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[O1.1] 
 

Material Science Meets Immunology: Crosslinked Virus-Like Particles and Force-De-
pendent Antibody–Glycan Interactions at Mucosal Surfaces 

 
Milad Radiom1, Yagmur Turgay1,2, Suwannee Ganguillet1, Tim Keys1,3, Verena Lentsch1,4, Erika Causa5, 

Anna Huhn4, Jurij Kotar5, Pietro Cicuta5, Omer Dushek4, Raffaele Mezzenga1, Emma Slack1,4 
 

1 ETH-Zürich 
2 Botnar Institute of Immune Engineering 
3 Baxiva AG 
4 University of Oxford 
5 University of Cambridge 
 
 
ABSTRACT 
Mucosal surfaces are the first line of defense against many pathogens, yet vaccines that elicit strong protection 
at these sites remain an immunological challenge. Two factors are especially critical: the stability of vaccine 
carriers in mucosal environments and the molecular mechanisms of antibody–pathogen interactions. I will first 
address carrier stability using virus-like particles (VLPs). Derived from viral capsid proteins, VLPs are safe, 
versatile, and inherently immunogenic, but their protein shells are vulnerable to acidic pH, proteases, and 
shear forces at mucosal barriers. Using Acinetobacter phage AP205 VLPs, we enhanced stability by surface 
crosslinking coat proteins, extending their lifetime in pig gastric fluid from <5 to 5–30 minutes and preventing 
pH-induced aggregation [1]. Importantly, crosslinked VLPs retained mucus penetration in vitro, and elicited 
serum IgG responses in vivo, showing that enhanced stability does not compromise immunogenicity [1]. I will 
then focus on antibody function at mucosal surfaces. Secretory IgA (sIgA), the dominant mucosal antibody, 
binds bacterial O-antigen glycans to induce “enchained growth,” whereby dividing Salmonella Typhimurium 
cells remain linked in chains that are more efficiently cleared [2]. By quantifying force-dependent sIgA–O-
antigen binding and integrating these parameters into biophysical models, we revealed how bond lifetime, 
bacterial division, and mechanical shear collectively determine chain stability. Comparing sIgA variants further 
showed how molecular binding properties directly influence pathogen clearance. Together, these findings 
suggest a unified strategy: engineering VLPs for both mechanical robustness and targeted glycan display to 
elicit sIgA responses that exploit the enchained growth mechanism. This integration of material science and 
immunology provides new directions for the rational design of mucosal vaccines [3]. 

 

 
Figure 1: Challenges and mechanisms of mucosal immunity: (A) barriers to vaccine stability, and (B) 
sIgA-mediated enchained bacterial clearance.  
 
REFERENCES 
[1] Ali, et al. ACS Nano 18 (2024), 3382–3396.  
[2] Moor, et al. Nature 544 (2017), 498–502.  
[3] Radiom, Colloids and Interfaces 8 (2024), 68.   



 

 

[O2.1] 
 

Soft Matter Manipulation with a Sensing Knife 
 

Jürgen P. Rabe1,2 and Mohammad F. Gholami1 
 

1 Department of Physics, Humboldt University Berlin 
2 Max Planck Institute of Colloids & Interfaces, Potsdam 
 
 
ABSTRACT 
The Sensing Knife (SK) is a novel tool ([1] and Fig. A), which allows to integrate Imaging, Mechanical Sensing 
and Cutting of Soft Matter across scales. It has been stimulated through Scanning Probe Microscopy research 
from the atomic to the macromolecular scale [2,3], all the way to rethink cutting of soft matter in neurosurgery 
[4].The SK is based on a vibrating cantilever blade probe, following high resolution scanning probe principles 
[2]. By exciting the blade at its resonance frequency, and recording its shifts, amplitude reductions, and 
resonance peak broadening, the SK can provide rheological parameters G′ and G″ in real time. Unlike current 
rheometers or indentation methods, it operates at a geometry and scale that directly mimics surgical 
intervention. We demonstrate its capability by model gels with varying water content (Fig. B). Moreover, the 
SK can track time-dependent changes such as aging, drying, swelling, or mechanical fatigue, making it useful 
for dynamic monitoring in biomedical or industrial contexts. Its passive sensing configuration ensures that 
damping induced by the material is faithfully recorded without electrical cross-talk, a crucial advantage for 
integration into robotic-assisted surgical platforms. Currently registered as a Gebrauchsmuster [1], the 
SensingKnife opens pathways towards standardized, high-resolution characterization of soft matter across 
disciplines: from tumor resection and biomedical diagnostics to food quality control and advanced materials 
research. Its real-time capability, spatial precision, and adaptability position provides a bridge between 
laboratory rheological techniques and in situ sensing in surgery and industry. 
 

 

 

REFERENCES 
[1] M.F. Gholami, J.P. Rabe, T. Picht, S. Kirstein, J. Müller, (2025). A Surgical Cutting Instrument with Integrated Piezoe-
lectric Sensor for Tissue Analysis (DE Gebrauchsmuster No. 20 2025 001 709.8). 
[2] N. Severin, A. Dzhanoev, H. Lin, A. Rauf, S. Kirstein, C.-A. Palma, I.M. Sokolov, J.P. Rabe (2022). Atomic resolution 
with high-eigenmode tapping mode atomic force microscopy, Phys. Rev. Research 4 (2022) 023149. 
[3] N. Severin, J. Barner, A. Kalachev, J.P. Rabe, Manipulation and overstretching of genes on solid substrates, Nano Lett. 
4 (2004) 577. 
[4] Picht, T. et al., Neurosurgery 89 (2021) E289-E291. 10.1093/neuro/nyab326 
 

  



 

 

[O3.1] 
 

Soft Matter Under Flow: in Situ Neutron Scattering for Real-Time and Spatially-
Resolved Structural Insights 

