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Who we are

The National Center of Competence in
Research (NCCR) Bio-Inspired Materials was
launched in June 2014 with the vision of
becoming an internationally recognized in-
terdisciplinary hub for research, education,
and innovation in the domain of “smart”
bio-inspired materials.

We take inspiration from natural materi-
als to establish design rules and strategies
for creating macromolecular and nanoma-
terial-based building blocks and their as-
sembly into complex, hierarchically ordered
stimuli-responsive materials with new and
exciting properties. We seek to develop a
predictive understanding of these materi-
als' interactions with living cells and use the
generated knowledge to develop innovative
applications, particularly in the biomedical
field.

For the second phase of our activities,
our research was organized in four modules
that focused on mechanically responsive
materials across different length scales,
biologically inspired assembly of optical
materials, responsive bio-interfaces and
surfaces, and dynamics of interacting
cell-material systems. Each of these mod-
ules tackles major unsolved problems, pro-
vides opportunities for significant scientific
advances on its own, and requires an inter-
disciplinary research approach.

Our research activities are comple-
mented by many programs that integrate
research and education, support structured
knowledge and technology transfer, and
promote equal opportunities in science.
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Message from the directors

Dearreader
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The NCCR Bio-inspired Materials has just started its third and final
funding phase with the aims to strengthen its interdisciplinarity,
foster the translation of the Center’s research output, renew the
success of its education, equal opportunities, and outreach pro-
grams, and consolidate its structural impact at the University

of Fribourg.

While the Center will continue to group its re-
search activities into three topical modules, the
research groups will no longer belong to specific
modules. They will combine their expertise as part
of interdisciplinary projects with a robust collab-
orative component. An essential objective of the
third phase is the translation of the technologies
developed by the Center during the first two
phases. Two new associate groups from Empa and
CSEM will support this goal, and a new Translation
Module including four projects that will seek to
work towards applications of new bio-inspired ma-
terials in close collaboration with companies. We
look forward to all these new developments, and
wish to thank the Swiss National Science Founda-
tion and the University of Fribourg for their contin-
uous and generous support.

In the transition to the third funding phase, a
large fraction of the NCCR PhD students gradu-
ated, and many others joined the Center to start
their theses. This generation change was visible
at this year’s Annual Center Conference, where
we had the opportunity to meet the new members
and welcome them to the NCCR. The last twelve
months have also seen a return to normalcy with
the end of the covid-related restrictions. Travelling
to conferences resumed, and the NCCR-branded

international conference on Bio-inspired Materials
finally took place with great success in Andermatt
(Switzerland). The Center could again organize
in-person internal meetings and conferences.

Our NCCR remained active in various fields,
including its participation in Explora, the open
doors days of the University of Fribourg, the or-
ganization of the third Swiss Forum for University
and Student Innovation, and the publication of an
outreach book in collaboration with partners at
the Espace des Inventions (Lausanne), EPFL and
the Scienscope of the University of Geneva.

This activities report collects a selection of
highlights from the last year of the second fund-
ing phase of the second funding phase of our
NCCR. We invite you to browse it and hope it will
spark your interest in the activities and programs
of our Center. On behalf of the NCCR Bio-inspired
Materials, we wish you a pleasant reading and
look forward to interacting with you in the future.

R

Ullrich Steiner & Esther Amstad
Directors NCCR Bio-Inspired Materials
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Research

Whatwe do

The overarching research theme of the NCCR
Bio-Inspired Materials is to use nature's inspiration
to design of artificial materials that can change
their properties on command, or, in other words,
in response to an external stimulus. These mate-
rials, sometimes referred to as “smart” or “intelli-
gent”, are of fundamental scientific interest and
potentially valuable for countless applications that
range from climate control for buildings to drug
delivery systems in the body.

Recently, scientists have begun to consider
nature’s principles as inspiration for designing ar-
tificial materials with intriguing stimuli-responsive
properties. Previous examples of materials studied
by the Center's research groups include mechani-
cally adaptive nanocomposites inspired by sea cu-
cumbers, drug-delivery nanoparticles that mimic
the structure and stealth behavior of viruses, and
optical elements that emulate the nanoscale pat-
terns found in butterfly wings.

To carry out paradigm-changing scientific
breakthroughs and harness the enormous innova-
tion potential in this domain, the Center has de-
veloped into a large-scale interdisciplinary effort
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that merges competencies in chemistry, physics,
materials science, biology, and medicine.

At the start, the Center comprised three mod-
ules that emphasized research on mechanically
responsive materials, responsive materials made
by self-assembly, and the interactions of respon-
sive materials with living cells, respectively. As
hoped and expected, the boundaries between
the original projects and modules have started to
blur, and several new research endeavors take full
advantage of the Center’s interdisciplinary envi-
ronment.
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Nanoscale characterization

Finding defects in two-
dimensional materials

A new imaging approach developed by NCCR Bio-Materials
researchers could help zoom in on the workings of cells.

This innovative compact platform could constitute an important
step toward getting unprecedented insights into nanoscale

processes.

Microscopes have been around since the 16t
century, but their basic design barely changed
as it has proven challenging to miniaturize. Now,
NCCR Bio-inspired Materials researchers at Lau-
sanne’s Federal Insitute of Technology (EPFL)
have developed a super-compact, high-resolution
imaging platform that may find important applica-
tions in biology.

“In microscopes, you have a sample stage, you
have objectives, you have lenses, you have detec-
tors, and you typically have a laser or some illumi-
nation part, which is often very big,” says NCCR
Principal Investigator Prof. Aleksandra Radenovic,
who leads the Laboratory of Nanoscale Biology at
EPFL. “Our goal was to make a platform that would
shrink the microscope to a very, very small chip.”

Previous work by Radenovic’s team produced
tiny optical waveguides, about 100 micrometers
in size, which the researchers used to image 2D
crystals - a class of materials characterized by a
single layer of regular atomic structures. Such ma-
terials can be used in wide-ranging applications,
including electronics and biosensors.

However, transferring 2D crystals from the
growth substrate to the imaging chip can intro-
duce contamination, which may prevent research-
ers from accurately characterizing the crystals’
structure and properties.

“This novel platform could help us to
look at ion concentration and tem-
perature changes as a cell engages in
metabolic processes.”

Prof. Aleksandra Radenovic

To make up this shortfall, Radenovic and her
colleagues developed an approach to grow a
widely used 2D crystal directly on the optical
waveguides of a chip. Each chip contains tens of
thousands of waveguides on which the research-
ers grew their material. Then, they shed a laser
light into the waveguides to image and character-
ize defects in the intact 2D crystal.

Although the 2D crystal is typically non-fluo-
rescent, small defects within it are fluorescent.
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The new imaging approach could help understand the inner workings of cells

Such defects are reminiscent of nanosized dia-
mond particles that are used as miniaturized sen-
sors of magnetic or electrical fields, temperature
and ion concentration. “Measuring temperature,
magnetic field or electrical field at nanoscales can
be super interesting in biology,” Radenovic says.

Because of the similarities between 2D crystals
and nanodiamonds, the new imaging approach
could be used to provide insights into key bio-
logical phenomena. “We know that genetically
identical cells could produce completely different
amounts of proteins because of small local chang-
es,” Radenovic says. “This novel platform could
help us to look - locally and non-invasively - at ion
concentration and temperature changes as a cell
engages in metabolic processes.” In such a sce-
nario, researchers would grow cells directly on the
chip and use the optical waveguides coupled with
2D crystals or nanodiamonds as a probe.

The chip is easily manufactured, can operate
on many different microscopes and sustain harsh
treatments, including the high temperatures that
are used for growing 2D materials and nanodia-

monds, Radenovic says. In the future, she adds,
“one could even imagine to shrink it further.” The
findings were published in the journal ACS Pho-
tonics.

The development of this and other approach-
es to access the world of nanoscale materials
was made possible thanks to the interdisciplinary
nature of the NCCR Bio-inspired Materials, Rade-
novic says. “Together, we are pushing the frontiers
of where and what one can measure.”

Reference

Glushkov, E.; Mendelson, N.; Cherney, A.; Ritika, R.; Lihter,
M.; Zamani, R. R.; Comtet, J.; Navikas, V.; Aharonovich, I.;
Radenovic, A. Direct Growth of Hexagonal Boron Nitride on
Photonic Chips for High-Throughput Characterization.
ACS Photonics 2021, 8 (7), 2033-2040.
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Projects

of funding including CHF 4.5 million from the SNSF

n

CHF
32 9 million &

Partners

>

University of Fribourg (Home Institution), Federal Institutes of Technology Lausanne and Ziirich

21

Research groups

at three universities

7

international
conferences
supported

2

industrial
associates

O

Innosuisse
projects

worth over CHF 1.4 million in total

|

Saltire Facilitation
Network Award

from the Royal Society of Edinburgh to
establish a European Network on Nature-In-
spired Materials between the Universities of

Strathclyde and Freiburg and our NCCR

Note: All figures between June 1, 2021 and May 31, 2022
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Revealing shapes

Microbe response
inspires tools to study

proteins

NCCR Bio-Inspired Materials researchers at the Adolphe Merkle
Institute have developed tunable nanopores that may help
decipher the structure and function of proteins. Their approach
is modelled on how immune system recognizes pathogens.

Proteins are the foundation for all biological
processes in living organisms, and working out
the shape of a protein enables scientists to under-
stand how that protein functions. Building on their
previous work, the scientists at the University of
Fribourg have designed tunable nanosized tubes,
called nanopores, that can help to reveal the
shape of a protein - and even its orientation in the
3D space.

The approach could find applications not only
in detecting and characterizing proteins, but also
as a tool to deliver drugs inside cells - or even as
a miniature weapon to kill cancer cells and bacte-
ria. The inspiration for the nanopores came indeed
from the way our body fights pathogens: when
the immune system recognizes a harmful microbe,
it activates a complex of proteins that kills the
pathogen by punching tiny holes through its cell
membrane. “If we could use that killing machine
to our advantage, it would be very powerful,” says
study senior author and NCCR Principal Investiga-
tor Prof. Michael Mayer.

