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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 the creation of macromolecular and 
nanomaterial-based building blocks and 
their assembly into complex, hierarchically 
ordered stimuli-responsive materials with 
new and interesting properties. We seek to 
develop a predictive understanding for the 
interactions of these materials with living 
cells and use the generated knowledge to 
develop innovative applications, particular-
ly in the biomedical field. 

For the third and final phase of our activ-
ities, our research is organized in four mod-
ules that focus on mechanically responsive 
materials, photonic materials, responsive 
bio-interfaces, and translation-focused proj-
ects. Each of these modules tackles major 
unsolved problems, provides opportunities 
for great scientific advances on its own, 
and requires an interdisciplinary research 
approach.

Our research activities are comple-
mented with many programs that integrate 
research and education, support structured 
knowledge and technology transfer, and 
promote equal opportunities in science.
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sions with the University of Fribourg and other key 
stakeholders to explore pathways for stabilizing 
the NCCR’s future beyond May 2026. 

Our Center also spearheaded several impact-
ful activities beyond research. The URI Program 
is one of our most successful educational activi-
ties. Since its launch in 2015, it has attracted 146 
international undergraduate students from 48 
universities across 14 countries. The WINS Fellow-
ship has expanded, welcoming four new fellows, 
two of whom are fully funded by the University of 
Fribourg. This is a testament to the NCCR’s Home 
Institution’s unwavering commitment to gender 
equality.  Our Center also hosted the “Falling Walls 
Lab Fribourg,” a high-caliber pitch competition 
where PhD students and postdocs present trans-
formative ideas to a panel of innovation experts. 
One of the winner’s, NCCR alumna Ivana 
Domljanovic, was selected to participate in the 
World Final in Berlin. 

This report showcases the cutting-edge initia-
tives and activities that propel the NCCR Bio-in-
spired Materials forward. It features research high-
lights, new perspectives for cancer treatment, and 
international student exchanges. We thank you for 
your interest in our NCCR and look forward to fu-
ture engagement and collaboration.

Ullrich Steiner & Esther Amstad
Directors NCCR Bio-Inspired Materials

Module 3 was renamed “Bio-Interfaces Across 
Scales,” and two projects were terminated, their 
resources redistributed to other initiatives within 
Modules 1 and 3, and two other projects refo-
cused. Furthermore, two projects were strength-
ened with postdoctoral positions through the 
WINS Postdocs Program, which involved an in-
ternal call and external evaluation. The Center’s 
collaborative spirit continues to grow. In fact, 28% 
of the publications involved up to three NCCR re-
search groups. As part of this expanding network, 
we are pleased to announce that Prof. Alessandro 
Ianiro, a former senior researcher of our NCCR, 
has been appointed Assistant Professor at KU 
Leuven. He has recently integrated our Center as 
Associate PI, further enriching our expertise in 
soft and complex materials. 

The NCCR continues to play a leading role in 
the biannual Gordon Research Conference on 
Bioinspired Materials, held in Switzerland. This 
conference enhances Switzerland’s visibility in the 
field, and in 2024, the conference was chaired by 
NCCR PI Christoph Weder. In 2026, the confer-
ence will be led by NCCR Director Ullrich Steiner, 
which demonstrates our continued strong spon-
sorship and support of this flagship event. 

The Adolphe Merkle Institute is establishing a 
new chair in Food Science and Technology, a field 
strongly connected to bio-inspired research and 
already represented in our Center, in alignment 
with its long-standing goals. This new position will 
support the region’s strategic aim to become a 
hub in the agri-food sector. We are also in discus-

The NCCR Bio-inspired Materials has reached the halfway point 
of its third and final funding phase, with a reorganization of its 
research program underway. 

Stabilizing our research 
for the future

Message from the directors
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The overarching research theme of the NCCR 
Bio-Inspired Materials is to use inspiration from 
nature for the design of artificial materials that 
can change their properties on command, so to 
speak, or, in other words, in response to an exter-
nal stimulus. These materials, sometimes referred 
to as “smart” or “intelligent”, are of fundamental 
scientific interest and potentially useful in count-
less applications that range from climate control 
for buildings to drug delivery systems in the body.

In the recent past, scientists have begun to 
consider nature’s principles as inspiration for the 
design of artificial materials with intriguing stim-
uli-responsive properties. Previous examples of 
materials studied by individual research groups 
that belong to the Center include mechanically 
adaptive nanocomposites inspired by sea cucum-
bers, drug-delivery nanoparticles that mimic the 
structure and stealth behavior of viruses, and opti-
cal elements that emulate the nanoscale patterns 
found in butterfly wings.

With the aim of carrying out paradigm-chang-
ing scientific breakthroughs and harnessing the 
enormous innovation potential in this domain, 
the Center has developed into a large-scale in-
terdisciplinary e§ort that merges competences 
in chemistry, physics, materials science, biology, 
and medicine.

What we do
Research
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As the world increasingly focuses on sus-
tainability, developing e§icient and eco-friendly 
methods for producing color is essential. Tradi-
tional techniques often rely on chemical pigments 
and materials that can harm the environment. 
Now, NCCR Bio-Inspired Materials researchers 
have combined structural color techniques with 
natural pigments to produce vibrant colors. This 
approach may enable more sustainable color pro-
duction for paints and other applications. 

“The promise of structural color is that one 
day, we would be able to make all the colors out 
of just a few materials, and that would produce a 
lot less chemical waste and greatly facilitate re-
cycling,” says NCCR PI Eric Dufresne, Professor of 
Materials Science and Engineering at Cornell Uni-
versity in Ithaca, New York. What’s more, he says, 
structural colors tend to be more stable compared 
to pigment-based colors, which can fade over 
time. 

The inspiration for the project came from the 
observations of another NCCR researcher, Bodo 
Wilts, Professor of Chemistry and Physics of Mate-
rials at the University of Salzburg. Wilts previously 
noticed that the vibrant colors in a beetle didn’t 
align with traditional color theories, which classify 

colors as either structural – emerging from the 
arrangement of nanostructures within a material 
– or based on chemical substances called pig-
ments. This led the researchers to propose that 
combining structural and pigment-based methods 

could create even more intense colors. “Some-
times, one plus one equals three,” Dufresne says. 

For this study, Wilts and Dufresne teamed up 
with Frank Sche§old, Professor of Physics at the 
University of Fribourg. The team set out to build 
an artificial system to test Wilts’ hypothesis and 
confirmed that merging structural color with 
pigments produced brighter colors using fewer 
materials. 

In their experiments, the researchers used 
beta-carotene, the pigment responsible for car-
rots’ color, alongside structural color techniques. 
They found that this combination allowed them 

Adding a natural pigment to certain materials allowed researchers 
to develop bright, vivid colors more e�iciently – an innovation that 
could find various applications.

Beetle color secrets to
create vibrant hues 

Colorful

“All these organisms have to produce 
these crazy structures without a lab-
oratory – they need to do this in the 
wild and they need to do it reliably.”  
Prof. Eric Dufresne, Cornell University 



  Research  |  NCCR Bio-Inspired Materials Activities report 2023 – 2024 9

to achieve high brightness while significantly de-
creasing the number of material layers needed. 

The researchers created a material made up of 
layers of polyvinyl alcohol and polystyrene, mixed 
with varying amounts of beta-carotene. By adding 
beta-carotene to the material, they increased the 
index of refraction, which is important for creating 
structural color. For example, to obtain 90% re-
flection e§iciency, they required 31 layers without 
pigment; this number dropped to just 15 layers 
when beta-carotene was included. 

This approach not only produced vivid colors 
but also did so with fewer resources, making it a 
more environmentally friendly option. However, 
Dufresne notes that while the pigment is plant-
based, other materials in the system are derived 
from oil. 

Adding beta-carotene to polystyrene also re-
sulted in a broader range of colors, which includ-
ed green and orange shades. The team published 
their findings in the journal Soft Matter. 

Before this approach finds applications in 
the real world, more work is needed to integrate 
pigments into self-assembled materials for eas-
ier processing, Dufresne says. And although the 
method allows for bright colors such as orange 

and green, the capacity to create more colors re-
mains limited, he adds. 

For his part, Dufresne is focused on under-
standing the processes that enable organisms 
such as beetles and butterflies to create the nano-
structures responsible for producing structural 
color. “All these organisms have to produce these 
crazy structures without a laboratory — they need 
to do this in the wild and they need to do it reli-
ably,” he says. “This is the thing that I find most 
fascinating.” 

Reference
Sai, T.; Froufe-Pérez, L. S.; Scheffold, F.; Wilts, B. D.; 
Dufresne, E. R. Structural Color from Pigment-Loaded 
Nanostructures. Soft Matter 2023, 19 (40), 7717–7723.

For new brighter colors, add for example the pigment responsible for carrots’ hue to a color-generating structure
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Research 
Projects

Research groups industrial
associates

national 
cooperation

national and inter-
national conferences

supported by the NCCR 
Bio-Inspired Materials

20

27 3 2

5

Partners University of Fribourg (home institu-
tion), Federal Institutes of Technology 
Lausanne and Zürich, Cornell, TU 
Darmstadt, Paris-Lodron-University 
Salzburg, KU Leuven, CSEM, Empa

at seven universities projects with industry

Note: All figures between June 1, 2023 – May 31, 2024

of funding including CHF 2.9 million from the SNSF

CHF 
6.8 mill. 

Innosuisse projects

2
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The team, led by NCCR PI Prof. Esther Amstad 
at the École Polytechnique Fédérale de Lausanne, 
initially focused on hydrogels. Hydrogels are wa-
ter-rich materials that tend to dry out over time, 
making them unsuitable for robotics that are 
exposed to air. So, the researchers turned to elas-
tomers, rubber-like materials that do not retain 
moisture. The challenge, however, was that elas-
tomers lack the ability to locally control flexibility 
and sti§ness, which is crucial for creating elasto-
mer-based mechanical joints and moving robots.  

To overcome this limitation, the team devel-
oped a unique method for turning elastomers into 
tiny microparticles. This process involves creating 
drops of elastomer ingredients in the form of an 
oil-in-water emulsion. When these droplets are 
exposed to UV light, a chemical reaction occurs, 
transforming them into solid microparticles. These 
particles can then be combined with additional 
elastomer precursors to create a paste that can be 

3D printed. After printing, another UV-triggered 
reaction solidifies the material, forming a second 
network that links the microparticles together. 

