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ABSTRACT 

Molecularly imprinted polymers (MIPs) [1] are synthetic antibody mimics that specifically recognize 

molecular targets. They are cross-linked polymers synthesized in the presence of a molecular template, 

which induces three-dimensional binding sites in the polymer that are complementary to the template in 

size, shape and chemical functionality. MIPs against proteins are obtained through a rational approach 

starting with in silico epitope design [2]. Chemically synthesized peptide epitopes can then be used as 

templates in a solid-phase protocol for MIP synthesis. Fluorescence binding assays, SPR and solution 

NMR (Saturation transfer difference and WaterLOGSY NMR) [3] are used to demonstrate that the 

synthetic antibody can recognize and bind its target protein with an affinity and selectivity similar to a 

biological antibody. 

We further demonstrate the potential of MIP nanogels (size ~50 nm) for diagnostics, bioimaging and 

therapy, on the example of cell surface biomarker targets [4], as well as soluble biomarkers [3,5].  
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Structural Biology and Interaction Analysis in Drug Discovery 

  

Matthias E. Lauer. 

Roche Innovation Center Basel, Roche Pharma Research and Early Development (pRED), Basel, 

Switzerland  

 

Drug Discovery is the iterative transformation of random chemical matter into a pharmaceutical active 

molecular entity. It must fulfill the drug property profile of a medicine that can be safely administered 

in the clinics. Along the discovery process, structural biology and biophysical analyses of drug target 

interactions inform and guide medicinal chemists through the lead identification-optimization phase. 

The workflows of x-ray crystallography deliver atomistic drug target structures routinely, and cryogenic 

transmission Electron Microscopy (cryo-EM) has expanded the amendable space to large complexes, 

membrane proteins and viral capsids, which do not form highly ordered 3D crystals. Surface Plasmon 

Resonance is the method of choice to verify binding properties of discovered compounds with their drug 

targets. Methodically, all established workflows require and build on recombinant target proteins, which 

have to be accessible in large quantities and at best quality. Therefore, the timely access to suitable and 

relevant material finally constrains the projects that can profit from structurally informed optimization 

processes. 

Innovative technologies are reaching our horizon. Very tempting is a microfluidic preparation robot, 

which houses a magnetic bead purification trap to extract and represent minute amounts of proteins for 

structure determination with cryo-EM. Such data could be complemented with binding data gathered 

with Focal Molography, a next generation optical biosensor, which allowed us to record binding curves 

of drug target interactions in a complexly crowded environment, in lysates and serum. 

  



Engineered Nanoparticles as a toolkit to probe biomimetic and Biogenic 

Lipid Assemblies 
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Investigating the interaction of inorganic nanoparticles (NPs) with synthetic lipid assemblies has the 

potential to expand both our understanding and the applicative spectrum of these materials in the 

biomedical field. In particular, the mechanical properties of nanoparticles for biomedical use play a 

crucial role in their bioactivity, and in the interaction with cellular membranes, relevant for cellular 

uptake. Our group has investigated the interaction of plasmonic Au nanoparticles with supported and 

free-standing synthetic lipid bilayers, to address the membrane-induced aggregation which might results 

in a significant variation of the surface plasmonic resonance. This contribution will deal with hybrid 

systems composed of NPs and membrane enveloped nanosized particles, either synthetic liposomes or 

extracellular vesicles, (EVs), a major player in intercellular communication and mediators for 

physiological and pathological processes. We will show how some central colloidal properties of 

liposomes and EVs’ dispersions can be monitored leveraging the properties of NPs, by introducing a 

nanoplasmonic assay for fast purity checking and a plasmon-based nanoruler for collectively 

fingerprinting EVs based on their stiffness. 

 

 

 

1. Montis, C. et al. Nanoscale 6, 6452 (2014). 

2. Montis, C. et al. J Colloid Interf Sci 573, 204 (2020). 

3. Maiolo, D. et al. Anal Chem 87, 4168 (2015). 

4. Caselli, L. et al. Nanoscale Horizons 6, 543 (2021). 

5. Cardellini, J. et al. J. Phys. Chem. C 2022, 126, 9, 4483–4494 

6. Zendrini, A. et al, J Colloid Interf Sci Open, 2023, 11, 100088 

7. Cardellini, J. et al, Colloid Interf Sci, 2023,640, 100-109   



 

  

Talks 



Synthetic Molecular Motor Activates Drug Delivery from Polymersomes 
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The progressive development of stimuli-responsive, smart delivery platforms in nanomedicine 

arose to address the limitations, side effects and unsolved needs of conventional drug delivery systems 
1. In view of this, we took a step forward to develop a highly spatiotemporal controlled delivery system 

with a versatile release profile 2. A photo-responsive self-assembled delivery system was produced via 

incorporating hydrophobic synthetic molecular rotary motors in the hydrophobic domain of a PDMS-b-

PMOXA diblock copolymer. Payload release (fluorescent dye) from polymersomes with high efficiency 

is triggered via the selective activation of incorporated motors by means of visible light (λ = 430 nm, 