 
Viviane Lutz-Bueno1 

 
1 Paul Scherrer Institute, 5232 Villigen PSI, Switzerland Viviane.lutz-bueno@psi.ch 
 
 
ABSTRACT 
The structure of soft materials, such as polymers, proteins, and complex fluids, can readily respond to stresses, 
particularly under flow. These materials often exhibit fascinating structural dynamics that govern their 
macroscopic properties, such as viscosity, elasticity, or solidification behavior. To investigate these structure-
function relationships, in situ small-angle neutron scattering (SANS) and imaging techniques are essential, as 
they enable probing the nanostructure of materials in real time while subjected to processing conditions such 
as shear and extensional flow. By combining SANS with tools like rheology, microfluidics, scanning methods, 
and real-space imaging, I aim to capture the interplay between flow conditions and molecular organization with 
spatial and temporal resolution. 
A major focus lies on flow-induced alignment, structural transitions, and phase behavior in systems such as 
surfactant micelles, colloids, and biopolymer solutions. I will discuss two main experimental achievements, 
which profit from novel ways to measure a Couette cell coupled to a rheometer: (1) Using scanning-SANS 
under shear flow, we recently demonstrated how Pluronic F-127 micelles undergo nanoscale hexagonal 
ordering when sheared. Through the modeling of 3D reciprocal space maps, we define the 3D structure and 
extract the structure factor of such micelles under shear. This work innovates the interpretation of shear-
induced order through rheoSANS and avoids the need for complementary rheometer types to fully characterize 
the flow. (2) Using single-grating dark-field neutron imaging (DFI), we could observe shear banding and 
deformation of glycerol droplets dispersed in silicone oil, forming a surfactant-free emulsion under shear. This 
work demonstrates that DFI can successfully capture directional scattering information from emulsions under 
flow in a single shot, making it possible to analyze in situ anisotropic structural changes in a timely manner. 
Unlike conventional SANS, typically limited to nanometer scales, DFI accesses micrometer-scale structures 
while maintaining a large field of view, thus complementing SANS across broader length scales relevant in soft 
matter. 
While exploring fundamental questions in soft matter systems, I aim to contribute to the methodological 
development of neutron scattering techniques to monitor dynamic processes, focusing on real-world 
processing conditions. This includes the development of novel sample environments for in situ measurements 
and integration of SANS with complementary methods typical in soft matter research, such as thermal and 
birefringence imaging. This integrated approach enables us to connect fundamental insights with practical 
applications in biomaterials, food science, pharmaceuticals, cosmetics, soft robotics, and sustainable 
processing. Ultimately, my research aims to bridge molecular-scale understanding with overall material 
performance by uncovering how soft matter structures evolve under processing conditions. These methods 
are closely tied to the commissioning and future operation of the SANS-LLB instrument and are expected to 
attract new users and expand the soft matter research portfolio at PSI. 
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[O1.2] 
 

Hybrid Nanoclusters from Janus Nanoparticles and Polymersomes for Bio-
Applications 

 
Voichita Mihali and Cornelia G. Palivan 

 
Department of Chemistry, University of Basel, BPR 1096, Mattenstrasse 24a, 4058 Basel, Switzerland, 
NCCR-Molecular Systems Engineering, BPR 1095, Mattenstrasse 24a, 4058 Basel, Switzerland. 
 
 
ABSTRACT 
A significant approach in various fields such as chemistry, electronics, and technology are the self-organization 
of nano-objects into complex architectures. This strategy aims to generate novel systems with unique 
properties and functionalities [1–3]. An important step in creating interconnected artificial organelles is the DNA 
hybridization between synthetic assemblies, including polymersomes, nanoparticles, and micelles. These 
assemblies facilitate cascade reactions among different encapsulated catalytic compounds and can imitate 
cell signaling and interactions[4,5]. 
In this study, a new approach is proposed for developing a multifunctional hybrid system for specific bio-
applications by investigating the self-organization of clusters between "hard" Janus nanoparticles (JNPs) and 
"soft" polymersomes[6]. These polymer-based JNPs provide an asymmetric platform suited for directional 
interaction [7] with soft polymersomes. The clusters are modularly assembled through programmed DNA 
hybridization. Furthermore, the vesicular architecture of the polymersomes after assembly into JNP-
polymersome clusters allows the encapsulation of various kinds of catalytic compounds. The asymmetry of 
the JNPs has unique advantages by allowing a precise arrangement of the polymersomes and enabling, in a 
modular manner, various reaction configurations, including single, parallel and cascade enzymatic reactions. 
Additionally, these clusters, which integrate imaging and therapeutic nanocompartments, support 
nanotheranostic applications by enabling precise in vitro detection and simultaneously producing reactive 
oxygen species (ROS) to induce apoptosis. 
 

REFERENCES 
[1] C. Gong, S. Sun, Y. Zhang, L. Sun, Z. Su, A. Wu, G. Wei, Nanoscale 2019, 11, 4147. 
[2] G. Zhu, Z. Xu, Y. Yang, X. Dai, L.-T. Yan, ACS Nano 2018, 12, 9467. 
[3] M. R. Jones, N. C. Seeman, C. A. Mirkin, Science 2015. 
[4] A. Belluati, I. Craciun, J. Liu, C. G. Palivan, Biomacromolecules 2018, 19, 4023. 
[5] J. Liu, V. Postupalenko, S. Lörcher, D. Wu, M. Chami, W. Meier, C. G. Palivan, Nano Lett. 2016, 16, 7128. 
[6] C. Kang, A. Honciuc, ACS Nano 2018, 12, 3741. 
[7] V. Mihali, A. Honciuc, Adv. Mater. Interfaces 2022, 9, 2101713. 
[8] V. Mihali, M. Skowicki, D. Messmer, C. G. Palivan, Nano Today 2023, 48, 101741. 
  



 

 

[O1.3] 
 

Self-Propulsion and a Push–Pull Mechanism in Sessile Droplets 
 

Vahid Nasirimarekani1 

 
1 Max Planck Institute for Dynamics and Self-organization, Am Fassberg 17, Göttingen, Germany 
 
 
ABSTRACT 
Droplets on solid surfaces can spontaneously move due to physical forces, such as gradients in surface 
tension. This behavior parallels natural processes, including the crawling of cells and the movement of oil 
droplets on water, offering valuable perspectives for both biological understanding and microfluidic 
technologies. In this work, we examine the self-propulsion of evaporating droplets driven by surface tension 
gradients on polymer-coated substrates. The internal dynamics and motion mechanisms of both sessile and 
two-dimensional confined droplets are analyzed. Our results show that an imbalance in the strength of 
Marangoni vortices within a sessile droplet generates a push–pull effect that drives its motion across the 
substrate. Additionally, in self-propelling droplets, interfacial flows at the flattened droplet’s free surface travel 
toward the rear, producing continuous polar contraction and sustained propulsion. These observations provide 
key insights into the role of fluid mechanics in the autonomous motion of active droplets and living systems. 
 