By adjusting the composition of the micro-
particles and the second elastomer network, it is 
possible to create materials that range from soft 
and flexible to sti§ and strong. Unlike traditional 

elastomers, the mechanical properties of these 
materials – called Double Network Granular Elas-
tomers (DNGEs) – can be changed at will. “We can 
locally vary mechanics, and this allows us to print 
materials that deform in predefined fashions,” 
Amstad says. 

Innovative materials for 
soft robotics

3D printable

Living organisms often store chemicals in tiny compartments, 
using particles and vesicles to maintain high concentrations of 
reagents. Inspired by nature’s use of compartmentalization, NCCR 
Bio-Inspired Materials researchers set out to create materials that 
o�er similar e�iciency and adaptability – an approach that could 
find applications in soft robotics, rehabilitation devices, and more.

“We can locally vary mechanics, and 
this allows us to print matetrials that 
deform in predefined fashions.”  
Prof. Esther Amstad 
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DNGEs could be stretched up to 1000% with-
out breaking, the team found. Di§erent composi-
tion of the microparticles also resulted in varying 
degrees of stretchability and energy absorption. 
For example, when the researchers dropped a ball 
onto both a soft and a sti§ DNGE, the soft version 
absorbed almost all of the ball’s energy, while the 
sti§ version made it rebound. The researchers 
published their findings in the journal Advanced 
Materials. 

The potential applications for these materials 
are vast, including in soft robotics, wearable de-
vices, and prosthetics such as mechanical joints 
that allow movement in certain directions while 
restricting unwanted motion, Amstad says.  

She also notes that study first author Eva Baur, 
a PhD student in her lab, has undergone exten-
sive training in entrepreneurship and is looking 
to launch a spin-o§ company to commercialize 
these innovative materials. The initiative, Amstad 

says, highlights the support Baur received from 
the broader NCCR Bio-Inspired Materials network, 
which provided her with diverse perspectives and 
encouragement throughout her doctoral studies.

Reference
Baur, E.; Tiberghien, B.; Amstad, E. 3D Printing of Double 
Network Granular Elastomers with Locally Varying Mechan-
ical Properties. Advanced Materials 2024, 36 (23), 2313189. 

The mechanical properties of the new elastomer can be changed at will
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Now, NCCR Bio-Inspired Materials researchers 
have developed a method that uses artificial intel-
ligence (AI) to detect protein aggregates in living 
cells without the need for fluorescent labels.  

The approach allows for accurate, real-time 
measurements of protein aggregates, providing 
a better way to investigate the biological pro-
cesses underlying neurodegenerative diseases. 
“We wanted to develop a tool to study biological 
processes as accurately as fluorescence tools 
allow us, but in a label-free manner,” says NCCR 
PI and study senior author Aleksandra Radenovic, 
Professor of Biological Engineering at the École 
Polytechnique Fédérale de Lausanne. 

The team draw inspiration from nature, 
Radenovic says, emphasizing that living organisms 
don’t have artificial labels such as green fluores-
cent proteins. What’s more, the researchers used 
neural networks, which work similarly to the human 
brain by mimicking the way neurons interact and 
learn from experience. This approach allows the 
neural network to improve its accuracy over time. 

Radenovic and her team used cells that over-
express a mutant version of a protein that leads to 
the formation of aggregates that are observed in 

Huntington’s disease – a neurodegenerative disor-
der that leads to movement, cognitive and psychi-
atric symptoms. Using a custom-built microscope, 
the team collected bright-field and fluorescence 
images of these cells.  

Then, the researchers trained a neural network 
that could accurately identify these aggregates in 
2D images without fluorescent tags. This label-free 
method is a powerful tool for studying protein 
aggregation in living cells, says study lead author 
Khalid Ibrahim, a PhD student in Radenovic’s lab. 

Studying protein clumps 
in neurodegenerative 
diseases 

AI detection

Neurodegenerative conditions such as Alzheimer’s and Parkinson’s 
disease are characterized by the buildup of misfolded proteins in 
the brain. Understanding whether and how these protein clumps 
contribute to disease is key for developing e�ective treatments, 
but traditional methods for studying these aggregates rely on fluo-
rescent tags that can alter the proteins’ natural behavior, which 
may lead to inaccurate results.

“Our approach has a 96% accuracy in
detecting true aggregates, showing 
great promise for advancing research 
in neurodegenerative diseases.”  
Khalid Ibrahim, PhD student 



  Research  |  NCCR Bio-Inspired Materials Activities report 2023 – 2024 15

“Our approach has a 96% accuracy in detecting 
true aggregates, showing great promise for ad-
vancing research in neurodegenerative diseases,” 
he says. 

The tool, which the researchers dubbed la-
bel-free identification of NDD-associated aggre-
gates (LINA), was e§ective under varying condi-
tions, including low light and di§erent cell lines. 
LINA not only identified protein aggregates in 
living cells but could also track their growth over 
time, the researchers reported in Nature Commu-
nications. 

Understanding the growth rate of these aggre-
gates may help identify new treatment targets. In 
the future, the researchers hope to expand this 
technology for broader use in drug discovery, 
which may provide pharmaceutical companies 
with more reliable information compared to tradi-
tional fluorescent methods, Ibrahim says. 

However, he adds, the current tool is limited 
to studying cells. The researchers aim to expand 
its use to various sample types, including tissues 

and organoids, which could boost its relevance in 
studying diseases. 

Reference
Ibrahim, K. A.; Grußmayer, K. S.; Riguet, N.; Feletti, L.; 
Lashuel, H. A.; Radenovic, A. Label-Free Identification of 
Protein Aggregates Using Deep Learning. Nat Commun 
2023, 14 (1), 7816.  

Misfolded proteins in the brain are a characteristic of neurodegenerative diseases



NCCR Bio-Inspired Materials Activities report 2023 – 2024  |  Research 16

Inspired by this e§icient design, NCCR Bio-In-
spired Materials researchers have created artificial 
membranes that hold promise for applications 
such as energy generation and separation meth-
ods.  

“The big innovation of this work is that we made 
bio-inspired fluid membranes in such a way that 
they’re stable,” says NCCR PI and study co-senior 
author Michael Mayer, Professor of Biophysics at 
the Adolphe Merkle Institute in Fribourg. “These 
membranes mimic biological membranes in many 
ways,” he adds, highlighting their potential for ap-
plications in bioengineering and energy conversion. 

“The project originated from discussions be-
tween myself and NCCR PI Professor Nico Bruns 
during a winter school, where we brainstormed 
ideas for an NCCR Bio-Inspired Materials collab-
orative grant that encouraged interdisciplinary 
research e§orts,” he says. Mayer highlights the 
diverse expertise within the team, which besides 
Bruns included Dr. Alessandro Ianiro, a physical 
chemist who led the project from the start, NCCR 
PIs Professor Ullrich Steiner, who contributed 

knowledge in self-assembly, and Professor Chris-
toph Weder, who specializes in synthesizing block 
copolymers – large molecules made up of two or 
more di§erent types of polymers linked together. 

Researchers have recently made progress in 
creating stable, self-assembled membranes us-
ing block copolymers by taking advantage of the 
boundary between two water-based solutions that 
do not mix. While this system helps in the assem-
bly process, it isn’t enough by itself. To overcome 
this limitation, the team developed a two-step 
method that uses an organic solvent to help form 
and stabilize the block copolymer layers. This 
approach helped to create large membranes that 
can be used for practical applications such as 
separating drugs and generating energy. 

Cell membranes play a crucial role in regulating the movement of 
substances in and out of cells. These membranes are made up of 
a thin layer of fat molecules that block most substances, while pro-
teins act like gates that allow specific molecules to pass through. 

Mimicking electric eels 
and cell membranes to 
generate energy

Power up

“The membranes that we developed 
are a general platform to which we 
can add selective transporters.”  
Prof. Alessandro Ianiro 
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With a thickness of about 30 nanometers and 
a size of about 10 cm2, these membranes are larg-
er than those produced by other methods, and 
they can last for several hours before breaking. 
The membranes act as e§ective barriers against 
charged molecules and show self-healing proper-
ties after damage, the researchers found.  

To increase the functionality of the mem-
branes, the team incorporated a molecule that 
transports potassium ions into the membrane’s 
hydrophobic core, which enabled it to shuttle the 
ions across a concentration gradient – much like 
biological membranes do. This integration not 
only helps transport ions e§iciently, but it also 
generates a transmembrane potential, which is 
key for obtaining energy from ion gradients – akin 
to the way sodium-potassium pumps in neurons 
allow the cells to fire. 

The researchers also aimed to mimic the ener-
gy-generating mechanisms found in electric eels 
by creating membranes that convert ion gradients 
into electricity. They reported their findings in 
Nature. 

Ianiro, who started this project while he was 
a postdoc with Mayer, notes that it not only ad-
dresses energy problems but also has potential 
applications in desalination and the separation of 
therapeutic molecules. “The membranes that we 
developed are a general platform to which we can 
add selective transporters.” However, he adds, 
“we still need to improve their mechanical stability 
and integrate more e§icient ion channels.” 

By overcoming the challenges of stability and 
scalability, Ianiro says, these membranes could 
revolutionize how we harness natural processes 
for real-world applications. 

Reference
Sproncken, C. C. M.; Liu, P.; Monney, J.; Fall, W. S.; Pierucci, 
C.; Scholten, P. B. V.; Van Bueren, B.; Penedo, M.; Fantner, 
G. E.; Wensink, H. H.; Steiner, U.; Weder, C.; Bruns, N.; May-
er, M.; Ianiro, A. Large-Area, Self-Healing Block Copolymer 
Membranes for Energy Conversion. Nature 2024, 630 
(8018), 866–871.

One of the project's goals is to mimic the energy-generating mechanisms found in electric eels
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These functional groups prompt the polymer 
to fold into a stable, tube-like structure when 
exposed to water, much like how proteins fold in 
cellular environments.  

The work provides researchers with a simpler 
model to study folding mechanics, which is oth-
erwise challenging due to the complexity of real 
proteins. Recent advancements, such as Nobel 
Prize-winning work on protein folding, have shown 
that computers can now predict complex protein 
structures with remarkable accuracy, says NCCR 
PI and study co-author Andreas Kilbinger, Pro-
fessor of Polymer Chemistry at the University of 
Fribourg. “Yet, our understanding of folding pro-
cesses hasn’t improved much,” he says. 

To study molecular folding, Kilbinger, and his 
colleagues combined three distinct approaches: 
synthetic chemistry, computer simulations, and 
physical measurements. First, the researchers 
synthesized water-attracting and water-repelling 
building blocks using a series of chemical reac-
tions and then polymerized them under controlled 
conditions.  

