35

Seminars
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CHF 1.9 million

of external funding for
translational projects, including

by NCCR researchers

5 CTI and 2 BRIDGE grants

13
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Adolphe Merkle Institute, University of Fribourg

== =

18
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round tables associates
(including 2 associate groups)
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awarded Professorships

abroad hosted within the NCCR’s
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Note: All figures between June 1, 2014, and February 28, 2018
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Blue halo

Nanostructure guides
bees to flowers

NCCR Bio-Inspired Materials Principal Investigator Professor Ullrich
Steiner at the Adolphe Merkle Institute and colleagues at the Uni-
versity of Cambridge and London’s Kew Royal Botanical Gardens
have demonstrated that many types of flowers produce a so-called
“halo” - a blue shine that allows bees to identify them more easily.
This color is produced by the nanostructure of a flower’s petals,
which scatters light in the blue to ultraviolet range of the electro-

magnetic spectrum.

Electron microscopy imaging shows that on a
flower petal’s surface, tiny ridges and grooves line
up next to each other like a packet of dry spaghet-
ti. When analyzing petals from different species,
the researchers discovered that the structures
vary greatly in height, width, and spacing. In fact,
they learned that even on a single petal, these
light-manipulating structures are surprisingly irreg-
ular, a phenomenon that physicists describe as
“disorder,” suggesting that different flowers
should have different optical properties. Despite
this, the flowers all produce a similar visual effect
in the blue-to-ultraviolet wavelength region of the
spectrum - the “blue halo effect”. The scientists
concluded that these messily ordered petal nano-
structures likely evolved independently many
times across flowering plants, but all reached the
same luminous outcome that increases visibility
to pollinators - an example of what is known as
convergent evolution.

All flowering plants belong to the angiosperm
lineage. Researchers analyzed some of the earliest
diverging plants from this group and found no ha-
lo-producing petal ridges. They did, however, find

several examples of halo-producing petals among
the two major flower groups that emerged during
the Cretaceous period over 100 million years ago:
monocots and eudicots. The appearance of these
coincided with the early evolution of flower-visit-
ing insects, in particular nectar-sucking bees, sug-
gesting that this optical signal targets pollinators
and evolved many times across different flower
lineages. Species that the team found to have
halo-producing petals included Oenothera stricta
(a type of Evening Primrose), Ursinia speciosa (a
member of the daisy family) and Hibiscus trionum
(known as the “Flower-of-the-hour”). All of the
analyzed flowers revealed significant levels of ap-
parent disorder in the dimensions and spacing of
their petal nanostructures.

While previous studies have shown that many
bee species have an innate preference for colors
in the violet-blue range, plants do not always have
the means to produce blue pigments.

“Many flowers lack the genetic and biochem-
ical capability to manipulate pigment chemistry
in the blue to ultraviolet spectrum,” says Steiner.
“The presence of these disordered photonic struc-

The blue halo increases a flower's visibility to pollinators.

tures on their petals provides an alternative way to
produce signals that attract insects.”

By manufacturing artificial surfaces that repli-
cate the phenomenon, the scientists were able to
test its effect on pollinators, in this case foraging

“The presence of these disordered
photonic structures on their petals
provides an alternative way to pro-
duce signals that attract insects.”
Ullrich Steiner

bumblebees. Their findings, published in the jour-
nal Nature, demonstrate that bees are able to see
the blue halo and use it as a signal to locate flow-
ers more efficiently.

The researchers recreated blue halo nanostruc-
tures and used them as surfaces for artificial flow-
ers. In a “flight arena,” they tested how bumble-
bees respond to surfaces with and without halos.
Their experiments showed that bees can perceive
this difference, and find the surfaces with halos
more quickly - even when both types of surfaces
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were colored with the same black or yellow pig-
ment. Using rewarding sugar solution in one type
of artificial flower, and bitter quinine solution in
the other, the scientists also found that bees were
able to use the blue halo to learn which type of
surface held a reward.

The researchers say that these findings open
up new opportunities for the development of sur-
faces that are highly visible to pollinators, as well
as exploring just how living plants control the lev-
els of disorder on their petal surfaces.

Reference

Moyroud, E.; Wenzel, T.; Middleton, R.; Rudall, P.J.; Banks,
H.; Reed, A.; Meller, G.; Killoran, P.; Westwood, M.M.; Stein-
er, U.; Vignolini, S.; Glover, B.J. Disorder in convergent
floral nanostructures enhances signalling to bees. Nature.
2017, 550, 469.
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On and off

Using light to control
nanoreactors

Biochemical processes in nature often rely on a system being
pushed out of equilibrium before automatically returning to its
resting state. One such example is the mechanism by which light
receptors operate in the human eye, which has inspired NCCR
Bio-Inspired Materials researchers to develop nanoreactors that

function using the same principle.

A molecule within retinal receptors changes
its structure when irradiated with light, and an
enzymatic reaction subsequently converts the
molecule back into its original form. Without this
capacity to revert back to their initial state, the
receptor cells would not be able to sense light
repeatedly.

NCCR scientists at the Adolphe Merkle Insti-
tute, along with colleagues at the Swiss Federal
Laboratories for Materials Science and Technology
(Empa) in St Gallen, adopted this as their blueprint
for developing artificial light-responsive catalytic
nanoscale systems.

“We were intrigued by a novel class of pho-
toswitches called Donor-Acceptor-Stenhouse-Ad-
ducts (DASAs), that colleagues at the University
of California, Santa Barbara, have developed,” ex-
plains NCCR Principal Investigator Professor Nico
Bruns. “They switch from a less polar resting state
to a more polar isomer in presence of visible light,
and return back to their resting state when the
light is switched off.”

Bruns and his team integrated such DASA
molecules into the membrane of polymer nano-
capsules. Upon irradiation with light, the DASAs
switch, increasing the polarity of the capsule

membrane. As a result, the capsules become per-
meable for water-soluble substances. This effect
can be used to trigger the release of cargo from
the nanocapsules. More intriguingly, capsules
that hosted enzymes, in other words, biological
catalysts, could be switched from an inactive
state in the dark to a catalytically active state

“We could create light-responsive
drug delivery nanosystems that could
be activated by irradiation of tissue
through the skin.” Nico Bruns

when irradiated with visible light. This active state
lasts as long as light is present. Once returned to
darkness, these nanoreactors automatically revert
back to their original state with no catalytic activ-
ity. DASAs exist in several colors, which allowed
the researchers to create nanoreactors that switch
on in response to light of a specific color, such as
white, red, or green. By encapsulating different
enzymes in different nanocapsules, that can be
activated by the various colors, a system was de-

signed that can control and orchestrate enzymatic
cascade reactions, kick-started by the different
colored lights.

Not every medication can be swallowed or
pumped into the body with a syringe. However, the
skin - our largest organ - offers a large permeable
surface that readily absorbs active substances.
Nicotine replacement, pain therapy, or contracep-
tion drugs are already applied through the skin
using patches. “Light switches can be used for the
entire spectrum between the wavelengths of 450
and 700 nanometers, in other words, colored light
from blue to red,” notes Empa researcher Dr. Luciano
Boesel. “This allows one to control the release of
several drugs or complex reaction cascades.” The
Empa researchers are considering these nanocap-
sules for use in light-switchable patches for trans-
dermal drug delivery. This future development
would enable, for instance, a non-invasive delivery
method of essential drugs for premature babies.
By embedding drug-filled, light-switchable nano-
containers into patches, the team aims to create
the next generation of light-controlled transder-
mal drug delivery systems.

Work on the concept of light-switchable nano-
reactors is being pursued in the second phase
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Novel artificial light-responsive catalytic nanoscale systems use retinal receptors as their blueprint.

of the NCCR. The nanoreactors could be used to
produce pharmaceutical products on demand, for
example within a cell, or to produce active com-
pounds such as drugs during medical treatment in
a controlled fashion.

“We have created a platform technology that
is very versatile. For instance, we will investigate
how to equip polymers with DASA types that
switch at wavelengths that span the whole visible
spectrum, ideally also reaching the near infrared
region,” Bruns reveals. “This could be very ben-
eficial as infrared light penetrates deeper into
tissue than visible light. This way, we could create
light-responsive drug delivery nanosystems that
could be activated by irradiation of tissue through
the skin.”