REFERENCES 
Langmuir 2025, 41, 30, 19698–19705 
 
  



 

 

[O1.4] 
 

Mapping the Transition: from Near to Far-from-Equilibrium in a Sheared Granular 
Liquid Crystal 

Jacopo Bilotto1, Martin Trulsson2, Jean-François Molinari1 
 
1 Civil Engineering Institute & Materials Science and Engineering Institute, (EPFL), CH-1015 Lausanne, Switzerland 
2 Computational Chemistry, Lund University, Lund SE-221 00, Sweden 
 
 
ABSTRACT 
Sheared, frictionless granular rods are shown to exist in a quasi-equilibrium state, whose orientational statistics 
are quantitatively described by classical liquid crystal theory. However, as inter-particle friction is introduced, 
we demonstrate a systematic breakdown of this equilibrium analogy. We show that the predicted interaction 
strength systematically deviates from the measured orientational order. We link this breakdown directly to the 
system being driven far from equilibrium, as quantified by a rigorously derived dimensionless number, that 
compares non-equilibrium driving to steric ordering. Our results provide a quantitative map of the transition 
from a near-equilibrium to a far-from-equilibrium steady state in a dense, driven system, defining the limits of 
applicability for classical statistical mechanics in athermal matter. 

 

 



 

 

[O1.5] 
 

Optical Force Monitoring in Polymeric Materials with a Coumarin-based  
Mechanophore 

Yang Li1, Jessica M. Clough1* 

 
1Adolphe Merkle Institute, University of Fribourg, Fribourg, Switzerland  
Email: yang.li@unifr.ch 
 

ABSTRACT 
Optical mechanophores offer a powerful platform for the real-time, non-destructive detection of mechanically 
induced damage in polymers.[1] However, the exploitation of mechanophores for fundamental investigations 
of deformation processes and the prediction of failure in technologically critical applications has been 
constrained by their responsivity to other stimuli, laborious synthesis and limited control of their photophysical 
and mechanical properties.[2] Here, we report a new cyclobutane-based mechanophore that can be 
mechanically activated in a retro-[2+2] cycloaddition to activate a coumarin fluorophore. The application of 
mechanical stress to polymers containing the new mechanophore in both the solution and solid state generated 
coumarins that were characterized by SEC, UV-vis absorption, fluorescence and 1H NMR spectroscopy. 
Moreover, the preparation of this motif class uses a visible-light-driven protocol, which will enable access to a 
broad range of coumarin-based mechanophores with optical properties that span the visible spectrum and 
readily tunable mechanochemical reactivity. In the future, we expect that the accessible design of this 
mechano-responsive motif will facilitate its integration into advanced sensing and imaging platforms, which, 
for example, exhibit orthogonal responsivities to light and force. 
 

 

 

REFERENCES 
[1] Y. Chen, G. Mellot, D. Van Luijk, C. Creton, R. P. Sijbesma, Chem. Soc. Rev. 2021, 50, 4100-4140. 
[2] E. Ducrot, Y. Chen, M. Bulters, R. P. Sijbesma, C. Creton, Science. 2014, 344, 186–189 

 

 

 

  



 

 

[O2.2] 
 

Biochemically encoding digital information in microdroplet arrays 
Robert Strutt, Maximilian Breitfeld, Leonard Fröhlich, Claudius L. Dietsche, Sebastian Bargfrede, Petra S. 

Dittrich 
 
Department of Biosystems Science and Engineering, ETH Zurich, Klingelbergstrasse 48, 4056 Basel, Switzerland 
 
ABSTRACT 

Spatially patterning liquids is challenging. 
Life science applications which rely on the 
liquid state must prevent diffusion 
between liquid samples. Liquid patterning 
is typically enabled by physical barriers, 
such as in multiwell plates. This is to 
preserve experimental information in the 
form of compositional identities. This talk 
will outline a new microdroplet array 
technology, comprised of a fine resolution, 
2-dimensional macro liquid structure akin 
to a miniaturized, wall-less multiwell plate
1. Each tiny droplet pixel, on the order of 
microns, is printed with a complex 

composition, a high position to position variance and a tight inter-pixel pitch2. Crucially, these so-called liquid-
in-liquid prints, maintain the liquid state of droplet pixels over the order of days such that each serves as a 
miniature bioreactor. With this technology, we have successfully translated various digital information forms 
into liquid compositions, setting a new precedent for material design. In this way, information may be 
deterministically released, exchanged or decayed with or without stimuli or physical processing. Moreover, 
information may be encrypted through reversible transitions between dissolved liquid and crystallized solid 
states. Our liquid patterning concept unifies soft matter and microfluidic engineering with principles from 
bioanalytical chemistry as relevant to information theory, materials design and biochemical screening. 
 
REFERENCES 
1. Strutt, R., Xiong, B., Abegg, V. F. & Dittrich, P. S. Open microfluidics: droplet microarrays as next genera-
tion multiwell plates for high throughput screening. Lab Chip 24, 1064–1075 (2024). 
2. Breitfeld, M., Dietsche, C. L., Saucedo-Espinosa, M. A., Berlanda, S. F. & Dittrich, P. S. Ultrafast Formation 
of Microdroplet Arrays with Chemical Gradients for Label-Free Determination of Enzymatic Reaction Kinetics. 
Small (2025). 
 