In water, the hydrophilic sections of the poly-
mer naturally orient toward the solvent, while the 
hydrophobic segments orient away from it. This 
self-organization creates a rod-like helical struc-
ture with an inner cavity. Using computer simula-

tions, the team had a real-time look at how folding 
occurred at the molecular level. These simulations 
revealed that water acts as a “folding trigger,” 
causing the polymers to coil in a stable helical 
shape. Physical measurements such as nuclear 
magnetic resonance, small-angle X-ray scattering, 
and atomic force microscopy confirmed the poly-
mer’s helical structure.  

This collaborative approach was crucial, as 
each method on its own would have o§ered only 
a partial picture of the folding mechanism, says 

In the cell, proteins naturally fold into specific shapes, such as 
helices, which are essential for their function. Now, NCCR 
Bio-Inspired Materials researchers have designed a synthetic 
polymer that can mimic this helical shape by incorporating 
alternating water-attracting and water-repelling groups along 
the polymer chain. 

A synthetic polymer that 
imitates protein folding 

Building blocks

“These synthetic polymers are much 
more durable and can resist enzymat-
ic breakdown.”  
Prof. Stefan Salentinig 
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study co-author and NCCR PI Stefan Salentinig, 
Professor of Physical Chemistry at the Universi-
ty of Fribourg. The researchers published their 
findings in the Journal of the American Chemical 
Society. 

Beyond the fundamental insights into mo-
lecular folding, this research has promising ap-
plications. One key area is antimicrobial design. 
Traditional antibiotics are often broken down by 
enzymes in the body, which limits their e§ective-
ness. However, Salentinig says, these synthetic 
polymers are much more durable and can resist 
enzymatic breakdown, which could make them a 
promising candidate for developing new antimi-
crobial treatments. 

Another potential application is in water purifi-
cation and membrane technology. The polymer’s 
tube-like structure could enable selective trans-
port of molecules, which might be used to trap 
and filter specific contaminants from water or 
control transport through thin membranes. 

Looking ahead, this work could lead to further 
innovations, such as creating complex molecular 

structures similar to “molecular Tetris,” Kilbinger 
says, where specific shapes and functionalities are 
assembled in a controlled manner. 

References
Molliet, A.; Doninelli, S.; Hong, L.; Tran, B.; Debas, M.; Sal-
entinig, S.; Kilbinger, A. F. M.; Casalini, T. Solvent Depen-
dent Folding of an Amphiphilic Polyaramid. J. Am. Chem. 
Soc. 2023, 145 (50), 27830–27837. 

The shape of the synthetic polymer comes from its alternating building blocks
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Researchers

Publications

incl. PhD students, postdocs, senior 
researchers and professors

including 62 original  
contributions, 9 reviews 
and 2 book chapters 

including Switzerland, Argentina, Austria, Brazil, Brazil, Bulgaria, 
Canada, China, Croatia, Egypt, Ethiopia, France, Germany, Greece, 
India, Ireland, Italy, Japan, Lebanon, Netherlands, Philippines,  
Poland, Portugal, Romania, Russia, Serbia, South Africa, Spain,  
Tunisia, Turkey, UK, Ukraine and USA 

118

73

33 Nationalities 

46
oral presentations at 
conferences (including 
21 keynote and plenary 
lectures at international 
conferences) 

of open access
publications

following the Gold or Green
roads and through institutional 

agreements

74 % 

48% of the NCCR Ph.D. 
students were women

45% of the postdocs and senior researchers 
were women

Gender balance

Note: All figures between June 1, 2023 – May 31, 2024
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Sparkling innovation

Outreach

The NCCR Bio-Inspired Materials 
joined the Explora open day at the 
University of Fribourg in September 
2023. The Center’s outreach coordi-
nator, Dr. Sofia Martin-Caba, and col-
leagues focused on the day’s theme 
of taste and colors, more specifically 
at the nanoscale. 

  
Our Center sponsored the Pint 

of Science events, organized in 
Fribourg in May 2024 by NCCR re-
searchers Dr. Liviana Mummolo and 
Carolina Pierruci along with their AMI 
colleague Marta Oggioni, which in-
cluded presentations on biopolymers 
from NCCR alum Dr. Philip Scholten 

Four NCCR researchers were award-
ed Spark grants by the Swiss National 
Science Foundation in 2023. 

Dr. Anasua Mukhopadhyay (Adolphe 
Merkle Institute) aims to develop a 
nanopore-based sensor to detect 
and quantify mutant protein aggre-
gates that feature in Huntington’s 
disease. This so-far untreatable dis-
order causes the breakdown of nerve 
cells in the brain. This research could 
open the door to improvements in 
discovering and developing poten-
tial therapies.  

Dr. Viola Vogler-Neuling (Adolphe 
Merkle Institute) is investigating how 
structural color forms in nature in 
the pupae of butterflies. She is test-
ing the hypothesis that these colors 
form through the self-assembly of 
lipidic lyotropic liquid crystals al-
ready used in drug delivery. By un-
derstanding this process, she hopes 
to mimic it to develop biocompatible 
and environmentally friendly pho-
tonic pigments for the food and cos-
metics industry. 

Prof. Jovana Milic (University of 
Turku) attempts to develop novel 
metal-free all-organic molecular 

The Explora open day was well attended

In brief

(Bloom Biorenewables), and on struc-
tural color from Center researcher 
Dr. Viola Vogler-Neuling (AMI).  

Our NCCR also took part in Fri-
bourg’s Museum Night in May 2024. 
WINS Fellow Dr. Manon Guivier and 
NCCR sta§ members Dr. Barbara 
Drasler and Dr. Lucas Montero pre-
sented to attendees the hierarchical 
structure of wood and how wood-in-
spired synthetic materials could be 
created.  

perovskites using mechanosynthe-
sis strategies. These materials are 
envisaged to feature exceptional fer-
roelectric properties, which would, 
unlike conventional perovskite fer-
roelectrics, not pose environmental 
concerns associated with toxic metal 
components. 

Dr. Jules Valentin (Department of 
Chemistry, University of Fribourg) 
tackles the issue of biofilm-asso-
ciated infections. His approach in-
volves the synthesis of drug-delivery 
systems through self-assembly of 
monoglycerides and fatty acids. The 
resulting lipid-based antibiofilm for-
mulations are expected to improve 
drug pharmacokinetics and e§icacy 
and reduce harmful side e§ects. 

Spark funding is intended for 
projects with unconventional think-
ing and a unique approach. The 
focus is on promising ideas of high 
originality, relying on no or very little 
preliminary data that are unlikely 
to be financed by other available 
funding schemes. Applicants can re-
quest between CHF 50,000 and CHF 
100,000 for a project duration of six 
to twelve months. 
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New Associate PI

Falling Walls

Following his appointment at KU 
Leuven in Belgium, Prof. Alessandro 
Ianiro is now an NCCR Associate PI.

Ianiro was already a member 
of the Center as a postdoctoral 
researcher at the Adolphe Merkle 
Institute, where he notably helped 
launch the ongoing EU-funded Path-
finder project INTEGRATE. This proj-
ect seeks to develop artificial mus-
cles. His career has taken him so far 
from his native Italy to Belgium via 
the Netherlands and Switzerland. 

The NCCR Bio-Inspired Materials host-
ed the first edition of the Falling Walls 
Lab Fribourg at the Adolphe Merkle 
Institute as part of a global interdisci-
plinary pitch competition for stu-
dents and early-career professionals. 

The competition had two winners 
from the University of Fribourg, Mout 
de Vrieze, and NCCR alumna Ivana 
Domljanovic. Both travelled to Berlin 
in November 2023 to participate in 
the global final held during the Fall-
ing Walls Summit. 

Alessandro Ianiro is pursuing his academic 
career in Belgium

AMI’s Niklas Schwarz was also the recipient of 
a best poster prize at the Swiss Soft Days

NCCR alumna Dr. Ivana Domljanovic was 
selected for the Falling Walls final

Prof. Francesco Stellacci has been recognized 
as a trailblazer in his field

Meron Debas receiving her award

Awards

NCCR PI Prof. Francesco Stellacci was 
appointed in 2024 as a Full Member 
by the Swiss Academy of Engineering 
Sciences SATW in recognition of his 
exceptional contributions to materi-
als science and nanoscience and his 
groundbreaking approaches to devel-
oping broad-spectrum virucides.  

The Journal of Nanobiotechnolo-
gy also recognized Stellacci with its 
“JNB Trailblazer Award 2023,” which 
honors outstanding achievement 

and excellence in transformative re-
search and exceptional mentorship 
by an internationally recognized in-
dependent researcher and leader in 
nanobiotechnology. 

NCCR student
awards

NCCR PhD students continue to 
receive recognition at conferences. 
Meron Debas from PI Stefan Salentin-
ig’s group (UniFR) was awarded the 
Best Poster Award at the 2023 Euro-
pean Colloid and Interface Society 
Conference, in Naples, Italy.

    

Another of our PhD students, 
Thomas Kainz (AMI), was the winner 
of the 2023 Swiss Nanoconvention’s 
image contest. His colleague, Viola 
Bauernfeind, was recognized for her 
student presentation, receiving the 
Moran Scientific Award at the 2024 
Australian Microbeam Analysis Soci-
ety’s symposium in Brisbane, Austra-
lia. Finally, Niklas Schwarz (AMI), was 
the winner of the best poster prize at 
the 2023 Swiss Soft Days meeting in 
Basel. 



24 NCCR Bio-Inspired Materials Activities report 2023 – 2024  |  In brief

New Fellow

NCCR PI Prof. Barbara Rothen-
Rutishauser was named a Fellow of 
the International Society for Aerosols 
in Medicine (ISAM) in 2023. 

This award recognizes recipients’ 
achievements, commitment, and 
contributions to the society, as well as 
outstanding contributions in the field 
of aerosols in medicine. Rothen-Ru-
tishauser received her award at the 
ISAM conference in Saarbrücken, 
Germany, along with three other 
researchers. Rothen-Rutishauser is a 
past president of the ISAM and has 
served on multiple international and 
national advisory committees, includ-
ing Switzerland’s Federal Commission 
for Air Hygiene. 

As part of the conference, Rothen 
also organized a Women in Science 
lunch sponsored by the NCCR to dis-
cuss the challenges faced by female 
scientists, which more than 50 people 
attended.  

The ISAM was founded in 1973 to 
promote and advance aerosol science 
internationally, focusing on the health 
e§ects of inhaled aerosols, including 
inhaled drug delivery, to prevent and 
treat human disease. Its conferences 
occur every two years and are among 
the world’s largest on respiratory 
health and inhaled drug delivery. 