To develop the nanopores, Mayer’s team took
advantage of a peptide called CtxA, which a fly

native to sub-Saharan Africa produces to protect
its eggs from bacteria. A handful of CtxA peptides
typically assemble to form molecular-scale tubes
that can kill microbes - very much like our im-
mune system does with pathogens.

First, the researchers had the CtxA peptide
synthesized in the lab; then, they attached a DNA
strand to it. “We created a peptide-DNA hybrid,”
Mayer explains. Because DNA is made of com-
plementary sites that can bind to one another,
individual molecules of the right sequence will
self-assemble, forcing the structure to form a de-
sired shape.

By creating structures with 4, 8 or 12 pep-
tide-DNA hybrids, the researchers were able to
tune the diameter of the nanopores, making the
inner tube bigger. They also attached to the struc-
ture a fatty molecule, which increases the affinity
of the nanopore to the lipid membrane of cells.
The findings were published in the journal ACS
Nano.

This is not the first time that researchers have
made nanopores: the tiny tubes are already used
to sequence DNA molecules. When a nanopore
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The CtxA peptides used for the project originated in medflies

inserts into a membrane that separates two liquid
compartments - one with a positive charge and
one with a negative charge - it opens a path for
charged particles, or ions, to flow from one com-
partment to the other. When ions move through

a nanopore, they create an electrical current. But
when a DNA molecule enters the pore, it reduces
the flow of ions across the membrane. By monitor-
ing changes to the electrical current produced by
this flow of ions, researchers can determine the
sequence of a specific DNA strand.

Previous work by Mayer’s team showed that
it's possible to use nanopores to identify the fin-
gerprint of specific proteins. “The blockade is not
just proportional to the volume of a protein, but
it also represents its orientation,” Mayer says. “We
use that signal to make estimates about the shape
of a protein, which is important to understand its
function.”

However, analyzing the shape of proteins with
nanopores presents many challenges, Mayer says.
For one, proteins are substantially bigger than
DNA molecules, so larger pores would be helpful,
but Mayer notes that bigger pores seem to be less

stable than smaller ones. “Nature doesn’t normally
make those bigger pores, except to kill microbes.”

For this reason, the team is now trying to build
nanopores using one of the proteins that make up
the immune system’s ‘killing machine.’ Preliminary
results suggest that using this approach, it’s pos-
sible to make stable nanopores that are up to 12
nanometers in inner diameter. “They might actu-
ally work for what we want to do,” Mayer says. “At
the end, we're using exactly what nature uses - of
course, we need some tricks to make this work in
a test tube, but the results look very promising.”

Reference

Fennouri, A.; List, J.; Ducrey, J.; Dupasquier, J.; Sukyte, V.;
Mayer, S. F.; Vargas, R. D.; Pascual Fernandez, L.; Bertani,
F.; Rodriguez Gonzalo, S.; Yang, J.; Mayer, M. Tuning the
Diameter, Stability, and Membrane Affinity of Peptide
Pores by DNA-Programmed Self-Assembly. ACS Nano 2021,
15 (7), 11263-11275.
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Circular approach

Food digestion points
the way to more efficient
plastic recycling

The way nature processes old proteins to create new ones has

led NCCR Bio-Inspired Materials researchers at Lausanne’s Federal
Institute of Technology (EPFL) to develop a potentially more
efficient approach to plastic recycling.

More than 400 million tons of plastics are pro-
duced every year, and dozens of them end up in
the natural environment, making plastic pollution
one of the most pressing global issues. The NCCR
scientists decided to tackle the problem by in-
vestigating how nature degrades proteins. These
molecules, much like plastic, are polymers made
by several building blocks, or monomers. “Pro-
teins are the most abundant polymers on earth,
and they’re sustainable,” explains NCCR Principal
Investigator Prof. Francesco Stellacci, who co-led
the research at EPFL's School of Engineering.

Unlike synthetic polymers, proteins are se-
quence-defined polymers, which means that the
sequence of their building blocks is essential -
as it determines a protein’s structure and function
- and is dictated by the genetic instructions
‘written’ in the DNA.

When we digest food, proteins break up into
their constituent parts. Then, cells put these
building blocks back together in different orders

to form new proteins, depending on the cell’s spe-

cific needs. To try to replicate this natural cycle
outside a living cell, Stellacci and his colleagues

selected specific proteins and chopped them up
into individual building blocks. Then, they put the
building blocks into a system containing the cellu-
lar machinery that translates genetic instructions
into proteins.

Using this approach, the researchers were able
to transform silk and a mixture of hormones into
a specific protein that emits fluorescence when
exposed to light. The findings were published in
the journal Advanced Materials.

“The dream is that we'll be able to
throw a bunch of old plastics together
and transform them into plastic that is
as good as new plastic.”

Prof. Francesco Stellacci

“This is a great nature-inspired approach to
recycling, where you take a random mixture of the
starting material, digest it in its components, and
build from it what you need,” Stellacci says. He
notes that proteins produced with this approach
have the same quality of a newly made protein,
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Plastics need to be recycled more to reduce their impact on the environment

whereas plastic loses some of its quality every
time it is recycled in a conventional way.

The study is a proof of concept that a similar
recycling approach could be used also for plas-
tic. The idea, according to the researcher, is that
in the future, plastic polymers should also be
sequence-defined, just like proteins. They would
then be degraded in a ‘maxi stomach’, which
would break them into single monomers. Finally,
a computer would instruct a polymer-making ma-
chine about the type of polymer to produce. “One
day it may be a soft polymer to make clothes, the
day after it may be a hard polymer to make chairs,
pens or computers,” Stellacci says.

However, he adds, it will take years - if not
decades - before this approach can be applied
in the real world. For one, every cell has a poly-
mer-making machine, called the ribosome, that
is able to translate genetic instructions into new
proteins. “For synthetic polymers, we don’t have
a ribosome,” Stellacci points out. And to make
plastic recycling sustainable, he adds, we would
need ribosomes on industrial scales. “The chal-
lenges are huge.”

Next, the researchers hope to scale up their
approach to recycle grams of synthetic polymers
into materials. “Now, we are doing this at micro-
gram level,” the NCCR Pl explains.

Despite all the challenges, this protein-inspired
approach represents a new way of looking at re-
cycling, he says. “The dream is that we’ll be able
to throw a bunch of old plastics together and
transform them into plastic that is as good as new
plastic and is different every day.”

Reference

Giaveri, S.; Schmitt, A. M.; Roset Julia, L.; Scamarcio,

V.; Murello, A.; Cheng, S.; Menin, L.; Ortiz, D.; Patiny, L.;
Bolisetty, S.; Mezzenga, R.; Maerkl, S. J.; Stellacci, F.
Nature-Inspired Circular-Economy Recycling for Proteins:
Proof of Concept. Advanced Materials 2021, 33 (44),
2104581.
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Force-sensing probe

Signaling when a
material is about to fail

NCCR Bio-Inspired Materials researchers at the University of
Fribourg’s Adolphe Merkle Institute have created a force-sensing
probe, called a mechanophore, that rapidly and reversibly
changes its fluorescence color when activated by a strain.

Molecules that change color or fluorescence
characteristics in response to mechanical stress
can warn of damage to materials such as poly-
mers used in construction, potentially avoiding
catastrophic failures. A new mechanophore could
help researchers study the effects of mechanical
stress on materials. In the future, it may also serve
as an early warning for material failure, says NCCR
Principal Investigator Prof. Christoph Weder, who
co-led the study.

Several physiological processes, including
hearing, rely on a phenomenon called mechano-
transduction, which translates mechanical stimuli
into a chemical response. Inspired by such behav-
ior of biological systems, Weder’s team has been
exploring ways of making stress sensors out of
force-sensitive molecules.

Past efforts resulted in molecules that did not
return to their original state or were extremely dif-
ficult to produce. This time around, the research-
ers connected two fluorescent molecules, called
perylenes, with a spacer. Then, they incorporated
the perylenes in the center of polymer chains that

make up a rubbery material known as an elastomer.

The team tested their probe by subjecting the
elastomer to different levels of mechanical stress.
Perylenes act like molecular magnets, so in the ab-
sence of stress, the attractive interactions between
perylene molecules leads to the formation of loops
and the production of orange fluorescence.

“In principle, one could equip poly-
mers with the ability to indicate failure
and render the polymers healable.”
Prof. Christoph Weder

However, when the researchers applied force
to stretch the elastomer, the perylene loops un-
tangled, and their fluorescence changed to green.
“If the loops experience a sufficiently high force,
the perylene magnets are pulled apart,” Weder
explains.

The color change took place instantaneously
and reflected how much stress the elastomer had
experienced. The effect was reversible, with the
fluorescence reverting to orange as soon as the
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force was removed. Producing the new mechano-
phore only involves three steps and the probe can
be incorporated into several polymers, including
rigid materials such as Plexiglas, Weder says. The
findings were published in the journal Angewand-
te Chemie.

Next, Weder’s team plans to look at the re-
sponse of other polymers to investigate failure
mechanisms. “If you look at rigid polymers, they
typically fail because they develop a microscopic
defect - a crack,” he adds. “Our question is, how
does the crack start in the first place, and can we
predict where it will develop?”

Although the new mechanophore is just a
research tool for now, in the future it may have
practical applications in all sorts of materials. For
example, understanding how failures happen at
the molecular level may inform the creation of
more resistant polymers. “We are also interested
in healable polymers, so in principle one could
equip polymers with the ability to indicate failure
and render the polymers healable,” Weder says.

The new mechanophore may also enable biol-
ogists to measure forces on molecular scales and

Hearing is an example of mechanical stimuli that are transformed into a chemical response

understand how cells react to mechanical stress.
“Biologists also use force probes, but so far there
has been little interaction between polymer sci-
ence and biology with respect to such probes,”
Weder points out. “In the next phase of the NCCR
Bio-Inspired Materials, we would like to bridge this

”

gap.