Reference

Rifaie-Graham, O.; Ulrich, S.; Galensowske, N.F.B.; Balog,
S.; Chami, M.; Rentsch, D.; Hemmer, J.R.; Read de Alaniz,
J.; Boesel, L.F.; Bruns, N. Wavelength-Selective Light-
Responsive DASA-Functionalized Polymersome Nanoreac-
tors. Journal of the American Chemical Society. 2018, 140,
8027.



18

NCCR Bio-Inspired Materials Activities report 2017-2018 | Research

Spider stealth

Delivering cancer
vaccines to the heart
of immune cells

In the fight against cancer, researchers have turned to vaccines
that stimulate the immune system to identify and destroy tumor
cells. NCCR Bio-Inspired Materials scientists have developed

artificial spider silk microcapsules that could boost the potency

of these vaccines.

Cancer treatment vaccines, or therapeutic vac-
cines, are designed to boost the body’s natural de-
fenses to fight the disease. The desired immune re-
sponse, however, is not always guaranteed. In
order to strengthen the efficacy of these vaccines
- in particular on T lymphocytes, which are special-
ized in the detection of cancer cells - NCCR re-
searchers from the Universities of Geneva and Fri-
bourg, as well as the Ludwig-Maximilians University
in Munich and the University of Bayreuth in Germa-
ny, and the German company AMSilk, have devel-
oped artificial spider silk microcapsules capable of
delivering a vaccine directly to immune cells.

The human immune system is largely based
on two cell types: B lymphocytes, which produce
the antibodies needed to defend against various
infections, and T lymphocytes. When it comes to
cancer and certain infectious diseases such as
tuberculosis, T lymphocytes must be stimulated
in order to take action. However, their activation
mechanism is more complex than that of B lym-
phocytes: to trigger a response, it is necessary
to use a peptide, a small piece of protein that, if
injected alone, is rapidly degraded by the body
before reaching its target.

“To develop immunotherapeutic drugs effec-
tive against cancer, it is essential to generate
a significant response of T lymphocytes,” says
NCCR Principal Investigator Professor Carole
Bourquin, a specialist in antitumor immunothera-
pies at the University of Geneva’s faculties of med-
icine and science, who directed this project. “As
the current vaccines only have a limited influence
on T-cells, it is crucial to develop other vaccina-
tion procedures.”

The researchers chose to use synthetic spider
silk biopolymers - a lightweight, biocompatible,
non-toxic material that is highly resistant to deg-
radation from light and heat. “We recreated this
special silk in the lab to insert a peptide with vac-
cine properties,” explains Professor Thomas Schei-
bel, a spider silk specialist from the University of
Bayreuth who participated in the study. “The re-
sulting protein chains are then salted out to form
injectable microparticles.”

Silk microparticles form a transport capsule
that protects the vaccine peptide from rapid deg-
radation and delivers the peptide to the center
of the lymph node cells, thereby considerably
boosting T lymphocyte immune responses. “Our

Artificial spider silk could lead to more efficient delivery systems for
cancer vaccines.

study has proved the validity of our technique,”
reveals Bourquin. “We have demonstrated the ef-
fectiveness of a new vaccination strategy that is
extremely stable, easy to manufacture, and easily
customizable.”

The synthetic silk biopolymer particles demon-
strate a high resistance to heat, withstanding over
100°C for several hours without damage. In theo-
ry, this system would make it possible to develop
vaccines that do not require adjuvants and cold
chains - an undeniable advantage, especially in
developing countries where the preservation of
vaccines can be of great difficulty. One limitation,
however, is the size of the microparticles: while
the concept is in principle applicable to any pep-
tide, as these are all small enough to be incorpo-
rated into silk proteins, further research is needed
to see if it is also possible to incorporate the larg-
er antigens used in standard vaccines, especially
in those against viral diseases.

The properties of spider silk make it a partic-
ularly interesting product: it is biocompatible,
solid, thin, biodegradable, resistant to extreme
conditions, and even antibacterial. A wide variety
of applications, including wound dressings or su-
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tures, may be possible. The process developed by
the NCCR researchers and their colleagues could
also be applied to preventive vaccines to protect
against infectious diseases, and constitutes an
important step towards vaccines that are stable,
easy to use, and resistant to the most extreme
storage conditions.
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Stretching molecules

Using theory

to predict reality

NCCR Bio-Inspired Materials researchers at the University of Geneva
have been able to to fill a gap in theoretical knowledge surrounding
the force-response of single macromolecules by developing models
to predict and explain the results of practical experiments carried

out using a variety of techniques.

Scientists have been using atomic force mi-
croscopy (AFM), a high-resolution imaging tech-
nique, to visualize nanometer-sized objects and
even individual molecules since the 1980s. Near
the turn of the millennium, researchers discovered
a new area of application for atomic force micros-
copy: single-molecule force spectroscopy (SMFS).
As its name suggests, SMFS can be used to study
the mechanical properties of individual molecules
by measuring their response when exposed to
mechanical force. While the first experiments
were carried out with biological molecules, DNA
for example, this type of spectroscopy has more
recently also been used to analyze polymers.

NCCR Principal Investigator Professor Michal
Borkovec and postdoctoral researcher Dr. Milad
Radiom, together with the rest of their group at
the University of Geneva, employed SMFS in or-
der to gain a better understanding of the effect
of a chemical environment on the mechanical
properties of single polymer chains. The scientists
also examined chain rupture and conformational
transitions within the polymer chain in response
to mechanical force, probing on a molecular level
how much force is required in order for chemical

bond cleavage or other changes to take place.
They used the SMFS technique to investigate the
force-extension relationships of polystyrene - one
of the most widely used plastics - in different
organic solvents to determine at which point the
molecule chains rupture.

“One really important outcome

we have found is that, in fact, these
models are actually rather accurate.”
Michal Borkovec

While much practical research has been done
on the force responsiveness of single molecules,
few theoretical models exist in this field. The NCCR
researchers investigated how theoretical work can
help to put the results of these force experiments
into the contexts of other, more established the-
ories and parameters. The scientists were indeed
able to develop a model showing to what extent
the chemical environment influences the force-ex-
tension behavior of a polymer molecule. The
group also interrogated the validity of such formu-

Researchers studied the force-responsive properties of single polymer chains.

lae. “One really important outcome we have found
is that, in fact, these models are actually rather
accurate,” Borkovec reveals.

These theoretical studies were inspired by
practical experiments, with the goal of helping
to understand and interpret their results. A tho-
rough comprehension of the force-extension re-
lationship of single polymer chains is crucial for
the field of soft matter, for instance for work on
rubber elasticity, the swelling of polymer brushes,
muscle action, or the mechanoresponsive poly-
mers made by other NCCR researchers in which
so-called mechanophores are included to serve as
weak links. According to Borkovec, however, “the
theoretical studies create more questions than an-
swers,” opening up new opportunities for further
research.
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Quick switch

Stealthy sea creatures
inspire color-changing

system

Many animals have the ability to change their appearance so that
they can blend in with their environment and hide, or make them-
selves more visible. NCCR Bio-Inspired Materials Principal Investi-
gator Professor Marco Lattuada and his group at the University of
Fribourg are aiming to create materials that replicate this ability.
Their project focuses specifically on the capacities of squids and
octopuses, which can rapidly change the colors of their skin.

Of course, in order to mimic, one must first un-

derstand the principles and processes underlying
the stimuli-responsive color-changing systems in
the animals. Special cells called chromatophores
play a central role in the color-changing systems
of squids and octopuses. These cells contain
color pigments in small pockets located in the
center of the cells. The pockets are controlled by
muscular contractions, and the animals are able
to change their size, so that the colored pigments
can be spread from a small point to a larger area.
Because the skin contains cells with pigments
of many different colors, the animals are able to
change their skin color into an array of hues, rath-
er than simply turning one color on and off.
Lattuada’s project seeks to develop materials
that replicate this mechanism, or in other words,
to create artificial cells capable of changing
the area occupied by colors. To achieve this,
researchers first dispersed colored magnetic

nanoparticles in small droplets of water. In the ab-

sence of an external stimulus, the particles were
homogeneously distributed in the droplets, giving

them a brown appearance. By contrast, when a
magnet was placed close to the droplets, it at-
tracted the particles, so that they accumulated on
the side of the droplet near the magnet. Much like
in the natural model, the remaining portion of the
droplets became colorless. While the size of the
droplets remained the same, the area occupied by
the colored particles changed.