More than 50 people attended the NCCR-
sponsored ISAM Women in Science lunch

International recognition

Prof. Jovana Milic (University of Turku) 
was appointed in 2023 as one of the 
International Science Council’s 100 
new Fellows, the organization’s high-
est honor conferred on an individual. 

The council recognizes outstand-
ing contributions to promoting sci-
ence as a global public good with its 
fellowships. It is the only international 
NGO bringing together international 
scientific unions and associations 
and national and regional scientific 

Prof. Jovana Milic is highly committed to science promotion

Buriti fruit oil was featured in a publication highlight from NCCR PI Prof. Stefan Salentinig

organizations such as academies and 
research councils from the natural 
sciences, social sciences, and the 
humanities. The Swiss Academy of 
Sciences and the Swiss Academy of 
Humanities and Social Sciences are 
members.  

Milic also received the 2023 Jour-
nal of Materials Chemistry Lecture-
ship, an annual award to recognize 
outstanding early-career researchers 
who have made significant contribu-
tions to the materials chemistry field. 
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Emerging investigator 

The journal Materials Horizons high-
lighted NCCR PI Prof. Jessica Clough 
(Adolphe Merkle Institute) as one of 
its Emerging Investigators of 2023. 

The journal delved into some of 
her most recent work, most notably 
developing a new methodology for 

Publication
highlights

Belluati, A.; Jimaja, S.; Chadwick, R. 
J.; Glynn, C.; Chami, M.; Happel, D.; 
Guo, C.; Kolmar, H.; Bruns, N., Artifi-
cial cell synthesis using biocatalytic 
polymerization-induced self-assem-
bly, Nat. Chem., 2023, 16, 564–574. 

Freire, R. V. M.; Hong, L.; Peterek, M.; 
Canarelli, S.; Rezzi, S.; Salentinig, S., 
Structure formation in tailor-made 
buriti oil emulsion during simulated 
digestion, Adv. Funct. Mater., 2023, 
33, 2303854. 

Leitao, S. M.; Navikas, V.; Miljkovic, 
H.; Drake, B.; Marion, S.; Pistoletti 
Blanchet, G.; Chen, K.; Mayer, S. F.; 
Keyser, U. F.; Kuhn, A.; Fantner, G. E.; 
Radenovic, A., Spatially multiplexed 
single-molecule translocations 
through a nanopore at controlled 
speeds, Nat. Nanotechnol., 2023, 18, 
1078–1084. 

Mattich, I.; Sendra, J.; Galinski,H.; 
Isapour,G.; Demirörs, A. F.; Lattuada, 
M.; Schuerle,S.; Studart, A. R., Mag-
netic manipulation of superparamag-
netic colloids in droplet-based opti-
cal devices, Adv. Opt. Mater., 2023, 
11, 2300734. 

Metze, F. K.; Filipucci, I.; Klok, H. A., 
Supramolecular polymer brushes 
grown by surface-initiated atom 
transfer radical polymerization from 

Cucurbit[7]uril-based non-covalent 
initiators, Angew. Chem. Int. Ed., 
2023, 62, e202305930. 

Rodriguez-Perdigon, M.; Haeni, L.; 
Rothen-Rutishauser, B.; Rüegg, C., 
Dual CSF1R inhibition and CD40 
activation demonstrates anti-tumor 
activity in a 3D macrophage- HER2+ 
breast cancer spheroid model, Front. 
Bioeng. Biotechnol., 2023, 11. 

Sai, T.; Froufe-Pérez, L. S.; Sche§ old, 
F.; Wilts, B. D.; Dufresne, E. R, Struc-
tural color from pigment-loaded 
nanostructures, Soft Matter, 2023, 
19, 7717–7723. 

Sousa de Almeida, M.; Lee, A.; Itel, 
F.; Maniura-Weber, K.; Petri-Fink, A.; 
Rothen-Rutishauser, B., The e§ ect 
of substrate properties on cellular 

detecting, quantifying, and mapping 
defects in polymeric materials. Her re-
cent work on non-covalent mechano-
chromic motifs enables microscopic 
strain mapping in polymers, advanc-
ing imaging techniques to study local 
properties at high resolution.  

behavior and nanoparticle uptake 
in human fibroblasts and epithelial 
cells, Nanomaterials, 2024, 4, 342. 

Sproncken, C. C. M.; Liu, P.; Monney, 
J.; Fall, W. S.; Pierucci, C.; Scholten, 
P. V. W.; Van Bueren, B.; Penedo, M.; 
Fantner, G. E.; Wensink, H. H.; Stein-
er, U.; Weder, C.; Bruns, N.; Mayer, 
M.; Ianiro, A., Large-area, self-heal-
ing block copolymer membranes for 
energy conversion, Nature, 2024, 
630, 866–871. 

Traeger, H.; Kiebala, D. J.; Calvino, 
C.; Sagara, Y.; Schrettl, S.; Weder, 
C.; Clough, J. M., Microscopic strain 
mapping in polymers equipped 
with non-covalent mechanochro-
mic motifs, Mater. Horiz., 2023, 10, 
3467–3475. 
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Two NCCR Independence Grants 
were awarded to Dr. Matthias Saba 
and Dr. Viola Vogler-Neuling (Adol-
phe Merkle Institute). 

Saba’s goal is to synthesize 
nanoparticle-based high-refractive 
index materials. His grant was used 
to hire support sta§ for 2.5 months 
to test the idea before submitting a 
grant proposal on this topic.  

Vogler-Neuling used the funding 
to create a controlled terrarium envi-
ronment to breed butterfly pupae in 
collaboration with the Papillorama. 
Her goal is to understand the pro-
cess of structural color formation 
from purely biological building 
blocks and thus lay the foundation 

for bio-inspired color fabrication. A 
biologist was also hired for 4 months 
to support the project. The NCCR 
Bio-Inspired Materials Independence 
grant aims to help young research-
ers in their pursuit of an indepen-
dent academic career. It supports 
activities that go beyond their work 
as participants of the Center, such 
as for example: travel to establish 
new contacts, preliminary exper-
iments (related to application for 
their own project / grant), writing of 
independent publications and own 
grant writing.

Dr. Viola Vogler-Neuling and Dr. Matthias Saba

URI programSpecial funding

The NCCR’s summer Undergraduate 
Research Internship program was 
once again a success in 2023.

 Fifteen students from the Amer-
icas and Europe took part, spending 
up to 12 weeks working on projects. 
Laurens Smulders of the University 
of Cambridge, was the winner of the 
traditional poster prize, rewarding 
his work on photonics inspired by 
weevils.   

Laurens Smulders, winner of the URI best 
poster prize, with Dr. Barbara Drasler, in 
charge of the URI program

Close up

PhD prize

Morgane Loretan, an NCCR PhD stu-
dent at the University of Fribourg in 
PI Prof. Guillermo Acuna’s group, won 
the 2023 edition of the Fribourg In-
novation Challenge with her portable 
fluorescence microscope equipped 
with a highly sensitive smartphone 
camera. 

This camera can detect the light 
emitted by a single molecule, en-

The Swiss Chemistry Society’s 2023 
DPCI PhD Student Award winner was 
the NCCR’s Matteo Hirsch, who car-
ried out his research in PI Prof. Esther 
Amstad’s laboratory at EPFL. 

The award recognizes the scien-
tific quality and originality of his re-
search project, “3D printing of living 

abling rapid and reliable diagnostics 
in real time. 

The device’s portable format al-
lows the device to be used outdoors, 
particularly in situations where lab-
oratory access is impractical or im-
mediate results are critical. Loretan 
has already proposed relevant ap-
plications, such as detecting bovine 
diseases or providing diagnostic 
support in elderly-care facilities.

structural biocomposites”, focusing 
on the 3D printing of load-bearing 
granular hydrogels. These could be 
used in soft robotics for sensing and, 
with additional work, also in ortho-
pedics. Other potential uses include 
art restoration, or regenerating ma-
rine reefs as artificial coral.



27In brief  |  NCCR Bio-Inspired Materials Activities report 2023 – 2024



28 NCCR Bio-Inspired Materials Activities report 2023 – 2024  |  Initiatives 



29Initiatives  |  NCCR Bio-Inspired Materials Activities report 2023 – 2024

   Armed with technologies inspired by nature 
and developed through years of research, this 
company aims to transform how we detect and 
monitor cancer.   

Leading Xemperia is NCCR PI Prof. Curzio 
Rüegg, a cancer researcher whose career has 
been dedicated to understanding how tumors 
interact with the immune system. Rüegg’s vision 
for Xemperia was partially born from his work 
with the Center, an interdisciplinary initiative that 
blends materials science, physics, chemistry, 
biology, biophysics, and medicine. The NCCR 
provided not just the intellectual foundation for 
Xemperia’s technologies but also the collaborative 
ecosystem needed to bring them to life.   

Cancer mutations 

Xemperia’s current flagship project is a blood 
test designed to detect breast cancer by analyz-
ing subtle changes in immune cells circulating 

in the bloodstream. Unlike mammograms, which 
rely on imaging visible tumors, this test identifies 
molecular biomarkers that signal the presence 
of cancer. The company’s goal is to propose this 
test to all women as a first step for breast cancer 
screening. This approach, however, is particularly 
valuable for women under 50 or those with dense 
breast tissue – groups for whom mammography 
often falls short. 

The test works by detecting tumor-induced 
changes in immune cells. Using standard PCR 
technology, Xemperia’s test delivers results within 
48 hours, o§ering a non-invasive, radiation-free 
alternative to traditional screening methods. Clin-
ical trials have already demonstrated its potential, 
showing an impressive 99% sensitivity for ear-
ly-stage breast cancer. 

While the blood test is Xemperia’s flagship 
product, its most futuristic innovation lies in its 
use of DNA-based nanosensors – tiny structures 
engineered to detect cancer-related molecules 
with extraordinary precision. This approach aims 
to enable non-invasive cancer detection through 
liquid biopsy, identifying DNA and RNA fragments, 
including single-nucleotide mutations, with re-
markable precision. Developed with NCCR fund-

Xemperia, a medtech spin-o� founded in 2023 in the canton 
Fribourg, is rewriting the narrative of cancer diagnostics with 
the help of the NCCR Bio-Inspired Materials. 

Developing cancer 
diagnostics with bio-
inspired materials

Innovation

Detecting breast cancer could be 
as simple as a blood test
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ing, these nanosensors are inspired by nature’s 
ability to self-assemble complex structures from 
simple building blocks. 

