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Engineering nanocellulose hydrogels as soft
platforms for stem cell culture

The in vitro culture and expansion of stem-cell-derived retinal progenitor
cells commonly relies on Matrigel®, a murine tumour-derived extracellular
matrix. Although widely used, Matrigel® presents several limitations,
including batch-to-batch variability, undefined composition, high cost and
animal-derived origin, which restrict its suitability for translational
biomedical applications. In this context, cellulose nanofibrils represent a
promising sustainable alternative for the development of defined,
transparent and biofunctional soft materials for cell culture. 

In this work, TEMPO-oxidized cellulose nanofibrils were developed as
hydrogel platforms for the culture of human retinal progenitor cells derived
from induced pluripotent stem cells. Cellulose nanofibrils were produced
from bleached kraft eucalyptus pulp by TEMPO-mediated oxidation followed
by high-pressure homogenization. Different oxidation conditions were
explored, and the resulting materials were characterized in terms of carboxyl
group content, nanofibrillar morphology, optical transparency and hydrogel-
forming ability. Selected nanocellulose hydrogels were further
biofunctionalized with gelatin or RGD peptide to introduce cell-adhesive
motifs while preserving their optical properties. 
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Engineering nanocellulose hydrogels as soft
platforms for stem cell culture

The obtained 10TEMPO-oxidized cellulose nanofibrils formed homogeneous
and highly transparent hydrogel networks, with nanoscale fibrillar
morphology and suitable physicochemical properties for cell culture.
Functionalization was confirmed by FTIR-ATR through the appearance of
amide-associated bands at 1650 and 1560 cm . Human retinal progenitor
cells were seeded onto the hydrogels and cultured using Matrigel® as a
reference control. Cell adhesion, morphology and expansion were monitored
by optical microscopy, showing that cells adhered from the first day and
progressively expanded over the culture period. Among the tested
formulations, gelatin-functionalized nanocellulose hydrogels supported cell
growth comparable to Matrigel®. In addition, cellular characterization was
performed by immunofluorescence, observing PAX6 expression, a specific
marker of retinal progenitor cells, by confocal microscopy. 
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These results demonstrate that biofunctional nanocellulose hydrogels can
act as transparent, biocompatible and sustainable soft platforms for stem
cell culture. This approach combines renewable polysaccharide chemistry,
tunable bioadhesion and optical compatibility, offering a promising route
towards more defined matrices for retinal progenitor cell expansion and
future regenerative medicine applications. 
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Targeting Astrocyte-Mediated Neurotoxicity
in ALS: Characterizing Metabolic Pathways
for Future CRISPR/Cas9 Genetic Engineering
and Targeted Drug Delivery Applications

Context & Objectives: Amyotrophic Lateral Sclerosis (ALS) is a devastating
neurodegenerative disorder whose progression is profoundly driven by non-
cell-autonomous mechanisms. Astrocytes harboring the mutated
superoxide dismutase 1 (SOD1G93A) gene undergo a reactive
transformation, mutating from supportive metabolic partners into toxic
drivers of motor neuron death. Intercepting this neurodegenerative cascade
requires a deep understanding of astrocytic metabolic changes to design
precise therapeutic interventions. This study establishes the precise
cytotoxic kinetics and transcriptomic baselines of reactive SOD1G93A
astrocytes. Characterizing these pathways provides the foundational
baseline needed to implement downstream CRISPR/Cas9 genetic
engineering strategies and design smart, biomaterial-based targeted drug
delivery systems to attenuate neurotoxicity.
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Targeting Astrocyte-Mediated Neurotoxicity
in ALS: Characterizing Metabolic Pathways
for Future CRISPR/Cas9 Genetic Engineering
and Targeted Drug Delivery Applications

Methodology: Primary cortical and spinal astrocytes were harvested from a
large cohort (n = 50–100) of transgenic SOD1G93A (TG) and wild-type (WT)
mouse models. Non-cell-autonomous neurotoxicity was modeled by
exposing target cells similar to motor neurons to variable concentrations
(75% vs. 100%) of astrocyte-conditioned medium throughout the 12 and 24
hour incubation windows. Cytotoxicity was dynamically resolved using
Lactate Dehydrogenase (LDH) release kinetics measured at 10, 15, 20 and
30 minutes relative to total Triton X-100 lysing controls, supplemented by
MTT cell viability profiling.
Simultaneously, the ability to chemically modulate this toxic profile was
evaluated using selective modulators of the endocannabinoid system,
specifically the cannabinoid receptor agonists: ACEA (CB1 selective) and
HU308 (CB2 selective). The downstream relative changes in gene expression
within these treatment blocks were analyzed using quantitative real-time
PCR (qPCR) using the relative ∆∆Ct method normalized against the PPIA
housekeeping control.
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Targeting Astrocyte-Mediated Neurotoxicity
in ALS: Characterizing Metabolic Pathways
for Future CRISPR/Cas9 Genetic Engineering
and Targeted Drug Delivery Applications

Results & Interdisciplinary Outlook: Our ongoing kinetic screens identify a
highly concentration and time-dependent neurotoxic trajectory driven by
the SOD1G93A secretome, optimized at a 12-hour exposure limit with a
conditioned medium ratio of 75%. Quantitative real-time PCR profiling
demonstrates that the targeted endocannabinoid pharmacological
intervention through ACEA and HU308 successfully modulates key
metabolic and neuroinflammatory transcripts relative to vehicle controls
(Ethanol and DMSO, respectively).
These established biochemical and kinetic boundaries serve as an essential
prerequisite for the upcoming Next-Generation Sequencing (NGS)
transcriptomic profiling to isolate novel, untargeted metabolic checkpoints.
Uncovering these specific genes will allow the deployment of highly precise
CRISPR / Cas9 genetic engineering setups to eliminate or silence specific
transport mechanisms responsible for the shunting of neurotoxic factors.
Furthermore, mapping these metabolic parameters provides the essential
physical and biological design constraints needed to engineer
macromolecular carriers for localized, targeted drug delivery, integrating
translational medicine with the soft-matter bioengineering paradigms of
this forum.
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Green by Design: A Nanocellulose-Based
Hybrid Hydrogel Platform for Controlled
Fertilizer Delivery and Enhanced Water
Retention

Conventional fertilizer application suffers from low nutrient use efficiency,
leaching losses, and unsustainable water consumption—challenges that
demand innovative, ecologically responsible solutions. 
This work presents the development of a green-by-design multicomponent
nanocomposite hydrogel platform based on cellulose nanofibers (CNF) that
functions simultaneously as a soil water reservoir and a dual-agent
controlled-release system for the co-delivery of NPK fertilizers and plant
growth-promoting rhizobacteria (PGPR), targeting enhanced nutrient use
efficiency, improved soil water retention, and promotion of plant growth and
soil health through the biostimulant activity of PGPR — positioning the
system as a comprehensive platform for sustainable and smart agriculture.

The core delivery mechanism relies on CNF-stabilized Pickering emulsions,
in which fertilizer nutrients are loaded into the aqueous dispersed phase
while the castor oil continuous phase — reinforced at the oil–water interface
by amphiphilic CNF particles — functions as the rate-controlling diffusion
barrier. CNF was surface-functionalized via a solvent-free esterification
route using DDSA (120 °C, 4 h), yielding an amphiphilic material with a water
contact angle of ~80° (vs. ~20–30° for native CNF). 
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Green by Design: A Nanocellulose-Based
Hybrid Hydrogel Platform for Controlled
Fertilizer Delivery and Enhanced Water
Retention

Accelerated stability tests confirmed emulsion robustness over 6 days at 40
°C (Creaming Index: 28.57%; Oil Index: 2.38%), validating the integrity of the
oil-phase barrier under thermally stressed conditions. The encapsulation
matrix was engineered to fabricate composite hydrogel beads capable of
physically entrapping the Pickering emulsion within their structure, thereby
providing the mechanical stability required to preserve emulsion integrity
under soil conditions. The multicomponent matrix-combining CNF and
sodium alginate as the hydrogel backbone, sepiolite for mechanical
reinforcement, and functionalized CNF as the interfacial diffusion controller
— generates a tortuous diffusion pathway through the bead shell, acting as
the primary structural determinant of controlled nutrient release kinetics.

Among three gelation strategies evaluated — internal, inverse, and external
gelation — external gelation was identified as optimal, producing spherical,
uniform beads with high structural integrity. Rehydration experiments
conducted at 30 °C / 75% RH over 72 hours confirmed a moisture uptake of
~21.65%, validating osmotic-driven nutrient diffusion without matrix
disintegration — a synergistic effect attributed to the sepiolite–CNF
composite network.
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Green by Design: A Nanocellulose-Based
Hybrid Hydrogel Platform for Controlled
Fertilizer Delivery and Enhanced Water
Retention

In subsequent phases, PGPR will be encapsulated within composite
biopolymer beads, coated with CNF, chitosan, and pre-gelatinized starch to
preserve bacterial viability and enable sustained release of biostimulant
metabolites. Both fertilizer-loaded and PGPR-loaded encapsulated
particulate systems will then be co-incorporated into a pH-responsive
composite hydrogel matrix, engineered to act as a macroscale  soil water
reservoir whose swelling behavior and release kinetics respond to soil pH
fluctuations —thereby coupling water retention with triggered co-delivery of
nutrients and bacteria. A systematic multi-scale release modeling and
optimization study will characterize the kinetic profiles of each
encapsulated system independently before analyzing the integrated release
behavior of the full hydrogel construct, employing Fickian and non-Fickian
mathematical frameworks to guide system optimization.

Throughout all synthesis stages, the platform prioritizes green chemistry
principles: bio-based feedstocks, solvent-free processing routes, and
biodegradable biopolymer matrices — offering a sustainable,
multifunctional alternative to conventional polymer-coated controlled-
release fertilizers.
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Ultrasound-Driven Hybrid Nanomotors for
pH-Responsive Drug Release

The development of precise and stimuli-responsive drug delivery systems
(DDS) has become a central objective in modern biomedicine, driven by the
limitations of conventional therapies, including poor selectivity,
uncontrolled biodistribution, and adverse off-target effects.[1] Among the
nanostructured platforms explored to overcome these challenges,
mesoporous silica nanoparticles (MSNs) stand out due to their high
biocompability, large loading capacity, and versatile surface chemistry,
which enables the incorporation of molecular gates capable of regulating
cargo release in response to specific biochemical signal.[2] 
Simultaneously, the emergence of nanomotors has opened new possibilities
for active transport at the microscale, providing directional motion that
surpasses the intrinsic limitations of passive diffusion and enhances the
ability of DDS to reach target tissues.[3]
In this work, we present a hybrid motorized nanosystem that integrates
enzymatically activated MSNs with Au-Ni-Au magnetic nanomotors
propelled by ultrasound. The MSNs were functionalized with pH-responsive
molecular gates based on boronic-avidin interactions and loaded with a
ruthenium complex or with doxorubicin (DOXO) as the therapeutic agent. In
parallel, the nanomotors were modified with glucose oxidase (GOX), which
generates localized acidic microenvironments through glucose oxidation,
thereby triggering gate opening.  
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Ultrasound-Driven Hybrid Nanomotors for
pH-Responsive Drug Release

Both components were coupled through avidin-biotin linkages, yielding a
device with directional propulsion, enzymatic activation, and controlled drug
release.
Hybrid system evaluation included characterizations, and release and
selectivity studies using fluorescence spectroscopy, followed by
assessment of its therapeutic potential through  in vitro  viability assays in
HeLa cells using DOXO as the active cargo.
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Optimization of Epigallocatechin-3-Gallate
Functionalization of Piranha-Passivated
Titanium for the Prevention of Oral Biofilm
Formation

Introduction: Peri-implant diseases are closely associated with bacterial
adhesion and biofilm formation on implant surfaces. While moderately rough
titanium surfaces have improved osseointegration, they may also facilitate
bacterial colonization. Recently, piranha-treated titanium surfaces have
demonstrated antibacterial properties due to their modified
nanotopography and surface physicochemical characteristics, offering a
promising strategy to reduce early bacterial attachment. Epigallocatechin-
3-gallate (EGCG), a natural polyphenol with antibacterial, antioxidant, and
anti-inflammatory properties, represents an attractive candidate for further
surface functionalization. This study will combine the intrinsic antibacterial
properties of piranha-treated titanium with the bioactivity of EGCG to
develop multifunctional implant surfaces with enhanced resistance to
bacterial colonization.