“One could imagine doing this with
other kinds of stimuli, such as electric
fields, so that you have an electric
activated system.” Marco Lattuada

The next step was to embed these droplets in
a polymer matrix. This made it possible to fix the
water droplets in their position, while the mag-
netic color particles were still able to circulate
throughout the water droplets. The scientists suc-
ceeded in making a colored polymer material that
became clearer when a magnet was approached.

Squid are known for their capacity to change color rapidly, reacting to
circumstances and the environment.

“The material goes from dark to clear using a sim-
ple mechanism,” sums up Lattuada, adding, “be-
cause of its simplicity, it could be used in a variety
of ways.”

Next, Lattuada hopes to extend this mecha-
nism using different colorants in water, so that
the material could change from dark to blue, for
instance. He also states that “one could imagine
doing this with other kinds of stimuli, such as
electric fields, so that you have an electric activat-
ed system.” Another major step would be to repli-
cate the rest of the behavior of the animals - that
is, the ability to not only change color, but to do
so in response to the coloring of the immediate
environment. Such a system, however, requires a
much more sophisticated approach, as it would
be necessary to first detect the other color before
imitating it.

Possible applications for these color-changing
materials include practical and aesthetic ones.
They could be integrated into materials and used
as a safety feature by recognizing properties of a
system and signaling these with a change in col-
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or, for example in paper money. On a completely
different note, it is also easy to imagine how such
a technology could be used simply for the enjoy-
ment of it. “Having something that can visually
change color in response to stimuli could be a lot
of fun in fashion, for example,” concludes Lattuada.
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Mechanically responsive polymers

Polymers that give
early warning signs

NCCR researchers at the Adolphe Merkle Institute are investigating
ways to create polymer materials that visually signal mechanical
stress without being triggered by other forms of energy, such as
light or heat. Potential applications for such materials include built-in
monitors - for instance in a bridge or plane - that send visual warn-
ing signs before a part fails, or enabling engineers to map stresses

in parts under load in order to help them design these better.

When placed under mechanical stress, ev-
ery polymer will eventually deform and, at some
point, break. For a long time, this was seen as a
problem to be solved. About 15 years ago, how-
ever, Professor Christoph Weder, Principal Inves-
tigator at the Adolphe Merkle Institute, and his
group began to think about this from a different
perspective; the researchers asked themselves if
this perceived weakness could, in fact, be exploit-
ed in a useful way. Their first breakthrough came
with the invention of mechanochromic polymers,
which change their color or fluorescence color
when deformed and are useful to visually signal
applied mechanical stresses. This concept mimics
processes that can be found in nature in various
forms: in many different contexts, nature uses
mechanochemical transduction, that is, the trans-
formation of mechanical into chemical signals. For
example, in the inner ear, the motion of hair cells
caused by sound triggers an electrical signal. Oth-
er scientists in the field then invented so-called
mechanophores that can be integrated into poly-
mer chains. These mechanically active motifs are
designed to undergo chemical reactions when the
polymer is deformed, which in turn produce a col-

or or fluorescence color change or even cause the
material to glow. However, the approach has one
inherent, fundamental limitation: the chemical
reaction that is activated by mechanical force can
usually also be set off by other forms of energy,
most notably light or heat. Thus, if a section of a
mechanochromic polymer changes color, it is not
necessarily clear whether it has been deformed

or if it has been exposed to too much sunlight, for
instance.

Addressing this problem, NCCR postdoctoral
researcher Yoshimitsu Sagara - now an Assistant
Professor at Hokkaido University in Japan - and
Weder devised a mechanophore that is selective-
ly activated by mechanical force. “Unlike other
mechanophores, it does not undergo a chemical
reaction," explains Sagara. "Instead, its functional
mechanism is purely mechanic and can therefore
not be triggered by other stimuli."

This new mechanophore is based on a rotax-
ane - a mechanically interlocked molecule con-
sisting of a ring-like part that is threaded onto a
dumbbell. Sagara attached a fluorescent dye to
the cycle and placed a motif that quenches the
dye’s fluorescence in the middle of the dumbbell’s

In the inner ear, the motion of hair cells caused by sound triggers an
electrical signal.

axle. In the idle state, the dye and the quencher
are close to each other, so that the dye's fluo-
rescence is switched off. Putting two chemical
handles on the rotaxane - one on the cycle and
one on the dumbbell - enabled the scientists to
incorporate the new rotaxane mechanophore into
polymer molecules. When such polymers are de-
formed, mechanical stress is transferred from the
polymer chains to the mechanophores, so that the
fluorophore-carrying cycle slides away from the
quencher and the fluorescence is turned on. The
researchers embedded their rotaxane in an elastic
polymer and showed that the fluorescence was in-
deed turned on when the material was stretched,
and switched off when the force was removed

and the material contracted. They also confirmed
that their new polymers only start to glow when
deformed and that the luminescence cannot be
turned on by heating or activating the material
otherwise.

Having demonstrated that the approach works
and established a synthetic strategy for rotaxane
mechanophores, the team has created several
rotaxanes that glow in different colors. One re-
maining caveat is that the rotaxane synthesis is
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extremely complex. “It has taken us two and a half
years to make a few milligrams of the first rotax-
ane, and its synthesis requires about 25 different
synthetic steps,” says Weder, adding that the de-
sign must be simplified in order for it to be used
efficiently and on a larger scale. Precisely this op-
timization is the current focus of collaborative re-
search efforts of members of Weder and Sagara’s
groups. They are aiming to change the architec-
ture and think that they will be able to reduce the
number of synthetic steps to five or even fewer.
Finally, they want to expand the idea to materi-
als with mechanophores that change their color,
instead of their fluorescence color. Such motifs
would enable sensors that can be inspected by
the naked eye, which would thus be more useful
for practical applications.
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Bee venom

Building a gateway to
destroy pathogens

NCCR researchers are drawing inspiration from the immune
response of mammals to address the resistance of cancer cells
and other pathogens to current forms of treatment, as well as
to find a simpler method for protein analysis.

The membrane attack complex (MAC) is a
strictly regulated part of the innate immune re-
sponse of mammals. When the body detects a
pathogen, a cascade of events is launched that
ultimately prompts proteins to assemble into a
pore on the surface of the pathogen. This pore
perforates the membrane and destroys the patho-
genic cells.

NCCR researchers at the Adolphe Merkle In-
stitute aim to develop molecules similar to the
MAC that can self-assemble into pores on cell
membranes when triggered. Such pores could
be used to combat the growing resistance of
bacteria to traditional antibiotics or of cancer
cells to chemotherapy. Once amassed on a
pathogen, the pores would either kill the cells
or serve as a pathway for drug delivery directly
into the cell. Because this approach mimics the
body’s innate immune response, it would be dif-
ficult for a biological system to develop a resis-
tance against it.

The scientists also imagine that self-assem-
bling pores could provide the key for a simpler
method to analyze protein molecules that may in-
dicate certain diseases (so-called biomarkers).

While some pores of this kind have already
been produced in the lab, NCCR Principal Inves-
tigator and AMI Professor Michael Mayer’s group
is focused on engineering a larger hybrid protein
pore with a wide range of possible diameters. As
in the MAC, the idea is to drive proteins together
to assemble into a pore. “Ideally, we could decide
ourselves how many proteins assemble, so that
there is greater variability in the pores,” explains
Mayer. In other words, the pore diameter should
be programmable, but also stable.

The researchers started by using the peptide
mellitin, the main active ingredient in bee venom
toxin, as it is straightforward to work with: it can
be purchased with its DNA attached, and large
quantities can readily be synthesized as needed;
it is well understood; and a variant that creates
larger pores already exists. These pores, however,
are not well-defined, so the use of mellitin for this
purpose is not ideal. To overcome this problem,
the scientists designed a modified form of cer-
atotoxin A (CtxA), a peptide found in the medfly
Ceratitis capitata, which has proven to be more ef-
fective. In contrast to pores found in nature, CtxA
can be attached to a scaffold to form a modular

Researchers began using a bee venom peptide to create a pathway to
destroy pathogenic cells.

system, increasing the pore’s functionality. The
modular system provides functional sites to which
other structures can be synthesized. Consequent-
ly, various aspects can be changed without having
to modify the peptide itself.