 

 

[O2.3] 
 

Living fiber dispersions for advanced materials 
Ashutosh Sinha1, 2, Luiz G. Greca1, Nico Kummer1, 2, Ciatta Wobill2, Carolina Reyes1, Silvia Cam-pioni1, Pe-

ter Fischer2, Gustav Nyström 1,2* 
 
1 Cellulose and Wood Materials Laboratory, Empa, 8600 Dübendorf 
2 Institute of Food, Nutrition and Health, ETH Zürich, 8092 Zürich 
 

ABSTRACT 
Functional biopolymeric fibers are key building blocks for developing sustainable materials within the growing 
bioeconomy. Emerging and future applications, however, require functionalities that such fibers cannot 
naturally offer. Instead, this requires chemical functionalization through less than sustainable processes that 
often undermine their sustainable and nature-based character. Here, a sustainable route to generate living 
fiber dispersions (LFD) from mycelium that combines the excellent material-forming properties of biopolymeric 
fibers, and the highly dynamic properties of living materials is proposed1. This is showcased by using 
industrially available liquid culture and mechanical defibrillation methods to generate well-dispersed living 
mycelium fibers. These fibers can form materials where precursors with good dispersibility and network 
formation properties are paramount and can harness dynamic properties through growth even in the absence 
of added nutrients. 
This is demonstrated in unique living emulsions with 3.6x slower phase separation and in living films with 2.5x 
higher tensile strength upon growth, the latter vastly outperforming the strongest pure mycelium materials to 
date. Further, humidity can be used to modulate mechanical properties and to trigger the superhydrophobic 
patterning of substrates, mechanical actuation, and degradation of lignocellulosic consumer goods at their end 
of life. 

 

 

REFERENCES 
1 Sinha, A. et al. Living Fiber Dispersions from Mycelium as a New Sustainable Platform for Advanced Mate-
rials. Advanced Materials n/a, 2418464, doi:https://doi.org/10.1002/adma.202418464. 
 

 

  



 

 

[O2.4] 
 

High dielectric permittivity polysiloxanes for solvent-free industrial processing 
Jana Wolf1,2, Patrick M. Danner1,2, and Dorina M. Opris1,2 

 
1EMPA – Swiss Federal Laboratories for Materials Science and Technology, Functional Polymers Laboratory, Überland-
strasse 129, 8600 Dübendorf, Switzerland 
2ETH Zürich, Departement of Materials, Vladimir-Prelog-Weg 5, 8093 Zürich, Switzerland 
 
Email: jana.wolf@empa.ch 
 

ABSTRACT 
High-dielectric-permittivity polysiloxanes hold great potential for applications in batteries and dielectric 
elastomer transducers (DET) [1,2]. Despite their promising performance in DET, large-scale production 
remains unestablished due to processing challenges. These materials tend to dewet on standard industrial 
substrates, such as stainless steel, and their thiol-ene cross-linking is incompatible with platinum catalysts 
commonly used for polydimethylsiloxane thermal curing. In this work, we present a composite of cyanopropyl-
functionalized polysiloxane and Elastosil, designed to enhance processability while increasing dielectric 
permittivity. We successfully produced this ink at a 40-gram scale and utilized epoxy-based curing to eliminate 
catalyst poisoning. The composite’s mechanical and electrical properties were systematically evaluated, and 
actuator prototypes were fabricated and tested. Our results demonstrate improved manufacturability and 
performance, advancing high-permittivity polysiloxanes toward industrial integration. 

 
REFERENCES 
[1] D. M. Opris, Advanced Materials, 2018, 30, 1703678. 
[2] H. Wang, S. Chen., Y. Li, Y. Liu, Q. Jing, X. Liu, Z. Liu, X. Zhang, Advanced Energy Materials, 2021, 11, 
2101057. 
 

  



 

 

[O3.2] 
 

Linking Formulation to Structure: SAXS-Guided Design of Responsive 
Microemulsions 

Elisa Mégroz, Stefan Salentinig 
 

Departement of Chemistry, University of Fribourg, Switzerland 
 
Email: elisa.megroz@unifr.ch 
 

ABSTRACT 
Microemulsions are mixtures of water, oil, surfactant, and co-surfactant that spontaneously self-assemble into 
nanostructures depending on composition and environmental conditions.1 They are thermodynamically stable 
and, depending on the curvature of the surfactant/co-surfactant layer can exist as oil-in-water coexisting with 
excess oil, water-in-oil with excess water, or bicontinuous systems with oil and water dissolved in a single 
phase. While the phase behavior of these systems have been studied for decades, typically varying 
composition, temperature or ionic strength, the formation of food-grade, stimuli-responsive microemulsions 
that can switch reversibly between these states remains a challenge.2 
In this presentation, we demonstrate the formulation and characterization of novel, pH-responsive 
microemulsions using food-grade, polar lipids.3 The interfacial tension between oil and water in these 
microemulsions is studied with spinning drop tensiometry, and their nanostructures in solution and as thin films 
coated onto surfaces are analyzed using Small-Angle X-ray Scattering (SAXS) and Grazing-Incidence SAXS 
(GISAXS). These techniques enable a detailed understanding of how self-assembly and interfacial behavior 
are influenced by compositional and pH changes. Finally, we examine how these findings contribute to 
understanding phase transitions in complex fluids and how such systems hold potential for applications in 
nutrient extraction. 
 

REFERENCES 
[1] Kogan, A. and al. J. Phys. Chem. B 2009, 113 (31), 10669–10678. https://doi.org/10.1021/jp901617g. 
[2] Gradzielski, M. and al. Chem. Rev. 2021, 121 (10), 5671–5740. 
https://doi.org/10.1021/acs.chemrev.0c00812. 
[3] Mégroz, E. and al. Manuscript in preparation. 
 
 

 

 

  



 

 

[O3.3] 
 

Tracking interactions in biomimetic systems 
Dr. Oliva Saldanha 

 
University of Konstanz 
 

ABSTRACT 
Biomimetic systems are synthetic assemblies designed to mimic the structure, dynamics, and function of living 
cells. They provide a highly controlled platform to study fundamental biological mechanisms with precise 
spatial and temporal resolution [1]. In this talk, I will present my research on how defined physical stimuli, 
including calcium ion gradients, membrane curvature stress, and macromolecular crowding [2], modulate lipid–
protein and protein–protein interactions within engineered vesicles and reconstituted cytoskeletal networks [3]. 
By integrating complementary experimental approaches of small-angle X-ray scattering (SAXS), attenuated 
total reflection–Fourier transform infrared spectroscopy (ATR-FTIR), together with high-resolution fluorescence 
microscopy, I quantitatively track dynamic processes ranging from nanometers to micrometers. 
Building on these insights, I will outline strategies to design stress-responsive vesicle platforms that model key 
cellular processes such as membrane scission, signaling, and fusion. These platforms not only reveal 
principles of cell adaptation and disease progression but also open new avenues in medical diagnostics and 
targeted drug delivery. Beyond advancing fundamental biophysics [2], this work provides a blueprint for the 
development of next-generation diagnostic and therapeutic technologies [4]. Situated at the intersection of 
experimental physics, soft matter biophysics, and translational medicine, this research bridges the gap 
between molecular-scale biophysical phenomena and their exploitation in synthetic biology and medical 
applications. 
 