Objective: To develop and characterize EGCG-functionalized coatings on
piranha-treated titanium surfaces using a polydopamine (PDA)-mediated
immobilization strategy.
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Optimization of Epigallocatechin-3-Gallate
Functionalization of Piranha-Passivated
Titanium for the Prevention of Oral Biofilm
Formation

Materials and Methods: Piranha-treated titanium discs will be coated with
PDA through oxidative polymerization in alkaline Tris buffer and
subsequently functionalized with increasing concentrations of EGCG. The
amount of immobilized EGCG will be quantified using the Folin-Ciocalteu
assay. In addition, release kinetics will be evaluated by incubating
functionalized samples in phosphate-buffered saline and quantifying EGCG
released over a 24-hour period. The optimized coating conditions will then
be selected for biological evaluation.

Experimental Design: Immobilization efficiency and release profiles will be
compared among the different PDA and EGCG concentrations tested.
Surface-bound and released EGCG will be quantified in triplicate for each
experimental condition. Based on these results, the most suitable coating
parameters will be selected for future assessment in a dynamic multispecies
oral biofilm model, including key periodontal and peri-implant pathogens, to
evaluate their effect on bacterial adhesion and biofilm development.
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Kinetic Investigation of PET Methanolysis
Starting from BHET in Supercritical CO₂

Polyethylene terephthalate (PET) is widely used in producing bottles,
packaging materials and textiles. Such applications result in a massive
accumulation of PET waste (approximately 70 Mt per year), accounting for 12
% of global plastic waste [1]. Furthermore, since 1950’s, 8.3 billion tons of
non-degradable plastics have been produced worldwide with only 11.0 %
being recycled [2]. 
Chemical recycling of polyethylene terephthalate (PET) via alcoholysis is a
promising route to recover starting monomers and close the loop of material
circularity. In particular, the depolymerization of PET via methanolysis
produces the monomers dimethyl terephthalate (DMT) and ethylene glycol
(EG) which can be reused for PET resynthesis. However, this
depolymerization reaction commonly proceeds through oligomers of varying
molecular weight and sizes as well as intermediates such as bis(2-
hydroxyethyl) terephthalate (BHET) and methyl-(2-hydroxyethyl)
terephthalate (MHET) before yielding DMT and EG [3]. 
The use of supercritical fluids (SCFs) such as supercritical carbon dioxide
(scCO2) is gaining attention in polymer recycling technologies because SCFs
exhibit both the solvation properties of liquids and the diffusion and
transport properties of gas. Many polymers like PET in contact with scCO2
undergo swelling which results in the modification of some thermal and
mechanical properties such as glass transition temperature, crystallization
and plasticization.  
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Kinetic Investigation of PET Methanolysis
Starting from BHET in Supercritical CO₂

This behavior is crucial for chemical recycling since polymers need to be
more accessible for reactants because mass transfer phenomena are less
hindered inside the polymer matrix [4].

In this communication, we report a study of the depolymerization reaction
mechanism using BHET as a model compound. BHET was selected because
it is formed during methanolysis of of PET and can also be converted into
DMT and EG. The reaction progress was monitored using a high-pressure
sampling system designed in our laboratory, and the collected aliquots were
analyzed by gas chromatography (GC). The results suggest that the reaction
profile is consistent with a consecutive reaction kinetic model. These
findings provide further insight into the mechanism of PET methanolysis. 
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Kinetic Investigation of PET Methanolysis
Starting from BHET in Supercritical CO₂
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Engineering Next-Generation Biomaterials
through Sustainable Functionalization and
Sterilization Technologies

The increasing use of biomaterials in orthopedics, dentistry, and
personalized medicine demands innovative processing technologies capable
of ensuring biological safety while preserving material performance.
Conventional sterilization and functionalization approaches often require
aggressive chemicals, elevated temperatures or multiple processing steps
that may alter material properties and generate environmentally
undesirable residues. Supercritical carbon dioxide (scCO₂) has emerged as a
sustainable alternative, combining low toxicity, mild operating conditions
and excellent mass transfer properties. 
 
This work explores the use of scCO₂ as a versatile platform for the
sterilization, biofilm control and antimicrobial functionalization of clinically
relevant biomaterials, including ultra-high molecular weight polyethylene
(UHMWPE), titanium, stainless steel, polyetheretherketone (PEEK) and
biocompatible 3D-printing resins. Different strategies based on trace
amounts of antimicrobial additives, antibiotics and natural bioactive
compounds were investigated to enhance biological performance while
maintaining the integrity of the treated materials. 
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Engineering Next-Generation Biomaterials
through Sustainable Functionalization and
Sterilization Technologies

The developed processes demonstrated high efficacy against biofilm-
associated microorganisms commonly involved in implant-related
infections. Complete biofilm eradication was achieved under selected
conditions using only very low concentrations of additives (<200 ppmv),
highlighting the ability of scCO₂ to enhance the penetration and activity of
antimicrobial agents within complex biofilm structures. In parallel,
supercritical impregnation enabled the incorporation of bioactive
compounds into polymeric substrates, generating functionalized
biomaterials with antimicrobial properties and potential resistance to
microbial colonization. 
 
A comprehensive characterization strategy was employed to evaluate the
impact of processing on material performance. Scanning Electron
Microscopy (SEM) was used to assess surface morphology and structural
integrity, Differential Scanning Calorimetry (DSC) to investigate thermal
stability and possible modifications of polymer organization, and Fourier
Transform Infrared Spectroscopy (FTIR) to verify chemical stability and the
absence of residual processing agents. The results consistently
demonstrated that supercritical treatment preserved the structural,
thermal and chemical properties of the investigated biomaterials while
providing effective sterilization and functionalization. 
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Engineering Next-Generation Biomaterials
through Sustainable Functionalization and
Sterilization Technologies

Overall, the findings highlight the potential of supercritical fluid
technologies as sustainable tools for engineering next-generation
biomaterials. By integrating sterilization, antimicrobial functionalization and
biofilm control into a single environmentally friendly process, scCO₂ offers a
promising route towards safer, more effective and more sustainable medical
devices for future healthcare applications. 
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Partial vision leads to an unexpected collective
behavior in active aligning particles

The Vicsek model can be considered as a reasonably good first
approximation or explaining a collective flocking of living active aligning
units. Within this model, active particles tend to align with their first
neighbours, identified in an isotropic region surrounding each particle.

Inspired by Nature, one might consider living active units whose vision is not
isotropic, but rather characterised by blind spots in their vision fields. The
aim of our work is to propose a modified model for active aligning particles
(based on the Vicsek model) in which the vision field is not isotropic, but it
rather has an angular dependence, characterized by two vision cones
oppositely located. 

Studying the phase behaviour of a suspension of such particles, we unravel
novel emergent phases (not observed in the original Vicsek model) and
investigate the relevance of particles’ volume-exclusion on the formation of
such phases." 

Raúl Molina-Prados Lallena 
Universidad Complutense de Madrid
Departamento de Electrónica, Física Atómica y Térmica
Email: rmolinap@ucm.es

mailto:rmolinap@ucm.es


Photothermal membrane distillation by 
dual-layered electrospun polymeric 
PVDF-HFP/Graphite membranes

Membrane distillation (MD) is a thermally driven, non-isothermal membrane
separation process in which a temperature gradient across a porous
hydrophobic membrane generates the vapor pressure difference that drives
mass transfer [1]. However, its performance is often limited by temperature
polarization (TP), which reduces the effective driving force and permeate
flux. To mitigate TP, photothermal membrane distillation (PMD) has
emerged as a promising approach that utilizes solar energy through self-
heating membranes. In PMD, photo-active nanoadditives, such as  carbon-
based, plasmonic-based, or semiconductor-based materials, are
incorporated into the polymeric membrane matrix to convert solar
irradiation into localized heat at the membrane surface. This interfacial
heating enhances the driving force for vapor transport, thereby improving
MD performance and energy efficiency.  
In our study, dual-layered polymeric membranes were prepared by
electrospinning using polyvinyldene fluoride-co-hexafluoropropylene
(PVDF-HFP) for both the support and  photothermal layers. Graphite
nanoparticles (GNPs) were incorporated into the top layer as a photothermal
agent. To optimize membrane performance, the thicknesses of the support
and photothermal layers, as well as the GNP loading in the coating layer,
were systematically varied. Membrane performance was evaluated in a
direct-contact PMD module under simulated solar irradiation (1 sun). 
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Photothermal membrane distillation by 
dual-layered electrospun polymeric 
PVDF-HFP/Graphite membranes

Experiments were conducted under two operating modes: i) solar-assisted
membrane distillation, where a feed-permeate temperature difference of
20ºC was pre-established, and membrane performance under illumination
was compared with dark conditions, and ii) standalone PMD, where solar
irradiation was considered as the sole energy input to  the system (PMD). 
We found that increasing the thickness and GNPs loading of the coating
layer resulted in higher light absorption efficiency, which is beneficial for
PMD membrane performance. However, due to GNPs' high thermal
conductivity, trade-offs were observed in solar-assisted membrane
distillation. In this configuration, it is membranes with thin, less loaded
coating layers that demonstrate better improvement of permeate flux under
illumination compared to dark conditions. In desalination experiments, all
membranes showed a great salt rejection factor above 99.5%.  
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Multienzimatic Janus nanomachine for
saccharose-depentent drug delivery  

One of the most important applications of nanotechnology in medicine is
the development of new drug delivery systems. Many conventional drugs
suffer from poor bioavailability and low aqueous solubility, limiting their
absorption and retention in biological systems. Nanoparticle-based drug
delivery offer several advantages, such as improved stability and
biocompatibility, enhanced permeability and retention effect, and targeted
delivery.1 Among these, nanomachines and nanorobots based on
mesoporous silica nanoparticles (MSNs) stand out as they can be easily
modified on their surface, enabling the design of stimuli-responsive
platforms for controlled cargo release.2 Janus nanoparticles (JNs) have
emerged as promising nanomaterials due to their anisotropic structure,
which allows the combination of multiple functionalities within a single
nanoparticle.3 Here, the construction of saccharose-sensitive Janus
nanomachine for controlled drug release is described. 
MSNs were asymmetrically functionalised with a masking approach using
paraffin wax Pickering emulsions.4 One side of the nanoparticle was
functionalised with polyethylene glycol and invertase, while the other side
was grafted with a hydrogen peroxide-sensitive organic ligand such as 1-(4-
aminophenyl)-2-phenylethane-1,2-dione.5 The nanoparticles were then
loaded with tris(bipyridine)ruthenium(II) chloride or doxorubicin and capped
with a supramolecular complex formed between the ligand and the
neoglycoenzyme glucose oxidase-β-cyclodextrin.6  
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Multienzimatic Janus nanomachine for
saccharose-depentent drug delivery  

These nanomachines specifically recognize D-saccharose, the natural
substrate of invertase, which catalytically hydrolyzes it into fructose and
glucose. The latter is subsequently oxidized by glucose oxidase, generating
H2O2, which triggers disruption of the gating mechanism and promotes the
release of the encapsulated cargo. Since high levels of sugars have been
related to metastasis and tumor growth, it is expected the nanomachine to
recognize the presence of cancer cells and combat their proliferation
through this assembly. The suitability of the proposed nanomachines for
autonomous and specific delivery was evaluated through kinetics release
and selectivity experiments.