“This could provide a possibility to
revisit old drugs that may have been
promising but could not get past the
membrane.” Michael Mayer

So far, the team has successfully managed
to form pores of the desired size. According to
Mayer, the next goal is to make these pores sta-
ble, that is, to keep them in place once formed
on a membrane. One promising result has been
a pore that stayed stable for forty minutes. The
researchers will continue to investigate better
ways to anchor the peptide in its transmembrane
conformation. In addition to launching cell-killing
experiments, which may lead in various directions
for applications, Mayer sees many opportunities
for implementing this technology. “This could
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provide a possibility to revisit old drugs that may
have been promising but could not get past the
membrane,” Mayer elaborates. In this case, the
pores could become one of a suite of strategies
for effective drug delivery. And while these hy-
brid protein pores have useful functions in and of
themselves, they also open up an even wider array
of possibilities for future development and use.
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169 5H7F7 million

Researchers

including associate groups of funding over four years including CHF 12 million from the SNSF

32 Nationalities

Switzerland, Spain, France, Germany, Belgium, Hungary,
Croatia, USA, UK, Slovenia, Ukraine, India, Italy, Russia,
Brazil, Turkey, Iran, Indonesia, Nigeria, Australia, Serbia,
Portugal, Luxemburg, Costa Rica, Greece, Vietnam, Bulga-
ria, China, Cuba, Japan, Kosovo, Taiwan

Partners 3
University of Fribourg

(home institution),
Adolphe Merkle Institute, Publications
University of Geneva,
Federal InStltutes Of in journals with an impact factor of over 9 - inclu-
Technology in Lausanne ding Nature, Nature Materials, Proceedings of the

National Academy of Sciences, Nature Communi-

and ZurlCh cations, Advanced Materials, Journal of the Ameri-

can Chemical Society, and Angewandte Chemie

Note: All figures between June 1, 2014, and February 28, 2018
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In brief

Swiss Youth in
Science

The NCCR participated in the 2018
Chemistry and Materials Science
Study Week organized by Schweiz-
er Jugend Forscht (Swiss Youth in
Science), a program that offers high
school students from all over the
country the opportunity to spend a
week in a research lab at an academ-
ic institution or at a company per-
forming a short research project.

Students presented their work on chemistry
and materials at a final event in Fribourg.

This year, five NCCR groups from
the Adolphe Merkle Institute and the
University of Fribourg’s Department
of Chemistry hosted students. The
Center also coordinated the stay and
activities of all participants in Fribourg,
and organized the closing ceremony
of the Study Week, bringing together
the 39 participants, as well as their
families and hosts, altogether more
than 100 people.

NCCR staff have now gathered three times in the village of Charmey in the Swiss Prealps.

Annual Center
Conference

The third and fourth Annual Center
Conferences (ACC) were held in
Charmey in September 2017 and
2018, bringing together around 80
participants each time.

The conferences included lec-
tures on topics ranging from ethics
in science to launching a company
and successful negotiating. These
meetings were also opportunities for
the Principal Investigators joining the
NCCR in Phase Il - Professors Esther
Amstad (EPFL), Harm-Anton Klok
(EPFL), Aleksandra Radenovic (EPFL),
Stefano Vanni (University of Fribourg),
Eric Dufresne (ETHZ) - to present their
work. The ACCs also included poster
sessions during which the Principal In-
vestigators, postdoctoral researchers,
and students presented and discussed
their projects, a Women in Science
(WINS) symposium, and teambuilding
activities.

Tenured

NCCR Principal Investigator Pro-
fessor Nico Bruns (Adolphe Merkle
Institute) has been appointed as a
full Professor at the University of
Strathclyde’s Department of Pure and

Applied Chemistry (United Kingdom).

Bruns, who was an SNSF Professor
in macromolecular chemistry at the
Adolphe Merkle Institute in Fribourg
since 2013, took up his position in
Glasgow in October 2018. He will con-
tinue to participate in the NCCR as a
Principal Investigator.

-

Nico Bruns is now a professor at the University
of Strathclyde.
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Special issue

A special edition on the topic of
bio-inspired materials of the leading
journal Advanced Materials - edit-
ed by NCCR Bio-Inspired Materials
Principal Investigator Professor Nico
Bruns and his University of Cam-
bridge colleague Dr. Silvia Vignolini
- was published in May 2018.

The issue presents bio-inspired
materials across all length scales,
including wood-based water purifica-
tion systems, mussel protein inspired
glues, diatoms that encapsulate
drugs, fiber-reinforced composites
that indicate damage by bleeding, he-
lical cellulose nanocrystals for optical
applications, pigments and coatings
that mimic the structural colors of
insects and plants, and architecture
inspired by the moving parts of plants.
Papers include contributions from
the groups of NCCR Principal Inves-
tigators Professors Alke Fink, Barbara
Rothen-Rutishauser, Christoph Weder,
Michael Mayer, Marco Lattuada, André
Studart, and Ullrich Steiner.
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Professor Bert Meijer of the Eindhoven
University of Technology.

Conferences

The Center was instrumental in keep-
ing the Gordon Research Conference
(GRC) on Bioinspired Materials in
Switzerland (Les Diablerets, Vaud).

The 2018 GRC's program featured
four NCCR Principal Investigators
alongside an international line-up of
distinguished investigators engaged
in research on bio-inspired materi-
als. The GRCs are one of the world’s
premier scientific meeting series and
cover a wide range of research fields
at the frontier of the biological, chemi-
cal, and physical sciences.

NCCR staff members Dr. Lucas
Montero and Dr. Stephen Schrettl
organized the first-ever Swiss Con-
ference on Supramolecular Polymers
at the Adolphe Merkle Institute in
November 2017. The one day event’s
goal was to provide a forum for the
50 attendees to discuss their latest
results, exchange ideas, and find
synergies to establish future collab-
orations. Speakers at the conference
included Professor Bert Meijer of the
Eindhoven University of Technology
in the Netherlands, one of the most
well-renowned specialists in the field,
NCCR Director Professor Christoph
Weder, and five other professors from
Swiss universities.

Awards

NCCR PhD student Sarah-Luise
Abram (Fromm group, University
of Fribourg) was the winner of the
SCS-DSM Award for the Best Post-
er presentation in the Division of
Polymers, Colloids & Interfaces of
the Swiss Chemical Society Annual
Meeting 2017, leading to an invitation
to publish a paper and to feature on
the cover of the journal Chimia. Her
colleague Laura Neumann (Polymer
Chemistry & Materials group, Adolphe
Merkle Institute) took home the Swiss
Chemical Society Polycoll Best Oral
Presentation Award at the 2018 SCS
meeting for her talk on the “Dynamics
and Welding Behavior of Metallosupra-
molecular Polymer Films.”

Céline Calvino (Polymer Chemistry
& Materials group, Adolphe Merkle
Institute) was the winner of one of
the five Swiss Nanotechnology PhD
Awards presented at the Swiss Nano-
Convention 2018 in Zurich. She was
recognized for her work on mechano-
chromic materials based on non-cova-
lent interactions.

NCCR Principal Investigators Pro-
fessors Barbara Rothen-Rutishauser
and Alke Fink were awarded the 2017
CUSSTR Prize by western Switzer-
land’s university commission for
health and safety for helping improve
nanosafety. Along with their col-
leagues Amela Groso, Thierry Meyer,
and Professor Heinrich Hofmann
of Lausanne’s Federal Institute of
Technology (EPFL), the co-chairs of
the Adolphe Merkle Institute’s BioN-
anomaterials group were recognized
for their development of a nanoma-
terials decision tree. The researchers
adapted and developed an intuitive
method for nanomaterial risk manage-
ment in laboratories in which activities
related to nanomaterials are classified

CHIMIA

O s sniorpiass

NCCR research was featured on the cover
of Chimia.

into three levels. They also provide
concrete preventive and protective
measures and recommended associ-
ated actions.

NCCR Principal Investigator Profes-
sor Katharina Fromm (University of Fr-
ibourg) was elected a member of the
European Academy of Sciences in
December 2017. The European Acade-
my of Sciences is a non-governmental
organization of distinguished scholars
and engineers who perform forefront
research and develop advanced tech-
nologies, united by a commitment to
promoting science and technology
and their essential roles in fostering
social and economic development.

Summer research
program

In 2017 and 2018, the Undergradu-
ate Research Internships program
hosted a total of 38 students from 16
different universities, most notably
from the United States and the United
Kingdom.