6.9 mW). Moreover, our delivery system revealed a switchable release behavior upon motor’s on 

demand turning on and off over the sequential cycles. We further investigated our delivery platform 

under relevant physiological conditions after encapsulating pemetrexed, the FDA approved drug, and 

tested on a lung cancer cell line. Compared to free form of drug, motor incorporated polymersomes 

demonstrated similar levels of cell viability after cell treatment, which indicates the potential of our 

platform in efficient delivery of therapeutic payloads on demand. Our results offer a novel and important 

step in developing the next generation of smart delivery systems exploiting the synthetic molecular 

machines. 
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Artificial cells aim to mimic biological ones. In looking up to cells, artificial ones begin with the 

compartmentalization of an aqueous volume and typically an imitation of a biological process. Droplet 

interface bilayers (DIBs) are a powerful artificial cell architecture for modelling chemical gradients 

across biological membranes. DIB studies span across fundamental and translational science, where 

membrane permeation typically forms a core part of the system design, thus focusing on 

pharmacokinetic models1,2,3,4. Up until now, these systems have been cell-free, focusing on minimal 

models of biological processes. In the case of bacterial infections, an antibacterial drug must surpass 

multiple biological membranes to reach a target. To drive DIB permeation systems forward and for in 

vitro modelling of deep tissue infections, we looked to integrate bacterial populations by engineering an 

optimal droplet-based bacterial cultivation strategy. From here, we patterned droplet networks to create 

arrangements of membrane-separated bacterial populations where inter-population communication is 

thus defined by a membrane permeation profile that represents a simplification of the profile of 

biological membranes. Label-free, LC-MS quantified pharmacokinetics find that the membrane 

permeation profile and network architecture modulate the response of the bacterial population. 

Membrane-limited gradient dosing of bacteria is shown to dramatically alter the population growth 

dynamics as a function of diffusional distance or number of membrane barriers. In addition, the 

geometry of the DIB platform facilitates novel approaches including droplet cycling and compound 

sequestration. DIB-based bacterial cultivation may form a significant platform technology for 

biomimetic, artificial cell-based PK/PD models in the fight against antibacterial resistance, enabling 

more complex yet easily assembled in vitro models of bacterial infections5. 
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Self-assembly of designed protein hydrogels 
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Background: 

Supramolecular peptide- and protein-based 

hydrogels are useful for biomedical applications, 

including biofabrication, neural injury repair, 

and hemostasis [1-3]. These hydrogels can be 

formed by utilizing macromolecules designed by 

linking separate domains for self-assembly, 

solubility, and bioactivity. This includes self-

assembly into fibrillar networks using domains 

with amphiphilic peptide sequences (A), 

whereas specific peptide or polymer sequences 

can be included for bioactive domains (B) and 

solubility. In this work, we explored a bottom-up 

approach to achieve fibrillar supramolecular 

hydrogels using two designed modular proteins 

with ABA and ABABA architectures. 

Methods: 

Modular proteins were designed and expressed 

in E. coli and purified using His6-Tag. Self-

assembly of fibrillar materials was studied using 

FTIR (Perkin-Elmer SpectrumTwo), TEM (FEI 

Morgagni 268), and SEM (JOEL JSM 7100F). 

Differences in protein were characterized using 

shear rheometry (Anton-Paar MCR 502). 

Availability of cell adhesion domains of the 

proteins was evaluated using NIH/3T3 mouse 

fibroblasts and C2C12 mouse myoblasts. 

Biofabrication of hydrogels was tested using 

direct ink writing (Cellink BioX). 

Results: 

Modular ABA and ABABA proteins were used 

to study the alternation of (A) and (B) domains 

on the gelation and final hydrogel properties. 

The increase of assembling domains resulted in 

faster onset of gelation as well as higher overall 

storage modulus (e.g., G′ABABA = 0.1 – 44 kPa 

whereas G′ABA = 0.1 – 3.4 kPa) and higher 

rigidity of the formed protein fibers. Further, we 

confirmed that after gelation the accessibility of 

the bioactive (RGD) domains within the 

supramolecular hydrogels was maintained and 

facilitated fibroblast cell spreading (Figure 2 A). 

We observed a significant decrease in cell major 

axis length from 7.5 ± 3 µm to 4.2 ± 1 µm upon 

addition of competitive soluble RGD peptide. 

Finally, soft protein hydrogels (G′ = 0.1 kPa) 

were utilized as substrates to support the 

viability and network formation of cortical 

neurons for up to four weeks. Moreover, due to 

the fibrillar nature, the hydrogels exhibited self-

healing and shear-thinning properties and could 

therefore be used for biofabrication of self-

standing structures (Figure 2 B) and as scaffolds 

for osteogenic differentiation of hMSCs. 

 
Figure 2. NIH/3T3 cell spreading on ABA 

protein hydrogel (A) and biofabrication of 

ABABA protein hydrogel (B). 

Conclusions and Outlook: 

Overall, the designed modular proteins formed 

fibrillar hydrogels with a broad range of 

mechanical properties and can, therefore, be 

tailored for uses in tissue engineering as soft 

substrates or stiff porous scaffolds. 
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Sighs and metastability of pulmonary surfactant: a rheological study 
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The surface stress of the fluid layer lining the alveoli is an important parameter to ensure proper lung 

functioning. Low surface stresses are necessary to decrease the energy required for breathing and are 

achieved by the interfacial adsorption of pulmonary surfactants1. Additionally, pulmonary compliance, 

defined as the ability of the lungs to expand, is dominated by the surface stress and variations thereof. 