Reference

Traeger, H.; Sagara, Y.; Kiebala, D. J.; Schrettl, S.; Weder,
C. Folded Perylene Diimide Loops as Mechanoresponsive
Motifs. Angewandte Chemie International Edition 2021, 60
(29), 16191-16199.
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Photonics

Creating structural
color with polymers

NCCR Bio-Inspired Materials researchers at the Adolphe
Merkle Institute (AMI) have drawn inspiration from nature
to develop nanoscale structures that display bright colors
with potential industrial applications. These so-called
photonic particles could be employed in a broad range

of products, from coatings to cosmetics.

The dazzling hues of the wings of some insects
and birds originate from tiny structures that dif-
fract light differently. Mimicking those structures
will allow scientists to create new materials that
produce color in a more efficient, economical,
and sustainable way, says Dr. llja Gunkel, a group
leader in the AMI Soft Matter Physics group.

Part of Gunkel’s research is inspired by how
animals such as butterflies and beetles get their
vibrant hues. These colors are called ‘structural’
because they're produced by light scattering from
a regular array of structures, for example scales
on a butterfly wing. The scales are typically made
of natural polymers that arrange into microscopic
layers, which reflect light in ways that produce
bright colors.

To imitate these structures, Gunkel and his col-
leagues created a comb-shaped polymer, a type
of polymer consisting of a main polymer chain
and a series of side chains made of a different
molecule. Under the right conditions, these poly-
mers self-assemble into onion-like microstructures
made of layers that are about 160 nanometers
thick.

Using a specific protocol, which they detailed
in the journal Macromolecular Rapid Communi-
cations, the researchers succeeded in producing
spheres that measure about 10 micrometers in
diameter and show intense coloration.

“We can create structural color with
a simple and scalable process.”

Dr. Illja Gunkel

The first particles produced were only green,
but now the researchers are able to create par-
ticles of all different colors. “The trick is simple,”
Gunkel explains. When making the comb-like poly-
mer, the researchers add different amounts of the
additional molecule to the main polymer chain.
This results in onion-like structures with layers of
either increased or decreased thickness, which re-
flect different portions of the light spectrum.

The particles are non-iridescent, meaning that
their hue does not depend on the angle they're
viewed from. “Typically, one wants the color of
a device or a wall to look exactly the same, no
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matter under which angle one looks at it,” Gunkel
adds. What’s more, the particles can be suspend-
ed in water or used as a powder. Due to these
characteristics, the particles hold promise as
non-iridescent photonic pigments, he says. “We
show that we can create structural color with a
simple and scalable process.”

However, the particles are not yet ready for
practical applications, Gunkel notes. One reason
is that the color is not visible to the naked eye,
but is only detectable using a microscope. Also,
light bounces multiple times between different
particles - a phenomenon called scattering, which
makes the particles appear white.

To get around the problem of scattering, the
team is again drawing inspiration from nature:
animals often combine structural colors with
pigments, which absorb scattering light. The re-
searchers now plan to introduce such pigments
in their onion-like particles. “We want to have pig-
ments in the center of a particle to make sure that
only a certain portion of light is reflected - and
that only reflection, rather than scattering, takes
place,” Gunkel says.

Brilliant butterfly colors are often due to the structure of the insect's wing scales

In the future, he adds, the particles may find
use as paints or colorants that are more stable
than traditional ones, which tend to fade over
time. “We have all the ingredients, we just need to
get the pigments incorporated into our onion-like
particles.”

References

Moriceau, G.; Kilchoer, C.; Djeghdi, K.; Weder, C.; Steiner,
U.; Wilts, B. D.; Gunkel, I. Photonic Particles Made by the
Confined Self-Assembly of a Supramolecular Comb-Like
Block Copolymer. Macromolecular Rapid Communications
2021, 42 (24), 2100522.
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1 37 Gender balance

45% of the NCCR Ph.D.

Researchers students were women
incl. PhD students, postdocs, senior 28% female postdocs and senior
researchers and professors researchers

37 Nationalities

including Switzerland, Argentina, Austria, Belgium, Brazil, Bulgaria,
China, Croatia, Estonia, Ethiopia, France, Germany, Hungary, India,
Italy, Kenya, Lebanon, Lithuania, Luxembourg, Macedonia, Nether-
lands, New Zealand, Peru, Poland, Portugal, Russia, Serbia, Slovakia,
Slovenia, South Africa, Spain, Taiwan, Turkey, UK, Ukraine, USA,
Vietham

=~ 065 =

of open access
Papers publications

oral presentations at
conferences (including

37 keynote and plenary including 60 original con- following the Gold or Green
lectures at international tributions, 4 reviews and roads and through institutional
conferences) 1 editorial agreements

Note: All figures between June 1, 2021 and May 31, 2022
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In brief

Specialissue

NCCR Bio-Inspired researchers have
been helming a special Issue in the
journal Materials (MDPI), entitled
“Advances in Bio-inspired Materials
for Medical Applications”.

Edited by NCCR Principal Inves-
tigators Profs. Alke Fink and Barbara
Rothen-Rutishauser (AMI), in collabo-
ration with NCCR alumni Dr. Barbara
Drasler and Dr. Dedy Septiadi, the
special issue emphasizes the entire
range of bio-inspired materials used
in medical applications. It includes
the synthetic approaches of formu-
lating functional systems that can

The mosquito can inspire ideas for biomaterials
and medical devices

be used in drug and molecule (gene)
delivery, bioimaging, and biosens-
ing, regenerative medicine, and
cancer treatment. In addition, the
physico-chemical characterization
strategy for bio-inspired materials,
as well as (mathematical) modeling
structure-property relationships, will
be covered by the issue, along with
principles in developing safe-by-de-
sign bio-inspired nanomaterials for
medical application.

Asterivir's molecules aim to prevent viruses binding to healthy cells

Company launch

NCCR Principal Investigator Prof.
Francesco Stellacci (EPFL) has
launched a start-up focused on
broad-spectrum antiviral technology
developed with NCCR support.

Asterivir is developing virucidal
molecules that attack virions in the
body before they can bind to healthy

cells, destroying the virus. Positive
results have been obtained against
numerous viruses such as influenza,
HSV2, HPV, Lentivirus, Zika virus and
RSV through testing in accepted in
vitro, ex vivo and/or in vivo models.
Two of its molecules have shown

in vitro effectiveness against SARS-
CoV-2.

Explora

NCCR Bio-Inspired Materials re-
searchers and staff joined colleagues
at the University of Fribourg for

the institution’s Explora open day in
September 2021.

The event was held under the
motto “Food for the brain”. The
NCCR researchers notably powered
a cargo bike with slime experiments
across the city, while also staffing
a KidsUni stand on the university’s
main Miséricorde site, or presenting
and exhibit on photonics and art.

The NCCR was present at Fribourg’s organic market

The NCCR was also present at the
organic market held in the city cen-
ter at the same time, presenting a
nanofertilizer project, and engaging
with the public on the issue of crop
protection.



Lifetime award

NCCR Principal Investigator Prof.
Barbara Rothen-Rutishauser (AMI)
was awarded the International Soci-
ety for Aerosols in Medicine (ISAM)
2021 Career Achievement Award.

This award is presented to a se-
nior investigator whose body of work
demonstrates a lifetime of outstand-
ing achievement in aerosol science.
Rothen-Rutishauser is recognized as
a pioneer in the development of hu-
man 3D lung models. In combination

NCCR PI Prof. Barbara Rothen-Rutishauser

with air-liquid cell exposure systems,
these models are applied to assess
effects of aerosolized drugs and
nanomaterials. She has published
over 300 peer-reviewed papers, and
is an associate editor of the jour-

nal “Particle and Fibre Toxicology”.
Rothen-Rutishauser has been an
active ISAM member for many years.
Since May 2021, Rothen-Rutishauser
has been serving as president of
ISAM, a position she will hold until
May 2023.
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Student innovation

The virtual 3 Swiss Forum for
University and Student Innovation
was co-organized by the Knowledge
Transfer and Innovation Manager
Dr. Eliav Haskal in September 2021.

The forum targets education,
support activities and ecosystem
development for innovation and
entrepreneurship at federal and can-
tonal universities, and universities of
applied sciences in Switzerland. The
latest edition featured talks by Al-
isée de Tonnac, the co-founder and
co-CEO of Seedstars, a Swiss invest-
ment holding, and Prof. Bill Aulet,
the managing director of the Martin
Trust Center for MIT Entrepreneur-

ship at the Massachusetts Institute
of Technology.

De Tonnac’s Seedstars works in
over 90 countries in partnership with
governments, development agen-
cies, corporate partners, and private
donors to develop emerging market
entrepreneurship ecosystems, cre-
ate jobs and fuel income growth. It
invests in high growth technology
companies in those markets, and
supports them with capital, knowl-
edge and introductions. Aulet is an
award-winning educator and author
whose current work is built off the
foundation of his 25-year successful
business career first at IBM, and then
as a three-time serial entrepreneur.

PhDs

Dr. Subhajit Pal was awarded the Uni-
versity of Fribourg’s 2021 Chorofas
Prize, worth USD 5,000, for the best
doctoral thesis in natural sciences,
which he carried out under the super-
vision of Prof. Andreas Kilbinger in
the Department of Chemistry.

Pal was also awarded a highly
competitive SNSF Postdoc. Mobility
fellowship, allowing him to join
the research group of Prof. Philip
Messersmith at the University of
California, Berkeley.

NCCR PhD Student Hanna Traeger
(AMI Polymer Chemistry and Materi-
als group) was awarded the runner-
up prize for best oral presentation
(Polymers, Colloids & Interfaces sec-
tion) at the 2021 fall meeting of the
Swiss Chemical Society. Her AMI col-
league Derek Kieblala was the recipi-

Dr. Subhajit Pal

ent of the Macromolecular Chemis-
try and Physics Best Poster Award at
the virtual Bayreuth Polymer Sympo-
sium in 2021, followed by another
poster prize at the EyCheM2022 on-
line conference.
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Travel award

NCCR PhD Student Hanna Traeger of
the AMI Polymer Chemistry and Mate-
rials group was awarded a travel grant
by the Platform Chemistry of the
Swiss National Academy of Sciences
and the Swiss Chemical Society.

The grant provides funding to
participate in an international confer-
ence. Traeger used the support to at-
tend the spring 2022 meeting of the
American Chemical Society in San
Diego, California, and to present her
work on “Loop structures as non-co-
valent mechanochromic motifs”.