The first nanosensor is based on DNA origami 
technology. Imagine a tiny book made of DNA 
strands that “opens” when it encounters a specific 
molecule, such as a cancer-associated microRNA. 
When this happens, the nanosensor emits a fluo-
rescent signal that can be detected using special-
ized equipment. These nanosensors are so sensi-
tive they can identify single molecules in a drop 
of blood – a feat that could revolutionize cancer 
detection and monitoring. What makes DNA ori-
gami so powerful is its programmability. These 
structures can be designed to detect any microR-
NA, making them incredibly versatile. To make this 
technology accessible outside research labs, Xe-
mperia is collaborating with CSEM (Swiss Center 
for Electronics and Microtechnology) to develop 
portable fluorescence readers as a point-of-care 
device. This would allow healthcare providers –
even in remote areas – to perform sophisticated 
diagnostics at a fraction of current costs. 

A second technology was developed to detect 
natural and mutated mRNA faster, more simply, 
and specifically than traditional techniques like 
PCR or sequencing. It involves capturing target 
RNA fragments on microbeads, which isolates 
the genetic material from other molecules. This 
is followed by a primer exchange reaction (PER), 
whereby short pieces of single-strand DNA are 
specifically bound to the RNA, and branched hy-
bridization, which creates a tree-like structure, to 
further amplify the fluorescence signal. This signal 
is then detected by flow cytometry. This process 
was shown to e§ectively reveal rare mutations in 
cancer-related genes (e.g., KRAS, P53, PIK3CA) at 
low femtomolar concentration, with single-base 
specificity. The technology is adaptable for de-
tecting multiple mutations in one test, speeding 
up the diagnostic. By concomitant detection of 
the standard and mutated gene, it also determines 
its frequency. 

Cross-pollination 

Xemperia’s journey wouldn’t have been pos-
sible without the support provided by the NCCR. 
The Center was established to explore how natural 
principles – like self-assembly and adaptability 

– can be applied to create new materials in di§er-
ent fields, including medicine. But, perhaps most 
importantly, the NCCR fostered collaboration be-
tween disciplines. “The NCCR brought together 
biologists like me with materials scientists and en-
gineers,” says Rüegg. “That cross-pollination was 
key to transforming our ideas into practical tools.”

Bringing these technologies from the lab 
bench to market requires more than just scientific 
breakthroughs – it demands funding, partner-
ships, and regulatory expertise. The company 
secured CHF 100,000 in seed funding from the 

Foundation for Technological Innovation (FIT), an 
additional CHF 30,000 from canton Fribour’s IFF 
2024 Start-Up Award, and CHF 25,000 from the 
2025 Ypsomed Innovation Award in recognition of 
its potential public health impact. Xemperia will 
collaborate with investors to perform a screening 
validation study and bring the breast cancer test 
for CE certification – a critical step toward Europe-
an commercialization. 

While Xemperia’s immediate focus is on breast 
cancer detection in high-income countries, its 
long-term vision extends far beyond that. Xem-
peria is exploring ways to make its technologies 
accessible in low- and middle-income countries, 
where early detection tools are often unavailable. 
Portable fluorescence readers and low-cost assays 
could bring life-saving diagnostics to underserved 
communities worldwide. 

“We want our innovations to reach everyone 
who needs them,” says Rüegg. “Cancer doesn’t 
discriminate based on geography or income level 
– neither should our solutions.”   

  

  

“Cancer doesn’t discriminate based 
on geography or income level – 
neither should our solutions.”
Prof. Curzio Rüegg  
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Since 2016, this collaboration has brought 
cutting-edge science to the Swiss Alps, fostering 
innovations and international collaborations in de-
signing nature-inspired “smart” materials.  

The GRC on Bioinspired Materials is a presti-
gious international scientific event focusing on 

advancing materials science inspired by nature. 
Since 2012, it has brought together every two 
years researchers from diverse disciplines, in-
cluding biology, chemistry, materials science, 
engineering, physics, and medicine. The NCCR 
Bio-Inspired Materials has been a partner since 

Switzerland has boosted its reputation as a global hub for bio-
inspired materials research through the partnership between the 
Gordon Research Conference (GRC) on Bioinspired Materials 
and the NCCR Bio-Inspired Materials. 

Creating a lasting 
impact on Swiss and in-
ternational research

Bio-inspired conference

The GRC Bioinspired Materials takes place in the Swiss resort of Les Diablerets
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2016 and was instrumental in bringing the GRC 
conference to Switzerland. 

The event, according to the organizers, aims to 
present cutting-edge and unpublished research, 
prioritizing discussion after each talk and fostering 
informal interactions among scientists of all career 
stages. The program, spanning five days, includes 
diverse speakers and discussion leaders from in-
stitutions and organizations worldwide, and aims 
to foster scientific communities with lasting col-
laborations. In addition to talks, the conference 
has designated time for poster sessions from indi-
viduals of all career stages, and afternoon free 
time and communal meals allow for informal net-
working opportunities with leaders in the field. 

The Center and GRC share, to a large extent, 
a common mission: advancing scientific frontiers 
through collaboration and knowledge exchange. 
The NCCR focuses on designing “smart” materi-
als inspired by natural systems, with applications 
ranging from medicine to sustainable technolo-
gies. Similarly, GRC’s Bioinspired Materials confer-
ence provides an international invitation-only plat-
form for exchanges on fundamental and applied 
aspects of bio-inspired materials research. 

This thematic alignment has made the NCCR 
a key participant and supporter of GRC events. 
Researchers from the Center have regularly con-
tributed to GRC conferences – most recently with 
its former Director, Prof. Christoph Weder, serving 
as the meeting chair in Les Diablerets Conference 
Center- showcasing their work on adaptive ma-
terials, photonic interfaces, and bio-responsive 
systems. The 2024 edition featured NCCR Deputy 
Director Prof. Esther Amstad, and NCCR alum Dr. 
José Augusto Berrocal as discussion leaders and 
NCCR PIs Professors Francesco Stellacci, Michael 
Mayer and Nico Bruns as invited speakers. These 
interactions spotlight Swiss research excellence 
and promote cross-disciplinary collaborations 
with global experts. 

The conference also includes a preceding 
Gordon Research Seminar (GRS), which provides 
early-career researchers – graduate students and 
postdoctoral associates – a platform to present 
their work and network with peers. This mentor-
ship-focused initiative aligns with the NCCR’s 
commitment to fostering young talent in science. 

Switzerland’s hosting of these conferences un-
derscores its strategic importance in global scien-

tific collaboration. The Les Diablerets Conference 
Center, a frequent venue for GRC events, o§ers 
an ideal setting for building lasting scientific net-
works. The NCCR’s presence at these gatherings 
has further amplified its role as an international 
leader in bio-inspired materials research. 

The 2026 Gordon Research Conference (GRC) 
on Bioinspired Materials will be chaired by the NC-
CR’s Director, Prof. Ullrich Steiner. 

 The Gordon Research Conferences 
The Gordon Research Conferences (GRC), a nonprofit or-
ganization founded in the United States in 1931, continues 
to be at the forefront of scientific innovation and collab-
oration. GRC has been bringing together global networks 
of scientists to discuss cutting-edge, pre-publication 
research across a wide range of disciplines for over nine 
decades. 

GRC’s unique format sets it apart from traditional scien-
tific conferences. With a focus on discussion and informal 
networking, these conferences provide a platform for 
scientists to engage in dynamic exchanges that push the 
boundaries of their fields. The organization’s commitment 
to fostering enduring scientific communities has earned 
it a prestigious reputation in biology, chemistry, physics, 
engineering, and related technologies. 

Today, GRC organizes more than 395 conferences and 
seminars annually, covering topics from physics to neu-
robiology and from material science to medicine. These 
events are known for their intimate setting, with each con-
ference limited to 200 attendees, ensuring active partici-
pation and meaningful contributions from all participants. 

In addition to the leading conferences, GRC offers Gordon 
Research Seminars (GRSs) specifically designed for grad-
uate students and postdoctoral researchers. These semi-
nars, together with related GRCs, provide young scientists 
valuable exposure to the GRC experience.
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Recognizing the importance of broadening 
perspectives, the NCCR Bio-Inspired Materials has 
developed initiatives designed to enrich doctoral 
students’ experiences and prepare them for future 
challenges. 

One of the programs o§ered by the Center is 
the International Graduate Exchange (IGE) pro-
gram. This initiative allows doctoral candidates to 
spend several months in laboratories abroad, with 
grants covering travel expenses, accommodation 
costs, and student fees. The program aims to ex-
pose students to di§erent academic settings, en-
abling them to gain new insights into their field of 
expertise while developing valuable skills for their 
future careers. 

Viola Bauernfeind, a PhD student at the Adol-
phe Merkle Institute’s Soft Matter Physics group, 
spent six months at the University of Queensland 
in Brisbane, Australia, working with the Marine 
Sensory Ecology Group. Her research there, ex-
tending her work on structural color in nature, 
focused on the specialized cells known as irido-
phores that allow cephalopods to change their 
color and appearance. During her time abroad, 

Bauernfeind gained fresh perspectives on familiar 
research topics and learned how to communicate 
her findings and requirements clearly. She de-
scribed the experience as invaluable preparation 
for life as a postdoctoral researcher and empha-
sized how it helped her adapt to di§erent cultural 
and organizational environments. 

Similarly, Kalpana Manne, a PhD student from 
the Department of Physics at the University of 
Fribourg, joined Prof. Stefano Sacanna’s group at 
New York University. “My primary motivation was 
to expand my research capabilities and explore 
new scientific domains that align with my inter-
ests,” explains Manne. 

“At NYU, I focused on creating colloidal patchy 
particles, a topic within the domain of colloidal 
chemistry. I was fortunate to be hosted by a lead-
ing expert whose work bridges chemistry, physics, 
and materials science. Through this collaboration, 
I achieved my research goals and gained hands-
on experience with self-assembly principles.”

The long-term benefits of these international 
exchanges are profound. Participants gain techni-
cal expertise and exposure to other working meth-

Expanding PhD students’ 
perspectives through 
diverse experiences 

New horizons 

Earning a PhD in science is far more than an academic pursuit 
confined to the walls of a single laboratory. It is a multifaceted ex-
perience that involves developing technical expertise, shaping a 
scientific profile, and often immersing oneself in new cultural envi-
ronments. 
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ods and interdisciplinary collaboration. “Diversify-
ing my expertise not only broadens my knowledge 
but also helps shape a clearer vision for my future 
career – whether in academia or industry,” says 
Manne. “Gaining exposure to various research ar-
eas strengthens my profile and enhances my abil-
ity to make informed decisions about my career 
path.” 