Lung compliance has been observed to gradually increase over time during tidal breathing, and it is 

restored to physiologically optimal values by sighs and deep breaths2. In this context, measuring the 

surface stress under relevant dynamical breathing conditions is important to further our understanding 

of lung surfactant functioning at physiologically relevant conditions. In the present work, we probe the 

dilatational rheological response of the interface through a combination of oscillatory rising bubble 

experiments that are made to mimic physiological breathing cycles, and radial trough experiments, to 

calculate the thermodynamic and rheological contributions to the dynamic dilatational moduli. Our 

experimental results provide a description of the surface stress in the lungs under conditions 

corresponding to tidal breathing and sighing, revealing that sighs are essential for achieving and 

maintaining low surface stresses by inducing dilatational mechanical stresses. We suggest that a 

selective adsorption of DPPC is necessary to achieve the measured stress values, resulting in a DPPC-

enriched monolayer that is responsible for inducing extra dilatational elastic stresses, while other 

unsaturated lipids promote interface fluidity. These conclusions may have important implications on 

healthcare and on the development of synthetic lung surfactant replacements. 
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Structural Color in Slime Molds 
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Brilliant colors in nature often arise from the interference of light with nanostructures that are periodic 

on the scale of the wavelength of visible light, resulting in structural color. Previous work highlighted 

the presence of structural color in the fruit bodies of some myxomycetes species related to thin film 

interference. Using optical and ultrastructural characterization techniques, we investigated the 

occurrence of structural color across twenty-two members of the orders Cribrariales, Trichiales, 

Physarales, and Stemonitidales. All investigated species showed thin film interference at the peridium 

that encloses the spores of the fruit body, producing dull colors with hues distributed throughout the 

visible range. Further, we identified CaCo3 particle assemblies producing broad-band reflectance in 

two studied species. These results raise interesting questions about the biological relevance of the 

arising coloration and suggest the color to be a by-product of the reproductive cycle of myxomycetes 

in general. 

 

Figure 1. Optical characterization of selected myxomycetes species. Bright-field imaging at low (top 

row, scales bar 200 µm) and high magnification (middle row, scales bar 20 µm) reveals iridescent, 

wrinkled films. Microspectrophotometry reflectance measurements (bottom row) indicate typical thin 

film coloration of 1) little pigmented  and 2) highly pigmented peridia . 
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Exploring natural features of lipids to design functional food materials 
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Stimuli-responsive emulsions can be utilized to innovate tailor-made materials in fields including 

biotechnology and food materials. Here, we examine the colloidal and interfacial properties of lipid 

emulsions and how they can be modulated to achieve desired functionalities.1 Starting by a model oil-

in-water emulsion composed of naturally abundant ingredients triolein and oleic acid, we investigate 

the design of sustainable food emulsions. Small angle X-ray scattering (SAXS), spinning drop 

tensiometry, multi-angle dynamic light scattering, cryogenic transmission electron microscopy, and 

electrophoretic mobility analysis are used to follow pH and ionic strength triggered nanostructural 

transformations and analyze emulsion particle size and stability. Energy input by vortexing is found 

sufficient to form emulsions under pH conditions that trigger a decrease in the oil–water interfacial 

tension. The lipid composition, solution pH, and ionic strength are discovered to influence the 

protonation of oleic acid, driving pH-triggered colloidal transformations in the emulsions. 

From there, we take bioinspiration in the milk digestion2 and we move towards a more complex model, 

using vegetable oil emulsions and examining the colloidal changes that occur during their digestion.3 

The oil extracted from the Amazonian buriti fruit is rich in oleic acid and possesses high levels of 

carotenoids and vitamin E. We investigate the fate of buriti oil emulsions stabilized by whey protein 

during digestion by combining synchrotron SAXS and complementary techniques in an advanced 

digestion model with oral, gastric, and intestinal parts. The interior oil phase of whey-stabilized buriti 

oil-in-water emulsion transforms into highly ordered lyotropic liquid crystalline structures during 

simulated intestinal digestion at compromised bile conditions. The digestion-triggered structure 

formation is pH- and bile salt-dependent and can be modulated by adding vitamin E to the oil.  

The findings from this study can guide the design of novel sustainable functional food emulsions with 

controlled digestion kinetics and improved nutrient bioavailability. 
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Shaping Gels from the Inside Out with Activity 

Laura E. Porath 

ETH Zürich 

The current state of the art for polymer network design is block copolymers with ~10 – 100 nm scale 

features or Covalent Organic Frameworks (COFs) and supramolecular polymers with ~1 – 10nm scale 

features. Both examples rely on chemistry choices and are, therefore, limiting in their applicability. To 

shape polymers from the inside out, active colloidal particles can swim during the polymer network 

gelation and exert a mechanical pressure from within. The resulting channels and pores designed by the 

moving colloids can create patterns for ion transport or drug delivery storage. Shaping of the polymer 

network with active particles is highly tuneable to the size of colloid used (100nm – 100 microns) and 

can be chemistry agnostic.  