Teresa Moreno 
Universidad Complutense de Madrid
Organic Chemistry Department
Email:  teremo01@ucm.es

mailto:teremo01@ucm.es


Multienzimatic Janus nanomachine for
saccharose-depentent drug delivery  
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Computational Studies of Fluorine-Specific
Interactions in Polymeric Systems 
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Reaction Mechanism of the Formation of a
Disulfide Bond between Cysteine Moieties 
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Molecular Mobility and Diffusion in Soft
matter through EPR spectroscopy 

Soft materials such as hydrogels are defined not only by their macroscopic
mechanics but by the molecular-scale environment within their pores — the
local chemistry, crowding, and polymer chains dynamics that ultimately
governs transport and barrier function in real systems such as mucus. Bulk
rheology captures network stiffness and connectivity but cannot access the
details of this interior landscape. Electron paramagnetic resonance (EPR)
spectroscopy fills this gap: it monitors the rotational motion of a nitroxide
spin label embedded at a defined position within the material, reporting
directly on local mobility and microenvironment at the nanometre scale. 
We demonstrate this in mucin-mimetic polymer hydrogels — synthetic
analogues of the biological mucus barrier — crosslinked via reversible thiol–
pyridyl disulfide chemistry. Spin labels tethered to the polymer backbone via
PEG linkers of varying length serve as reporters at different distances from
the network. EPR confirms that local molecular dynamics during network
formation are governed by polymer charge rather than bulk mechanics: a
sulfated, negatively charged polymer (MMP-SO₃) produces markedly stronger
mobility restrictions than its hydroxylated, near-neutral analogue (MMP-OH),
despite the two systems being rheologically comparable. In particular, it was
found that local chain collapse occurs within the charged network during
gelation and is governed by the increasing PEG concentration in the hydrogel
pores.
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Molecular Mobility and Diffusion in Soft
matter through EPR spectroscopy 

Tuning the linker length further reveals a spatial gradient within the pore —
from a constrained environment near the backbone to a more hydrated
interior.
Extending this framework to molecular transport, we compare probe
diffusion in MMP-SO₃ with that in a covalently crosslinked, architecturally
distinct extracellular matrix analogue (StemGel®). Results indicate that local
probe mobility is sensitive to network type and confinement, consistent with
the expectation that crosslink permanence and pore microenvironment
together shape diffusive transport.  
These findings confirm that molecular-scale dynamics and transport in
hydrogels depend on chemistry and microenvironment in ways that bulk
characterisation alone cannot resolve. Therefore, establishing EPR
spectroscopy as a powerful complementary tool for understanding and
rationally designing soft materials with tunable permeability and barrier
function is of importance. 
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From Amyloid Fibrils to Peptide
Nanostructures: Towards Functional Chiral
Materials

Protein- and peptide-based nanomaterials have attracted considerable
attention due to their unique properties including biocompatibility,
biodegradability, and remarkable self-assembly capabilities.[1] Among such
systems, amyloid fibrils and short aromatic peptides are particularly
interesting due to their ability to self-organize into highly ordered
supramolecular architectures with diverse morphologies. An important yet
often overlooked feature of these systems is their chirality, which extends
beyond the intrinsic asymmetry  of amino acids and spans multiple length
scales, resulting in amplified supramolecular chirality and unique chiroptical
properties.[2] These characteristics, alongside the ability  to be easily
functionalized, make amyloid fibrils and self-assembling peptides promising
building blocks for the development of novel nanomaterials.  
In this work, we explore two self-assembled systems with potential as
functional chiral materials. We characterize them using electronic and
vibrational circular dichroism (ECD and VCD) spectroscopies, which are
highly sensitive to supramolecular organization. Moreover, transmission
electron microscopy (TEM) and X-ray crystallography (XRD)  are employed to
gain detailed insight into the structure of obtained systems.  
First, we investigate amyloid fibrils as scaffolds for the formation of hybrid
fibril-dye assemblies. 

Aleksandra Kołodziejczyk 
Jagiellonian University
Faculty of Chemistry 
Email:   aleksandra.kolodziejczyk@doctoral.uj.edu.pl 
LinkedIn profile

mailto:aleksandra.kolodziejczyk@doctoral.uj.edu.pl
http://www.linkedin.com/in/aleksandra-ko%C5%82odziejczyk-781a561b3


From Amyloid Fibrils to Peptide
Nanostructures: Towards Functional Chiral
Materials

The resulting supramolecular systems exhibit exceptionally strong induced
chiroptical response, demonstrating efficient transfer and amplification of
chirality from the fibrils to achiral chromophores.[3] Second, we study the
self-assembly of triphenylalanine peptide into highly ordered structures
displaying amplified VCD signal. XRD analysis reveals the formation of soft
organic frameworks (SOFs) with well-organized solvent-filled channels. 
Our results demonstrate that protein- and peptide-based self-assembled
systems 
can act as efficient platforms for chirality transfer and amplification, opening
new perspectives for the design of functional chiral materials. 
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Effect of Ketogenic Diet on Brain Lipid
Composition Investigated by ToF-SIMS
Imaging and Multivariate Analysis 

The ketogenic diet (KD) induces profound metabolic changes; however, its
influence on brain lipid composition remains incompletely understood. This
study aims to investigate diet-induced alterations in lipid profiles in rat brain
tissue using time-of-flight secondary ion mass spectrometry (ToF-SIMS)
combined with multivariate analysis. ToF-SIMS imaging, performed in both
positive and negative ion modes, enables label-free, high spatial resolution
analysis of molecular distributions in biological tissues. This approach 
provides complementary information on lipid species, including fatty acids,
cholesterol, and phospholipid-related fragments, allowing for detailed
characterization of biochemical changes. Brain samples from four groups—
ketogenic females (KF), ketogenic males (KM), normal diet females (NF), and
normal diet males (NM)—were analyzed. Key lipid species, including
cholesterol (C₂₇H₄₅⁺, C₂₇H₄₅O⁺), its derivatives, fatty acids, and phospholipids,
were identified and quantified. Statistical analysis revealed significant 
differences in cholesterol-related signals, with consistently lower intensities
observed in ketogenic groups compared to controls. Importantly, these
differences were driven primarily by diet rather than sex. 
The ratio of cholesterol fragment ions (m/z 385/369) indicated a shift toward
increased free cholesterol in KD groups, while esterified cholesterol was more
abundant in animals on a standard diet. Principal component analysis (PCA)
demonstrated clear separation between ketogenic and control groups, 
confirming the dominant influence of diet on biochemical composition.
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Effect of Ketogenic Diet on Brain Lipid
Composition Investigated by ToF-SIMS
Imaging and Multivariate Analysis 

In addition to cholesterol-related changes, a chain-length-dependent
remodeling of fatty acids was observed. Medium-chain fatty acids (e.g., C10
and C14) were enriched in ketogenic samples, whereas long-chain fatty acids
(C16 and C18) were more abundant in controls, consistent with increased
fatty acid utilization under ketogenic conditions [1]. Furthermore, reduced
ratios of unsaturated to saturated fatty acids (C18:1/C18:0 and C18:2/C18:0)
were observed in ketogenic samples, indicating decreased desaturase
activity, consistent with a shift toward increased lipid utilization. These
findings demonstrate that the ketogenic diet induces coordinated changes
in cholesterol metabolism and fatty acid composition, leading to lipid
remodeling in the brain. The combined effects of altered chain length
distribution, reduced desaturation, and changes in cholesterol balance may
influence membrane organization, fluidity, and neuronal function. This study
highlights the utility of ToF-SIMS imaging combined with  multivariate
analysis as a powerful approach for spatially resolved lipidomics in biological
tissues.
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Semiconducting Polymer Blend Films for
Retinal Prosthesis Applications 

Retinal degenerative diseases cause the progressive loss of photoreceptors
and lead to severe, irreversible vision impairment. Since current treatments
cannot restore the lost photosensitive layer, there is growing interest in
retinal prostheses that activate surviving neurons. However, many 
existing systems rely on rigid metal or silicon‑based components, which limit
biocompatibility and mechanical integration with soft retinal tissue. These
limitations have encouraged the exploration of organic semiconductors as
flexible, light‑responsive materials for next‑generation prosthetic systems. In
this study, we develop polymer blend films composed of biocompatible
semiconducting materials capable of generating photocurrents under
illumination. The films are engineered to mimic the spatial organization of the
natural photoreceptor layer by forming discrete, pillar‑like microdomains,
approximately 2 µm in diameter, through spin‑casting of blends containing
hotosensitive and insulating polymers. By selecting polymers with
complementary absorption profiles, the spectral responses of rods and
cones can be approximated across different wavelength regions. Surface
morphology and microdomain organization were characterized using atomic
force microscopy and fluorescence microscopy. Surface wettability was
evaluated by contact angle measurements using distilled water droplets. 

Eda Özkeser
Jagiellonian University
Department of Molecular and Interfacial Biophysics
Email:   eda.ozkeser@doctoral.uj.edu.pl / edaozkeser3@gmail.com
LinkedIn profile

mailto:eda.ozkeser@doctoral.uj.edu.pl
mailto:edaozkeser3@gmail.com
https://www.linkedin.com/in/edaozkeser/tr


Semiconducting Polymer Blend Films for
Retinal Prosthesis Applications 

Biocompatibility was assessed using retinal pigment epithelium (ARPE‑19)
cell line, focusing on cell viability, adhesion, and morphology under both
direct‑contact and extract‑based conditions using the fluorescence staining
and MTT cytotoxicity assay at different time points. Phase separation in
semiconducting polymer blends enables the formation of structured thin
films with properties relevant for biological interfaces. 

Overall, the results highlight the promise of the P2VP:M161 polymer blend
coatings as candidate material for biomimetic retinal interfaces, while further
studies are needed to optimize their structure and long-term biological
performance.
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Designing and Optimizing Plasmonic
Nanostructures for Advanced SERS Detection

Neurodegenerative diseases, including Alzheimer's disease, represent one of
the greatest challenges in modern medicine due to the progressive
degeneration of neurons, which leads to irreversible cognitive and
neuropsychiatric impairments. Since pathological processes begin many
years before clinical symptoms become apparent, the development of
methods enabling early and sensitive detection of disease-related
biomarkers is of paramount importance. 
Surface-enhanced Raman spectroscopy (SERS) is one of the most promising
analytical techniques for the identification and analysis of biomolecules
present at very low concentrations. Owing to localized surface plasmon
resonance, a strong enhancement of the local electromagnetic field can be
achieved near metallic nanostructures, enabling the detection of biomarkers
such as amyloid-β, tau protein, and matrix metalloproteinase-10 (MMP-10).
However, the fabrication of stable and reproducible SERS substrates with
high signal enhancement efficiency remains a significant challenge.
In this work, we propose an interdisciplinary approach combining the design,
numerical modeling, and experimental characterization of plasmonic
nanostructures intended for biosensing applications. To optimize
nanostructure geometry, finite element method (FEM) simulations are
performed using COMSOL Multiphysics, investigating the influence of
parameters such as size, shape, periodicity, and material composition on the
electromagnetic field distribution and the formation of so-called hotspots. 
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Designing and Optimizing Plasmonic
Nanostructures for Advanced SERS Detection

Selected structures are fabricated using self-assembled monolayer-based
methods and subsequently characterized by atomic force microscopy (AFM)
and SERS measurements.