They expand their professional networks and 
develop cultural competence that enhances their 
adaptability in global research environments. 
These experiences often clarify career paths and 
open doors to postdoctoral opportunities while 
fostering innovative research outcomes. “Experi-
encing a di§erent academic culture was important 
to me. I think it’s crucial to see how research is 
approached in di§erent systems,” points out Bilel 
Abdennadher, another PhD student from the AMI 
physics group, who spent time at MIT in Boston. “It 
broadens your perspective and helps you feel more 
connected to the global research community.”

By covering travel and residency costs for in-
ternational exchanges, the NCCR demonstrates 
its commitment to removing financial barriers 

and supporting the development of its doctoral 
students. Programs like the IGE are highly recom-
mended for anyone seeking to enrich their PhD 
journey through diverse experiences. As Bau-
ernfeind stated, “It’s an excellent opportunity to 
widen your horizon before completing your PhD.” 
Through initiatives like this, the NCCR is empow-
ering future leaders in science by equipping them 
with the tools they need to thrive in an intercon-
nected world. 

Viola Bauernfeind travelled to Brisbane, Australia, for her exchange
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Organization Phase III

The National Centers of Competence in Research (NCCR) are a research 
instrument of the Swiss National Science Foundation
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External Advisory Board
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Module 1
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Translation
Projects

WINS
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University of Fribourg

SNSF
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External Advisory Board

Industry Associates
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Executive board
• Prof. Ullrich Steiner (UniFR), Director
• Prof. Esther Amstad (EPFL), Deputy Director
• Prof. Harm-Anton Klok (EPFL), Leader Module 1
• Prof. Eric Dufresne (Cornell), Leader Module 2
• Prof. Stefan Salentinig (UniFR), Leader Module 3
• Prof. Guillermo Acuña (UniFR), Faculty 

Delegate for Education
• Dr. Sofía Martín, Outreach coordinator
• Dr. Eliav Haskal, Knowledge and Technology 

Transfer manager
• Dr. Lucas Montero, Scientific coordinator

Principal investigators
• Prof. Guillermo Acuña (Department of Physics, 

UniFR)
• Prof. Esther Amstad (Institute of Materials, EPFL)
• Prof. Eric Dufresne (Cornell University)
• 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)
• Prof. Marco Lattuada (Department of Chemistry, 

UniFR)
• Prof. Michael Mayer (Adolphe Merkle Institute, 

UniFR)
• Prof. Aleksandra Radenovic (Institute of 

Bioengineering, EPFL)
• Prof. Barbara Rothen-Rutishauser (Adolphe 

Merkle Institute, UniFR)
• Prof. Curzio Rüegg (Department of Medicine, 

UniFR)
• Prof. Stefan Salentinig (Department of 

Chemistry, UniFR)
• Prof. Frank Sche§old (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)

Associate principal
investigators
• Dr. Luciano Boesel (Empa)
• Prof. Nico Bruns (TU Darmstadt)
• Prof. Jessica Clough (Adolphe Merkle Institute, 

UniFR)
• Prof. Alessandro Ianiro (KU Leuven)
• Prof. Matthias Lütolf (Institute of Bioengineering, 

EPFL)
• Prof. Jovana Milić (Adolphe Merkle Institute, 

UniFR)
• Dr. Raphaël Pugin (CSEM)
• Prof. Bodo Wilts (Paris-Lodron-University 

Salzburg)

Management team
• Danielle Canepa, Finance
• Scott Capper, Communications manager
• Dr. Barbara Drasler, URI Program and Open 

Science manager
• Dr. Eliav Haskal, Knowledge and Technology 

Transfer manager
• Dr. Matthias Held, Grant writing support
• Myriam Marano, Administrative assistant
• Dr. Sofía Martín, Outreach coordinator 
• Dr. Lucas Montero, Scientific coordinator

Who is who
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Research groups

Acuña group (UniFR)
• Prof. Guillermo Acuna, Project leader
• Dr. Mariano Barella, Postdoc
• German Chiarelli, Doctoral student
• Dr. Karol Kolataj, Postdoc
• Morgane Loretan, Doctoral student

Amstad group (EPFL)
• Prof. Esther Amstad, Project leader
• Eva Baur, Doctoral student
• Francesca Bono, Doctoral student
• Gaia De Angelis, Doctoral student
• Rocio Garcia Montero, Doctoral student
• Dr. Antonia Georgopoulou, Postdoc
• Lorenzo Lucherini, Doctoral student
• Alexandra Thoma, Doctoral student
• Ran Zhao, Doctoral student

Bruns group
(TU Darmstadt)
• Prof. Nico Bruns, Project leader
• Dr. Deveci Gözde, Postdoc
• Sam Russell, Doctoral student

Dufresne group (Cornell)
• Prof. Eric Dufresne, Project leader
• Gabriella Paz Hawes Bensadoun, 

Undergraduate student 
• Dr. Charlotta Lorenz, Postdoctoral researcher
• Dr. Takumi Matsuzawa, Postdoc
• Chase Shapiro, MSc student
• Calvin Smith, Undergraduate student
• Kaarthik Varma, Doctoral student

Fink/Rothen group (UniFR)
• Prof. Alke Fink, Project leader
• Liliane Ackermann Hirshi, Laboratory technician
• Maria Porteiro, Doctoral student
• Dr. Flavia Sousa, Postdoc 
• Dr. Patricia Taladriz-Blanco, Senior researcher
• Phattadon Yajan, Doctoral student

Fromm group (UniFR)
• Prof. Katharina Fromm, Project leader
• Dr. Priscilla Brunetto, Senior researcher
• Ali Kaiss, Doctoral student
• Dr. Oksana Kaplunenko, Senior researcher
• Franck Oswald, Doctoral student
• Dr. Antoine Scalabre, Postdoctoral researcher

Kilbinger group (UniFR)
• Prof. Andreas Kilbinger, Project leader
• Ijaj Ahmed, Doctoral student
• Swagata Debnath, Doctoral student
• Indradip Mandal, Doctoral student
• Dinh Phuong Trinh Nguyen, Doctoral student

Klok group (EPFL)
• Prof. Harm-Anton Klok, Project leader
• Maja Lopandic, Doctoral student

Lattuada group (UniFR)
• Prof. Marco Lattuada, Project leader
• Gianluca Mazzotta, Doctoral student
• Dr. Miroslava Nedyalkova, Postdoc
• Diana Potes Vecini, Doctoral student
• Jansie Smart, Doctoral student



40

Mayer group (UniFR)
• Prof. Michael Mayer, Project leader
• Jessica Dupasquier, Laboratory technician
• Dr. Liviana Mummolo, Postdoc
• Carolina Pierucci, Doctoral student
• Dr. John-Marc Puguan, Senior researcher 

Radenovic group (EPFL)
• Prof. Aleksandra Radenovic, Project leader
• Lely Feletti, Laboratory technician
• Khalid Ibrahim, Doctoral student
• Helena Miljkovic, Doctoral student

Rothen-Rutishauser group
(UniFR)
• Prof. Barbara Rothen-Rutishauser, Project leader
• Shui Ling Chu, Other sta§
• Luigi Di Stolfo, Doctoral student
• Dr. Sandeep Keshavan, Senior researcher

Rüegg group (UniFR)
• Prof. Curzio Rüegg, Project leader
• Grégory Bieler, Laboratory manager
• Sarah Cattin, Core facility manager
• Dr. Ivana Domljanovic, Senior researcher
• Dr. Samet Kocabey, Senior researcher
• Dr. Jimmy Stalin, Senior researcher
• Elisa Trezzini, Intern

Salentinig group (UniFR)
• Prof. Stefan Salentinig, Project leader
• Owais Abdul Hameed, Doctoral student
• Meron Debas, Doctoral student
• Rafael Freire, Doctoral student
• Dr. Jules Valentin, Postdoc

Sche§old group (UniFR)
• Prof. Frank Sche§old, Project leader
• Markus Andrey, Technician
• Dr. Ahmet Demiroers, Senior researcher
• Dr. Luis Froufe, Senior researcher
• Nathan Fuchs, Senior researcher
• Dr. Sofia Magkiriadou, Postdoc
• Kalpana Manne, Doctoral student
• Dr. Veronique Trappe, Senior researcher
• Eileen Waeber, Intern

Steiner group (AMI)
• Prof. Ullrich Steiner, Project leader
• Bilel Abdennadher, Doctoral student 
• Viola Bauernfeind, Doctoral student
• Victoire De Cauna, Doctoral student
• Dr. Andrea Dodero, Senior researcher
• Dr. Ilja Gunkel, Senior researcher
• Florin Hemmann, Doctoral student
• Thomas Kainz, Doctoral student
• Alessandro Parisotto, Doctoral student
• Dr. Matthias Saba, Senior researcher
• Niklas Schwarz, Doctoral student
• Dr. Viola Vogler-Neuling, Senior researcher

Stellacci group (EPFL)
• Prof. Francesco Stellacci, Project leader
• Jay-ar Dela Cruz, Doctoral student
• Ekaterina Poliukhina, Doctoral student
• Ding Ren, Doctoral student
• Laura Roset Julia, Doctoral student
• Dr. Deepika Sardana, Postdoc
• Vincenzo Scamarcio, Doctoral student 
• Dr. Sakshi Schmid, Postdoc
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Studart group (ETHZ)
• Prof. André Studart, Project leader
• Benoit Chappuis, Doctoral student
• Dr. Fergal Coulter, Senior researcher
• Diego Giovanoli, Doctoral student
• Natascha Gray, Doctoral student 
• Dr. Rafael Libanori, Senior researcher 
• Dr. Mathias Steinacher, Senior researcher
• Dr. Elena Tervoort, Senior researcher

Vanni group (UniFR)
• Prof. Stefano Vanni, Project leader
• Dr. Daniel Alvarez, Postdoc
• Dr. Pablo Campomanes, Senior researcher
• Ashutosh Kumar, Doctoral student

Weder group (AMI)
• Prof. Christoph Weder, Project leader
• Dr. José Augusto Berrocal, Senior researcher
• Dr. Georges Formon, Postdoc
• Dr. Manon Guivier, Postdoc
• Iulia Scarlat, Doctoral student