Both permanent and dynamically crosslinked hydrogels are designed to assess the effect of the 

lifetime of the chemical bonds on the particle shaping of the network structure. A polyethylene glycol 

4-arm star maleimide is crosslinked with a 4-arm thiol-terminated crosslinker to achieve a permanently 

bonded hydrogel via a click reaction. The dynamic network has the same 4-arm star polyethylene glycol 

backbone but terminated with an isocyanate that can be crosslinked with any diamines of orders of 

magnitude different kinetics and therefore control the network relaxation time. Active colloidal Janus 

particles are synthesized from polystyrene colloids half coated with only ~2nm of platinum. The 

colloids are added during the mixing of the two hydrogel components in order to affect the gelation 

process. By varying the amount of the fuel (hydrogen peroxide) added, the motility can be slightly 

tuned, and therefore the modulus and viscosity of the network. The effect of the activity on the structure 

of the hydrogel is examined with bulk rheology, microrheology, and confocal microscopy.  

  



A minimalistic model for stress-activated flow in yield stress fluids 

Gabriele Pagani 

ETH Zürich 

A simple non-linear constitutive model is proposed to describe the mechanical response of simple yield-

stress fluids. The proposed model consists in a non-linear Maxwell model with stress dependent 

relaxation time and it is able to describe significant non-linear effects of the material without the need 

to employ a Bingham yield-stress or more complex elements. 

A Carbopol suspension was chosen as representative material for its widespread usage both in 

fundamental research and in industrial applications, as in pharmaceutical or in cosmetic compounds [1]. 

Creep and start-up experiments were used to find the stress-dependence of the model and it was found 

to  be best described by the Ree-Eyring viscosity model. It was also observed how the material obeys 

time-stress superposition, suggesting that all relaxation times follow the same stress dependence. These 

findings were demonstrated through the construction of a creep compliance mastercurve, and applying 

the found shift factors in to build a mastercurve of the dynamic moduli measured with orthogonal 

superposition (OSP) at different applied stress.  

At last the one-dimensional shear model was extended in a tensorial form. The model, fitted on shear 

data, was used to predict the first normal stress difference from shear experiments and the measured 

stress from compression experiment. The predictions capture the salient features of the material during 

3D deformations. 

Figure 1: Viscosity as function of shear stress. The data points are measured with different 

tecniques(creep, start-up , OSP) or extrapolated numerically from shift-factor extimate. The ree-Eyring 

fit capture the non-linear behaviour of the viscosity. 

[1] Jaworski, Zdzisław, Spychaj, Tadeusz, Story, Anna and Story, Grzegorz. "Carbomer microgels as 

model yield-stress fluids" Reviews in Chemical Engineering, vol. 38, no. 7, 2022, pp. 881-919. 

https://doi.org/10.1515/revce-2020-0016 
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Porous microgels and their impact on the stiffness of double network 

granular hydrogels 

 

Alexandra Thoma and Esther Amstad 

Soft Materials Laboratory, Institute of Materials, EPFL, Lausanne, Switzerland 

 

Granular hydrogels are composed of hydrogel microparticles. They contain a large amount of water and 

are particularly attractive for 3D bioprinting because the precursors inherently fulfill the rheological 

requirements of bioprinting. Granular hydrogels are frequently used as tissue engineering scaffolds 

because they contain interstitial spaces, pores, through which reagents can be readily exchanged. 

Unfortunately, the size of these pores generally is in the micrometer scale, limiting their use, especially 

for size exclusion purposes.1 Moreover, these granular hydrogels typically are very soft, especially 

under tension. We introduce a process that enables 3D printing of load-bearing porous granular 

hydrogels. This is achieved by exploiting liquid-liquid phase separation to fabricate porous microgels 

with tunable pore sizes.2 These porous microgels can be swollen in a second monomer solution to 

manufacture porous double network granular hydrogels (DNGHs).3 We demonstrate that the presence 

of pores that are surrounded by polymer-rich phases within microgels leads to a two-fold increase in 

Young’s modulus of DNGHs without compromising their toughness. Furthermore, the pores can be 

backfilled with an ionically cross-linkable hydrogel. We demonstrate that the selective ionic 

reinforcement of these small inclusions increases the stiffness of DNGHs up to 10-fold. We leverage 

the possibility to locally reinforce these hydrogels to 3D print a butterfly with ionically reinforced 

wings. 
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Today‘s challenge in the nanoparticles regions is enormous (a) from the technology perspective and (b) 

vice versa from the epistemological site. Scanning Tunneling Microscopy (STM) has paved the way 

towards surface technologies in the nano and angström regimes. This overall movement in science is 

beginning with the „perception“ from the English empiricists [1] of up to atomic structures, and now 

allows for manipulation and hence design and production of those structures with these devices and 

devices building upon the found perception features. The SEM, invented in the 1930is, used 

electromagnetic lenses to increase the resolution of microscopes, but only the quantum theory-based 