Eleven NCCR groups, as well as
one associate group, served as hosts
for the summer interns. The students
not only performed a three-month
research project, but also attended a
special series of seminars on NCCR-
related topics delivered by PhD stu-
dents and postdoctoral researchers
and took part in team-building events.
The participants were also asked to
prepare poster presentations describ-
ing their projects, which were shown

The NCCR undergraduate class of 2018.

at the NCCR Summer Party in Fribourg
during a special session. Amber
Barron of the University of Utah was
awarded the best poster prize 2017,
while Ava LaRocca of the Massachu-
setts Institute of Technology was the
winner this summer.
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Discovering structural color at Zurich Zoo.

Going Wild!

The NCCR was present at the Zurich
Zoo's Going Wild! weekend in Sep-
tember 2017 and 2018.

As part of the “science inspired by
nature” exhibits on show, the Adolphe
Merkle Institute’s Soft Matter Physics
group was present both years, with
butterflies and beetles on display to
help explain structural color. In 2018,
they were joined by ETHZ's Soft and
Living Materials group. Also present
this year was AMI’s Polymer Chemis-
try & Materials group to demonstrate
flexible polymers, as well as the
Lattuada group from the University
of Fribourg, which explained how to
reinforce soft materials with magnetic
nanoparticles. Other research groups
participating over the weekend includ-
ed staff from Switzerland’s two Federal
Institutes of Technology. This section
of Going Wild! was organized in col-
laboration with the NCCR'’s Knowledge
Transfer and Innovation manager.

TecDays

NCCR Principal Investigator Pro-
fessor Barbara Rothen-Rutishauser
(Adolphe Merkle Institute) joined
over 50 other technology specialists
for the TecDays organized by the
Swiss Academy of Technical Scienc-
es in Fribourg and Bern.

Students were invited to attend a
variety of sessions on topics ranging
from exoplanets to radioactive waste.
Rothen-Rutishauser was on hand to
present the intricacies of nanosci-
ence and nanotechnology to six high
school classes.

Students were given theoretical and experimen-
tal explanations about nanoscience.
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Patrick Aebischer was a guest of the Fribourg Innovation Club.

Homecoming

The former president of the Federal
Institute of Technology in Lausanne
(EPFL), Professor Patrick Aebischer,
was a guest of the NCCR-supported
Fribourg Innovation Club at the Adol-
phe Merkle Institute in December.

Aebischer, who gave up the EPFL
presidency in 2017, grew up in Fri-
bourg and began his medical stud-
ies there. The fireside chat focused
largely on how the canton could
improve its positioning as a center
for innovation. The Center is one of
the sponsors of the Innovation Club,
which aims to help students develop
and implement innovative ideas.

Imaging

NCCR Bio-Inspired Materials PhD
student Golnaz Isapour (University
of Fribourg) was the winner of the
“video loop” category of the 2018
Swiss National Science Foundation’s
Scientific Image Competition.

Her video shows a microfluidic
channel through which micro-sized
polymer particles filled with black
magnetic nanoparticles flow. With
the aid of a magnet, the position
and arrangement of the magnetic
nanoparticles is changed. This ma-
terial can be used to produce mag-
netic responsive sensors in which
the color of the material changes by
altering the strength or direction of
the magnetic field.

Particles flow through a microfluidic channel.

WINS

Two additional researchers joined
the NCCR in 2018 as recipients of the
Women in Science (WINS) postdoc-
toral fellowship.

Dr. Yendry Corrales was chosen
to receive two years’ funding on the
basis of her interdisciplinary project
“Nanostructured coatings formed by
self-assembly of biomacromolecules
complex mixtures based on the velvet
worm secretion expelling mecha-
nism,” which is expected to foster
collaborations within the NCCR. Dr.
Corrales joined Principal Investigator
Professor Alke Fink’s group in spring.

Dr. Yendry Corrales presented her research
project at the 2017 Annual Center Conference.

Dr. Iris Kramberger Tennie is the
third recipient of the WINS fellowship.
She joined the Center in June 2018
and is hosted by NCCR PI Professor
Andreas Kilbinger's group to work on
the development of stimuli-responsive
copolymers containing MRI contrast
agents. The outcomes of her project
are expected to set the basis for new
MRI techniques for cellular microenvi-
ronment sensing.
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PIRE

International collabora-
tion boosts NCCR educa-

tion efforts

Researchers from the NCCR Bio-Inspired Materials and four Amer-
ican universities are collaborating to develop functional materials
inspired by substances found in nature, while also offering interna-
tional training opportunities in this domain, providing an additional

boost to the NCCR'’s activities.

A $5.5 Mio grant, awarded in September 2017
by the US National Science Foundation (NSF) as
part of the Partnerships for International Research
and Education program (PIRE), supports research
and training activities at Case Western Reserve
University, the University of Delaware, the Univer-
sity of Chicago, and the University of California,
San Diego, all in the United States. The corre-
sponding actions in Fribourg, led by the five NCCR
groups at the Adolphe Merkle Institute (AMI),
are enabled by a complementary CHF 1.5 million
grant from the Swiss National Science Foundation
(SNSF), which was implemented simultaneously.
This was the first time that the SNSF joined as a
partnering agency in the PIRE program, which
is led by the American agency and aims to build
research capacities through international collab-
orations, promote excellent science, and tackle
some of today’s most pressing research questions.
In all, six professors at AMI - all of them NCCR
Principal Investigators - 11 faculty members from
the US partners, as well as 15 PhD students (10 in
the US, five in Switzerland) are contributing to the
program.

The Swiss team is led by Professor Christoph
Weder, director of the NCCR Bio-Inspired Mate-
rials. Weder says, “the research beautifully com-
bines the scientific competences of the US and
Swiss groups, and the exchange programs provide
unique training opportunities for the students.”

“The exchange programs provide
unique training opportunities for the
students.” Christoph Weder

According to Weder, the training activities es-
tablished by the PIRE collaboration notably com-
plement and integrate with the student exchange
programs and other training activities established
by the NCCR. Students will gain exposure to
themes cutting across chemistry, polymers, phys-
ics, biology, and engineering in the development
of multi-functional, active materials. Mentoring,
diversity, cultural competency, globalization, and
effective scientific communication are also em-
phasized as critical elements of the PIRE.

Pine cone structures are just one source of inspiration for PIRE projects.

Academically, the students will receive funda-
mental training in these domains. This education
will be supplemented by research exchanges, en-
abling students and senior researchers to spend
significant time abroad in the respective partner
country.

Over the five years of the program, faculty and
students in the US and Switzerland will study and
develop materials that mimic, for example, the
sticky and durable caddisfly silk, the adaptable
skin of sea cucumbers, and a substance that di-
rects cellular behavior. “We're studying materials
and objects found in nature and then reducing
the materials for practical use,” states LaShanda
Korley, Distinguished Associate Professor of Mate-
rials Science and Engineering at the University of

Delaware and Principal Investigator on the project.

Alexandre Redondo was the first PhD student
to join the PIRE collaboration on the Swiss side.
As part of the AMI Soft Matter Physics group, he
aims to develop polyurethane plastics reinforced
with cellulose nanocrystals (nanocomposites) that
mimic the mechanical properties of spider silk.
The interdisciplinary nature of the projects was
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one of the reasons he joined. “I'm a chemist by
training, so this is an opportunity to learn about
other disciplines, as well as work with materials,”
he explains. Redondo will notably study the me-
chanical properties and crystalline structure of
the polyurethane plastics he will assemble.

Other projects of the collaboration include
the study of materials inspired by sea cucumbers,
squids, and pine cones, as well as the develop-
ment of artificial neurons for robot control and of
mechanically adaptable functional fibers.

The materials during this project should even-
tually be tested in a worm-like robot that may one
day burrow through the earth or building wreck-
age on search and rescue missions, crawl inside
waterlines and oil and gas pipelines to inspect
them, and, if miniaturized, deliver a stent or re-
move plaque by crawling through a blood vessel.
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Innovation
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From laboratory

to market

NCCR Bio-Inspired Materials researchers are currently developing
a new diagnostic method for malaria at the University of Fribourg’s
Adolphe Merkle Institute. This new tool could lead to fewer false
positives, improve treatment protocols for patients, and help re-

duce healthcare costs.