Support sta§
• Dr. Sandor Balog, Light Scattering 

specialist (UniFR) 
• Véronique Buclin, Laboratory technician (UniFR) 
• Dr. Aurélien Crochet, Senior researcher (UniFR)
• Dr. Jules Duruz, TEM technician (UniFR)
• Laetitia Häni, Laboratory technician (UniFR) 
• Anita Roulin, Laboratory technician (UniFR)
• Dr. Dimitri Vanhecke, Microscopy specialist 

(UniFR) 
• Dr. Chi Zhang, Optical Tweezers specialist 

(UniFR) 

Alumni
• Daniel Alvarez 

(Postdoc, Vanni group) 
• Mariano Barella 

(Postdoc, Acuna group)
• Dr. José Augusto Berrocal 

(Senior researcher, Weder group) 
• German Chiarelli 

(Doctoral student, Acuna group) 
• Swagata Debnath 

(Doctoral student, Kilbinger group) 
• Jay-ar Dela Cruz 

(Doctoral student, Stellacci group)
• Jules Duruz 

(TEM technician, Support Sta§ group) 
• Rafael Freire

(Doctoral student, Salentinig group) 
• Diego Giovanoli 

(Doctoral student, Studart group) 
• Dr. Ilja Gunkel 

(Senior researcher, Steiner group)
• Ali Kaiss 

(Doctoral student, Fromm group)
• Charlotta Lorenz 

(Postdoc, Dufresne group)
• Franck Oswald 

(Doctoral student, Fromm group)
• Alessandro Parisotto

(Doctoral student, Steiner group) 
• Jansie Smart 

(Doctoral student, Lattuada group)
• Dr. Mathias Steinacher 

(Senior researcher, Studart group) 
• Alexandra Thoma 

(Doctoral student, Amstad group) 
• Jules Valentin 

(Postdoc, Salentinig group)
• Eileen Waeber 

(Intern, Sche§old group)
• Phattadon Yajan 

(Doctoral student, Fink group)
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Summer students 2023
• Nico Allemann

(University of California Irvine) 
• James Baker 

(Saint Louis University)
• James Barrett 

(University of Cambridge) 
• Will Galloway 

(University of Cambridge) 
• Isabelle Gray

(University of Exeter) 
• Adelle Kirschner 

(California Polytechnic State University San Luis 
Obispo) 

• Sophia Korono 
(Carnegie Mellon) 

• Jonas Kühn 
(University of Hamburg) 

• Emily Lu 
(University of California Berkeley)

• Jack Moerschel 
(University of Florida) 

• Safaa Mouline 
(University of California Berkeley) 

• Eric Smith
(California Polytechnic State University 
San Luis Obispo) 

• Laurens Smulders 
(University of Cambridge)

• Joaquina Somma 
(University of Delaware) 

• Jose Venegas 
(Syracuse University) 

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 Materials 

Science and Engineering, University of 
Delaware, USA

• Dr. Christiane Löwe, Director Equal Opportuni-
ties O§ice, University of Zurich, Switzerland

• Prof. Dr. Katharina Maniura, Materials Meet Life 
Department, EMPA, Switzerland

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

• Prof. Marek Urban, Department of Materials 
Science and Engineering, Clemson University,
USA

Abbreviations:
AMI: Adolphe Merkle Institute; 
UniFR: University of Fribourg; 
EPFL: Federal Institute of Technology Lausanne; 
ETHZ: Federal Institute of Technology Zurich
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Module 1: Mechanically
responsive materials across 
di§erent length scales

1. Transiently pulsating materials inspired by 
the heart

2. Mechanochromic force transducers for 
biosystems and synthetic hydrogels

3. Atomically thin mechanosensitive membranes 
for water treatment

Module 2: Biologically
inspired assembly of optical
materials

4. New opportunities for tuning colloidal crystals 
using nanorattles 

5. Complete photonic band gaps materials by 
self-assembly of ABC bottlebrush block poly-
mers

6. Enhancing structural colour through absorp-
tion

7. Complex disordered photonic architectures 
by self-assembly

8. Bottom up meets top down: Controlling as-
sembly from mm to nm

Module 3: Responsive bio-
interfaces and surfaces
9. Dynamic surfaces for tissue engineering and 

tissue remodeling
10. 3D printing of functional organoids
11. Increasing dispersion stability with biocom-

patible small molecules

Projects
12. Antiviral Surfaces
13. Design of amphiphilic polymer nanotubes for 

fighting bacteria 
14. DNA Origami-based sensor for the multiplex 

detection of mRNA in cancer
15. Ion-gradient batteries using ion-selective 2D 

materials to separate hydrogel compartments 
with different salt concentration

Translation projects
16. Bright white scatterers beyond titania
17. Healable Polymer Coatings
18. Fabrication of load-bearing, soft actuators
19. Bioinspired 3D printed porous ceramics for 

solar-to-fuel conversion and carbon capture

WINS Fellowships projects
20. Next generation of polymeric nanovaccine for 

brain cancer immunotherapy
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Module 1
Boons, R.; Siqueira, G.; Grieder, F.; Kim, S. J.; 
Giovanoli, D.; Zimmermann, T.; Nyström, G.; 
Coulter, F. B.; Studart, A. R., 3D bioprinting of 
diatom-laden living materials for water quality 
assessment, Small, 2023, 19, 2300771. 

Clerc, M.; Sandlass, S.; Rifaie-Graham, O.; 
Peterson, J. A.; Bruns, N.; Read de Alaniz, J.; 
Boesel, L. F., Visible light-responsive materials: 
The (photo)chemistry and applications of 
donor-acceptor Stenhouse adducts in polymer 
science, Chem. Soc. Rev., 2023, 52, 
8245–8294. 

Duhr, P.; Meier, Y. A.; Damanpack, A.; Carpenter, J.; 
Studart, A. R.; Rafsanjani, A.; Demirörs, A. F., 
Kirigami makes a soft magnetic sheet crawl, 
Adv. Sci., 2023, 10, 2301895. 

Hiratsuka, H.; Muramatsu, T.; Seki, T.; Weder, C.; 
Watanabe, G.; Sagara, Y., Tuning the mechanore-
sponsive luminescence of rotaxane mechano-
phores by varying the stopper size, J. Mater. 
Chem. C, 2023, 11, 3949–3955. 

Ibrahim, K. A.; Grußmayer, K. S.; Riguet, N.; Feletti, 
L.; Lashue, H. A.; Radenovic, A., Label-free identi-
fication of protein aggregates using deep learn-
ing, Nat. Commun., 2023, 14, 7816. 

Ibrahim, K. A.; Naidu, A.S.; Miljkovic, H.; Radenovic, 
A.; Yang, W., Label-free techniques for probing 
biomolecular condensates, J. Phys. Chem. C, 
2024, 18, 10738–10757. 

Kiebala, D. J.; Style, R.; Vanhecke, D.; Calvino, C.; 
Weder, C.; Schrettl, S., Sub-micrometer mechano-
chromic inclusions enable strain sensing in poly-
mers, Adv. Funct. Mater., 2023, 33, 2304938. 

Leitao, S. M.; Navikas, V.; Miljkovic, H.; Drake, B.; 
Marion, S.; Pistoletti Blanchet, G.; Chen, K.; Mayer, 

Publications
S. F.; Keyser, U. F.; Kuhn, A.; Fantner, G. E.; 
Radenovic, A., Spatially multiplexed single-mole-
cule translocations through a nanopore at con-
trolled speeds, Nat. Nanotechnol., 2023, 18, 
1078–1084. 

Mandal, A.; Pal, S.; Kilbinger, A. F. M., Controlled 
ring opening metathesis polymerization of a new 
monomer: On switching the solvent – water-solu-
ble homopolymers to degradable copolymers, 
Macromol. Rapid Commun., 2023, 44, 2300218. 

Mattich, I.; Sendra, J.; Galinski,H.; Isapour,G.; 
Demirörs, A. F.; Lattuada, M.; Schuerle,S.; Studart, 
A. R., Magnetic manipulation of superparamagnetic 
colloids in droplet-based optical devices, 
Adv. Opt. Mater., 2023, 11, 2300734. 

Meng, Z.; Löser, L.; Saalwächter, K.; Gasser, U.; 
Klok, H. A., Disulfide-cross-linked tetra-PEG gels, 
Macromolecules, 2024, 57, 3058–3065. 

Metze, F. K.; Filipucci, I.; Klok, H. A., Supramolecu-
lar polymer brushes grown by surface-initiated 
atom transfer radical polymerization from Cucur-
bit[7]uril-based non-covalent initiators, Angew. 
Chem. Int. Ed., 2023, 62, e202305930. 

Micheletti, C.; Soldati, L.; Weder, C.; Pucci, A.; 
Clough, J. M., Mechanochromic polyolefin elasto-
mers, ACS Appl. Polym. Mater., 2024, 6, 
6572–6580. 

Mori, R.; Weder, C.; Sagara. Y., Mechanical (de)ac-
tivation of rotaxane mechanophores: Axle length 
matters, Macromolecules, 2023, 56, 9248–9258. 

Oggioni, M.; Clough, J. M.; Weder, C., Mechano-
chromic polymer blends made with an excimer- 
forming telechelic sensor molecule, Soft Matter, 
2024, 20, 2126–2131. 

Pal, S.; Hong, L.; Freire, R. V. M.; Farooq, S.; 
Salentinig, S.; Kilbinger, A. F. M., High-molecu-
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lar-weight poly(aromatic amide) foldamers via 
living polymerization, Macromolecules, 2023, 56, 
7984–7992. 

Sant S.; Klok H. A., Linear, Y- and Ψ-shaped 
poly(2-(dimethylamino)ethyl methacrylate) and 
poly(methyl methacrylate) brushes prepared by 
surface-initiated polymerization from a homolo-
gous series of ATRP initiators, Eur. Polym. J., 2023, 
205, 112706. 

Shakkeeb Thazhathethil, S.; Thuluvanchery, F. S.; 
Shimizu, S.; Scarlat, I.; Clough, J. M.; Weder, C.; 
Sagara, Y, Ring-size dependent ratiometric photo-
luminescence of cyclophane mechanophores, 
J. Mater. Chem. C, 2024, 12, 6170–6176. 

Traeger, H.; Kiebala, D. J.; Calvino, C.; Sagara, Y.; 
Schrettl, S.; Weder, C.; Clough, J. M., Microscopic 
strain mapping in polymers equipped with non-co-
valent mechanochromic motifs, Mater. Horiz., 
2023, 10, 3467–3475. 

Velasquez, S. T. R.; Belluati, A.; Tervoort, E.; 
Mattich, I.; Hertel, B.; Russell, S.; Gouveia, M. G.; 
Grysan, P.; Mugemana, C.; Studart, A. R.; Bruns, 
N., Microfluidically produced microcapsules with 
amphiphilic polymer conetwork shells, Adv. Mater. 
Technol., 2024, 9, 2400109. 