STM allowed for the observation of this regime. Still, this so-called transition regime (s.a. [2]) is 

difficult to observe as two phenomena collide: the atomic and macroscopic sides. Another challenge 

intrinsically connected to those production techniques is that energy goes up when using “brute force” 

methods of manipulating near-atom-size structures, which is a consequence of scaling laws. The 

systemical problem is that the scaling difference between observation and production devices is too 

large to be energy adequate. So we predict that the rise of angström, nano and transition regime 

machining is generally leading to more efficient production techniques. For this, the transition regime 

has to be understood better and, above all, be better controlled by new sensitive technology to this 

region. A method to measure mass here for nanoparticles is [3, 4]. The chemical characterisation can 

be done by [5] using „aerodynamical lenses“. On the other side, light lenses allow for laser beaming, 

which is a synchronisation technique to a triggered self-organisation process, based on a potential shift 

by control parameters, which are the light source (photons) here (see also [6]). Combining these systems 

yields one that allows for Nano-3D-Printing. The first hypothesis (i), why this system increases 

potentially order, can be seen based on [7] that the directionality increase in trajectories, in this case of 

concentrated nanoparticle flows, increases applicabilities. Hence, a technical potential of a machine, 

where one is printing, another is cutting, and the third is information transmission etc. The second 

hypothesis (ii) is that of an emergent property (according to [7]) that accompanies the machining 

potential, e.g. 3D-printing or additive manufacturing (AM) in general, is leading to overall 

transformations of processes, as this increased controllability in the transition regime is enhancing the 

production and manipulation of machines in this size range, which is due to higher efficiency (efficiency 

can be directly defined by this concentration property of the particle mass flow), and this can be argued 

by the particle density per surface normal to the flow direction increase. The outlook is to build this 

machine, test the given hypotheses, make theories, and find technical applications. 
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Cell-derived vesicles are on focus in the analysis of membrane biophysics, the production of top-notch 

drug delivery systems or complex molecular factories because they retain the cytoplasm and much of 

the native cell membrane composition. However, there is an imperative demand to develop novel 

strategies for addressing their membrane fragility and high aggregation risk during storage, which still 

limit the biological applications. Herein, we introduce an approach to improve the properties of cell 

membranes by decorating the surface of giant plasma membrane vesicles (GPMVs) with a cholesterol-

terminated diblock copolymer. Benefiting from the cross-linking of inserted copolymer chains, the 

GPMV membrane exhibit improved resistance against surfactants and enhanced stability over time. 

Furthermore, the pH-responsiveness of the copolymer layer allows for a controlled cargo 

loading/release, which will support various bio-applications. Importantly, the cross-linked-copolymer 

GPMVs are not cytotoxic and preserve in vitro the membrane integrity and functionality. Taken 

together, our results demonstrate the possibility to successfully engineer the cell membranes by 

equipment with stimuli-responsive cross-linkable copolymers to achieve enhanced properties and 

functionality.  
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Abstract 

Typical anti-cancer drug delivery suffers from significant drawbacks such as poor solubility, selectivity 

and fast clearance rates, thus large doses are often required which in turn can cause severe side effects. 

Aqueous self-assembly of amphiphilic block copolymers has been extensively studied for applications 

in the biomedical field to try and alleviate these common drawbacks. To improve the delivery 

selectivity, we have synthesized a small library of PMOXa-b-PDPA diblock copolymers with low MW, 

pH-responsiveness and clickable moieties which undergo hydrophobic/hydrophilic transitions around 

pH 6.5 allowing for better targeting of cancerous tissue. PMOXa-b-PDPA combines the stealth 

properties of PMOXa with the pH-responsiveness of PDPA (pKa = 6.5) to create a polymeric nano-

carrier with tailorable surface functionality designed to release cargo under the mild acidic conditions 

of cancerous tissue. The diblock copolymers were thoroughly characterized using 1H NMR and GPC 

while the nano-carriers were characterized using SLS and TEM. 
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Efficient gene encapsulation, protection, and condensation is a critical aspect of gene therapy, for the 

transportation of therapeutic genes into target cells to correct genetic defects, modify cell behavior, or 

induce a therapeutic effect. [1] To achieve efficient gene delivery, the development of safe, effective, 

and scalable nano-carriers is essential. Cationic polymers have emerged as a promising class of non-

viral vectors in this domain, that can condense the DNA and form stable complexes - polyplexes. To 

characterize the encapsulation efficiency and the state of complexation at relevant conditions like, near 

body temperature and serum media, remains challenging due to the nanometric size of the polyplexes. 

Here, we propose a method to visualize and quantify the amount of DNA that is encapsulated in a single 

nano-carrier at relevant conditions, using a super resolution technique, direct stochastic optical 

reconstruction microscopy (dSTORM). In this study, we use poly(N-isopropylacrylamide) (pNIPAM) 

and branched poly(ethylenimine) (bPEI) to obtain the thermoresponsive cationic pNIPAM/bPEI 

nanogels, an improved version of the ' gold standard' agent bPEI, as a model carrier. Using this 

approach, we were able to quantify the amount of DNA entering the nanogel at different charge ratios 

and track the changes of the formed polyplex when the temperature was changed from 25 to 37 °C and 

the polyplexes were switched to serum media. 

 

 

References 

[1] Yin, H., Kanasty, R., Eltoukhy, A. et al. Non-viral vectors for gene-based therapy. Nat Rev 

Genet 15, 541–555 (2014). https://doi.org/10.1038/nrg3763 

  



Granular Elastomers for 3D Printing Applications 

Eva Baur, Esther Amstad 

Swiss Federal Institute of Technology Lausanne, Institute of materials, Soft Materials Laboratory 

Lausanne, Switzerland 

Eva Baur eva.baur@epfl.ch 

Prof. Esther Amstad esther.amstad@epfl.ch 

 

The fast progress in soft robotics demands for elastic soft materials whose mechanical properties can 

be controlled and locally varied to design structures that can deform in a pre-defined fashion while 

bearing significant loads.1 Such materials have the potential to enable the design of a soft robot that 

possesses a high dexterity, can interact safely with humans and adapt itself to different environments. 