The World Health Organization (WHO) esti-
mates that in 2016, there were over 200 million
cases of malaria globally, while nearly 450,000
people died because of the illness. Current WHO
practices recommend diagnostic testing for all

suspected cases of malaria before treatment is ad-

ministered. “There are different reasons for this,”
says Dr. Jonas Pollard, head of the Hemolytics
project. “You want to avoid overtreatment, boost-
ing the resistance of the malaria parasite, and
wasting resources, especially in countries where
funding is scarce.”

Rapid diagnostic testing, which was intro-
duced in recent years, helps to distinguish be-
tween malarial and non-malarial fevers. Medical
staff can then decide on an appropriate course of
treatment. This inexpensive testing-strip solution
has become a favored method of testing for ma-
laria, especially in Africa, with around 270 million
test kits sold worldwide in 2015. Nevertheless, this
type of testing fails to detect infections in sub-
jects whose blood contains only a low concentra-
tion of parasites, which is typical in asymptomatic
carriers.

Mosquito bites are responsible for the transmission
of the malaria parasite.

For countries where malaria has almost disap-
peared, the biggest concern is totally eradicating
the disease. A person can be a carrier without dis-
playing any physiological signs of infection. These
untreated asymptomatic patients risk transmit-
ting the disease further through mosquito bites,
leading to fresh outbreaks of malaria. It is these
carriers who are the prime target of the diagnostic
method being developed. “You want to be able
to check if someone is an asymptomatic carrier,”
Pollard points out. “That way you can stem the
spread of the disease by further contamination,
for example by carrying out checks at a border.
Our method aims to be far more sensitive than the
rapid diagnostic tests which are currently on the
market.”

The test developed by the NCCR researchers
is based on a simple but ingenious principle: first,
a blood sample is obtained, which in the case of
infected patients contains a biomarker that the
malaria parasite produces at every stage of its
life cycle and that is present even if the patient
displays no symptoms of infection. This biomarker
also happens to be an efficient catalyst for polym-
erization reactions - just one molecule is enough
to initiate and mediate the formation of many
polymer molecules. Thus, when combined with
a monomer, an appropriately worked-up blood
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sample from an infected patient will, unlike blood
from healthy patients, catalyze the formation of
polymer molecules, and because the reaction is
conducted under conditions where the polymer
formed precipitates from the mixture, the initially
clear test liquid turns opaque. This optical change
can be observed with the naked eye and also
quantified by simple measurements.

The advantages of the method do not end
there. The biomarker’s concentration in a sample
can be estimated quickly. This could be employed
to determine if the condition of a patient being
treated for malaria is improving. Another advan-
tage is the stability of the products used for the
test. Most rapid diagnostic tests that are currently
on the market contain antibodies and require re-
frigeration to avoid rapid degradation, which is
not always available in some regions where the

“The Hemolytics project is an example
of how good ideas with properly-se-
cured intellectual property can flour-
ish with the appropriate mentoring
and financial support.” Eliav Haskal

disease is most common. The new diagnostic
method has been tested with temperatures up to
50 degrees Celsius for several months and the rel-
evant compounds remained stable. Its estimated
cost is not more than other tests already in use.

With the active support of the NCCR, the re-
searchers have been able to obtain funding from
different sources to cover salaries and development
costs, including a Bridge grant of CHF 130,000
from Innosuisse and the Swiss National Science
Foundation as well as a grant from the Gebert Rif
Foundation for CHF 290,000. “The NCCR'’s sup-
port has been crucial in getting backing for this
project,” Pollard reveals. “| received help defining
a preliminary business plan and finding initial busi-
ness contacts, and coaching to refine my pitching.
This work, particularly with the NCCR’s Knowledge
Transfer and Innovation Manager, Dr. Eliav Haskal,
has also considerably facilitated the change of my
mindset from scientist to entrepreneur.”

“The Hemolytics project is an example of how
good ideas with properly-secured intellectual
property can flourish with the appropriate mento-

ring and financial support,” explains Haskal. “With
this project’s focus on a solution with significant
benefits for poor countries where malaria is wide-
spread, as an example of ‘social entrepreneurship,’
it depends on support from foundations and gov-
ernment agencies. The NCCR, with its soft-skills
training, innovation coaching, and a rich and vi-
brant local network, can provide an environment
where these novel solutions can be refined and
supported long enough to succeed.”

Further seed money from the Swiss govern-
ment has allowed the team to test their first pro-
totype, developed in collaboration with Fribourg'’s
engineering school, in a clinical setting in Brazil to
see if it meets the needs of local laboratory tech-
nicians.

Pollard is optimistic that there is a market for
this new technology, which is why an application
for patent protection was filed in May 2016. “There
are currently no tools on the market which allow
for accurate and sensitive malaria diagnostic with
high throughput,” he adds. “Our product would fill
a crucial niche in the elimination of this parasitic
disease.” Governments of affected nations and
non-governmental organizations are among the
potential clients. However, they will be only inter-
ested in a finished product says Pollard, given that
they cannot afford to finance development work.
“Ideally, the next stages of our research will lead
to a device that can be used in the field, where it
is needed most.”

NCCR Bio-Inspired Materials spin-offs

Nanolockin (incorporated) - nanoparticle detection,
Adolphe Merkle Institute

Hemolytics - malaria diagnostics, Adolphe Merkle Institute
Microcaps - uniform microencapsulation, ETHZ
Spectroplast - silicon 3D printing, ETHZ

FenX - highly porous foams for building insulation, ETHZ

Knowledge transfer
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Promoting an
innovation culture

The NCCR Bio-Inspired Materials, like all of the National Centers

of Competence in Research, not only carries out fundamental re-
search but also seeks to translate some of the knowledge generat-
ed into new technologies. The promotion of innovation and training
in entrepreneurial skills is an essential element to achieve

this goal.

Innovation, or the process of translating an
idea into a product or service for which customers
will pay, is an indispensable aspect of technology
transfer. The promotion of innovation is therefore
an important element within the NCCR, where stu-
dents and postdocs are sensitized to the concepts
and skills needed to innovate. Through a variety of
mechanisms, actions, and programs, students and
postdocs can adopt skills that should help them to
successfully transfer technology to industry as ac-
ademics, to innovate within companies as future
employees, or to follow their own entrepreneurial
visions.

“Teaching innovation to students and postdocs
makes them aware of the enormous possibilities
available to them to leverage their research in
multiple ways, including research grants, collab-
orations with industry, or even becoming entre-
preneurs,” explains Dr. Eliav Haskal, the NCCR’s
Knowledge Transfer and Innovation Manager.
“These aspects can be an asset when pursuing an
academic career, and offer a different perspective
on the importance of research in society.”

“As the NCCR Bio-Inspired Materials develops
novel materials, we are situated at the start of a
product value chain, providing unique material

properties for unmet needs in industry, but also
for products which do not exist yet. Our research
results are therefore excellent for generating

new intellectual property and entrepreneurial
ventures,” he adds. “So far, five company spinoffs
from the NCCR are in progress, two of which
came out of the Adolphe Merkle Institute in Fri-
bourg and three from Zurich’s Federal Institute of
Technology (ETHZ).”

“Teaching innovation to students
and postdocs makes them aware of
the enormous possibilities available
to them to leverage their research.”
Eliav Haskal

As the first NCCR led by the University of Fri-
bourg, the NCCR Bio-Inspired Materials is devel-
oping an innovation culture in collaboration with
the Fribourg School of Management (HEG-FR)
and the Fribourg School of Engineering and Ar-
chitecture (HEIA-FR) to access management and
engineering students - as well as coaches and
mentors - for new ventures. The “Association for
Student Innovation,” which comprises members

M
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from the local universities and representatives
from the canton’s economic promotion agency,

is an important element in this effort. “With the
panoply of multidisciplinary students present at
the Fribourg Pérolles campus, we are creating an
environment that will foster student innovation,
provide them with the needed skills from experts,
and leverage the NCCR’s research results success-
fully,” says Haskal. As a concrete implementation
of this vision, in collaboration with the HEG-FR,
MBA students are introduced to NCCR research
results, perform market studies, and develop
initial business plans as part of a master’s thesis
program. This interdisciplinary cooperation is a
fundamental aspect for stimulating innovation and
creating new technology transfer possibilities.
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Activities
The NCCR co-organized the Stimulating Student Innova-
tion and Entrepreneurship Workshop in November 2017
in Fribourg. This workshop, funded by the Swiss Academy
of Engineering Sciences (SATW) and organized in collab-
oration with all of Fribourg’s academic innovation drivers,
brought 60 innovation professionals from more than 20
Swiss universities together to discuss their activities and
best practices for the first time. With distinguished speak-
ers from NTU Singapore, the Danish Technological Uni-
versity’s Innovation Park Skylab, the Dean of Management
from the University of St. Gallen, and representatives from
cantonal and national innovation departments, the work-
shop nucleated a collaboration of Swiss universities on
student innovation. The results of this workshop are being
studied in collaboration with the HEG-FR to develop a mod-
el for how to stimulate innovation at Swiss universities, and
the conference will be repeated in 2019.