Dr. Hanna Traeger

Science commu-
nication

The NCCR Bio-Inspired Materials
helped bring the 10* edition of
ScienceComm to the University of
Fribourg through its sponsorship
and in-kind support from the NCCR
management team.

The two-day event, which
brought together 200 science com-
municators from all over Switzer-
land, took place in September 2021
under the motto “Science Communi-
cation in a Period of Crisis”.

URI program

After a year's pause due to the pan-
demic, the summer Undergraduate
Research Internships program was
able to take place once again in
2021.

Twenty students from the United
States and Europe were able to make
their way to Switzerland to carry
out their research stays with one of
the NCCR’s groups. The winner of
the now-traditional poster prize was
Hugo Brummer (Hanze University of

Hugo Brummer (left) was the
winner of the student poster prize

Applied Sciences, Groningen, the
Netherlands), for his project “De-
sign of mechano-pigments for high
dynamic range mechano-sensing in
polymeric materials”.

Entreprencurial force

NCCR Principal Investigator Prof.
André Studart was among the win-
ners in 2021 of the inaugural Dande-
lion Entrepreneurship Award, which
recognizes professors for their out-
standing efforts to promote entrepre-
neurship at Zurich’s Federal Institute
of Technology (ETHZ).

The professors are nominated
by ETHZ students, PhD candidates,

and postdoctoral researchers for
the award, which aims to recognize
the most entrepreneurial friendly
professors at the institute Based on
the nominations, a jury picked a win-
ner for each department. Startups
launched from Studart’s Complex
Materials laboratory include NCCR
supported companies Spectroplast,
Microcaps, and FenX.

Sponsoring

The NCCR Bio-Inspired Materials
regularly sponsors scientific confer-
ences, workshops, and other events.

In January 2022, the Center pro-
vided support for the European Young
Chemists’ Meeting (EYCheM2022)
that was to take place in Fribourg,
focusing on the design, synthesis and
utilization of new materials for energy

applications. Due to the Covid pan-
demic, the conference was however
moved to an online format.

@ O gaowms
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EYCheM2002 had to transition online
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2021, 33, 2104581.

Outreach

In November 2021, the Center took
part in a new format of the Zukunfts-
tag/Future en tous genres as part of
its equal opportunities’ and outreach
activities.

These days are usually organized
every year so primary schoolchildren
can learn more about their parents’
jobs. For the first time however, fe-

male high school students were invit-

ed to learn more about STEM studies
and professions, from the NCCR's
Outreach Officer, Dr. Sofia Martin
Caba, and find out that science is
not just for men.

NCCR PI Prof. Barbara Rothen-
Rutishauser also participated in the

An opportunity to learn more about STEM
careers for women

Swiss Academy of Engineering Sci-
ences TecDay at Zurich'’s Freie Gym-
nasium in November 2021. In her
module, she gave an introduction on
nanoscience to to college students
in their final years of study.
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Drawing to a conclusion
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Collaborative projects
become focal point for
final four years

The NCCR Bio-inspired Materials recently started its third and final
funding phase. For this period, its researchers will continue to build
on their earlier success, but will focus more intensely on collabo-
rative interdisciplinary projects, in particular on potential applica-

tions of earlier studies.

Since its launch in 2014, the NCCR has contrib-
uted to advance the field of bio-inspired materials
research and to position Switzerland internation-
ally in this strategic domain. The Center’s impact
has also reached various structural levels at its
Home Institution, the University of Fribourg, in-
cluding the orientation of the Faculty of Science
and Medicine strategy towards materials science,
the establishment of a critical mass of research
groups working on bio-inspired materials, new ed-
ucation and training programs, and the creation of
equal opportunities and innovation cultures that
will outlast the Center beyond its official end in
May 2026.

In terms of research impact, the NCCR has
bundled previously isolated, individual research
activities in the field of bio-inspired materials
to create a clear strategic focus in the Swiss re-
search landscape. Compared to the pre-NCCR
era, the Swiss groups working on bio-inspired ma-
terials are now well coordinated and this will help

Collaboration is key to the final
success of the NCCR

maintaining the international recognition of Swiss
researchers in the field after the end of the NCCR.
It is now clear that many of the outcomes of the
Center would not have been possible without the
framework provided by the NCCR, which has been
instrumental in catalyzing collaborative work be-
tween different research groups and across disci-
plines. This is exemplified by the research module
“Dynamics of interacting cell-material systems”,
launched in the second funding phase as a highly
interdisciplinary and collaborative initiative, which
has provided the foundations for organoids-on-
a-chip that could represent a paradigm shift in
biology, especially by enabling the generation of
physiologically relevant human tissues, organs
and diseases. Other examples where the Center
has opened new research areas and new research
opportunities in existing areas include Nature-in-
spired polymer recycling, high-throughput emul-
sification, or new sensors based on mechanical
forces.

At the international level, the scientific ex-
changes at the NCCR have led to the generation
of three international networks on bio-inspired
materials science. The first is the Swiss-US PIRE
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network “Bio-inspired Materials and Systems”, co-
led by NCCR Principal Investigator (PI) and former
director Prof. Christoph Weder, which linked six
NCCR research groups with seven US research
groups across five US research institutes. A sec-
ond network is the Horizon 2020 Innovative Train-
ing Network “Plant Inspired Materials and Surfac-
es” (PlaMatSu), led by NCCR PI Prof. Nico Bruns,
with eight research groups spanning across four
Universities in Switzerland, Germany, and the UK.
A third international network recently launched

is a Saltire Facilitation Award of the Royal Society
of Edinburgh, which is funded by the Scottish
Government to create collaborative Scotland -
EU/CH partnerships. This two-year collaboration

“In the domain of knowledge and
technology transfer, the NCCR has
successfully enabled many technolo-
gy transfer projects with industry.”

involves research groups from Glasgow, Freiburg
(Germany) and the NCCR under the topic of na-
ture-inspired materials. Furthermore, the NCCR
was instrumental for the permanent relocation of
the biannual Gordon Research Conference “Bio-
inspired Materials” to Switzerland, and both the
former and present NCCR Directors, Profs. Chris-
toph Weder and Ulli Steiner, will be involved in its
organization as chairs and vice-chairs. This is now
further reinforced by the NCCR-branded interna-
tional conference on bio-inspired materials, which
had its first two editions in 2019 and 2022, and

is planned to run again during the NCCR’s third
funding phase. In addition to the widespread links
formed by individual NCCR Pls, these interna-
tional consortia and conferences have formed an
international research community that will outlast
the NCCR. At the international level, the NCCR
has also contributed to raising the profile of the
University of Fribourg in the domain of materials
research, which led to Nature Index ranking the
university sixth in Europe among the fastest rising
institutions in the field in 2019.

Besides conducting excellent research, the
NCCRs support the career advancement of young
researchers, implement gender equality mea-
sures, promote innovation and create links to
society through outreach actions and targeted

knowledge transfer. To this end, our NCCR has
developed a comprehensive education and train-
ing program covering the entire spectrum of ages
and academic positions, and runs every year its
successful summer internships for undergraduate
student. This program brings to Switzerland twen-
ty students from universities worldwide including
top institutions such as the University of Cam-
bridge, University College London, MIT and the
University of Chicago to name a few. The Center
has also become a reference for gender equality
at the University of Fribourg with regular round
tables and programs geared to providing female
role models for research leadership to primary
and high school children. For these activities, the
NCCR received external recognition through the
2019 Materials Today Agents of Change award,
received by NCCR Pl and equal opportunities fac-
ulty delegate Prof. Barbara Rothen-Rutishauser,
NCCR PI Prof. Alke Fink and Dr. Sofia Martin, the
NCCR'’s outreach coordinator. Perhaps the most
successful program launched by the NCCR in this
domain is the WINS Fellowships, a program that
funds female postdoctoral researchers to develop
their own projects for a period of two years. Re-
markably, to date, 50% of the fellows made a clear
step towards scientific independence by securing
assistant professorships, lecturer positions, or
permanent research staff positions immediately
after their fellowships.

In the domain of knowledge and technolo-
gy transfer, the NCCR has successfully enabled
many technology transfer projects with industry,
launched four spinoffs of which three are now
incorporated, and successfully contributed to
develop an environment of innovation at the
University of Fribourg. It is worth highlighting
the leading role of the NCCR in the launch of the
organization of the Swiss Forum for University
and Student Innovation, a unique national-level
event that was co-organized by Dr. Eliav Haskal,
the NCCR’s KTT manager, and which has already
taken place on three occasions. The transfer of
knowledge to society has been an important focus
of our Center as exemplified by the exhibit “Inspi-
ration Natur e”, which was shown at the Fribourg
Museum of Natural History from October 2018 to
March 2019, gathered over 30,000 visitors, and
included multiple parallel activities such as com-
pany and school visits, spaghetti evenings and



afterwork guided visits. In the domain of science
outreach, the NCCR reached over 1700 children
and high school students through multiple out-
reach programs, either by launching its own ac-
tivities or leveraging existing programs at the Uni-
versity and Canton of Fribourg, and at the national
level. Additionally, the Center recently edited the
book “Pschitt”, which collects experiments for
children formerly published by the Migros maga-
zine, in collaboration with the Espace des Inven-
tions in Lausanne, the EPFL and the University of
Geneva'’s Scienscope.

Building on the experience and outcomes of
the first two funding phases, and with the continu-
ous and generous support from the Swiss National
Foundation and the University of Fribourg, the
NCCR has started its last four-year funding peri-
od. In this final phase, as most notable change,
the Center is moving away from single Pl-led
projects into a truly collaborative mode. While
the projects remain grouped in three topical
modules, the groups collaborate in these projects
across discipline and module boundaries. These
changes reflect the evolution of our scientific
network over the past eight years, during which
many collaborations formed and joint articles
were published. On one hand, the three modules
continue the research themes our NCCR is known
for: mechanically responsive materials, photonic
materials, and responsive bio-interfaces. On the
other hand, the Pls working between modules
brings new perspectives for the application of the
materials developed in Modules 1 and 3, and shifts
the orientation of Module 2 from the character-
ization of photonic biological materials towards
their biomimetic manufacture. Several projects of
the NCCR’s Phase 3 research program are further
linked to greater societal challenges including fu-
ture energy (batteries, solar energy), public health
(anti-viral, anti-bacterial applications), future med-
icine (organs-on-a-chip), and carbon capture.