The stiffness-toughness compromise inherent to elastomers can be overcome if they are formulated as 

multi-network materials.2,3 However, due to involved processing of double network elastomers, the 

complexity of shapes they can be processed into is limited.  

In my poster, I will present a strategy to 3D print double network elastomers with a high spatial 

resolution. This is achieved by loading elastomer-based microparticles with a precursor solution. I will 

demonstrate how the composition and microstructure of the 3D printed elastomers influence their 

mechanical properties. 
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Structural color arises as an interference phenomenon of visible light in the presence of correlated 

photonic structures found in many animals and plants [1,2]. As the dielectric contrast increases, such 

structures can even form photonic band gaps [3]. While these phenomena are well established for 

periodic systems, so-called photonic crystals [4], the leading mechanisms on how the interplay of order 

and disorder in amorphous structures generates a reduced photonic density of states still need to be fully 

understood. We aim to investigate how structural correlations at different length scales affect the 

photonic density of states. To this end, we develop a method to generate 3D systems with tunable 

disorder. Their photonic response is analyzed through numerical band structure calculations and 

approximative analytical methods. 
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Solid-supported polymer membranes (SSPMs) offer great potential in material and life sciences due to 

their increased mechanical stability and robustness compared to lipid membranes. If the chemical nature 

of the amphiphilic block-copolymers forming such membranes on solid support is appropriately 

selected, they can be combined with biomolecules or active assemblies for the generation of functional 

surfaces. However, there is a need for enlarging the functionality of solid-supported membranes by 

selective molecule recognition and controlled permeability. In this study, the self-assembling, 

hexameric resorcinarene capsule with guest-specific encapsulation capability was inserted into SSPMs 

to serve as moiety for specific molecule recognition and encapsulation. A solvent-assisted approach 

was used for polymer membrane deposition on solid support and insertion of the resorcinarene 

monomers. While resorcinarenes form stable hexameric capsule assemblies in highly apolar organic 

solvents via hydrogen bonds, the capsules disassemble into their monomeric constituents when placed 

in polar solvents, thus the aimed insertion into amphiphilic membranes introduces destabilising 

conditions towards the capsule assembly. By deposition of the copolymer membrane in presence of 

resorcinarene monomers, and preceding selection of suitable molecular characteristics for the interplay 

between both building blocks, hybrid membranes were formed. The hydrophobic domain of the 

membrane played a crucial role by providing a sufficiently thick and apolar layer, allowing for self-

assembly of the capsules. In addition, the resorcinarene capsules were found to be functional, since they 

specifically took up a guest molecule from the aqueous environment. The presence of resorcinarene 

capsules in the polymer membrane as well as their functionality and topography were analysed by a 

combination of a quartz-crystal microbalance with dissipation (QCM-D), atomic force microscopy 

(AFM) and liquid chromatography-mass spectrometry (LC-MS). Resorcinarene capsules, which 

provide a large cavity with specific encapsulation affinity for cationic and polyhydroxylated molecules 

via specific host-guest interactions, can serve as dynamic membrane sensors, and hold great promise as 

transporters in various surface-oriented applications and the development of smart surfaces.  
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Due to their lack of defined structure, intrinsically disordered proteins (IDPs)  are highly flexible and 

can form transient and multivalent interactions with their environment. These interactions are often the 

driving factor behind phase separation of IDPs and thus might lead to the formation of biomolecular 

condensates. 

Commonly implemented coarse-grained (CG) force fields (FFs) for simulating IDPs suffer from 

overestimation of their single-chain compactness. Therefore, we explored the possibility of tuning 

different interaction parameters of the FFs to efficiently sample the wide range of conformations of 

these IDPs. We also studied the effects of these strategies on interaction of the IDPs and disordered 

regions of multidomain proteins with lipid membranes to accurately characterize membrane binding 

events.  

By carrying out CG simulations of various single chain IDPs and of multi-domain proteins, we identify 

a potentially viable strategy to optimize FFs to generate correct conformational ensembles and to 

quantify membrane IDPs interactions. 
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This poster presents two approaches in polymer self-assembly for photonic applications. The first topic 

delves into photonic pigments. Linear diblock copolymer self-assembly in emulsion is used to produce 

microspheres. The copolymer arranges itself in concentric spheres. Nanoparticles are selectively 

incorporated in one of the polymers. The pristine refractive index contrast is low which causes a low 

performance. E.g. metal oxide nanoparticles can improve the refractive index contrast and reflectance. 

This system offers a novel platform for developing non-iridescent photonic pigments based on structural 

colour (Steiner and Dodero 2022). These microspheres' synthesis, structural characterisation, and 

optical properties are explored. 

 

The second topic explores the self-assembly of bottlebrush triblock terpolymers into the coveted 

diamond phase structure (Lequieu et al. 2020). This phase is known for its ability to produce a complete 

photonic band gap, a property essential for manipulating light propagation (Joannopoulos et al. 2008). 

The targeted high molecular weight of bottlebrush block copolymers shall produce crystals with a large 

domain size that is relevant for the visible range. The poster discusses these terpolymers' design, 

synthesis, and self-assembly behaviour, focusing on the factors influencing the formation of the 

diamond phase.  