The obtained results provide a better understanding of the correlation
between nanostructure architecture and Raman signal enhancement
efficiency, forming the basis for the development of highly sensitive
diagnostic nanosensors for the early detection of neurodegenerative
diseases. 
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Bioaffinity Meets Biosensing: Antibodies on
Protein Nanolayers

Biosensors are increasingly used as miniaturized platforms capable of
selective and specific detection of analytes in complex matrices, including
biological fluids such as human blood. Immunosensors, in particular, exploit
the highly specific antigen–antibody interaction. The orientation of
antibodies immobilized on a solid surface is a critical parameter, as it
determines the accessibility of the Fab‑region binding sites. This study
examines IgG antibody immobilization onto protein nanolayers via two site-
specific binding strategies: the protein G–Fc region of IgG molecule and the
streptavidin–biotin system. ​1,2
 Silicon substrates, pretreated with aminopropyltriethoxysilane (APTES) and
glutaraldehyde, were modified either with protein G or streptavidin. Antibody
adsorption isotherms and antigen-binding affinities were quantified by White
Light Reflectance Spectroscopy (WLRS). Time of Flight Secondary Ion Mass
Spectrometry (ToF-SIMS) characterized multilayer protein chemical
composition and IgG orientation. ​3,4​  Protein G modification promoted a tail-
on orientation at IgG surface density forcing vertical alignment. In contrast,
streptavidin surfaces yielded predominantly side-on attachment of
biotynylated IgG with a low maximal surface amount. Notably, reducing
streptavidin surface coverage enhanced IgG binding capacity and enabled
vertical molecules arrangement with mixed tail-on/head-on orientation.
 These findings deepen the understanding of how protein nanolayers can be
used in immunosensors   as  specific  platforms   for   detecting   binding
molecules.  
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Bioaffinity Meets Biosensing: Antibodies on
Protein Nanolayers
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What happens inside a tau fibril? 
Nanoscale infrared mapping reveals structural
evolution and the influence of curcumin on
tau aggregation pathways 

Tau aggregation is a hallmark of Alzheimer’s disease and plays a central role
in the formation of neurotoxic amyloid assemblies. Despite extensive
research, the structural heterogeneity of tau aggregates and the molecular
mechanisms governing their maturation remain incompletely understood,
particularly at the nanoscale. Furthermore, identifying compounds capable of
modulating tau aggregation remains an important challenge in the
development of therapeutic strategies. 

In this work, we investigated tau aggregation in the presence of curcumin, a
natural polyphenol reported to interfere with amyloid formation. To
characterize curcumin-induced structural and morphological changes, we
employed a combination of atomic force microscopy (AFM), attenuated total
reflection Fourier-transform infrared (ATR-FTIR) spectroscopy, and
scattering-type scanning near-field optical microscopy (s-SNOM). AFM was
used to monitor aggregate morphology throughout the aggregation process,
while ATR-FTIR provided information on the evolution of the secondary
structure in the bulk samples. Moreover, s-SNOM enabled nanoscale
mapping of secondary-structure organization within individual tau fibrils. 
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What happens inside a tau fibril? 
Nanoscale infrared mapping reveals structural
evolution and the influence of curcumin on
tau aggregation pathways 

This comprehensive approach revealed structural heterogeneity along single
filaments, allowed discrimination between distinct stages of fibril
maturation, and provided insight into how curcumin influences the
aggregation pathway. The results demonstrate the potential of infrared
nanospectroscopy as a powerful tool for studying amyloid formation beyond
the limits of conventional bulk spectroscopic methods. 
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Two faces of infrared nanospectroscopy
The emerging tools in the investigation of
amyloid aggregates

Infrared spectroscopy is a powerful tool in the investigation of the chemical
composition and structure of various types of materials, including
biomaterials and biomolecules. Its main limitation appears in studying highly
heterogeneous samples and nanostructures. 
Due to the diffraction limit and the relatively large wavelength of infrared
light, the spatial resolution is about 10 μm. 
Over the past 25 years, new approaches have been developed combining
infrared spectroscopy with atomic force microscopy (AFM), providing
techniques that can achieve tens of nanometers resolution. This thousand
times improvement was obtained in two different ways: photothermal
infrared spectroscopy, also called combined atomic force 
microscopy-infrared (AFM-IR) spectroscopy, use the AFM probe to detect
the photothermal expansion induced by IR absorption providing the
measurement of full IR absorption spectrum [1]; scattering-tyle scanning
near-field optical microscopy (s�SNOM) in IR range utilize interferometric
detection of the light interaction (scattering process) between the AFM
probe and sample [2].
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Two faces of infrared nanospectroscopy
The emerging tools in the investigation of
amyloid aggregates

Here I present results of the investigation of amyloid aggregates as an
example of a model system of Alzheimer's disease. The samples were studied
using both AFM-IR and s-SNOM techniques, providing insight into the
chemical structure of the individual aggregates [3]. 
Applied methodology allowed us to observe the changes within the
secondary structure of protein assemblies occurring at the nanoscale level. 
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AFM-based characterization of cell–cell
mechanics in co-culture systems

Mesenchymal stem cells (MSCs) and endothelial cells (ECs) are key
components of the bone marrow niche, where they regulate the maintenance
and quiescence of hematopoietic stem cells. The physical and mechanical
properties of this multicellular microenvironment are essential for
understanding how cell–cell and cell–matrix interactions contribute to niche
function. 
In this study, we developed an in vitro co-culture model of MSCs and ECs
grown on fibronectin-coated substrates to mimic aspects of the extracellular
matrix present in the bone marrow niche. Fibronectin provides both
structural support and biochemical cues that influence cell adhesion,
spreading, and intercellular communication, enabling the formation of a
biologically relevant soft tissue-like system. 
The mechanical and structural properties of the co-culture were investigated
using atomic force microscopy (AFM) combined with fluorescence
microscopy. AFM was used to probe nanoscale mechanical characteristics,
such as the Young’s modulus, while fluorescence imaging allowed
visualization of cell organization and identification of the two cell populations
within the system. 
This work provides insight into the mechanical adaptation of bone marrow
niche components and demonstrates the value of combining AFM with
fluorescence microscopy to study dynamic cell–cell and cell–matrix
interactions in soft biological systems. 
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Gelatin Methacryloyl and Phenylalanine-
based Poly(ester amide) Coaxial
Electrospinning for Coronary Vascular Grafts

Cardiovascular diseases are the leading cause of death in the EU [1]. In
particular, the narrowing or occlusion of a coronary artery causes various
conditions, such as myocardial infarction, that can lead to heart failure and
death [2], [3]. Currently, blood flow is restored either by reopening the
occluded vessel or by bypass grafting using an autologous vessel. This
second strategy is preferred in cases of more complex occlusions, but it is
limited by patient comorbidities, graft failure, and scarce availability of
harvestable vessels [3]. To address these problems, tissue engineered
vascular grafts (TEVG) have been developed, but translation to clinical use
remains challenging [3]. An ideal TEVG should combine a cell-adhesive
interface with a mechanically stable and degradable supporting structure [3].
We propose a new TEVG fabricated by coaxial electrospinning, with gelatin
methacryloyl (GelMA) in the shell of the fibers and phenylalanine-based
poly(ester amide) (PEA) in the core. PEA offers promising biocompatibility,
mechanical tunability, and biodegradability, while GelMA promotes cell
adhesion.
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Gelatin Methacryloyl and Phenylalanine-
based Poly(ester amide) Coaxial
Electrospinning for Coronary Vascular Grafts

This work reports the synthesis and characterization of GelMA and PEA
batches and the optimization of electrospinning conditions for each material.
While our previous work has already demonstrated the positive properties of
PEA [4], the present study produced new batches of PEA,
with a molecular weight of 35 kDa, and GelMA, with a degree of
methacrylation of 38%. We demonstrated the reproducible preparation of
PEA and identified optimal electrospinning parameters for both materials
using a FLUIDNATEK® LE-50 G2. GelMA was electrospun at 20% 
w/v in acetic acid/water (1:1), with a tip-to-collector distance of 18 cm, an
applied voltage of 20 kV, a flow rate of 0.3 mL/h, 30% relative humidity, and a
temperature of 25 °C. PEA was electrospun at 25% w/v in
chloroform/dimethylformamide (95:5), with a tip-to-collector distance of 16
cm, an applied voltage of 18 kV, a flow rate of 0.8 mL/h, 30% relative humidity,
and a temperature of 25 °C. Future work will optimize coaxial electrospinning
to reproducibly obtain high-quality fibers, followed by fabrication of
cylindrical scaffolds and in vitro testing with fibroblasts and endothelial cells.

Matteo Fiori
KU Leuven
Surface and Interface Engineered Materials (SIEM) unit,
Smart Polymeric Biomaterials research group 
Email:   matteo.fiori@kuleuven.be
LinkedIn profile

http://www.linkedin.com/in/matteo-fiori-37a5a62ba


Gelatin Methacryloyl and Phenylalanine-
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Electrospinning for Coronary Vascular Grafts
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Hybrid hydrogels for melanoma diagnosis and
drug delivery

Chronic and infected wounds remain a significant clinical challenge,
frequently complicated by persistent bacterial colonization and suboptimal
drug retention at the wound site. Conventional topical antibiotic therapies
often suffer from burst release and insufficient local concentrations over 
time, limiting therapeutic efficacy and contributing to antimicrobial
resistance.1,2
This research addresses these limitations by engineering a mesoporous silica
nanoparticle (MSN)-chitosan hybrid hydrogel system optimized for enhanced
ciprofloxacin loading and controlled release kinetics.
MSNs are first synthesized and optimized to achieve a particle size <100 nm,
ensuring high surface area and favorable diffusion characteristics within the
hydrogel matrix.3 Subsequent surface functionalization with amine, methoxy
polyethylene glycol, and thiol groups is performed to tailor drug-carrier
interactions and modulate release behavior. These modifications are
systematically evaluated for ciprofloxacin loading capacity and loading
efficiency, enabling identification of the most effective surface chemistry for
sustained antibiotic delivery.4,5
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Hybrid hydrogels for melanoma diagnosis and
drug delivery

To rationalize and guide experimental design, computational modelling is
employed to predict drug-surface interactions, adsorption energies, and
release profiles for each functional group. Theoretical predictions are then
directly compared with experimental loading and release data, providing 
mechanistic insight into structure-function relationships and validating the
optimization strategy.The selected, drug-loaded MSNs are subsequently
incorporated into a hybrid hydrogel network based on chitosan, a biopolymer
recognized for its intrinsic antimicrobial properties and biocompatibility.
Various chitosan concentrations, in combination with a co-crosslinking
agent, are explored to achieve optimal mechanical strength, swelling
capacity, and structural integrity suitable for wound dressing applications.6
The resulting composite system is evaluated for controlled ciprofloxacin
release, structural stability, and synergistic antibacterial performance.7
Comprehensive in vitro assays are conducted to assess cytocompatibility,
targeting cell viability above 70%, alongside antimicrobial efficacy against
clinically relevant bacterial strains. Mechanical properties and swelling
behavior are also characterized to ensure suitability for moist wound healing 
environments.
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Hybrid hydrogels for melanoma diagnosis and
drug delivery

By integrating nanoparticle surface engineering, computational modelling,
and hydrogel design, this interdisciplinary study aims to develop a predictive
and tunable drug delivery platform. The resulting MSN-chitosan hybrid
dressing is expected to enhance local antibiotic retention, reduce infection 
risk, and provide a robust foundation for next-generation antibacterial
wound care systems.