A further important aspect of this third phase
is the translation of the research output of the
Center towards applications. While many of
the projects have that potential, the NCCR has
launched a research module with four transla-
tion-oriented projects that build on recent excit-
ing fundamental NCCR research in the fields of
soft actuators, bio-inspired photonic materials,
healable plastics and the 3D printing of microp-
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orous materials. In addition, the NCCR can now
count on the expertise of two new Associate Pls
from TT-oriented institutions, Dr. Luciano Boesel
at Empa, and Dr. Raphaél Pugin at CSEM, who will
support the translation objectives of the Center.

In what concerns the Education and Equal
Opportunities programs, the NCCR will resume all
the activities and programs of the second funding
phase with a focus on initiatives with potential for
stabilization at the University of Fribourg’s Faculty
of Science and Medicine. The successful outreach
and training activities of the NCCR will thus be re-
sumed in Phase 3 and the Center will seek the cre-
ation of a new Materials Science Doctoral School
at the University of Fribourg. The NCCR will also
continue promoting gender equality through
round tables and workshops, and by leading initia-
tives at the Faculty level. The WINS Postdoctoral
Fellowships will also be continued in Phase 3 with
four new positions and female-only postdoctoral
positions will be awarded to the most successful
projects on a competitive basis. All these activi-
ties will continue to be marketed and communi-
cated through a wide range of channels including
the Center’s website, themed flyers, the yearly ac-
tivities report, continuous media and social media
presence, participation in fairs and conferences,
and ad-hoc communication support.

Ultimately, the NCCR aims at having a mean-
ingful and sustainable structural impact in its
Home Institution and more generally in the Swiss
higher education system. The past contributions
and future plans reviewed here show that the Cen-
ter is making clear steps towards this goal and
highlight the productive collaboration with the Uni-
versity of Fribourg, which has been and remains
an excellent and supportive host institution, and
the Swiss National Science Foundation.
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Outreach

New book of experiments
promises fun for kids

The NCCR Bio-Inspired Materials, in collaboration with partners
from the Universities of Fribourg and Geneva, EPFL and Lausanne's
Espace des Inventions, recently published a collection of fun sci-
ence experiments for primary-school children. The result is a book
that teachers and parents alike can use to entertain and educate.

From 2015 to 2018, the Migros Magazine, a
weekly newspaper owned by Switzerland'’s biggest
retailer, published almost 200 weekly science ac-
tivities for children in collaboration with the book’s
partners. Now a selection of the best experiments
is available as a book or online. The book's title,
“PSCHITT!”, is a French onomatopoeia for the
sound gas makes escaping from a container.

“Over the years, there was a substantial per-
sonal investment for everyone involved in the Mi-
gros project,” explains Dr. Sofia Martin Caba, the
NCCR's outreach officer. “It seemed a pity to have
all that material, and not do anything with it.”

Aimed squarely at children attending primary
school and their teachers, “PSCHITT!” provides
easy-to-follow instructions in French for each of
the 43 selected experiments, which can be safely
attempted in the kitchen or the schoolroom. Each
activity - covering domains as varied as mathe-
matics, chemistry, biology, biochemistry, or phys-
ics - can be carried out using elements that can
be found at home or easily purchased. Children
can also attempt the experiments safely by them-
selves.

“Each activity comes with detailed explana-
tions that children over the age of eight can easily
understand,” says Martin Caba. “Most of what

we have included in the book can also interest
younger kids with the help of their parents - the
main thing is to have fun.” She points out that
children are naturally curious, and want to know
how things work. “Our goal was to encourage that
curiosity, and make them want to learn more,” she
adds.

The book also comes with a weighty recom-
mendation from Switzerland’s 2017 Nobel Chem-
istry Prize winner Prof. Jacques Dubochet, who
wrote the foreword. “I see it as the happy pathway
leading to that quiet confidence that nature is
by essence subtle, but with a little work, it can be
understood,” he writes. “If anything, it is a call
to follow that path and to embrace life.”

“PSCHITT!” is not original is the sense that
the activities it contains are novel or unheard of.
“There are plenty of ideas in other books, on the
internet, or even in our daily lives,” explains Martin
Caba. “We took those ideas, but then you have to
rework them to explain what is going on and how
to make that comprehensible for children. That's a
real challenge because some of the concepts be-
hind the experiments are quite complex.”

Each experiment is presented the same way,
starting with a list of “ingredients” required for the
activity, followed by an illustrated “recipe” that
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Pschitt! was available in a book format

children can follow. This is completed by a short
explanation of the phenomena involved in the ex-
periment, and a lengthier summary of the actual
science behind it. This can be chemical formulas,
descriptions of optical phenomena, or algorithms
but to name a few.

Fun though is the main ingredient here. The
learning experience is part of the package rather
than the main goal, and all the experiments have
been successfully tested with young participants.
Making elephant toothpaste or slime is more
amusing than learning multiplication tables or
grammar rules.

The book has distributed to schools across
French-speaking Switzerland, with the entire run
now out of print. It is however still available on-
line. A German version is also being prepared and
should be released in the coming months.

On the web:
www.pschitt.ch
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Partners:

« KidsUni - University of Fribourg

- Espace des inventions - Lausanne

» Science Outreach Department, EPFL
« Scienscope, University of Geneva

+ NCCR Bio-Inspired Materials
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Partnerships

Extended network
to boost NCCR results

The NCCR Bio-Inspired Materials wishes to benefit from external
expertise as it moves into its third and final, more applied, phase,
as well as maintain ongoing relationships with former members of
the Center. It now benefits from the input and knowledge from four
external groups in Switzerland and abroad.

Dr. Raphaél Pugin of CSEM is collaborating
with NCCR Principal Investigators Profs. Frank
Scheffold and Ullrich Steiner to replace titania
with edible white pigments. Titania (anatase or
rutile TiO2) is an extremely wide-spread com-
pound used to modify the optical appearance in
applications, ranging from powder-coatings to
food products. Because of suspected health im-
plications, colloidal formulations of titania have
been outlawed in France, and the EU has recently
tightened regulations concerning its use. The im-
portance of TiO2 lies in its high refractive index,
providing effective light scattering for the efficient
creation of the “color” white, which is also used as
optical brightener in color formulations. The goal
is to produce, using sustainable, benign materials
inspired by nature, a “white” pigment capable of
replacing the TiO2 industry standard. Dr. Pugin’s
CSEM group specializes in nanostructuring of sur-
faces and nanofabrication, replication techniques,
as well as the development of nanostructured ma-
terials for life science.

Founded in 1984 and headquartered in Neu-
chéatel, CSEM is an internationally recognized in-
novation specialist. As a public-private, non-profit
organization partially funded by the Swiss gov-
ernment, its mission is to support the innovation

of Swiss companies, and strengthen the economy
through ongoing collaboration with leading uni-
versities, research institutes, and industrial part-
ners.

Dr. Luciano Boesel of the Empa (Swiss Federal
Laboratories for Materials Science and Technolo-
gy) in St Gallen, has joined “Transiently pulsating
materials inspired by the heart” project headed
up by NCCR postdoctoral researcher Dr. Rafael
Libanori and NCCR Principal Investigator Prof.
André Studart and Associate Pl Prof. Nico Bruns.
This project aims to mimic the working principle
of the heart muscle by creating polymersome-lad-
en hydrogel materials that change their size and
mechanical properties after being triggered by an
external stimulus, stay in this altered state for a
defined time, and then revert back to their original
size and mechanical properties.

Dr. Boesel is the head of the Adaptive Hydro-
gels group in the Laboratory for Biomimetic Mem-
branes and Textiles at Empa. The laboratory de-
velops novel smart fibers, textiles and membranes
for body monitoring, drug delivery and tissue en-
gineering applications. His projects include wear-
able textile sensors to protect against pressure
ulcers, adaptive materials for tailored transdermal
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delivery applications, and fluorescence sensors
for the monitoring of chronic and acute wounds.

Empa is a major part of the Swiss Federal Insti-
tutes of Technology Domain (ETH). Since the late
1980s it has developed into a modern research
and development institute. Research is concen-
trated in five Research Focus Areas: "Nanostruc-
tured Materials," "Sustainable Built Environment,"
"Health and Performance," "Natural Resources and
Pollutants," and "Energy".

Prof. Nico Bruns of TU Darmstadt, has been a
member of the NCCR since its launch in 2014, first
at the University of Fribourg’s Adolphe Merkle In-
stitute, then the University of Strathclyde (United
Kingdom), before moving to Germany in 2021. He
leads the projects “Mechanically responsive block
copolymer nanoreactors inspired by the marine
bioluminescence of dinoflagellates”, and “Devel-
opment of cargo carriers”. He is also involved in
six other projects.

The first of these two projects is inspired by
the marine bioluminescence caused by a family of
unicellular plankton called dinoflagellates. These

The NCCR Bio-Inspired Materials also collaborates with institutions abroad such as the University of Salzburg

organisms possess micron-sized reaction com-
partments (organelles) in which the enzyme lucif-
erase and its substrate luciferin are encapsulated.
They respond to mechanical stimuli by triggering
a biochemical reaction that produces a flash of
light. The project’s goal is to develop mechanically
switchable biocatalytic nanoreactors. The second
aims to develop stimuli-responsive polymersomes
that can package and deliver key morphogenetic
factors to developing organoids growing on a chip
in a spatio-temporally controlled and in vivo-like
manner.

The Technische Universitat Darmstadt is a re-
search university in the city of Darmstadt, Germa-
ny. It was founded in 1877. Its research activities are
focused notably in three fields: energy and environ-
ment, information and intelligence, and matter and
materials. The Bruns group’s research is directed
towards the development of sustainable functional
polymers, combining synthetic polymer chemistry
with the engineering of proteins and enzymes.