REFERENCES 
1. Sethi, S.; Sugiyama, H.; Endo, M. ChemBioChem 2022, 23, e202100446. 
2. Saldanha, O.; Schiller, L.; Hauser, K. Biophys. J. 2023, 122 (13), 2646–2654. 
3. Saldanha, O.; Graceffa, R.; Hémonnot, C. Y. J.; Ranke, C.; Brehm, G.; Liebi, M.; Marmiroli, B.; Weinhausen, 
B.; Burghammer, M.; Köster, S. ChemPhysChem 2017, 18, 1220–1230. 
4. Stewart, M. P.; Langer, R.; Jensen, K. F. Chem. Rev. 2018, 118 (16), 7409–7531. 
 

 

 

 

 

 

 

  



 

 

[O3.4] 
 

Designing Amphiphilic Polymer Conetworks for application as wearable lumines-
cent solar concentrators 

Maria Wolschner1,2, Amin Sadeghpour3, Chieh Szu Huang4, Tina Künniger1, Michal Gora1, Bernhard 
Weisse1, René Rossi1,2, Luciano Boesel1 

 
1 EMPA Swiss Federal Laboratories for Materials Science and Technology 
2 ETH Zurich Department of Health Sciences and Technology 
3 University of Leeds 
4 University of Cambridge 
 

ABSTRACT 
Modern wearable devices have evolved with advanced functionalities. However, their gained functions 
increase their energy demand and to meet this demand, a shift towards renewable energy is required. 
Wearable lumi-nescent solar concentrators (LSCs) improve solar energy harvesting with photovoltaic cells in 
textiles by making use of the broad solar spectrum and absorbing diffusive light. Amphiphilic polymer co-
networks (APCNs) are ideal candidates as they are flexible, waterproof and breathable membranes, which 
make them ideal for weather protective clothing [1]. Furthermore, all known state-of-the-art LSCs lack the 
possibility of incorporat-ing luminophores of different philicities simultaneously. However, the biphasic 
character of APCNs would enable this function and allows the improvement of FRET efficiency. 
A better understanding of how composition influences the morphology and mechanical properties of APCNs, 
is needed to prepare APCN films optimized for energy harvesting. 
In contrast to literature, we highlight in this study, that hydrophilic to hydrophobic ratio in poly(2-hydroxyethyl 
acrylate)-linked by-polydimethylsiloxane (PHEA-l-PDMS) networks has no influence on the mechanical 
properties, but the morphological properties are tunable. The formulation was modified to achieve identical 
cross-link-densities in the PHEA-l-PDMS systems with varying molecular weight of the PDMS. A change in 
mechanical properties was only noticeable when the molecular weight of the hydrophobic phase was altered. 
In-situ SAXS tensile analysis were performed to study the nanoscale deformation mechanism. The 
macroscopic effects were likewise visible in the nano-range. We proved that through polymer design the 
morphologies were tunable and the domain sizes could be varied between 8 to 15nm, showing the suitability 
of our system for FRET applications. 
This shows promise towards designing wearable LSCs as energy harvesting textiles for the next generation 
of flexible photovoltaics through fine-tuning the mechanical properties and nanoscale morphology of APCNs. 
 
REFERENCES 
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ABSTRACT 
Metal-organic frameworks (MOFs) have numerous applications, such as energy storage, medical delivery, and 
wastewater remediation. Nevertheless, their applications to conductive hydrogels are restricted due to their 
limited dispersion, and aggregation within the network leading to limited stretchability, susceptibility to damage 
during cyclic activities, and reduction in the lifetime of the sensor. To overcome these issues, the selection of 
suitable solvent medium, surfactant, and surface chemistry of polymers chain in the hydrogel network are the 
primary factors. Herein, we created a flexible and tough, poly (lauryl methacrylate-acrylamide)@Cobalt-
Manganese Metal organic frame work supramolecular composite hydrogels. Cetyltrimethylammonium bromide 
(CTAB), a cationic surfactant and polymer chains facilitated the uniform distribution of Co-Mn-MOFs. 
Hydrophobic interaction along with the other supramolecular interactions leads to synergistic reinforcement of 
MOFs leading to uniform dispersion of MOFs. The subsequently produced Co-Mn-MOFs-based 
Supramolecular hydrogels display remarkable anti-fatigue resistance, ultrastretchability (1655%), toughness 
(447 kJm-3), high conductivity of 0.33 S/m, and strain detection range from minute to large (0.5-700%) with a 
gauge factor of 9.47, and can be sculpted in diverse 3d like designs. A sensor was developed and utilized to 
detect various human actions, varied level strain, pressure, and was applied as artificial epidermis. We believe 
that this approach has potential for creating wearable strain sensors, artificial skin, and MOF-based smart 
electronics. 
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ABSTRACT 
Artificial cells are human-made systems designed to mimic the structure and functions of natural cells. They 
can be produced using lipids, polymers, or their combinations, as well as by exploiting natural cell membranes, 
colloidosomes, coacervates, or metal–organic frameworks. These systems are engineered to enable signalling 
and communication processes similar to those found in living cells, allowing the study of biological phenomena 
in diverse contexts, such as understanding the origin of life, exploring cellular processes, investigating 
pathological conditions, and developing therapeutic or diagnostic solutions (Maffeis et al., 2024). 
Artificial cells can be created using either a top-down or bottom-up approach. The top-down strategy involves 
simplifying a living cell to obtain the smallest viable unit, whereas the bottom-up strategy is based on 
assembling synthetic and/or biomolecular components to recreate specific cellular functions. In bottom-up 
approaches, artificial organelles are frequently employed to generate sub-compartments that encapsulate 
active compounds, enabling intrinsic activities or specialized functions (Jiang et al., 2022). 
In this work, we adopted a bottom-up approach to construct polymer-based artificial cells incorporating 
functional artificial organelles (Balestri et al., 2025; Heuberger et al., 2025). By integrating biomolecular 
components, we engineered programmable supramolecular assemblies capable of mimicking key cellular 
functions. Our design aims to enables the artificial cells to actively communicate with living cells. This study 
can demonstrate how modular, controllable artificial cells can serve as a bridge between synthetic and natural 
systems, paving the way for advanced multifunctional platforms in bioengineering, therapeutic delivery, and 
regenerative medicine. 
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INTRODUCTION: Scaffolds based on decellular-
ized extracellular matrix (dECM) have shown great 
potential in tissue engineering since they inherently 
possess the complexity of native tissue and can be 
processed into hydrogels.[1] Since a downside of 
dECM-based hydrogels are their weak mechanical 
properties, supramolecular host-guest complexes 
have been used to improve them.[2] Here, we de-
veloped a thermally gelling heart dECM-based hy-
drogel, which can be reinforced by secondary host-
guest crosslinks induced by photopolymerization of 
acrylated β-cyclodextrin (Ac-β-CD). With tissue-
specific biochemical compositions and tunable me-
chanical properties, such hydrogels are promising 
for 3D in vitro tissue models as an ECM-like micro-
environment for cells. 
METHODS: Small cubes of porcine heart tissue 
were decellularized by stirring in 1% SDS for 2 
days and, after filtration, in 1% Triton X-100 for 1 h. 
The decellularized tissue was rinsed in deionized 
water before Penicillin (5000 units/ml)/ Streptomy-
cin (5 mg/ml) was added for 2 h. The dECM was 
frozen and freeze-dried, then milled into a fine pow-
der. A dECM precursor solution was prepared by 
digesting 1% dECM powder in a 1% pepsin solu-
tion for 2 days. Subsequently, the pH was adapted 
to 7.4 and the salt concentration to 1X PBS. Oscil-
latory photorheometry was used to investigate the 
formation of dECM hydrogels in different formula-
tions. 
RESULTS: dECM alone showed thermal gelation 
behavior and formed a soft gel after 30 min at 37°C 
(storage modulus G' = 2.35 Pa). G' was further in-
creased to 7.36 Pa upon exposure to UV light for 
10 min (blue curve). Addition of a photoinitiator led 
to comparable thermal gelation but could strongly 
increase G' through photocrosslinking to 46.89 Pa 
(red curve). With Ac-β-CD, the G' after photocross-
linking was further increased to 84.82 Pa (green 
curve). Finally, including Amantadine at the same 
molar ratio as Ac-β-CD led to a reduction of G' to 
46.53 Pa (pink curve). 
 