REFERENCES:
1 Çetin, F. N. et al. Adv Healthc Mat (2024)
2 Shi, C. et al. Front Bioeng Biotechnol 8 (2020)
3 Fatima, R. et al. Front. Nanotechnol. 7 (2025)
4 Almatroudi, A. Pharmaceutics 17 (2025)
5 Frickenstein, A. et al. Pharmaceutics 13 (2021)
6 Pablos, J. et al. Mater. Today Bio 29 (2024)
7Sahu, K. et al. Int. J. Biol. Macromol. 269 (2024)
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Modification of CO Adsorption on Au(111) by
Pt Single Atoms

Single atom catalysts (SACs) maximize metal utilization and can exhibit
unique reactivity compared to nanoparticle-basedand monometallic catalyst
systems due to their unique electronic and geometric structure of isolated
active sites.[1] Pt atoms dispersed on relatively inert supports such as Au(111) 
have attracted interest for low-temperature oxidation reactions, including
the preferential oxidation of CO (PROX), an important purification step for
hydrogen streams used in fuel cell applications.[2] Because catalytic activity
in these systems strongly depends on the local adsorption environment, 
understanding molecule-surface interactions at the atomic scale is essential
for the rational design of SACs.
In this work, Pt single atom catalysts were prepared by depositing 0.04
monolayers (ML) of Pt onto Au(111) films grown on mica substrates. The
surface was investigated using temperature programmed desorption (TPD)
with CO as a probe molecule to characterize desorption properties and
identify distinct surface sites.
For pristine Au(111) on mica, CO desorption exhibits a broad desorption peak
characteristic of weak adsorption and a distribution of adsorption
environments associated with the Au surface.[3] Upon Pt deposition, an
additional desorption peak and a higher-temperature shoulder emerge
(Figure 1). These features are absent on clean Au(111) on mica and therefore
indicate the formation of new adsorption sites associated with the presence
of Pt. 
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Modification of CO Adsorption on Au(111) by
Pt Single Atoms

The observed changes in the TPD spectra are attributed to isolated Pt atoms,
Pt-modified Au-sites, and/or small Pt aggregates that alter the local
electronic structure of the surface and strengthen the 
interaction with CO relative to Au(111) sites.
The coexistence of the broad Au-related desorption feature with the newly
formed higher-temperature states suggests a heterogeneous adsorption
landscape consistent with dilute Pt on Au(111). These results demonstrate
that even very low Pt coverages significantly modify the adsorption
landscape of Au(111), which is directly relevant for catalytic processes such as
PROX, where CO binding strength and activation play a central role. More
broadly, this work contributes to the fundamental understanding of
adsorption phenomena on single atom catalyst model systems and provides
insight into how isolated metal atoms influence surface reactivity, helping
guide the design of future SAC materials. 

REFERENCES:
[1] Flytzani-Stephanopoulos, M., & Gates, B. C. (2012). Atomically dispersed supported
metal catalysts. Annual review of chemical and biomolecular engineering, 3(1), 545-574.
[2] Qiao, B., Wang, A., Yang, X., Allard, L. F., Jiang, Z., Cui, Y., ... & Zhang, T. (2011). Single-
atom catalysis of CO oxidation using Pt1/FeO x. Nature chemistry, 3(8), 634-641.
[3] Engelhart, D. P., Wagner, R. J., Meling, A., Wodtke, A. M., & Schäfer, T. (2016).
Temperature programmed desorption of weakly bound adsorbates on Au (111). Surface
Science, 650, 11-16.
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Serentrix-114 (SER-114) and Mucor racemosus
(MR) suppressed TRPV1-mediated Ca2+
increase in Human Conjunctival Epithelial
Cells (HCjEC)  

Purpose: TRPV1 channels are known to be involved in inflammation and pain
at the ocular surface. 
Therefore, we investigated whether Serentrix-114 (SER-114), a novel TRPV1
antagonist, influences calcium signaling in HCjEC and whether it also
modifies the calcium response induced by the fungus Mucor racemosus.
Preliminary studies from our group have shown that Mucor racemosus
stimulates Ca  - signaling.2+

Methods:As a cell model for HCjEC, the IOBA-NHC cell line was used. Cells
were treated with different concentrations of SER-114. Intracellular calcium
changes were recorded by fluorescence imaging with Fura-2 as fluorescent
dye. For TRPV1 identification, Capsaicin (CAP) and Capsazepine (CPZ) were
used as reference compounds. In additional experiments, cells were exposed
to Mucor racemosus to test whether the fungal stimulus alters calcium
regulation and whether this effect is influenced by SER-114.
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Serentrix-114 (SER-114) and Mucor racemosus
(MR) suppressed TRPV1-mediated Ca2+
increase in Human Conjunctival Epithelial
Cells (HCjEC)  

Results: CAP (40 µM) induced a clear calcium influx (n = 102; p < 0.001, paired
tested) that was blocked by CPZ (20 µM) (n = 35; p < 0.01, unpaired tested).
SER-114 (5, 10, 20 µM) also diminished the CAP-induced calcium rise (n = 42 -
102; p < 0.05 – p < 0.001, unpaired tested). Mucor racemosus (1 mg/ml)
increased f340/f380 fluorescence ratio, which is proportional to intracellular
calcium concentration (n = 136; p < 0.001, paired tested), and this eSect was
likewise reduced by SER-114 (10, 20 µM) (n = 50 - 99; p < 0.001, unpaired
tested). 

Conclusions: In HCjECs, functional TRPV1 expression could be validated.
SER-114 suppressed TRPV1-induced calcium entry in HCjECs under both
pharmacological and fungal stimulation. The data support the view that SER-
114 could represent an alternative approach for treating ocular surface
inflammation and pain, but additional research is needed to clarify its
therapeutic relevance
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Assessing the Effects of Varying GelMA
Hydrogel Concentrations on the Viability of
hiPSC Derived Neural Stem Cells 

Spinal cord injury (SCI) remains a devastating condition with limited
regenerative capacity and no effective curative therapies. Human induced
pluripotent stem cell (hiPSC)-based approaches offer promising
neuroregenerative effects. However, their success depends on both
biophysical and immunological cues, like lineage-specific differentiation and
functional integration within the hostile post-injury microenvironment.
Gelatin methacrylate (GelMA) hydrogels provide a versatile platform with
tuneable mechanical properties capable of modeling key features of spinal
cord tissue. In parallel, interleukin-13 (IL-13) immunomodulatory signaling
promotes a pro-regenerative microglial phenotype, suggesting a potential
mechanism for improving outcomes in preclinical SCI models.  
This study aims to investigate how altering GelMA stiffness influences the
differentiation and viability of hiPSC-derived neural stem cells (NSCs) and
how an IL-13-conditioned microglial environment affects NSC phenotype and
neural lineage commitment. NSCs and microglia will be co-cultured and
encapsulated within GelMA hydrogels of varying concentrations to assess
the combined effects of biomaterial properties and immune modulation. 
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Assessing the Effects of Varying GelMA
Hydrogel Concentrations on the Viability of
hiPSC Derived Neural Stem Cells 

Microglial polarisation and neural differentiation outcomes will be evaluated
using cell viability assays, gene expression profiling, RNA sequencing and RT-
qPCR. Importantly, this work uniquely integrates biomaterial tuning with
immune-mediated signalling and microglial polarisation, to inform advanced,
translational strategies for stem cell–based combination therapies for SCI
repair. 
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Towards a circular food system: Biomass
profile, antioxidant properties, and
cytotoxicity of marine and freshwater
microalgae cultivated on digestate 

Microalgae offer a sustainable approach for treating nutrient-rich digestate
and CO₂ off-gas from anaerobic digestion (AD), while producing biomass rich
in valuable metabolites. However, it is essential to assess how cultivation on
waste media affects biomass quality, safety, and potential applications in a
circular bioeconomy. This study compares the composition and bioactivity of
marine and freshwater microalgal biomass cultivated in liquid digestate (LD)
versus standard medium. LD contained 2.7 times more nitrogen than the
marine f/2 medium (145.48 vs 54.17 mg/L), which led to significant enrichment
in protein, omega-3 polyunsaturated fatty acids, pigments, and phenolic
contents in Nannochloropsis gaditana and N. oceanica. For instance, N.
gaditana biomass grown in LD contained 30.75 % DW protein (vs. 11.48 % DW),
35.77 mg/g DW omega-3 fatty acids (vs 20.64 mg/g DW), 17.8 mg/g DW
pigments (vs 1.02 mg/g DW), 5.99 mg GAE/g DW total phenolics (vs 2.00 mg
GAE/g DW) compared to standard-medium biomass. These enrichments
translated into significantly enhanced antioxidant properties. Conversely,
freshwater species (N. limnetica, Chlorella vulgaris, and Tetradesmus
obliquus) grown in LD exhibited a higher total lipid content enriched in
saturated fatty acids, but lower levels of protein and pigments compared to
standard controls. 
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Towards a circular food system: Biomass
profile, antioxidant properties, and
cytotoxicity of marine and freshwater
microalgae cultivated on digestate 

Importantly, all microalgal biomass cultivated in LD, whether marine or
freshwater, showed no evidence of cytotoxicity across all tested inclusion
levels (0.5–4 μg/mL). Overall, marine Nannochloropsis species cultivated in
digestate stand out as promising candidates for sustainable protein and
omega-3 fatty-acid production, with safe reintegration in food and feed. 
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A Biomaterial-Based Sublingual Film
Platform for Systemic Delivery of a GLP-1
Peptide Analogue: Proof-of-Concept in Pigs
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Mapping Polyethylene Intestinal Toxicity: 
A Cross-Species Evidence Matrix 
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Label-Free Detection of Lipid Nanoparticles
Using a 2D Material Nanopore Sensing
Platform 
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 Wiviformer: Crowd Counting Based on
Multimodal Fusion of Visual Image and
Wireless Signal 
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Response Surface Optimization of Oleogel-
Based Beef Burgers: Impact on Quality
Attributes and Cooking Characteristics  

High intake of saturated animal fat from meat products is considered a
public health concern. This study developed a beef burger with an improved
fatty acid profile by using carnauba wax-grapeseed oil oleogels. Response
surface methodology was employed to optimize the oleogel formulation by
varying wax concentration, oleogel-to-fat replacement ratio and total fat
content, with cooking-induced moisture retention as the primary
optimization objective. The optimized oleogel burger showed functional
properties comparable to intrinsic beef fat as the sole source of fat.
Replacing 53% of intrinsic beef fat with oleogel improved the fatty acid
profile, reducing saturated fatty acids by approximately 39% (from 540 g/kg
to 330 g/kg total fatty acid methyl esters) and increasing polyunsaturated
fatty acids from 28 g/kg to 305 g/kg. Partial fat replacement maintained the
red colour (a∗ value) and overall visual quality. Raw oleogel burgers had
slightly lower water holding capacity, but cooked oleogel burgers showed
comparable water holding capacity and cooking loss values to the beef-only
control. Oleogel substitution also significantly reduced cooking shrinkage
and enhanced water and fat retention during thermal processing. Texture
profile analysis showed that oleogel substitution reduced hardness by
approximately 40% while preserving springiness and cohesiveness. 
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Response Surface Optimization of Oleogel-
Based Beef Burgers: Impact on Quality
Attributes and Cooking Characteristics  