Prof. Bodo Wilts of the the Paris Lodron
University of Salzburg (Austria) also joined the
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Center during its first phase, as a group leader

in the group of NCCR Principal Investigator Prof.
Ullrich Steiner at the Adolphe Merkle Institute. He
is involved in three current projects: “Interplay

of order and disorder in biophotonic materials”,
“Complete photonic band gap materials made

by self-assembly of bottlebrush block terpoly-
mers”, and “Enhancing structural colour through
absorption”. These collaborations with NCCR PlIs
Profs. Steiner, Dufresene, Latttuada, Kilbinger, and
Scheffold draw on the computational physics and
optics specialist’s knowledge of structural color in
nature.

The first project aims to unravel the order-dis-
order interplay in natural photonic materials, and
to develop strategies to manufacture photonic
materials with “dialled-in” disorder. The second
project could lead to the creation of a 3D photon-
ic material which reflects light for all orientations
by harnessing polymer self-assembly and sol-gel
processes. The third aims to enhance the gener-
ation of structural coloration in periodic lattice
materials by tuning the refractive index.

The University of Salzburg is an Austrian pub-
lic university in Salzburg, named after its found-
er, Prince-Archbishop Paris Lodron. Established
in 1622, the university was closed in 1810 and
re-established in 1962. Wilts joined the university
in 2021 as professor of materials physics and is
based at the department of Chemistry and Physics
of Materials.
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Who is who

Executive board

Prof. Marco Lattuada

Prof. Ullrich Steiner (AMI)

Director

Prof. Esther Amstad (EPFL)

Deputy director

Prof. André Studart (ETHZ)

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 Re-
searchers, co-leader Module 3

Prof. Andreas Kilbinger (UniFR)

Faculty Delegate for Education

Dr. Lucas Montero

Scientific coordinator

Dr. Eliav Haskal

Knowledge Transfer and Innovation manager
Dr. Sofia Martin

Outreach coordinator

Principal investigators

Prof. Guillermo Acufa
(Department of Physics, UniFR)
Prof. Esther Amstad

(Institute of Materials, EPFL)

Prof. Nico Bruns

(Adolphe Merkle Institute, UniFR)
Prof. Eric Dufresne

(Department of Materials, ETHZ)
Prof. Alke Fink

(Adolphe Merkle Institute, UniFR)
Prof. Katharina Fromm
(Department of Chemistry, UniFR)
Prof. Andreas Kilbinger
(Department of Chemistry, UniFR)
Prof. Harm-Anton Klok

(Institute of Materials, EPFL)

(Department of Chemistry, UniFR)
+ Prof. Matthias Litolf
(Institute of Bioengineering, EPFL)
» Prof. Michael Mayer
(Adolphe Merkle Institute, UniFR)
+ Prof. Aleksandra Radenovic
(Institute of Bioengineering, EPFL)
« Prof. Barbara Rothen-Rutishauser
(Adolphe Merkle Institute, UniFR)
« Prof. Curzio Riiegg
(Department of Medicine, UniFR)
+ Prof. Stefan Salentinig
(Department of Chemistry, 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. Stefano Vanni
(Department of Biology, UniFR)
» Prof. Christoph Weder
(Adolphe Merkle Institute, UniFR)

Management

« Dr. Lucas Montero, Scientific coordinator

- Danielle Canepa, Finance

« Scott Capper, Communications manager

« Dr. Eliav Haskal, Knowledge Transfer and
Innovation manager

« Dr. Matthias Held, Grant writing support

« Myriam Marano, Administrative assistant

+ Dr. Sofia Martin, Outreach coordinator



Research groups

Acufa group (UniFR)

« Prof. Guillermo Acuna

« German Chiarelli, Doctoral student

« Morgane Loretan, Doctoral student

« Dr. Mauricio Pilo-Pais, Postdoctoral researcher
« Dr. Lu Zhang, Postdoctoral researcher

Amstad group (EPFL)

« Prof. Esther Amstad

- Gaia de Angelis, Doctoral student

« Matteo Hirsch, Doctoral student

« Chuen-Ru Li, Doctoral student

« Lorenzo Lucherini, Doctoral student
» Alexandra Thoma, Doctoral student
« Ran Zhao, Doctoral student

Bruns group
(AMI/Strathclyde)

« Prof. Nico Bruns

« Micael Gouveia, Doctoral student

« Dr. Peng Liu, Postdoctoral researcher
» Samuel Raccio, Doctoral student

« Samuel Russell, Doctoral student

« Justus Wesseler, Doctoral student

Dufresne group (ETHZ)

« Prof. Eric Dufresne

- Dr. Maria Feofilova, Postdoctoral researcher

« Dr. Robert Style, Senior researcher

« Alexandre Torzynski, Doctoral student

« Tianqgi Sai, Doctoral student

» Dr. Guido Panzarasa, Postdoctoral researcher
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Fink/Rothen group (AMI)

« Prof. Alke Fink

« Prof. Barbara Rothen-Rutishauser

« Liliane Ackermann Hirschi, Laboratory technician
« Mauro Almeida, Doctoral student

- Dr. Barbara Drasler, Postdoctoral researcher

+ Dr. Begum Karakocak, Postdoctoral researcher
« Aaron Lee, Doctoral student

+ Dr. Roberto Ortuso, Postdoctoral researcher

» Dr. Ruiwen He, Postdoctoral researcher

« Shui Ling Chu, Laboratory technician

« Dr. Fabienne Schwab, Senior researcher

« Eva Susnik, Doctoral student

« Dr. Patricia Taladriz, Senior researcher

« Phattadon Yajan, Doctoral student

Fromm group (UniFR)

« Prof. Katharina Fromm

 Dr. Priscilla Brunetto, Senior researcher

« Emilie Jean-Pierre, Doctoral student

« Ali Kaiss, Doctoral student

« Oksana Kaplunenko, Scientific collaborator
« Dr. Edwin Madivoli, Senior researcher

» Franck Oswald, Doctoral student

« Philippe Yep, Doctoral student

Kilbinger group (UniFR)

+ Prof. Andreas Kilbinger

» Angélique Molliet, Doctoral student

« Dinh Phuong Trinh Nguyen, Doctoral student
« Md Atiur Rahman, Doctoral student

« Manvendra Singh, Doctoral student

Klok group (EPFL)

+ Prof. Harm-Anton Klok

« Nicola Carrara, Doctoral student

+ Dr. Kuljeet Kaur, Postdoctoral researcher
« Zhao Meng, Doctoral student

+ Friederike Metze, Doctoral student

» Sabrina Sant, Doctoral student
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Lattuada group (UniFR)

+ Prof. Marco Lattuada

« Joelle Medinger, Doctoral student

« Dr. Miroslava Nedyalkova, Senior researcher
« Jansie Smart, Doctoral student

« Lorenzo Turetta, Doctoral student

Lutolf group (EPFL)

« Prof. Matthias Litolf

» Dr. Nicolas Broguiére, Postdoctoral researcher
« Antonius Chrisandy, Doctoral student

« Dr. Hwanseok Jang, Postdoctoral researcher

« Dr. Andrea Manfrin, Postdoctoral researcher

« Lucie Tillard, Technician

Mayer group (AMI)

« Prof. Michael Mayer

« Dr. Saurabh Awasthi, Postdoctoral researcher

« Jessica Dupasquier, Other staff

« Anirvan Guha, Doctoral student

« Dr. Alessandro laniro, Postdoctoral researcher

« Dr. Tianji Ma, Postdoctoral researcher

« Dr. Christian Sproncken, Postdoctoral researcher
« Dr. Maria Taskova, Postdoctoral researcher

Radenovic group (EPFL)

« Prof. Aleksandra Radenovic

« Lely Feletti, Other staff

« Michal Macha, Doctoral student

- Helena Miljkovic, Doctoral student
- Vitautas Navikas, Doctoral student
« Arielle Planchette, Doctoral student

Riegg group (UniFR)

» Prof. Curzio Riegg

« Grégory Bieler, Support staff

« Ivana Domljanovic, Doctoral student

« Dr. Samet Kocabey, Postdoctoral researcher

« Dr. Manuel Rodriguez Perdigon, Postdoctoral
researcher

Salentinig group (UniFR)

+ Prof. Stefan Salentinig

Meron Debas, Doctoral student

Rafael Freire, Doctoral student

Dr. Mark Gontsarik, Postdoctoral researcher
Dr. Marco Manca, Postdoctoral researcher

Scheffold group (UniFR)

Prof. Frank Scheffold
Stefan Aeby, Doctoral student
Markus Andrey, Other staff

+ Dr. Geoffroy Aubry, Postdoctoral researcher

Dr. Maxime Bergman, Postdoctoral researcher
Dr. Luis Salvador Froufe Pérez, Postdoctoral
researcher

Nathan Fuchs, Doctoral student

Kalpana Manne, Doctoral student

« Dr. Veronique Trappe, Senior researcher
« Dr. Pavel Yazhgur, Postdoctoral researcher

Dr. Chi Zhang, Senior researcher

Steiner group (AMI)

Prof. Ullrich Steiner

Viola Bauernfeind, Doctoral student

Kenza Djeghdi, Doctoral student

Dr. Andrea Dodero, Postdoctoral researcher
Dr. Antonio Glnzler, Postdoctoral researcher

« Dr. llja Gunkel, Senior researcher

Prof. Jovana Milic, Assistant Professor
Minh Tri Nguyen, Doctoral student
Alessandro Parisotto, Doctoral student
Dr. Bodo Wilts, Senior researcher

Stellacci group (EPFL)

Prof. Francesco Stellacci
Matteo Gasbarri, Doctoral student
Simone Gavieri, Doctoral student

» Dr. Quy Ong, Senior researcher

Laura Roset, Julia Doctoral student
Vincenzo Scaramacio, Doctoral student



Studart group (ETHZ)

« Prof. André Studart

« Dr. Ahmet Demirdrs, Senior researcher

» Alessandro Dutto, Doctoral student

« Nadia Enrriquez, Doctoral student

« Dr. Anton Igorevich Kan, Postdoctoral
researcher

« Julie Laurent, Doctoral student

+ lacoppo Mattich, Doctoral student

« Dr. Mathias Steinacher, Postdoctoral researcher

« Dr. Elena Tervoort, Postdoctoral researcher

Vanni group (UniFR)