As part of the new Specialized Master’s program in Chem-
istry and Physics of Soft Materials, a new course on innova-
tion was launched in the fall of 2017. The 13-session course
was well received by the attending MSc and PhD students,
adapted to be a one-day interactive seminar on Technology
Transfer for PhD students, and also taught as an evening
course as part of Innosuisse’s Entrepreneurship Training.

The NCCR Proof-of-Concept Grant Program provides
seed money and supports short-term projects to explore
technological feasibility and probe the economic viability
of inventions. NCCR researchers can request financial
support and coaching assistance to create a prototype,
demonstrate specific applications, assess pre-industrial
feasibility, or identify market opportunities. Depending on
the project and its needs, the invested amounts range from
CHF 5’000 to 20’000 per project. To date, two NCCR proj-
ects have been supported, one of which is developing into
an NCCR spinoff company.

A collaboration between the University of Fribourg, the
Adolphe Merkle Institute (AMI), the Fribourg School of
Engineering and Architecture (HEIA-FR), and the Fribourg
School of Management (HEG-FR), the Association for Stu-
dent Innovation financially supports the student-led Inno-
vation Club, which consists of students from all of the local
schools. The Innovation Club brings entrepreneur role
models to speak and motivate students in Fribourg, runs
design-thinking workshops, supports entrepreneurial idea
pitching sessions, connects individuals for new ventures,
oversees mentoring, and provides access to a network for
entrepreneurial students. Past speakers include former
EPFL president Professor Patrick Aebischer and the Nobel
Prize in Chemistry laureate Professor Alan Heeger.

The NCCR co-organized the first-ever Stimulating Student
Innovation and Entrepreneurship Workshop in Switzerland
in November 2017.
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Equal opportunities

Propagating best practices

at partner departments
and institutions

Promoting and offering equal opportunities (EO) has always been
one of the NCCR Bio-Inspired Materials’ core initiatives since

its launch in 2014. The Center’s efforts have been recognized by
the Swiss National Science Foundation, which highlighted the EO
program as an example of best practice of the fourth series of

NCCRs.

With that encouragement, the Center is now
seeking to broaden the impact of these success-
ful activities by transferring them to affiliated
departments at the University of Fribourg (home
institution), as well as at the Federal Institutes of
Technology in Zurich (ETHZ) and Lausanne (EPFL).

From the beginning, the vision of the NCCR
Bio-Inspired Materials has been to ensure equal
opportunities for all its participants, as well as to
establish itself as a reference for the advancement
of young female scientists and their integration in
natural and life science disciplines. For the next
funding phase, the EO program aims to reach out
beyond the NCCR.

Principal Investigator and Faculty Delegate
for the Advancement of Young Researchers and
Women Professor Barbara Rothen-Rutishauser will
lead this new venture. According to Rothen-
Rutishauser, “the EO activities organized by our
NCCR have received significant interest from
unaffiliated students and postdocs at the depart-
ments involved in the Center”, and “translating
the most successful activities to these depart-
ments was a logical step.”

Rothen-Rutishauser has already begun a dialog
with interested parties, with the objective to des-
ignate Pls or senior researchers who will serve as
“EO Envoys” at their respective departments and
assist with the implementation of EO actions. “The
envoys will mirror the role of the Faculty Delegate
of the NCCR at their departments, and regular
meetings of the envoys, including with the person
responsible for the Home Institution’s EO office,
are foreseen,” she adds.

At first, these efforts will focus on the round-
table discussions on career development and
daycare subsidization, since these activities
have been judged positively by all participants.
Rothen-Rutishauser points out that “the support
of the Home Institution, which will subsidize two
fulltime slots at the University of Fribourg’s day-
care center for the members of the participating
departments, has been instrumental to the launch
of the EO Envoys Program.” The access of the
departments to the daycare slots will however be
contingent on their commitment to include this
activity in their own department budget after the
startup phase.

Other activities such as grant writing support
and personal coaching of talented researchers will
also be considered by the EO envoys, depending
on the needs of the researchers in their depart-
ments. The support of young researcher sessions
at national and international conferences was also
successfully launched at the 2018 Nanotoxicology
conference in Neuss, Germany. More than 70 par-
ticipants joined the session co-led by Rothen-Ru-
tishauser and Dr. Cordula Hirsch from Empa, with
four young female speakers covering different
aspects of nanoscience.

The coming years are thus expected to see the
development and multiplication of EO activities at
different levels under the leadership of the NCCR
Bio-Inspired Materials.
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Equal opportunities roundtables have been a regular future of the NCCR since its launch.
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Organization Phase |

SNSF
Scientific Steering Commitee

External Advisory Board

NCCR Director Rectorate

. & Deputy Director University of Fribourg
Industry Associates

Faculty Delegates
Education Operations Team
Woman & Young Researchers

Executive Board

Module 1 Module 2 Module 3
Mechanically Responsive Responsive Materials Interactions of Responsive
Materials By Self-Assembly Materials with Cells

NCCR Associated Participants

The National Centers of Competence in Research (NCCR) are a research
instrument of the Swiss National Science Foundation
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Whois who

Executive board

Prof. Christoph Weder (AMI)

Director

Prof. Curzio Riegg (UniFR)

Deputy director

Prof. Michal Borkovec (UniGE)

Leader Module 1

Prof. Frank Scheffold (UniFR)

Leader Module 2

Prof. Alke Fink (AMI/UniFR)

Co-leader Module 3

Prof. Barbara Rothen-Rutishauser (AMI)
Faculty Delegate for Women and Young
Researchers, co-leader Module 3

Prof. Andreas Kilbinger (UniFR)

Faculty Delegate for Education

Dr. Ana Cordeiro

Scientific coordinator (until 31.07.2017)
Dr. Lucas Montero

Scientific coordinator (since 01.07.2017)
Dr. Eliav Haskal

Knowledge Transfer and Innovation manager

Principal investigators (Phase I)

+ Prof. Michael Mayer
(Adolphe Merkle Institute, UniFR)
 Prof. Barbara Rothen-Rutishauser
(Adolphe Merkle Institute, UniFR)
« Prof. Curzio Riiegg
(Department of Medicine, UniFR)
+ Prof. Frank Scheffold
(Department of Physics, UniFR)
« Prof. Ullrich Steiner
(Adolphe Merkle Institute, UniFR)
«+ Prof. Francesco Stellacci
(Institute of Materials, EPFL)
» Prof. André Studart
(Department of Materials, ETHZ)
+ Prof. Christoph Weder
(Adolphe Merkle Institute, UniFR)

Associate participants

Prof. Michal Borkovec
(Department of Chemistry, UniGE)
Prof. Carole Bourquin
(Department of Medicine, UniFR)
Prof. Joseph Brader

(Department of Physics, UniFR)
Prof. Nico Bruns

(Adolphe Merkle Institute, UniFR)
Prof. Alke Fink

(Adolphe Merkle Institute, UniFR)
Prof. Katharina Fromm
(Department of Chemistry, UniFR)
Prof. Andreas Kilbinger
(Department of Chemistry, UniFR)
Prof. Marco Lattuada
(Department of Chemistry, UniFR)

« Prof. Aleksandra Radenovic (Institute of
Bioengineering, EPFL)

« Prof. Andreas Zumbihl (Department of
Chemistry, UniFR)

Management

« Dr. Ana Cordeiro, Scientific coordinator
(until 31.07.2017)

« Dr. Lucas Montero, Scientific coordinator
(since 01.07.2017)

« Scott Capper, Communications manager

« Dr. Eliav Haskal, Knowledge Transfer and Innova-

tion manager
+ Myriam Marano, Administrative assistant
« Danielle Canepa, Finance
« Dr. Cyrille Girardin, Grant writer