Fig. 1: Rheological analysis of the dECM alone and 
with added I2959, Ac-β-CD, and Amantadine at 
37°C. UV-irradiation was started after 30min. 
DISCUSSION & CONCLUSIONS: The storage 
modulus and hence the stiffness of the gel was in-
creased by photopolymerization of Ac-β-CD in the 
dECM mixture. To evaluate whether the increase 
was due to binding between β-CD (host) and aro-
matic groups of dECM components (guest), a 
strong β-CD-complexing molecule (Amantadine) 
was added as competitive guest.[3] It led to a de-
creased G', presumably by interacting with β-CD 
and thereby inhibiting host-guest crosslinking be-
tween dECM and β-CD. This supports the hypoth-
esis that dECM hydrogels were reinforced by host-
guest interaction between photopolymerized Ac-β-
CD and dECM. Using such hydrogels as replicates 
of the dECM offers a promising strategy for biofab-
rication of cardiac tissue. 
ACKNOWLEDGEMENTS: The authors would like 
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ABSTRACT 
The application of stress to polymers can lead to their fracture and failure, limiting the performance, lifetime 
and sustainability of these materials. Macroscopic failure often results from the presence of nanoscopic defects 
in polymeric materials. Precise visualization of the evolution of these nanoscopic defects to microcracks and 
their propagation will help us to predict polymer failure in advance and to design polymers with enhanced 
mechanical properties. 
Mechanochromic mechanophores are a class of molecules that can be incorporated into polymeric materials 
and give out an optical signal when they experience force. Using sensitive force-reporting mechanophore mo-
tifs, one can sense and image the distribution of stress in polymer networks.1 To achieve this at a nanoscale 
resolution, we aim to exploit the highly promising technique of single-molecule localization microscopy. This 
requires the judicious development of force sensors that give out stochastically fluctuating fluorescent signals 
when they are mechanically activated.2 Semiconductor quantum dots (QD) exhibit intrinsic fluorescence blink-
ing, which has enabled their wide use as labels for super-resolution imaging.3 Harnessing this property, we 
combine QDs with spiropyran (SP), a mechanophore that transforms to fluorescent merocyanine (MC), to 
assemble a Förster Resonance Energy Transfer (FRET)-based force probe for SMLM. Our expectation is that 
FRET between the donor QD and acceptor merocyanine will result in a red-shifted sensitized blinking emission 
in the mechanically damaged areas of the material where merocyanine is activated. We have pursued two 
approaches to achieve this integration: 1) using a heterobifunctional SP mechanophore that can conjugate to 
the QD by one reactive handle and to the polymer chain by a second handle, 2) incorporating QDs via physical 
blending within polymeric materials functionalised with SP moieties. First, we confirmed that QDs sensitise 
fluorescence emission of activated merocyanine in solution and solid state for both physically mixed and con-
jugated systems by fluorescence spectroscopy. Next, to incorporate the probes in solid-state polymeric mate-
rials, we functionalised the QDs with short polymer-based ligands. Transmission electron microscopy (TEM) 
measurements on poly(methyl methacrylate) (PMMA) films containing PMMA-functionalised QDs demon-
strated that the QDs were well-dispersed in the polymer matrix. Moreover, the photoluminescence properties 
of the QDs and FRET from QD to MC were retained in the solid state.4 The conjugated system was developed 
by ligating the dithiolane handle of SP-containing PMMA with quantum dots. The localised mechanoactivation 
of SP at the nanoparticle–polymer interface and SP incorporated between polymer chains were validated using 
confocal microscopy. The activated merocyanine also participates in Förster resonance energy transfer 
(FRET) from the nearby quantum dot donor. As a next step, we will evaluate the performance of this platform 
for single-molecule localization microscopy (SMLM) to enable strain mapping in glassy polymers.. Ultimately, 
the developed mechano-sensing platform will be applied to enable nanoscopic mechano-imaging of filled pol-
ymer nanocomposites. 
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ABSTRACT 
Diffusing Wave Spectroscopy (DWS) is an extension of standard dynamic light scattering (DLS), applied to 
soft materials that are turbid or opaque. The propagation of light is modeled using light diffusion, characterized 
by a light diffusion coefficient that depends on the transport mean free path l* of the medium. DWS is highly 
sensitive to small particle displacements or other local fluctuations in the scattering properties and can probe 
sub-nanometer displacements. Analyzing the motion of beads in a viscoelastic matrix, known as one-bead 
microrheology, is one of the most common applications of DWS. Despite significant advancements since its 
invention in the late 1980s, including two-cell and multispeckle DWS, challenges such as merging single- and 
multispeckle data and limited accuracy for short correlation times persist. Here, we address these issues by 
improving the two-cell echo DWS scheme. We propose a calibration-free method to blend and merge echo 
and two-cell DWS data and demonstrate the use of an exponential basis fit to enhance data quality, in particular 
at very short times. Building on this, we introduce stable corrections for bead and fluid inertia, significantly 
improving the quality of microrheology data at high frequencies. 
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ABSTRACT 
Compartmentalization, a prerequisite for the spatiotemporal control of biochemical pathways in cells, is a 
fundamental concept in designing new materials for medical and technological applications. Synthetic nano- 
and micro-compartments (NCs, MCs), with their chemical versatility and superior stability provide the basis for 
developing specifically designed catalytic compartments, artificial organelles, or cell mimics [1]. However, the 
development of more advanced, integrated systems that closely mimic cellular processes remains a hurdle 
that could be overcome by establishing efficient and simple methods for creating stable synthetic 
compartments, enabling the material exchange with the external environment. By employing bottom-up 
approaches we demonstrated that when improving reconstitution techniques of membrane proteins in 
synthetic vesicles we obtained stimuli responsive NCs (Fig. 1a). Moreover, addition of a bacterial toxin 
component [2][3] that interacts with the membranes of anionic NCs, prompted the material flow between NCs, 
resulting in their growth into MCs (Fig. 1b). In addition, these versatile platforms support the engineering of 
biomimetic systems for applications in biosensing, and synthetic biology. 