 

Through the integration of linear diblock copolymer microspheres with nanoparticles and the self-

assembly of bottlebrush triblock terpolymers into the diamond phase, this work contributes to the 

expanding field of photonic materials. These innovative approaches open up exciting opportunities for 

developing novel photonic devices with enhanced functionalities, paving the way for advancements in 

fields such as optical devices, sensing and long lasting colours (Yablonovitch), (Xuan et al. 2021). 
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Colloids are small particles with sizes ranging from a few nanometers to several micrometers. They can 

spontaneously self-assemble to form organized, regularly-spaced structures. To expand the variety of 

optically active colloidal structures, we investigate the self-assembly of nanometric patchy colloids. 

These consist of anisotropically-patterned particles. Coating the small surface patches with specific 

ligands allows these unique colloids to assemble into different well-defined structures. 

The feasibility of self-assembling colloidal patchy particles into a diamond structure has been 

previously shown.1 Here, we exploit a similar approach based on the coordination and extrusion of 3-

(trimethoxysilyl)propyl methacrylate (TPM) nanodroplets with Polystyrene (PS) nanoparticles, with the 

whole system scaled down by almost one order of magnitude. This size range is expected to give us 

direct access to the optical regime and enable us to shape the photonics of these self-assembled 

materials. 

Following up on previous research in our group, we will utilize the system to mimic corresponding 

biological photonic structures found in weevils and beetles.2 With access to these diamond-like 

structures we aim not only to reproduce them with self-assembly of patchy particles but to have a future 

toolbox for the variation of their optical response by changing the order/disorder in the system. 

 

 

References 

[1] He, M., Gales, J.P., & Pine, D.J., et al., (2020). Nature 585, 524–529 

[2] Djeghdi, K., Steiner, U., & Wilts, B. D., (2022). Advanced Science, 2202145  

  



Employing Bacterial Toxin Components for Controlled Compartment 

Fusion and Cargo Transfer in Artificial Systems 

Piotr Jasko1,2,3,4, Cora-Ann Schoenenberger1, Stephanie Gros2,4, Richard Kammerer3,4,  

Cornelia G. Palivan1,4 

[1] Department of Chemistry, University of Basel 

[2] Department of Pediatric Surgery, University Children's Hospital Basel 

[3] Department of Biology and Chemistry, Paul Scherrer Institute 

[4] Swiss Nanoscience Institute 

  

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 catalytic compartments, artificial organelles, or cell mimics 

that can be tailored and loaded with specific biomolecules [1]. However, a higher selective loading 

efficiency and better permeability of the synthetic membrane remain hurdles that need to be overcome 

to increase the efficacy of in situ reactions. We aim to develop next-generation functional artificial 

compartments, modulate their composition by specific transmembrane proteins [2][3] that deliver or 

selectively let molecules pass to the interior and test their activity in vitro. Towards this aim, we fused 

fluorescent proteins to the amino- or carboxy terminus of the translocation domains of bacterial toxins 

that are thought to integrate into membranes. Purified recombinant fusion proteins were therefore used 

to scrutinize conditions that promote their interactions with the membrane and ultimately result in their 

integration into the membrane of synthetic compartments. These studies revealed a potential novel 

mechanism of function for one of the studied bacterial toxins. In particular, one of the isolated domains 

exhibits a propensity to mediate fusion of two adjacent membranes. The fusion results in the formation 

of MCs of homogenous size that originate from NCs (Figure 1). Currently, we are working on the 

stabilization of the MCs formed. We expect that this novel procedure will prompt the development of 

novel biomimetic systems.  

 

Fig. 1: Model of enzyme delivery by compartment fusion mediated by bacterial toxin-based vehicles.  

The toxin domain we use shares an affinity towards negatively charged membranes. Under 

physiological conditions, these toxin domains effectively induce fusion between adjacent membranes 

with similar compositions, leading to NC fusion. As a result of NC fusion, components (A and B) are 

mixed together, facilitating in situ reactions within the resulting MC. In addition to the MC stability, 

we will evaluate membrane permeability, as previous research [3] suggests that membrane-integrated 

form of the toxin domain forms a channel that facilitates molecular flow across the membrane.     
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Cells expend a large amount of energy to regulate the composition of their membranes. In model 

systems, the bulk biophysical properties of lipid membranes can be modified by temperature1,2. The 

temperature response of simple and naturally occurring complex lipid mixtures can be studied using a 

simple model membrane such as in droplet interface bilayers (DIBs)3. The artificial cell membranes 

made by this method allow for easy manipulation of the lipid composition, oil medium, temperature 

and contents of the droplet. In this work, we built artificial membranes of DOPC, E. coli polar and total 

lipid extracts (ePLE, eTLE) as well as brain total lipid extract (bTLE) on an in-house microfluidic 

system. We assessed bilayer formation and permeation kinetics as a function of temperature in oil-

containing, oil-free and complex lipid bilayer compositions. We find that complex lipid composition 

droplet monolayers can only be rendered from aqueous vesicles that are in the fluid (Lα) phase. 