Oxidative stability was also improved at the early stage, with thiobarbituric
acid reactive substances values below the sensory rancidity threshold during
the first 5 days of refrigerated storage. Oleogels successfully formed
structured solid lipids within meat matrices, supporting the development of
processed meat products with improved nutrient profiles and greater
sustainability. 
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A simple method to distinguish light
scattering from light absorption by
nanoparticles 

Discriminating between light absorption and scattering in nanoparticle (NP)
suspensions is essential for optimizing photothermal, imaging, and energy-
conversion applications. [1]. We introduce a simple synchronous
excitation/emission (SEES)-based method using a standard
spectrofluorometer to quantitatively separate absorption and scattering in
NP suspensions. Using commercial silica nanoparticles (SiO2) as a scattering
reference, we demonstrated that the ratio of synchronous
excitation/emission spectra (SEES) to extinction spectra provides a
concentration-independent estimate of the scattering efficiency (Figure 1,
SiO2(1) and SiO2(2)). This approach was validated across diverse NP systems,
including gold (Au) and silver (Ag) NP, a molecular dye (methylene blue-MB),
and natural and biomimetic melanin-based NP, in particular: Sepia melanin,
polydopamine NP with different sizes (PDA and PDAL), polydopamine
polymer (SN) and polydihydroxyindole (PDHI).
Our method revealed significant differences in scattering efficiencies of
Sepia and PDA NP despite their similar chemical nature, explaining their
different photothermal behaviors. Photothermal measurements at 665nm
showed that lower scattering efficiency correlates with higher photothermal
conversion, with Sepia nanoparticles exhibiting superior heating efficiency
compared to PDA nanoparticles at equal optical extinction. 
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A simple method to distinguish light
scattering from light absorption by
nanoparticles 

Ultrafast transient absorption data confirmed that all samples deactivate
primarily via rapid non-radiative decay [2], indicating that differences in heat
generation arise mainly from absorption/scattering balance rather than
excited-state dynamics. Overall, this method provides an effective and
accessible strategy for distinguishing absorption from scattering in
nanomaterials and offers a valuable design tool for engineering next-
generation photothermal platforms. 

REFERENCES: 
[1] J. Zhu, L. Hu, P. Zhao, L. Y. S. Lee and K. Y. Wong, Chem. Rev., 2020, 120, 851–918.   
[2] V. Petropoulos, D. Mordini, F. Montorsi, M. Akturk, A. Menichetti, A. Olivati, A. Petrozza,
V. Morandi, M. Maiuri, N. C. Gianneschi, M. Garavelli, L. Valgimigli, G. Cerullo and M.
Montalti, J. Am. Chem. Soc., 2025, 147, 10031–10043. 
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 Lignin from Lignocellulosic Waste:
Extraction, Structural Elucidation, and Its
Potential for Advanced Functional Material

Lignin-based materials are gaining attention because of their ability to play a
vital role in environmental and industrial applications [1]. Our research
focuses on the extraction, purification and characterization of lignin from
Poplar and Ayous wood (Alpi Spa wood waste) and from Rice husk
(Agriculture waste) and on the preparation of lignin-based materials, as
nanofibers, biofilms and hydrogels [2]. These lignin-based materials offer an
effective, sustainable solution from dyes removal from waste water towards
biomedical applications. This innovative approach enhances pollutant
removal, promotes environmental sustainability, and aligns with circular
economy principles.

REFERENCES: 
[1]. https://doi.org/10.1039/C5PY00263J   
[2]. https://doi.org/10.1021/acsomega.5c10163 
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Atmospheric pressure plasma polymerization
(APPP) of poly(ethylene oxide) (PEO)-like
di(ethylene glycol) divinyl ether (DEGDVE)
based coatings for biomedical materials

Atmospheric pressure plasma polymerization is a promising technique for
surface modification of biomedical materials (1). These coatings can improve
biocompatibility, antimicrobial and antifouling properties, but also drug
delivery by immobilizing bioactive molecules (1). In this context, PEO-like  
coatings are highly attractive due to their excellent antifouling properties,
which prevent protein and cell adhesion, and their biodegradability, which
allows controlled drug or antimicrobial release (1-3). The chemical structure
of DEGDVE, among other precursors, allows the formation of stable,
biocompatible PEO-like coatings with retained functional groups, making it
ideal for biomedical and antifouling applications (2).
In this work, di(ethylene glycol) divinyl ether (DEGDVE) was investigated as a
precursor for the deposition of poly(ethylene oxide)-like coatings on
polymeric substrates using a dielectric barrier discharge plasma jet, varying
plasma gas, input power, deposition time, and substrate material. The films
were characterized by FTIR spectroscopy, SEM analysis, water contact angle
measurements, and immersion tests in phosphate-buƯered saline. FTIR
results showed that nitrogen was more eƯective than argon in promoting
precursor polymerization, as indicated by the disappearance of the
characteristic C=C double-bond signals. SEM analyses revealed that
increasing plasma power produced more compact coatings, although micro-
cracking appeared at the highest power. 
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Atmospheric pressure plasma polymerization
(APPP) of poly(ethylene oxide) (PEO)-like
di(ethylene glycol) divinyl ether (DEGDVE)
based coatings for biomedical materials

However, PBS immersion tests showed that none of the investigated
conditions led to coatings stable in aqueous environment. 

These preliminary results highlight the potential of the process, but also the
need for further optimization to improve coating stability for biomedical
applications. Future work will focus on crosslinking strategies, precursor flow
reduction, and comparison with alternative plasma source configurations. 

REFERENCES:
(1) Bryan R. Coad et al, 2022, 10.1002/ppap.202200121 
(2) Tijs Dekoster et al, 2024, 10.1002/ppap.202400019 
(3) Maryam Zabihzadeh Khajavi et al, 2023, 10.3390/nano13202774 
(4) Jörg Friedrich, 2011, 10.1002/ppap.201100038 
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Modelling Ground and Excited State
Properties of Mechano- Luminochromic
Copper-Halide based Systems 

Mechano-luminochromic copper halide-based materials, including Hybrid
Coordination Polymers (HCPs) and cluster-based systems, represent a
promising class of functional materials for stress and impact sensing
through optical responses.[1] Among these, HCPs featuring a copper iodide-
based ladder structure functionalized with 3-Bromopyridine (i.e., [(CuI)3-
BrPy] ) show remarkable mechano-luminochromic behaviour under UV
irradiation, shifting the emission from blue to green upon mechanical
grinding.[2] In addition to these extended polymeric frameworks, cubane-
type copper iodide clusters have emerged as an alternative class of
mechano-luminochromic systems with similarly tunable emission properties.
[3]. The atomistic origins of such mechano-induced red-shift are still unclear.
To address this issue, we performed first-principles calculations at the
density functional theory (DFT) and time-dependent (TD-DFT) level, by
computing ground and excited-state properties of [(CuI)3-BrPy]  and various
cubane clusters (i.e., [(CuI)4L4] where L=py, 4-Phpy, 2-Mepy), while exploring
different exchange-correlation functional, effective core potentials and basis
sets.

n

n

Concerning the polymeric system, our first-principles calculations show a
direct correlation between the Cu-Cu/Cu-I distances with respect to low-
lying singlet and triplet excited states. 
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Modelling Ground and Excited State
Properties of Mechano- Luminochromic
Copper-Halide based Systems 

Notably, the Cu-Cu distances are crucial coordinates governing the excited
state potential energy profiles, leading to a complex photochemical scenario
involving intersystem crossing, phosphorescence as well as thermal
activated delayed fluorescence (TADF) mechanisms.
By comparing our DFT/TD-DFT calculations with experimental data (e.g., X-
Ray Diffraction, Raman, temperature-dependent steady and time-dependent
photoluminescence), a mechanism underlying the mechano-luminochromic
behaviour of [(CuI)3-BrPy]n has been formulated. When ground, the emission
of [(CuI)3-BrPy]  is assigned to a mixed halide-to-ligand/metal- to-ligand
charge transfer triplet excited state ( XMLCT), whereas a TADF mechanism is
predominant in the pristine material at room temperature. 

n
3

Our findings provide a robust framework for understanding the mechano-
luminochromic behaviour of Cu-I-based compounds, allowing for a rational
design of piezochromic coatings with tailored sensitivity for force and impact
sensing applications.

REFERENCES: 
[1] E. Kwon, et al., Inorganic Chemistry, 2017,56(2), 943-949
[2] E. Contini, et al., Materials Today, 2025, DOI:10.1016/j.mattod.2025.11.034
[3] S. Perruchas, Dalton Transactions, 2021, 50(35), 12031-12044
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Refactored M13 Phage Conjugates for
Targeted Antimicrobial Photodynamic
Therapy 

Filamentous bacteriophages, particularly M13 phages, are emerging as
innovative and promising nanomaterials for biomedical application, owing to
their intrinsic biocompatibility and uniformity in size and morphology. Their
capsid structure allows for their orthogonal functionalization: M13 phages
can be genetically engineered to display specific targeting ligands on their
minor coat protein, while allowing chemical conjugation of high payloads of
functional molecules on their capsid major coat protein[1]. This dual
programmability of M13 phages makes them ideal platforms for targeted
drug delivery. 
Here, we exploit these properties to develop refactored M13 phage
conjugates aimed at addressing one of the most critical threats to global
public health: antimicrobial resistance. M13 phages were genetically
engineered to enable selective recognition of different bacterial species by
phage-display of peptide targeting moieties fused to the minor coat protein
pIII. The engineered phages were then purified and bioconjugated with
hundreds of photo-activatable Rose Bengal sensitizers. Upon light
irradiation, the phage conjugates achieved the targeted killing of a range of
bacterial pathogens at subnanomolar concentrations[2]. 
To enhance photodynamic efficiency, Rose Bengal was substituted with a
more efficient thiophene‑based photosensitizer[3]. Validation of the
bioconjugates was then carried out in vivo, using Hydra vulgaris as a model
organism hosting a Gram-negative–dominated microbiota. 
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Refactored M13 Phage Conjugates for
Targeted Antimicrobial Photodynamic
Therapy 

M13 phages displaying an LPS-binding peptide on the pIII minor coat protein
(M13LPS) and a high payload of oligothiophene (OT) photosensitizer on the
pVIII major coat protein (M13LPS-OTs) showed, upon controlled light
irradiation, selective depletion of Gram-negative bacteria while preserving
host integrity and overall microbial equilibrium. 
These findings demonstrate that refactored M13 phage conjugates can serve
as precise and tunable photodynamic platforms for antimicrobial therapies.
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Light-driven generation of allomelanin-like
nanoparticles for innovative hair dyeing 