 
Fig. 1: Schematic representation of biomimetic systems from nano- to micron scale. a) Our improved 
techniques in integrating membrane biomacromolecules such as light-activated proton and sodium pump 
(KR2) [4] into the polymeric membrane enable to trigger the molecular flow across the membrane modulating 
the NCs composition. b) Our engineered bacterial toxin component (T-domain) binds to anionic small 
unilamellar vesicles (SUV) simultaneously mediating the surface adsorption of our vesicular systems inducing 
tension on the membrane that we found to be a trigger for the vesicle fusion and formation of MCs – giant 
unilamellar vesicles (GUV). 
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ABSTRACT 
While serving entirely different purposes, smooth locomotion and adhesive secretion for defense, two mucus 
types of the terrestrial snail Cepaea nemoralis, among its various secretions, are built from remarkably similar 
constituents. The “lubricant mucus” enables movement across diverse surfaces, while the yellow “defensive 
mucus” deters predators. Both contain up to 98% water, with the remainder comprising a complex mix of 
proteins, glycoproteins, enzymes, proteoglycans, and salts. Gabler et al.'s analyses reveal collagen VI as the 
primary structural network in all mucus types. [1] CaCO3 is present in the form of ACC granules and calcite, 
which are secreted during mucus production and serve as a source of Ca2+ ions, thereby playing a major role 
in crosslinking different polymer chains. This raises fundamental questions: how can mucus types be produced 
by the same species with such similar building blocks exhibiting drastically different mechanical properties? 
What roles do the individual components play in defining these properties? And how is the lubricant mucus 
network secreted and assembled? To address these questions, we employed Atomic Force Microscopy (AFM) 
in Quantitative Imaging (QI) mode to image the nanoscale structure of various types of snail mucus and to 
study their adhesive properties. AFM was also applied to examine the assembly process of lubricant mucus. 
In addition, this is complemented by measurements with a custom-built microindentation setup to compare the 
adhesive properties of the two mucus types. We discovered that, compared to other components, collagen VI 
exhibits lower adhesion but higher stiffness, while the other constituents show high adhesion. This suggests a 
double-network system in which collagen VI provides toughness, complemented by adhesive components. 
These results not only deepen our understanding of how Cepaea nemoralis produces and fine-tunes mucus 
for distinct functions but also inspire the design of novel materials, with potential applications in medical adhe-
sives and stimuli-responsive systems. 
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ABSTRACT 
Lipids are essential components for cellular membranes and cell-originated vesicles. Although they from a tight 
barrier for many biomolecules, small organic molecules can permeate across the membrane. Here, we want 
to investigate how the composition of the membrane influences the permeation rate of molecules. Therefore, 
we form so-called droplet interface bilayers (DIBs) and functionalize them with vesicles of cellular origin. We 
use extracellular vesicles (EVs, here from a breast cancer cell line), which are constantly secreted by cells, 
and which contain lipids and proteins mostly from intracellular origin. For comparison, we use also cell-derived 
vesicles (CDVs) produced by cytotoxic compounds, which are mostly formed at the plasma membrane [1].   
In our approach, two aqueous droplets covered by a lipid monolayer of DOPC and vesicles, are brought in 
contact within a miniaturized device to form the DIB. Thereby, one droplet is filled with a fluorescent molecule. 
We then monitor the permeation of the fluorescent molecule across the DIB into the second droplet by time-
lapse fluorescence microscopy. Depending on the origin of the cellular vesicles, i.e. derived from the plasma 
membrane or from endogenous membranes, we find variations in the membrane permeability. DIBs 
functionalized with CDVs have a significantly higher permeation rate than DIBs functionalized with EVs. Our 
method allows us to investigate small differences in the permeation rate of compounds and indicates that 
variations in the lipid composition tailor the permeability at the plasma membrane and intracellular organelles.   
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ABSTRACT 
Functional biomedical implants demand a delicate balance between biological performance, structural 
architecture, and manufacturing feasibility. Traditional fabrication strategies for biomaterials often fall short, 
either in recreating the microscale environment needed for cellular interactions, in achieving the macroscale 
geometries of living tissues, or in ensuring scalable manufacturability. Here, we present 2.5D electrospinning 
as a versatile platform for biomedical engineering that bridges superficial fiber deposition with three-
dimensional shaping. This approach enables applications across multiple domains: (i) electrospun coverings 
for medical devices, highlighted by cardiovascular stents that benefit from enhanced tissue integration; (ii) 
spin-to-shape fabrication of anatomically relevant implants such as heart valves, blood vessels, and 
monocusps; and (iii) scalable, high-throughput electrospinning strategies that bring biofabrication closer to 
industry-ready biomedical research. Collectively, these examples underscore how 2.5D electrospinning 
provides a scalable and adaptable pathway toward next-generation implants and translational tissue 
engineering platforms.  
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ABSTRACT 
Bacterial colonies are a well-known example of living active matter, exhibiting collective behaviors such as 
nematic alignment and collective motion that play an important role in the spread of microbial infections. While 
the underlying mechanics of these behaviors have been described in model systems, many open questions 
remain about how microbial self-organization adapts to the variety of different environments bacteria encounter 
in natural and clinical settings. Here, using novel imaging and computational analysis techniques, the effects 
of 2D confinement on the collective behaviors of pathogenic bacteria are described. Biofilm-forming bacteria 
are grown on different substrates, either open to the surrounding fluid or confined to a single monolayer be-
tween two surfaces. Orientational ordering in the colony, cell morphologies, trajectories, and growth rates are 
measured using single-cell segmentation and tracking. The 2D confinement of the bacteria significantly alters 
their self-organization by inhibiting permanent attachment and increasing motility. Under confinement, distinct 
layer formation driven by collective motion is observed, followed by collective verticalization and the formation 
of densely packed crystalline structures exhibiting long-range order. These results demonstrate the remarkable 
breadth of collective behaviors exhibited by bacteria in different environments, which must be considered to 
better understand bacterial colonization of surfaces.   
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ABSTRACT 