Fluorescein bilayer translocation was monitored using fluorescence microscopy in hexadecane and 

squalene oils at 25, 37, 50, and 60 °C. The images were later analyzed using a custom algorithm. Our 

results lay the foundation for using droplet microfluidic systems to better engineer biomimetic 

membranes for high throughput experimentation. 
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Abstract: Lipid-nucleic acid nanoparticles (LNPs) are fascinating soft matter systems of relevance for 

gene therapeutics. Their formation and characterization are therefore crucial steps in the development 

of novel therapeutic applications. Although high-resolution methods like Small-Angle X-ray Scattering 

(SAXS) and cryo-TEM provide valuable insights into LNP structure, they fall short in quantifying the 

degree of co-localization between cationic lipids and nucleic acids such as DNA or mRNA. To 

overcome this challenge, we propose the use of Fluorescence Cross-Correlation Spectroscopy (FCCS) 

as an effective method for elucidating the association dynamics of lipids and nucleic acids. FCCS 

employs two spectrally-resolved fluorescent dyes to label these biomolecules, allowing us to monitor 

their correlated diffusion behaviors within a confocal volume. This methodology allows us to 

distinguish cases where lipids and DNA are co-localized within the same nanoparticles from instances 

where they move independently. Importantly, FCCS quantifies this co-localization and, informed by 

prior SAXS characterization, enables the determination of the number of DNA molecules per lipid 

nanoparticle—a quantity that has been challenging to assess experimentally(1). FCCS therefore stands 

out as a powerful method to investigate new lipid-polymer-DNA nanosystems(2), understand crucial 

inter-component interactions, and to accelerate the formulation development of nucleic acid 

nanoparticles. When combined with nanostructure determination by SAXS(3), it constitutes a 

comprehensive approach for broadening the therapeutic applications of these nanoparticles. 
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Abstract 

The reduction of the nitro group to the amine is one of the most popular reactions for the 

synthesis of amines, which are of great importance in various industrial and pharmaceutical 

fields. Heterogeneous catalytic systems based on metal nanoparticles are considered to be 

among the most promising routes for implementing the reduction of the nitro group to amine 

under sustainable conditions. In this context, we report on the preparation of new magnetic 

catalysts based on silver and copper nanoparticles supported on a Fe3O4-Glycine magnetic 

nanocomposite. These heterogeneous catalysts have been characterized by several techniques, 

including X-ray Diffraction (XRD), Fourier Transform Infrared (FT-IR) spectroscopy, Raman 

spectroscopy, Energy Dispersive X-ray (EDX), and Scanning Electron Microscopy (SEM). 

These catalysts demonstrated excellent catalytic activity in the reduction of nitroarenes to their 

amino arene counterparts in an aqueous medium, and they are magnetically separable using an 

external magnet without traditional methods such as centrifugation and/or filtration. 

Additionally, they are recyclable for up to five cycles without a significant loss of catalytic 

activity or selectivity.   



Thin liquid film rupture: 

Interplay between Marangoni flows and film break up. 
 

Lucas Bidoire1, Jan Vermant1 

1 Dept. of Materials, ETH Zürich, Wolfgang-Pauli-Strasse 10, 8093 Zürich, Switzerland 

(lucas.bidoire@mat.ehtz.ch) 
 

Foams and emulsions are present in many industrial applications such as detergent, food, health care, 

and carbon capture technologies. These are multi-phase materials where the two phases, air/liquid or 

liquid/liquid, are separated by thin liquid films. Application fields of these materials and their associated 

processing are mainly dictated by the lifetime of these thin liquid films and the properties of their 

interfaces. To that extent, understanding the limiting process of thin film rupture, leading to the material 

collapse, is of uttermost importance. However, despite extensive studies on drainage and rupture, 

especially the latter process is still not well understood.1 Clearly there is a complex interplay between 

hydrodynamic, capillary, molecular forces (disjoining pressure) and interfacial rheology.2 Literature 

reports that this complex balance will in many surfactant stabilized systems lead to instabilities and 

surface property inhomogeneities through the Marangoni effect. Yet, most experimental studies on 

rupture focused on homogeneous interfaces and assume a negligible effect of the Marangoni forces. 

Here, we provide experimental evidence of the Marangoni effect in draining thin films and try to 

understand the effect on rupture. Systems studied are air/liquid interfaces stabilized by simple 

surfactants such as hexadecanol. Quantification of Marangoni stresses at the interface are done using 

microtensiometers3 measurements and a modified thin film balance. The use of fluorescent surfactant 

(Laurdan) leads to visual observation of the Marangoni generated surfactant spatial gradient. The time 

to rupture for various applied pressure drops are studied as a function of the Capillary number and the 

estimated Marangoni number. Finally, thin film balance experiments are modeled using finite element 

methods to get a better insight on experimental results and the impact of Marangoni lead non-

homogeneous disjoining pressure. 

 

 

1 E. Chatzigiannakis, et al., Current Opinion in Colloid & Interface Science. 53, 101441 (2021). 
2 F. Janssen, et al., Food Hydrocolloids. 116, 106624 (2021). 
3 P. Gijsenbergh, et al., Sensors and Actuators A: Physical. 229, 110-117 (2015). 

Figure 1: Marangoni effect during the drainage of a water:glycerol (1:1) thin film stabilized by a 

fluorescent surfactant (Laurdan) (A) Beginning of the drainage 0 min (A-1) profile of fluorescence 

intensity from (A-2). (B) End of the drainage 3 min (B-1) profile of fluorescence intensity from (B-2). 
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