Yamada, T.; Miyazaki, Y.; Harada, S.; Kumar, A.; 
Vanni, S.; Shinoda, W., Improved protein model in 
SPICA force field, J. Chem. Theory Comput., 2023, 
19, 8967–8977. 

Zhao, R.; Kølln Wittig, N.; De Angelis, G.; Yuan, T.; 
Hirsch, M.; Birkedal, H.; Amstad, E., Additive man-
ufacturing of porous biominerals, Adv. Funct. 
Mater., 2023, 33, 2300950. 

Module 2
Aguilar Uribe, A.; Yazhgur, P.; F. Sche§old, F., Ex-
perimental realization of Weaire-Phelan foams as 
photonic crystals, APL Photonics, 2023, 8, 111301. 

Bauernfeind, V.; Ronikier, A.; Ronikier, M.; Kozlowski, 
G.; Steiner, U.; Wilts, B. D., Thin film structural 

color is widespread in slime molds (Myxomycetes, 
Amoebozoa), Opt. Express, 2024, 32, 5429–5443. 

Demirörs, A. F.; Manne, K.; Magkiriadou, S.; 
Sche§old, F., Tuning disorder in structurally col-
ored bioinspired photonic glasses, Soft Matter, 
2024, 20, 1620–1628. 

Djeghdi, K.; Schumacher, C.; Bauernfeind, V.; 
Gunkel, I.; Wilts, B. D.; Steiner, U., Anoplophora 
graafi longhorn beetle coloration is due to disor-
dered diamond-like packed spheres, Soft Matter, 
2024, 20, 2509–2517. 

Fernández-Rico, C.; Schreiber, S.; Oudich, H.; 
Lorenz, C.; Sicher, A.; Sai, T.; Bauernfeind, V.; 
Heyden, S.; Carrara, P.; De Lorenzis, L.; Style, R. 
W.; Dufresne, E. R., Elastic microphase separation 
produces robust bicontinuous materials, Nat. 
Mater., 2023, 23, 124–130. 

Froufe-Pérez, L. S.; Aubry, G. J.; Sche§old, F.; 
Magkiriadou, S., Bandgap fluctuations and robust-
ness in two-dimensional hyperuniform dielectric 
materials, Opt. Express, 2023, 31, 18509–18515. 

Madivoli, E. S.; Schwarte, J. V.; Kareru, P. G.; 
Gachanja, A. N.; Fromm, K. M., Stimuli-responsive 
and antibacterial cellulose-chitosan hydrogels 
containing polydiacetylene nanosheets, Polymers, 
2023, 15, 1062. 

Manne, K.; Magkiriadou, S.; Yazhgur, P.; Demirörs, 
A. F.; Sche§old, F., Photonic spheres by microgel 
templating, Opt. Mater. Express, 2024, 14, 
598–606. 

Manne, K.; Magkiriadou, S.; Yazhgur, P.; Demirörs, 
A. F.; Sche§old, F., Structurally colored silica 
foams using colloidal templating, Front Soft Mat-
ter, 2023, 3, 1224158. 

Nedyalkova, M., Russo, G., Loche, P., Lattuada, M., 
Revealing the formation dynamics of Janus poly-
mer particles: Insights from experiments and mo-
lecular dynamics, J. Chem. Inf. Model., 2023, 63, 
7453–7463. 
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G. P., Super-resolved FRET imaging by confocal 
fluorescence-lifetime single-molecule localization 
microscopy, Small Methods, 2023, 7, 2201565. 

Zdańkowski, P.; Lopez, L. F.; Edorna, F.; Acuna, G. 
P.; Stefani, F. D., Single-molecule localization and 
nanoscopy through sequential structured illumi-
nation, in Super-resolution microscopy for materi-
al science. Eds. L. Albertazzi and P. Zijlstra. CRC 
Press, Boca Raton, 23 pages, 2024. 

Zhang, C.; Muñetón Díaz, J.; Muster, A.; Abujetas, 
D. R.; Froufe-Pérez, L. S.; Sche§old, F., Determin-
ing intrinsic potentials and validating optical bind-
ing forces between colloidal particles using opti-
cal tweezers, Nat. Commun., 2024, 15, 1020. 

Module 3
Balog, S.; Sousa de Almeida, M.; Taladriz-Blanco, 
P.; Rothen-Rutishauser, B; Petri-Fink, A., Does the 
surface charge of the nanoparticles drive 
nanoparticle–cell membrane interactions?, 
Curr. Biol., 2024, 87, 103128. 

Caldwell, J.; Taladriz-Blanco, P.; Rodriguez-Lorenzo, 
L.; Rothen-Rutishauser, B.; Petri-Fink, A., Submi-
cron- and nanoplastic detection at low micro- to 
nanogram concentrations using gold nanos-
tar-based surface-enhanced Raman scattering 
(SERS) substrates, Environ. Sci. Nano, 2024, 11, 
1000–1011. 

De Angelis, G.; Amstad, E., Influence of the hydro-
phile–lipophile balance of perfluorinated surfac-
tants on the emulsion stability, MRS Bull., 2024, 
49, 765–770. 

Freire, R. V. M.; Hong, L.; Peterek, M.; Canarelli, S.; 
Rezzi, S.; Salentinig, S., Structure formation in tai-
lor-made buriti oil emulsion during simulated di-
gestion, Adv. Funct. Mater., 2023, 33, 2303854. 

Freire, R.; Salentinig, S., Amphiphilic lipids for 
food functionality, Curr. Opin. Colloid Interface 
Sci., 2024, 72, 101817. 

Nedyalkova, M.; Paluch, A. S.; Potes Veciniac, D.; 
Lattuada, M., Progress and future of the computa-
tional design of antimicrobial peptides (AMPs): 
Bio-inspired functional molecules, Digital Discov-
ery, 2024, 3, 9–22. 

Nedyalkova, M.; Robeva, R.; Romanova, J.; 
Yovcheva, K.; Lattuada, M.; Simeonov, V., In silico 
screening of potential agonists of a glucagon-like 
peptide-1 receptor among female sex hormone 
derivative, J. Biomol. Struct. Dyn., 2024, 1–12. 

Nedylakova, M.; Medinger, J.; Mirabello, G.; 
Lattuada, M., Iron oxide magnetic aggregates: 
Aspects of synthesis, computational approaches 
and applications, Adv. Colloid Interface Sci., 
2024, 23, 103056. 

Parisotto, A.; Saranathan, V.; Steiner, U.; Wilts, B. 
D., Hexagonal-close-packed colloidal crystals in 
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Translation projects
Baur, E.; Tiberghien, B.; Amstad, E., 3D printing of 
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children national and internatio-
nal cooperation projects

8340

Incorporated – Nanolockin GmbH,  
Spectroplast AG, Microcaps AG and FenX AG, 
and Xemperia SA

and high school students participated in 
NCCR outreach activities

Over

with research institutions

Headquarters
Adolphe Merkle Institute, University of Fribourg. 
AMI is an independent competence center that 
focuses on research and education in the domain  
of soft nanomaterials

on topics related to equal opportunities and 
personal and professional development 

round tables

6 5
start-up companies

Note: All figures between June 1, 2023 – May 31, 2024
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Speaker Talk Home Institution Date

Prof. David Gonzalez 
Rodriguez

Noncovalent synthesis: From chemically 
programmed “simple” molecules to com-
plex, self-organized matter

Universidad Autónoma de 
Madrid, Spain

June 1, 2023

Mr. Fernando Gomollón-Bel Scicomm in a nutshell: learn how to maxi-
mize your impact 

Agata Communications, UK June 2, 2023

Dr. Giulio Ragazzon What are molecular ratchets and how might 
we use them?

Institut de Science et d’In-
génierie Supramoléculaires, 
France

June 12, 2023

Prof. William Shih Multi-micron crisscross structures grown 
from DNA-origami slats 

Harvard University, USA September 20, 2023 

Dr. Ora Hazak Dynamic signaling mechanisms in plant root 
development 

University of Fribourg, Swit-
zerland

October 5, 2023 

Prof. Steve Eichhorn Water iteractions with cellulose: Driving the 
assembly of composites 

Bristol Composites Institute, 
UK

October 23, 2023

Prof. Davis Norris Optical and electronic Fourier surfaces ETH Zürich, Switzerland November 8, 2023 

Dr. Helga Rietz From lab to headlines: The challenges of 
science communication

ETH Zürich, Switzerland November 10, 2023

Prof. Pete Vukusic Biological photonics: a holistic perspective University of Exeter, UK November 30, 2023

Prof. Kunal Masania Additive manufacturing of bio-inspired 
materials 

TU Delft, Netherlands December 18, 2023 

Prof. Stefano Saccana Crystal Clear: enabling 3D real space analy-
sis of ionic colloidal crystallization 

New York University, USA December 20, 2023

Prof. Ana Akrap Scientist demystified: Let’s unfold the ste-
reotypes together

University of Fribourg, Swit-
zerland

January 11, 2024

Prof. Julia Nentwich Male Professors’ and lecturers’ commitment 
to gender equality at Swiss universities and 
ETHs

University of St Gallen, Swit-
zerland

February 6, 2024

Prof. Frauke Graeter Mechano-sensing biomolecular systems HITS institute, Germany February 20, 2024

Dr. Fun Man Fung Building bridges, not beaker walls: Digital 
learning communities for inclusive chemis-
try education

National University of Singa-
pore

February 22, 2024

Prof. David Leigh Giving Chemistry Direction University of Manchester, UK February 28, 2024

Prof. Luisa De Cola Hybrid and supramolecular (nano)materials 
for biomedical applications

Università degli Studi di Mila-
no Statale, Italy

March 14, 2024

 Prof. Emily Pentzer Polymers, Particles and Printing: Architect-
ing Soft Matter for Energy Management

Texas A&M University, US March 28, 2024

Prof. Bilal Kaafarani Ex-ducere transformative education: 
Creating unique life-changing opportuni-
ties for the young minds and empowering 
tomorrow’s leaders

American University of Beirut, 
Lebanon

April 11, 2024

Prof. Anja Palmans Folding single polymer chains in functional 
single-chain polymeric nanoparticles

Eindhoven University of Tech-
nology, Netherlands

May 3, 2024

Prof. Ti§any Abitbol Nature-inspired hybrid biocomposites EPF Lausanne, Switzerland May 23, 2024
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