Complex fluids are ubiquitous in daily life and include col-
loids, polymers and biological materials. Such systems can 
alter their internal structure under the influence of stresses 
and often display non-linear rheological behaviour. The re-
sponse of the microstructure on shear flow is commonly 
studied using small-angle neutron scattering (SANS) cou-
pled to a rheometer with a Couette geometry [1]. However, 
in common applications the flow fields can be more complex 
than simple Couette flow, and when the flow is three-dimen-
sional this necessitates the measurement of the structure in 
three dimensions.  
To allow this, a sample environment has been developed to 
measure the 3D reciprocal space scattering of flowing liq-
uids. Using two rotation stages, a capillary, flat flow channel 
or arbitrary other geometry can be rotated to measure a 
SANS signal from different angles. Syringe pumps are inte-
grated into the design to generate a precisely controlled 
flow.  
To reconstruct the 3D reciprocal space scattering pattern 
from projections taken at individual angles, a set of spher-
ical harmonic functions are fitted to the acquired data [2]. 

This 3D pattern can then either be fitted with a model or a slice can be taken to obtain SANS patterns that are 
not normally measurable. Thus, a more complete understanding of the 3D structure of the liquid under flow 
can be obtained.  
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ABSTRACT 
Upconverting nanoparticles (UC-NPs) exhibit the unique ability to convert near-infrared radiation into visible 
and ultraviolet light1, making them highly attractive for applications in imaging, photovoltaics, and photocatal-
ysis1,2. For biomedical use, UC-NPs require surface ligands that ensure colloidal stability in aqueous and bio-
logical environments3. Poly(ethylene glycol) (PEG) is widely employed for this purpose, as its hydrophilic co-
rona provides steric stabilization, reduces non-specific protein interactions, and prolongs nanoparticle circula-
tion times in the bloodstream3. Crucially, PEG can adopt distinct conformations, mushroom or brush, depend-
ing on grafting density, with the brush regime offering superior steric protection4. Understanding PEG confor-
mation and shell thickness is therefore essential for elucidating bio–nano interactions and predicting in vivo 
behavior.  
To probe these structural features, we employ small-angle X-ray scattering (SAXS) and small-angle neutron 
scattering (SANS), complementary techniques that provide non-destructive insights into nanoparticle size, 
shape, structure, and interactions across multiple length scales5,6. In particular, SANS contrast-matching ex-
periments enable selective highlighting of components, facilitating the study of complex multiphase systems 
such as soft coronas formed in biological fluids. This approach allows us to unravel how the protein corona 
influences nanoparticle identity and biological interactions.  
These investigations contribute to the EU project Metrology for Innovative NanoTherapeutics (MetrINo), which 
aims to establish traceable measurement methods and reference materials for advancing nanoparticle appli-
cations in diagnostics and therapeutics.  
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ABSTRACT 
Cubosomes are nano-sized dispersions of bicontinuous cubic liquid-crystalline phases. They are attractive 
drug delivery systems due to their unique interior structure, which provides an ideal environment for delivering 
hydrophobic bioactive molecules. Cubosomes are typically prepared either by fragmenting the cubic liquid 
crystal in excess water, or using solvent-exchange approaches, in which the lipid is first dissolved in a water-
miscible solvent, and later mixed with water and stabilizer [1]. In both cases, poor experimental control at the 
micron- and nanoscales (e.g. on concentration and heat gradients), results in cubosomes with broad size 
distributions. In this work, we employ the solvent-exchange method using a microfluidic device [2], achieving 
rapid and controlled mixing at the micron-scale and obtaining cubosomes of tunable size and low polydispersity 
[3]. In this regime, hydrodynamic focusing can be used to decrease the mixing time between the different 
components, by decreasing the distances that molecules must travel for total mixing. An ethanol-lipid solution 
is flowed in a central inlet, being squeezed by two side streams of water with stabilizer. As the lipid-ethanol 
solution narrows, ethanol and water mix in a controlled way by diffusion, leading to formation of cubosomes. 
By manipulating the flow rate ratio (QR) between the two solutions we manipulate the width in which the hy-
drodynamic focusing occurs, influencing the assembly time in a homogeneous way. This way, by manipulating 
the QR, we are able to tune the size of the cubosome nanoparticles.  
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