« Prof. Stefano Vanni
« Dr. Pablo Campomanes, Senior researcher
« Emanuele Petretto, Doctoral student

Weder group (AMI)

+ Prof. Christoph Weder

« Dr. Jessica Clough, Postdoctoral researcher

» Dr. Sétuhn Jimaja, Postdoctoral researcher

« Derek Kiebala, Doctoral student

+ Franziska Marx, Doctoral student

» Anita Roulin, Laboratory technician

« Dr. Stephen Schrettl, Postdoctoral researcher
« Hanna Traeger, Doctoral student

Support staff

« Dr. Jozef Adamcik, Senior researcher (AMI)

» Dr. Sandor Balog, Senior researcher (AMI)

- Véronique Buclin, Laboratory technician (AMI)
« Dr. Aurélien Crochet, Senior researcher (UniFR)
- Laetitia Hani, Laboratory technician (AMI)

« Anita Roulin, Laboratory technician (AMI)

« Dr. Dimitri Vanhecke, Senior researcher (AMI)
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Alumni

« Dr. Maxime Bergman

(Postdoctoral researcher, Scheffold group)
» Dr. Nicolas Broguiéere

(Postdoctoral researcher, Litolf group)
+ Nicola Carrara

(Doctoral student, Klok group)
« Antonius Chrisandy

(Doctoral student, Lutolf group)
« Dr. Ahmet Demiroers

(Senior researcher, Studart group)
« Alessandro Dutto

(Doctoral student, Studart group)
- Nadia Enrriquez

(Doctoral student, Studart group)
« Nathan Fuchs

(Doctoral student, Scheffold group)
« Dr. Mark Gontsarik

(Postdoctoral researcher, Salentinig group)
« Dr. Antonio Glnzler

(Postdoctoral researcher, Steiner group)
« Dr. Hwanseok Jang

(Postdoctoral researcher, Litolf group)
« Dr. Anton Igorevich Kan

(Postdoctoral researcher, Studart group)
« Dr. Begum Karakocak

(Postdoctoral researcher, Rothen group)
« Dr. Kuljeet Kaur

(Postdoctoral researcher, Klok group)
 Julie Laurent

(Doctoral student, Studart group)
« Chuen-Ru Li

(Doctoral student, Amstad group)
+ Michal Macha

(Doctoral student, Radenovic group)
« Dr. Andrea Manfrin

(Senior researcher, Litolf group)
» lacoppo Mattich

(Doctoral student, Studart group)
+ Joelle Medinger

(Doctoral student, Lattuada group)
« Zhao Meng

(Doctoral student, Amstad group)
» Friederike Metze

(Doctoral student, Klok group)
« Vytautas Navikas

(Doctoral student, Radenovic group)

/M
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» Dr. Roberto Ortuso
(Postdoctoral researcher, Fink group)
« Dr. Guido Panzarasa
(Postdoctoral researcher, Dufresne group)
« Dr. Mauricio Pilo-Pais
(Postdoctoral researcher, Acuna group)
« Arielle Planchette
(Doctoral student, Radenovic group)
« Dr. Manuel Rodriguez Perdigon
(Postdoctoral researcher, Riegg group)
« Sabrina Sant
(Doctoral student, Klok group)
« Dr. Stephen Schrettl
(Senior researcher, Weder group)
» Dr. Fabienne Schwab
(Senior researcher, Rothen group)
« Dr. Mathias Steinacher
(Postdoctoral researcher, Studart group)
« Dr. Robert Style
(Senior researcher, Dufresne group)
« Dr. Maria Taskova
(Postdoctoral researcher, Mayer group)
« Lucie Tillard
(Other staff, Latolf group)
« Alexandre Torzynski
(Doctoral student, Dufresne group)
« Lorenzo Turetta
(Doctoral student, Lattuada group)
« Dr. Bodo Wilts
(Senior researcher, Steiner group)
« Ran Zhao
(Doctoral student, Amstad group)

Summer students 2021

« Pui Ting Ho (University of Manchester)

- Arpan Grover (University of British Columbia)

- Natalia Gosnell (University of British Columbia)
« Justas Mikutavicius (University of Cambridge)

« Caitlin Shanahan (Lewis University)

- Valerie Pascetta (University of New Hampshire)
« Mia Harris (Durham University)

» Arya Roshanfekr (University College London)

« Sankalp Sharma (University of California, Berkeley)
« Neelai Patel (University College London (UCL))
« Andrew Smith (University of California, Irvine)
« Fraser Birks (University of Cambridge)

«+ Joni Wildman (University of Cambridge)

« Ethan Lim (University College London)

« Marcel Mordarski (University College London)

« Alfred Corrigan (University College London)

« Hugo Brummer (University of Groningen and
Hanze University of Applied Sciences)

« Parth Patel (Case Western Reserve University)

« Apoorv Singh (EPFL)

- Kaylon Draney (University of Utah)

External advisory board

« Prof. Helmut Coelfen, Department of Chemistry,
University Konstanz, Germany

« Prof. Ursula Graf-Hausner, graf 3dcellculture,
Switzerland

« Prof. Takashi Kato, Department of Chemistry and
Biotechnology, University of Tokyo, Japan

» Prof. LaShanda Korley, Department of Macromo-
lecular Science and Engineering, Case Western
Reserve University, USA

« Dr. Christiane Lowe, Director Equal Opportuni-
ties Office, University of Zurich, Switzerland

« Dr. Katharina Maniura, Materials Meet Life De-
partment, EMPA, Switzerland

« Dr. Martin Michel, Food Science and Technology
Department, Nestlé Research Center, Switzerland

« Prof. Marek Urban, Department of Materials Sci-
ence and Engineering, Clemson University, USA

Abbreviations:

AMI: Adolphe Merkle Institute;

UniFR: University of Fribourg;

UniGE: University of Geneva;

EPFL: Federal Institute of Technology Lausanne;
ETHZ: Federal Institute of Technology Zurich
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Projects

Module 1: Mechanically

responsive materials across

Module 3: Responsive

bio-interfaces and surfaces

different length scales

1.  Mechanically responsive and mechanically
adapting polymers

2. Mechanically responsive block copolymer
nanoreactors inspired by the marine biolumi-
nescence of dinoflagellates

3. Auxetic polymer networks

4. Mechanoresponsive materials enabled by 3D
Printing and high-throughput microfluidics

5. Adaptive functional polymers and nanocon-
tainers

6. Mechano-responsive CaCO3-based coatings

7. Biomechanically-responsive nanoparticles

Module 2: Biologically

inspired assembly of optical

materials

8. Design of novel optical materials through
self-assembly of patchy particles

9. Interplay of order and disorder in biophotonic
materials

10. Structurally colored micron scale pigments
for inkjet printing

11. Physical mechanisms underlying the self-
assembly of living optical materials

12. Disguising the core: Photonic core-shell
particles

13. Bioinspired DNA self-assembly of nano-
photonic devices

14. Novel antiviral supramolecular materials

15. NanoRoomba®: Cellular uptake and durotaxis
on “soft and rigid”’ nanoparticles carpet

16. Stimulation of cellular endocytosis for sensing
and enhancing nanoparticle uptake

17. Self-assembly of DNA- or RNA-triggered ion
channels for targeted cell killing and nanopore
sensing

18. Trapping cancer cells with self-assembling
biomolecules (DNA)

19. Fluorescent nanodiamonds as quantum
bio-molecular probes for live cell imaging
and sensing

20. Characterizing nanoparticle-membrane inter-
actions via molecular dynamics simulations

21. Steering tissue morphogenesis via program-
mable microgel assemblies

22. Design of digestion-inspired functional food
nano-biointerfaces

Module 4: Dynamics of

interacting cell-material

systems

23. Development of a microfluidic platform

24. Development of controlled delivery systems
for organ-on-chip devices

25. Development of cargo carriers

26. Development of Tumor/Immune Cell Organoid
Model



NCCR Collaborative Projects

27. Detection of circulating tumor cells by SERS
using DNA based systems as signal amplifier

28. Development of a cross-departmental plat-
form for optical micromanipulation

29. lon-selective membranes for power conver-

sion from salinity gradients with unprecedent-

ed efficiency

WINS Fellowships projects

30. Responsive pigments for Pointillist mechano-
sensing

31. Unified approach for intracellular delivery of
multi-modified oligonucleotide sequences

32. Swelling-driven mechanical activation of poly-

mers at interfaces and in the networks
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Publications

Module 1

Amstad, E.; Harrington, M. J., From vesicles to ma-
terials: Bioinspired strategies for fabricating hier-
archically structured soft matter, Philos. Trans. A
Math. Phys. Eng. Sci., 2021, 379, 20200338.

Ayer, M.; Verde-Sesto, E.; Liu, C. H.; Weder, C.;
Lattuada, M.; Simon, Y.C, Modeling ultrasound-in-
duced molecular weight decrease of polymers
with multiple scissile azo-mechanophores, Polym.
Chem., 2021, 12, 4093 -4103.

Charlet, A.; Hirsch, M.; Schreiber, S.; Amstad, E,
Recycling of load-bearing 3D printable double net-
work granular hydrogels, Small, 2022, 18, 2107128.

Chen, Y.; Sommer, M.; Weder, C., Mechanochro-
mic polymers, Macromol. Rapid Commun., 2021,
42,2000685.

Delepierre, G.; Traeger, H.; Adamcik, J.; Cranston,
E. D.; Weder, C.; Zoppe, J. O, Liquid crystalline
properties of symmetric and asymmetric end-graft-
ed cellulose nanocrystal, Biomacromolecules,
2021, 22, 3552-3564.

Gantenbein, S.; Mascolo, C.; Houriet, C.; Zboray,
R.; Neels, A.; Masania, K.; Studart, A. R., Spin-print-
ing of liquid crystal polymer into recyclable and
strong all-fiber materials, Adv. Funct. Mater., 2021,
31, 2104574.