(until 30.04.2017)

« Dr. Frédéric Pont, Grant writer (since 15.05.2018)

+ Dr. Barbara Fraygola, Master coordinator
- Isabelle Segarini, Master coordinator

Research groups

Borkovec (UniGE)

+ Prof. Michal Borkovec

« Svilen Kozhuharov, Doctoral student

+ Anne-Marie Loup, Secretary

+ Dr. Plinio Maroni, Senior researcher

« Dr. Milad Radiom, Postdoctoral researcher

» Dr. Alexander Smith, Postdoctoral researcher
« Olivier Vassalli, Laboratory technician

Bourquin (UniGE)

+ Prof. Carole Bourquin

« Sandra Hocevar, Doctoral student
+ Aristea Massaras, Other staff

+ Inés Mottas, Doctoral student

« Julia Wagner, Doctoral student

Brader (UniFR)

« Prof. Joseph Brader
« Matthias Bott, Doctoral student

Bruns (AMI)

+ Prof. Nico Bruns

« Edward Apebende, Doctoral student

« Livia Bast, Doctoral student

+ Dr. Clément Mugemana, Postdoctoral researcher
« Samuel Raccio, Doctoral student

« Omar Rifaie Graham, Doctoral student

Fink/Rothen (AMI)

+ Prof. Alke Fink

 Prof. Barbara Rothen-Rutishauser

« Liliane Ackermann Hirschi, Laboratory
technician

- Pauline Blanc, Laboratory technician
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Leopold Daum, Doctoral student

Dr. Barbara Drasler, Postdoctoral researcher
Dr. Khay Fong, Senior researcher

Dr. Christoph Geers, Senior researcher
Daniel Hauser, Doctoral student

Ana Milosevic, Doctoral student

Dr. Laura Rodriguez-Lorenzo, Postdoctoral
researcher

Dr. Dedy Septiady, Postdoctoral researcher
Dr. Miguel Spuch-Calvar, Senior researcher
Dr. Patricia Taladriz, Senior researcher
Yuke Umehara, Laboratory technician

Fromm (UniFR)

Prof. Katharina Fromm

Sarah-Luise Abram, Doctoral student
Michela Di Giannantonio, Doctoral student
Dr. Nelly Hérault, Postdoctoral researcher
Anja Holzheu, Doctoral student

Dr. Lenke Horvath, Postdoctoral researcher
Serhii Vasylevskyi, Doctoral student
Noémie Voutier, Doctoral student

Kilbinger (UniFR)

Prof. Andreas Kilbinger

Mahshid Alizadeh, Doctoral student
Suzanne Dreschler, Doctoral student
Phally Kong, Doctoral student
Angélique Molliet, Doctoral student
Subhaijit Pal, Doctoral student

Lattuada (UniFR)

Prof. Marco Lattuada
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« Golnaz Isapour Laskookalayeh, Doctoral student

Joelle Medinger, Doctoral student

Mayer (AMI)

Prof. Michael Mayer

Dr. Mathias Bonmarin, Senior researcher
David Burnand, Doctoral student
Federica Crippa, Doctoral student

« Dr. Aziz Fennouri, Postdoctoral researcher
« Dr. Jonathan List, Postdoctoral researcher
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Radenovic (EPFL)

+ Prof. Aleksandra Radenovic
« Evgenii Glushkov, Doctoral student

Riegg (UniFR)

« Prof. Curzio Riegg

« Grégory Bieler, Support staff

- Sarah Djahanbakhsh Rafiee, Doctoral student
« Corine Dos Santos Reis, Doctoral student

« Dr. Sanam Peyvandi, Postdoctoral researcher
» Dr. Jelena Zaric, Postdoctoral researcher

Scheffold (UniFR)

« Prof. Frank Scheffold

- Stefan Aeby, Doctoral student

« Dr. Geoffroy Audry, Postdoctoral researcher

« Marc Conley Gaurasundar, Doctoral student

« Dr. Luis Salvador Froufe Pérez, Postdoctoral
researcher

- Nathan Fuchs, Doctoral student

« Dr. Nicolas Muller, Postdoctoral researcher

- Dr. Veronique Trappe, Senior researcher

« Dr. Pavel Yazhgur, Postdoctoral researcher

Steiner (AMI)

+ Prof. Ullrich Steiner

« Johannes Bergmann, Doctoral student
« Dr. llja Gunkel, Senior researcher

« Mirela Malekovic, Doctoral student

« Dr. Bodo Wilts, Senior researcher

Stellacci (EPFL)

« Prof. Francesco Stellacci

» Matteo Gasbarri, Doctoral student

« Simone Gavieri, Doctoral student

« Emma-Rose Janecek, Postdoctoral researcher
« Ozgiin Kocabiyik, Doctoral student

« Dr. Quy Ong, Senior reseacher

Studart (ETHZ)
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Projects

Module 1: Mechanically

responsive materials

1. Functional polymers though mechanochemistry

2. Probing force response of single macromole-
cules with atomic force microscopy

3. Self-assembled biomimetic nanostructures
based on stimuli-responsive block copolymers

4. Polymers with molecular auxetic behavior

5. Mechanically tunable materials through
stimuli-responsive capsules

Module 2: Responsive

materials by self-assembly

6. Thermal response of polymeric building blocks
for smart materials
7. Confinement induced stable liquid phases mim-
icking the behavior in cell membrane lipid bilayers
8. Ultrafast stimuli-responsive color-changing
hydrogels
9. Multi-responsive photonic materials as tunable
filters, sensors, and switches
AP1. Exploring vesicle-containing metallosupramo-
lecular polymers (associated project)
AP1. Fluorescent nanodiamonds as quantum
bio-molecular probes for live cell imaging and
sensing (associated project)

Module 3: Interactions of res-

ponsive materials with cells

10. Sensoresponsive nanoelements to detect
and eliminate individual cancer cells

11. Evolving Nanoparticles

12. Magneto-responsive cell culture substrates
that can be modulated in situ

13. Intelligent nanomaterials to reveal and to
control their behavior in complex media,
at the biointerface and in cells

14. Targeted cell killing by self-assembly of DNA-
or RNA-triggered ion channels

15. Controlled activation of cancer-associated
immune cells by stimuli-responsive nano-
particles
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Gender balance

More than half of the NCCR
Ph.D. students are women (53%)

Patent
applications 43% of NCCR staff were women during Phase |
170 papers 84

poster presentations

155 original contributions and 15 reviews

127 oral presentations
at conferences

including 58 keynote and plenary lectures at
international conferences

260 113

children cooperation projects

participated in outreach activities with external partners (26 with industry,
80 with research institutions)

Note: All figures between June 1, 2014, and February 28, 2018
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Seminars

The NCCR organizes seminars on a regular basis throughout the
academic year. These seminars are both an excellent opportunity
to learn about recent scientific advances from prominent research-
ers as well as a meeting point for NCCR participants to network
and exchange ideas.

Speaker Talk Home Institution Date
Dr. Christiane Lowe Unintentional bias University of Zurich, Switzerland 13 June 2017
Dr. Andreas Herrmann Photolabile Profragrances - from Organic Firmenich SA, Switzerland 26 September 2017

Chemistry to Material Sciences

Prof. Cordt Zollfrank

Biotemplating as a route to advanced
structural and functional materials

Technical University of Munich,
Straubing, Germany

10 October 2017

Prof. Andreas Walther

Static & Dynamic Bioinspired Self-Assembled
Material Systems

Albert Ludwigs University of
Freiburg, Freiburg, Germany

07 November 2017

Prof. Korin Wheeler

Insights into biomolecular interactions of
engineered nanomaterials

Santa Clara University, California,
us

29 November 2017

Dr. Erik Thiele

R&D in a global science company:
How things work

DuPont Performance Materials,
Geneva, Switzerland

23 January 2018

Prof. Monika Ritsch-Marte How SLM-based wavefront shaping impacts Medical University of Innsbruck, 23 May 2018
Biophotonics, from holographic optical mi- Innsbruck, Austria
cro-manipulation to programmable micros-
copy

Prof. Niels Holten-Andersen Bio-inspired metal-coordination crosslinking: MIT, Cambridge, MA, USA 29 May 2018

Easy access to broad dynamics when engi-
neering polymer gel mechanics
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