Commercial hair dye formulations commonly rely on harsh alkaline
conditions, strong oxidants and allergenic compounds, raising concerns
regarding hair damage, user safety and environmental impact. In recent
years, melanin-like materials have attracted increasing attention as safer
alternatives to conventional hair dyes, due to their intrinsic biocompatibility
and their ability to closely mimic the natural shades of human hair [1]. Among
these, polydopamine, the synthetic analogue of eumelanin, has been widely
investigated for cosmetic applications. In this context, we propose an
innovative hair dyeing protocol based on allomelanin-like materials. 1,8-
dihydroxynaphthalene (DHN), an allomelanin precursor, is directly applied in
the hair fiber and then irradiated with an LED. The irradiation triggers
precursor photo-oxidation and the in-situ formation of allomelanin
nanoparticles, resulting in rapid and uniform hair darkening (figure 1). The
developed protocol shows high hair color fastness, attributed to the direct
growth of nanoparticles within the hair structure. Moreover, the light
absorption and radical scavenging activity of this allomelanin-like material
suggest an additional antioxidant and photoprotective role in hair
applications. 
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Energy Transfer Catalysts for Fumarate to
Maleate Isomerization: a Computational
Investigation

Excited (especially triplet) states of molecular systems play a crucial role in
chemistry because they reshape a molecule’s electronic structure, altering
bond strengths, polarity, and spin distribution, so that reactions that are
inaccessible in the ground state become feasible. By promoting molecules
into these higher-energy states, either through photoexcitation or sensitized
energy transfer, chemists can unlock unique pathways such as bond
rearrangements and isomerizations, effectively expanding the scope and
selectivity of synthetic transformations. 
The fumarate–maleate isomerization is a benchmark reaction for assessing
photosensitizer efficiency. Upon light absorption, photosensitizers reach an
excited singlet state, undergo a subsequent intersystem crossing to a triplet
state, and transfer this energy to fumarate, triggering its triplet-state
isomerization to maleate. 
While efficiency could be expected for sensitizers with high triplet-state
energy, the results show that sensitizers with lower energies can also
promote isomerization through the “phantom state” at approximately a 90°
twist in the fumarate triplet surface[1], enabling effective catalysis of the
fumarate to maleate conversion. 
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Energy Transfer Catalysts for Fumarate to
Maleate Isomerization: a Computational
Investigation

In this work, we studied a library of photosensitizers through a combined
experimental and computational approach focussing on their organic
synthesis and photochemical properties.[2]
Here we focus on DFT and TDDFT calculations describing the lowest triplet
state of the sensitizers and characterizing the triplet-state potential energy
surface of fumarate isomerization, where the phantom state was identified.
Different conformers of fumarate are considered, and the most stable is
identified. In addition, the reorganization energy associated with the
formation of the triplet state species (sensitizers and substrate) are
evaluated and are utilized, together with the triplet to ground state adiabatic
energy differences predicted for the most stable fumarate conformer and for
the photosensitizers, to model kinetic rate constants corresponding to the
energy transfer from the sensitizer to the substrate (quenching rate
constants). We show that the energy transfer rate constants predicted for
fumarate using the classical Marcus equation nicely reproduce the
experimental quenching constants. 
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Structural and morphological characterization
of bio-inspired superhydrophobic coatings for
sustainable agricultural applications 

Physiological alterations in agricultural crops represent an extremely
negative consequence of the rise in temperature and humidity levels
associated with climate change. These environmental conditions create a
favorable environment for the proliferation of various pathogens, such as
fungi, responsible for diseases like powdery and downy mildew, currently
affecting crops such as grapevine and tomatoes.
In this regard, SafeWax coating has been identified as a promising and
sustainable alternative to traditional synthetic or heavy-metal fungicides. It
was developed to satisfy the requirements established by the European
Green Deal concerning different crop protection strategies, whose aim is a
50% reduction of the use of harmful pesticides by 2030. A key advantage of
this technology lies in its composition, being made of fatty acids (FA) derived
from fruit and vegetables waste, such as stearic or palmitic acid, promoting
circularity of resources and allowing to obtain a bio-based and bio-
degradable formulation [1]. The aim of SafeWax is to modify the leaf surface
exploiting fast FA crystallization, mimicking the natural cuticles present in
some plants like lotus leaf or cauliflower, which are responsible for
superhydrophobic and self-cleaning properties, as well as protection from
dehydration and UV radiation.
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Structural and morphological characterization
of bio-inspired superhydrophobic coatings for
sustainable agricultural applications 

SafeWax coating replicates a similar passive protective function by a solvent-
based deposition method using a spraying technique. The selected solvents
already used in agriculture are diethyl ether, ethanol and ethyl acetate.
Surface’s roughness and morphology, observed by Scanning Electron
Microscopy (SEM), prevent pathogens from adhering to the leaf and facilitate
water droplets to roll off minimizing the level of moisture and carrying
microbes away.
Complementary X-ray scattering techniques, including synchrotron-based
Grazing Incidence Wide-Angle X-ray Scattering (GIWAXS), have revealed a
hierarchical crystalline structure of the coating with marked texturing and
have allowed the determination of the composition of the crystalline phase. 
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Influence of Mineral Filler Functionalization
on the Mechanical Performances of Vat-
Photopolymerized Composite Materials 
- Part 2 

Vat Photopolymerization (VP) excels in additive manufacturing field due to its
high resolution and geometric versatility in various applications. To overcome
the mechanical constraints of neat photopolymer resins, incorporating
mineral fillers is an effective strategy; however, mitigating particle
agglomeration in the polymeric matrix requires tailored interfacial control. In
this work, a previously optimized functionalization procedure using
octadecyltrimethoxysilane was applied to two distinct mineral fillers: SiO₂
(≈50 μm) and CaCO₃ (≈1 μm). The effects of incorporating both unmodified (u-
Si, u-Ca) and functionalized (f-Si, f-Ca) particles were investigated across
several formulations. Rheological testing was conducted for each
formulation, while the mechanical performance of the printed specimens was
evaluated via tensile testing. Furthermore, scanning electron microscopy
(SEM) was employed to assess particle dispersity within the cross-sections
of the printed samples. Through consistent comparison, optimal
formulations demonstrating concurrent enhancements in all mechanical
properties were identified. These findings establish key guidelines for
developing advanced VP resins, highlighting surface functionalization as a
pivotal strategy for optimizing photopolymer composites. 
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Influence of Mineral Filler Functionalization
on the Mechanical Performances of Vat-
Photopolymerized Composite Materials 
- Part 1

Vat photopolymerization (VP) is one of the most promising additive
manufacturing technologies for the production of high-resolution
components and complex geometries. However, the incorporation of
inorganic fillers into photocurable resins is often limited by poor filler
dispersion and insufficient compatibility with the organic matrix, leading to
sedimentation and processing challenges. Surface functionalization
represents an effective strategy to improve interfacial affinity and
suspension stability.  
In this work, silica (size ≈50 μm) and calcium carbonate (size ≈1 μm) particles
were functionalized using octadecyltrimethoxysilane (OTMS). For calcium
carbonate, a dedicated synthesis route was first developed to obtain
particles with controlled sizes. Different functionalization approaches,
including one-pot and two-step reaction procedures, were studied and
compared. The influence of reaction conditions on grafting efficiency was
evaluated by thermogravimetric analysis (TGA), allowing the quantification of
the organic fraction actually bound to the filler surface.  
The functionalized fillers were subsequently incorporated into photocurable
resin formulations designed for VP applications. The effectiveness of the
surface treatment was evaluated through sedimentation tests, providing
information on the filler–matrix compatibility and the stability of the
suspension over time. 
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Influence of Mineral Filler Functionalization
on the Mechanical Performances of Vat-
Photopolymerized Composite Materials 
- Part 1

Compared to unmodified particles, functionalized fillers showed significantly
improved colloidal stability, confirming the key role of interfacial chemistry in
reducing phase separation phenomena.  
This study provides insights into the design of stable composite formulations
for VAT photopolymerization and highlights surface functionalization as a
critical tool for improving filler dispersion and processability. 
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Designing Sustainable Titanium
Photocatalysts for Light-Driven Carbon-
Carbon Bond Formation: A Computational
and Experimental Investigation

Photocatalysis offers a sustainable approach to chemical synthesis by
harnessing light energy to drive reactions under mild conditions, reducing
the need for energy-intensive thermal processes. In this context, titanium-
based photocatalysts are particularly attractive because titanium is
abundant, inexpensive, and less toxic than many metals commonly employed
in photoredox chemistry. However, understanding how catalyst structure
influences photocatalytic performance remains a key challenge for the
rational design of improved systems.
Here, we combine computational modeling and experimental observations to
investigate a library of bipyridine-substituted titanium(IV) tetrachloride
complexes developed for the visible-light-driven benzylation of aldehydes.
Density Functional Theory (DFT) and Time-Dependent DFT (TD-DFT)
calculations were used to elucidate the electronic structure, excited-state
behavior, and redox properties of the catalysts, providing molecular-level
insight into the proposed ligand-to-metal charge-transfer (LMCT)
photocatalytic mechanism.
The calculations reveal that bipyridine ligands lower the excitation energy of
the titanium complexes, improving their ability to harvest visible light while
preserving the nature of the key photoactive states. 
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Designing Sustainable Titanium
Photocatalysts for Light-Driven Carbon-
Carbon Bond Formation: A Computational
and Experimental Investigation

Excited-state investigations indicate that photoexcitation promotes rapid
Ti–Cl bond homolysis, generating reactive Ti(III) intermediates and chlorine
radicals, in agreement with experimental evidence. Furthermore, ligand
substitution strongly influences the reducing power of the resulting Ti(III)
species, with the most active catalyst identified experimentally also
predicted to possess the most favorable reduction potential.
Computational results support the formation of stable titanium-assisted
ketyl radical intermediates, highlighting the active role of Ti(III) species in
facilitating substrate reduction and subsequent carbon–carbon bond
formation. These findings provide a mechanistic rationale for the
experimentally observed catalytic trends and establish structure–property
relationships that can guide the future design of efficient, earth-abundant
photocatalysts.
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Bioactive Glass/Ciprofloxacin-Loaded Dual-
layer Coatings on PEEK Scaffolds for
Enhancing Osteogenic and Antibacterial
Properties

D-printed polyetheretherketone (PEEK) scaffolds with biomimetic porous
structure have been adopted as novel bone substitutes. However, inherent
bioinertness and susceptibility to infection of PEEK scaffolds require further
surface modification. Due to their complex porous structure, surface
modification of PEEK scaffolds is challenged. This study addresses the need
for surface modifications of 3D-printed porous PEEK scaffolds to enhance
their antibacterial and osteogenic properties. 
In this study, a sand casting-inspired technique was used to prepare BG
coating on porous PEEK scaffolds. Subsequently, polydopamine (PDA)
coating was constructed on the BG-coated PEEK scaffolds for further
adhesion to ciprofloxacin hydrochloride (Ci)-loaded gelatin nanospheres
(GNs). In comparison with single PDA coating, the incorporation of GNs
improves the drug-loading capacity. The modified scaffolds could rapidly
induce hydroxyapatite formation and exhibit excellent antibacterial activity,
biocompatibility and osteogenic properties. Furthermore, the hyperalkaline
environment caused by BG degradation in early stage is mitigated by the
hydrolysis of acidic Ci, which neutralize excess alkaline ions and establish a
mildly alkaline microenvironment that promoted M2 macrophage
polarization. 