Georgiev, A.; Yordanov, D.; Ivanova, N.; Deneva,
V.; Vassilev, N.; Kamounah, F. S.; Pittelkow, M.;
Crochet, A.; Fromm, K. M.; Antonov, L., 7-OH quin-
oline Schiff bases: are they the long awaited tau-
tomeric bistable switches?, Dyes Pigm., 2021, 195,
109739.

Hirsch, M.; Steinacher, M.; Zhao, R.; Amstad, E.,
Load-bearing hydrogels ionically reinforced
through competitive ligand exchanges, Biomateri-
als, 2021, 9, 6753-6762.

Kleger, N.; Minas, C.; Bosshard, P.; Mattich, I.;
Masania, K.; Studart, A. R., Hierarchical porous
materials made by stereolithographic printing of
photo-curable emulsions, Sci. Rep., 2021, 11,
22316.

Magrini, T.; Kiebala, D.; Grimm, D.; Nelson, A_;
Schrettl, S.; Bouville, F.; Weder, C.; Studart, A. R.,
Tough bioinspired composites that self-report
damage, ACS Appl. Mater. Interfaces, 2021, 13,
27481-27490.

Magrini, T.; Senol, A.; Style, R.; Bouville, F.; Studart,
A. R., Fracture of hierarchical multi-layered bioin-
spired composites, J. Mech. Phys. Solids., 2022,
159, 104750.

Monney, B.; Kilchoer, C.; Weder, C., Photolitho-
graphic fabrication of mechanically adaptive de-
vices, ACS Polym. Au, 2022, 2, 50-58.

Muramatsu, T.; Okado, Y.; Traeger, H.: Schrettl, S.;
Tamaoki, N.; Weder, C.; Sagara, Y., Rotaxane-based
dual function mechanophores exhibiting revers-
ible and irreversible responses, J. Am. Chem. Soc.,
2021, 143, 9884 -9892.

Pal, S.; Nguyen, D. P. T.; Molliet, A.; Alizadeh, M_;
Crochet, A.; Ortuso, R. D.; Petri-Fink, A.; Kilbinger,
A. F. M., A versatile living polymerization method
for aromatic amides, Nat. Chem., 2021, 13,
705-713.

Pal, S.; Mandal, A.; Hong, L.; Ortuso, R. D.; Pe-
tri-Fink, A.; Salentinig, S.; Kilbinger, A. F. M., Native
chemical ligation: Ultrafast synthesis of block co-
polymers, Macromolecules, 2022, 55, 2854 -2860.

Poloni, E.; Rafsanjani, A.; Place, V.; Ferretti, D.;
Studart, A. R., Stretchable soft composites with
strain-induced architectured color, Adv. Mater.,
2022, 34, 2104874.



Vasylevskyi, S. |.; Raffy, G.; Salentinig, S.; Del
Guerzo, A.; Fromm, K. M.; Bassani, D. M., Multi-
functional anthracene-based Ni-MOF with encap-
sulated fullerenes: Polarized fluorescence emis-
sion and selective separation of C70 from C60,
ACS Appl. Mater. Interfaces, 2021, 14, 1397-1403.

Woigk, W.; Nagel, Y.; Gantenbein, S.; Coulter, F.;
Masania, K.; Studart, A. R., Flax-based natural
composites hierarchically reinforced by cast or
printed carbon fibres, Compos. Sci. Technol.,
2022, 226, 109527.

Module 2

Aubry, G. J.; Fuchs, N.; Skipetrov, S.; Scheffold, F.,
Transport properties of optically thin solid dielec-
trics from frequency correlations of randomly
scattered light, Opt. Lett., 2022, 47, 1439-1441.

Bergman, M. J.; Garcia-Astrain, C.; Fuchs, N.;
Manne, K.; Yazhgur, P.; Froufe-Pérez, L. S.; Liz-
Marzan, L. M.; Scheffold, F., Macroporous silica
foams fabricated via soft colloid templating, Small
Methods, 2022, 6, 2101491.

Djeghdi, K.; Steiner, U.; Wilts, B. D., 3D tomographic
analysis of the order-disorder interplay in the
pachyrhynchus congestus mirabilis weevil, Adv.
Sci., 2022, 9, 2202145.

Freyer, P.; Wilts, B. D.; Stavenga, D. G., Cortex
thickness is key for the colors of iridescent starling
feather barbules with a single, organized melano-
some layer., Front. Ecol. Evol., 2021, 9, 823.

Kim, H. S., Xu, Y., Scheffold, F. and Mason, T. G.,
Self-motion and heterogeneous droplet dynamics
in moderately attractive dense emulsions, J. Phys.:
Condens. Matter, 2021, 33, 175101.

Medinger, J.; Nedyalkova, M.; Furlan, M.; Lithi, T.;
Hofmann, J.; Neels, A.; Lattuada, M., Preparation
and machine-learning methods of nacre-like com-
posites from the self-assembly of magnetic col-
loids exposed to rotating magnetic fields, ACS
Appl. Mater. Interfaces, 2021, 13, 48040-48052.
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Moriceau, G.; Kilchoer, C.; Djeghdi, K.; Weder, C.;
Steiner, U.; Wilts, B. D.; Gunkel, I., Photonic parti-
cles made by the confined self-assembly of a su-
pramolecular comb-like block copolymer, Macro-
mol. Rapid Commun., 2021, 42, 2100522.

Nguyen, M. T.; Sutton, P.; Palumbo, A.; Fischer, M.
G.; Hua, X.; Gunkel, I.; Steiner, U., Polymer-tem-
plated mesoporous lithium titanate micro-spheres
for high -performance lithium batteries, Mat. Adv.,
2021, 3, 362-372.

Parisotto, A.; Steiner, U.; Anzano Cabras, A.; Van
Dam, M. H.; Wilts, B. D., Pachyrhynchus Weevils
use 3D photonic crystals with varying degrees of
order to create diverse and brilliant displays,
Small, 2022, 18, 2200592.

Redondo, A.; Mortensen, N.; Djeghdi, K.; Jang, D.;
Ortuso, R. D.; Weder, C.; Korley, L. T. J.; Steiner, S.;
Gunkel, 1., Comparing Percolation and Alignment
of Cellulose Nanocrystals for the Reinforcement of
Polyurethane Nanocomposites, ACS Appl. Mater.
Interfaces, 2022, 14, 7270-7282.

Sicher, A.; Ganz, R.; Menzel, A.; Messmer, d.; Pan-
zarasa, G.; Feofilova, M.; Prum, R. O.; Style, R. W.;
Saranathan, V.; Rossi, R. M.; Dufresne, E. R.,
Structural color from solid-state polymerization-
induced phase separation, Soft Matter, 2021, 17,
5772-5779.

Yasir, M.; Sai, T.; Sicher, A.; Scheffold, F.; Steiner,
U.; Wilts, B. D.; Dufresne, E. R., Enhancing the re-
fractive index of polymers with a plant-based pig-
ment, Small, 2021, 17, 2103061.

Yazhgur, P.; Aubry, G. J.; Froufe-Pérez, L. S.; Schef-
fold, F., Light scattering from colloidal aggregates
on a hierarchy of length scales, Opt. Express,
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Caldwell, J.; Taladriz-Blanco, P.; Lehner, R.;
Lubskyy, A.; Ortuso, R.D.; Rothen-Rutishauser, B.;
Petri-Fink, A, The micro-, submicron-, and nano-
plastic hunt: A review of detection methods for
plastic particles, Chemosphere, 2022, 293,
133514.

Chrisnandy, C.; Blondel, D.; Rezakhani, S.; Brogui-
ere, N.; Lutolf, M. P., Synthetic dynamic hydrogels
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== Headquarters

oOoojooo
oOoojooo
oOoojooo
ogoolooo Adolphe Merkle Institute, University of Fribourg.
! AMI is an independent competence center that
|\] N | /. focuses on research and education in the domain
T T of soft nanomaterials

71F 4 %

round tables start-up companies

and workshops on topics related to incorporated (Nanolockin GmbH, Spectroplast
equal opportunities and personal and AG, Microcaps AG and FenX AG) and one
professional development additional spin-off technology (Nanofertilizer)
Over | 5
children cooperations
and high school students participated in national and international cooperation
NCCR outreach activities projects with research institutions

Note: All figures between June 1, 2021 and May 31, 2022
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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. Guillaume De Bo

Controlling reactivity under tension

University of Manchester, UK

June 10, 2021

Prof. David Pine

Self-assembly of colloidal diamond for
photonics

New York University, USA

September 29, 2021

Prof. Augustin Mihi

Creating photonic architectures by nano-
imprinting unconventional materials

Institut de Ciéncia de Materials
de Barcelona (ICMAB-CSIC),
Spain

November 12, 2021

Prof. Cecilia Leal

Synergistic behavior of polymer-lipid hybrid

membranes

University of lllinois, Urbana-
Champaign, USA

November 18, 2021

Dr. Gioele Balestra, Ra-
phaél Wenger

Challenges and opportunities of the
inkjet technology and its application to
bioprinting

iPrint, School of Engineering
and Architecture of Fribourg,
Switzerland

December 2, 2021

Rafic Hanbali Technology and sustainability - Kromatix, Switzerland December 13, 2021
the architecture of tomorrow
Prof. Jasna Bruijic Folding made easy Center for Soft Matter Re- April 13, 2022
search, New York University,
New York, USA
Prof. Matthew Baker Macromolecular design for biofabrication MERLN Institute, Netherlands April 14, 2022
Prof. Wilhelm Huck Towards big chemistry University of Nimegen, April 21, 2022
Netherlands
Dr. Emanuela Zaccarelli Silico synthesis of microgel particles CNR-ISC and Dipartimento April 27, 2022
di Fisica, Sapienza Universita
di Roma, Italy
Prof. Mathias Kolle Manipulating light and color with soft Massachusetts Institute of May 12, 2022
and structured matter Technology, USA
Prof. Kerstin Koch Plant surface structures and wettability Hochschule Rhein-Waal, May 19, 2022
under static and dynamic impact of oil Germany
and water droplets
Prof. Lara Estroff Bio-inspired crystal growth: Harnassing Cornell University, USA May 23, 2022

confinement and patterned surfaces to
direct crystallization
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