Jingjie Yu  
University of Bologna
Department of Chemistry Giacomo Ciamician
Email:  Jingjie.yu2@unibo.it

mailto:Jingjie.yu2@unibo.it


From heat to light: developing novel
thermochemiluminescent detection systems

Thermochemiluminescence (TCL) - the heat‑induced light emission from
unstable precursors such as 1,2‑dioxetanes - represents a promising route
toward reagentless and potentially simplified bioanalytical detection
systems. [1] Acridine‑based 1,2‑dioxetanes emerge as an effective alternative
to traditional adamantyl analogues, offering lower decomposition
temperatures together with intrinsically higher emission efficiencies. [2] 
We examined the synthesis, photophysical behavior, and TCL performance of
new acridine‑containing 1,2‑dioxetanes and their precursors, focusing on
structural tuning to enhance emission. Substituent effects on the acridine
scaffold were investigated, revealing that acridone derivatives display
improved fluorescence quantum yields, which correlate with increased TCL
output. Formation of the dioxetane ring was optimized through a
photooxygenation process involving singlet oxygen generated using
methylene blue as photosensitizer. [3] 
TCL kinetics were evaluated by heating the active species at controlled
temperatures and monitoring emission decay from thin‑film samples using
an EMCCD detector. These measurements confirmed detectable light
emission at low analyte concentrations and underscored the sensitivity of
the system. 
Overall, the results show that acridine‑based architectures constitute an
effective strategy for designing sensitive and efficient TCL probes, opening
pathways for future implementation in advanced detection platforms. 
 

Laura Pozzi   
University of Bologna
Department of Chemistry Giacomo Ciamician
Email:  laura.pozzi8@unibo.it 
LinkedIn profile

https://www.linkedin.com/in/laura-pozzi-lp/


From heat to light: developing novel
thermochemiluminescent detection systems
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Inkjet-Printed Graphene Acid Electrochemical
Platform for Early Endometriosis Detection

According to the World Health Organization, approximately 10% of women of
reproductive age are affected by endometriosis. Endometriosis is a chronic
disease that is characterized by, among other symptoms, severe pain during
menstruation and a significant reduction in the patients’ quality of life. As
there is no curative treatment available, current strategies focus on
symptom management and the prevention of long-term complications,
underscoring the importance of early diagnosis. However, due to the lack of
accessible and specific diagnostic tools, diagnosis is oftendelayed by an
average of up to seven years.
This work focuses on the study of a sensor sensing platform for
endometriosis, based on the use of a graphene derivative known as graphene
acid (GA) as the electrode material. GA contains carboxylic functional groups
within its structure, providing a higher density of functionalization sites
withoutcompromising its electrical performance1. In addition, other
graphene-based materials, such as electrochemically exfoliated graphene
(EEG), have been evaluated for comparison. The sensor was fabricated using
inkjet printing, a technique that enables the deposition of graphene patterns
with high spatial resolution, good uniformity, and minimal material waste2,3.
Electrochemical characterization was performed using electrochemical
impedance spectroscopy (EIS). 
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Inkjet-Printed Graphene Acid Electrochemical
Platform for Early Endometriosis Detection

The electrochemical biosensor is designed to be integrated into a sanitary
pad, allowing the device to operate in a self-powered manner through a
glucose-based fuel cell. In addition, the system is intended to enable remote
monitoring via a Radio-Frequency Identification (RFID) module, which can be 
accessed directly using a smartphone.
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Simple Guanosine–Amino Acid Hybrids as
Low Molecular Weight Hydrogelators

While amino acids and nucleosides are the building blocks of molecular
biology, very little is known about the behavior of simple hybrids consisting of
a combination of these units. Here, we report the synthesis and self-
assembly of derivatives obtained by covalently linking guanosine (G) and
amino acids (Gly and Ala). When triggered by a base, these hybrids behave as
single-component, low-molecular-weight hydrogelators through K+ -
mediated formation of G-quadruplexes, which are the supramolecular
structural units responsible for physical gelation. The hydrogels were  
characterized by rheological measurements, circular dichroism (CD), and
scanning electron microscopy (SEM). These transparent gels exhibit
remarkable long-term stability (months). Despite minimal differences in
molecular structure, the conjugates form hydrogels with markedly distinct
rheological and spectroscopic properties, enabling fine modulation of gel
behavior. Overall, this work introduces a new class of guanosine-based amino
acid hydrogelators with potential applications spanning biomedicine and
catalysis
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Microsolvation of hydroxyacetophenones: 
a combined computational and spectroscopic
approach
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Within the framework of microsolvation studies, 4-hydroxyacetophenone
(4HAP) provides a suitable model for investigating the initial steps of the
hydration process in the presence of two distinct and spatially separated
polar sites, namely, the hydroxyl and carbonyl groups, divided by an aromatic
ring. In this work, the conformational landscape of the 4HAP-water system
was characterized through a synergistic experimental and theoretical
approach. 
The experiments were performed using Chirped-Pulse Fourier Transform
Microwave (CP-FTMW) spectroscopy (2–8 GHz, @UvA). Due to the high
instrumental sensitivity, the acquired spectra are exceedingly rich,
characterized by the simultaneous presence of rotational signals originating
from numerous distinct molecular species and clusters. To disentangle this
dense spectral information, it was necessary to comprehensively explore the
conformational space. This was achieved through both targeted guesses,
based on the geometries of analogous molecules, and an automated
conformational search using CREST, extending to clusters with an increasing
number of water molecules. The resulting structures were subsequently
optimized and rationalized at the B3LYP-D3(BJ)/def2-TZVP level of theory. 
This combined approach enabled the assignment of over 900 spectral lines.
Consequently, we successfully characterized two 4HAP monomer
conformers, along with their respective 1:1 complexes with the neon carrier
gas, two monohydrated species (dimers), two trimers, and two tetramers. 
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Microsolvation of hydroxyacetophenones: 
a combined computational and spectroscopic
approach
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Within these aggregates, particularly in the dimers and trimers, the
interacting water molecules characteristically arrange themselves to form
cyclic structures stabilized by hydrogen bond networks. 
In the monohydrated complexes, the binding of the first water molecule to
4HAP occurs in two distinct configurations. At the hydroxyl site, 4HAP acts
as a proton donor; in this configuration, the water molecule undergoes a
large-amplitude motion that produces a spectral line splitting with a 1:3
statistical weight, similar to the dynamics observed in the phenol-water
complex. Alternatively, at the acetyl site, the binding is characterized by a
hydrogen bond where the carbonyl group (C=O) acts as the proton acceptor,
an interaction further stabilized by a weaker secondary contact between the
water oxygen and the adjacent methyl group. 
Despite the availability of two competitive solvation sites, the early stages of
cluster growth display a clear preference for the hydroxyl moiety. Complexes
containing up to three water molecules localized at this site were observed,
whereas only a single monohydrated species was identified at the carbonyl
site. Furthermore, the high sensitivity of the CP-FTMW setup allowed for the
assignment of transitions arising from 13C isotopic substitutions in natural
abundance. This enabled the experimental determination of the heavy-atom
backbone structures for both the monomer and the most stable
monohydrated complex, unambiguously confirming the preferred binding
motif at the hydroxyl site. 
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From Fundamental Self- Assembly Studies to
Applications in everyday life 

A major challenge in the cosmetic industry is the replacement of synthetic
polymers, used as rheological modifiers, with sustainable and biodegradable
alternatives, to avoid microplastic formation. In this context, amino acid–
based surfactants are promising ingredients for cosmetic formulations,
combining mildness with intrinsic self-assembly properties. They are
obtained by acylation of amino acids, and retain essential molecular features
of peptide systems, such as amide bonds, defined backbone geometry, and
hydrogen-bonding capability.[1] 
The combination of a hydrophobic alkyl chain with a peptide-derived polar
headgroup confers not only surface activity but also an intrinsic propensity
for supramolecular self-assembly. Thus, amino acid–based surfactants can
be viewed as simplified peptide-inspired building blocks, capable of
organizing into higher-order architectures through weak and reversible
interactions. In this project, sodium cocoyl glycinate (SCG) and sodium
cocoyl alaninate (SCA) were investigated as both surfactants and
supramolecular gelators for the development of cosmetic formulation. pKₐ
analysis and rheological studies revealed that SCG forms robust gel networks
at pH 5, whereas SCA shows limited stability. The progressive incorporation
of cocamidopropyl betaine (CAPB), preservatives, conditioning agents, and
fragrance, led to a controlled decrease in mechanical strength while
preserving pseudoplastic behavior. The final formulation exhibited good
sensory properties and remained stable under accelerated aging and freeze–
thaw conditions for months. 
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From Fundamental Self- Assembly Studies to
Applications in everyday life 
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Compositional Tuning of Strontium-
Substituted Hydroxyapatite Directs the
Performance of Electrospun PCL/Gel
Scaffolds 

Introduction: Soft composite biomaterials combining natural and synthetic
polymers with bioactive inorganic phases offer versatile platforms for
tailoring structure–property relationships in tissue engineering. Among
these, electrospun poly(ε-caprolactone)/gelatin (PCL/Gel) matrices
reinforced with strontium-substituted hydroxyapatite (Sr-HA) represent an
attractive strategy to modulate scaffold performance through compositional
design. This work investigates how different degrees of Sr substitution
influence the physicochemical, mechanical and biological behaviour of
electrospun PCL/Gel composite scaffolds. 

Methods: Electrospun PCL/Gel scaffolds containing 10 wt% hydroxyapatite
powders with increasing strontium substitution levels were fabricated under
identical processing conditions. Structural and chemical characterization
was performed by X-ray diffraction (XRD) and ATR–FTIR spectroscopy, while
scaffold morphology was analysed by scanning electron microscopy (SEM).
Wettability and tensile testing were used to evaluate surface and mechanical
properties. Bioactivity was assessed through immersion in simulated body
fluid (SBF), and cytocompatibility was investigated using MG-63 cells
through viability assays and fluorescence imaging. 
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Compositional Tuning of Strontium-
Substituted Hydroxyapatite Directs the
Performance of Electrospun PCL/Gel
Scaffolds 

Results: All formulations yielded homogeneous, bead-free fibrous networks.
The incorporation of apatite-based fillers reduced the average fibre diameter
compared with neat PCL/Gel scaffolds, while variations in Sr content
affected apatite crystallinity and scaffold performance. Distinct
mineralization behaviours were observed during SBF incubation,
demonstrating that ionic composition influenced bioactivity. Mechanical
properties were also dependent on the degree of Sr substitution, indicating
that compositional modifications at the particle level can be translated into
macroscopic scaffold behaviour. All composites exhibited good
cytocompatibility and supported cell viability. 

Conclusion: The results demonstrate that strontium substitution provides an
effective compositional tool to tune the structure, mechanics and biological
response of electrospun polymer/ceramic soft biomaterials. This approach
highlights the potential of molecular-scale compositional engineering to
control the functional performance of fibrous bioactive scaffolds.
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Dopamina auto-oxidation at air/water
interface: new strategie to control size and
morphology of melanin nanoparticles 
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RNA Toehold Switches as Functional Soft
Matter: Toward a Point-of-Care Diagnostic
Platform for Emerging Arboviruses in Emilia-
Romagna  

Emerging arboviruses increasingly challenge public health also in temperate
European settings, where their true incidence is often underestimated due to
underdiagnosis and limited/heterogeneous surveillance frameworks (Failloux
et al., 2017; Wilkman et al., 2023). In Northern Italian regions like Emilia-
Romagna, entomological surveillance has documented the circulation
of Tahyna orthobunyavirus (TAHV) in mosquitoes, including detection and
isolation in 2021 and the subsequent implementation of a dedicated real-time
PCR for TAHV detection (Calzolari et al., 2022, 2024). Earlier surveys had
already detected TAHV RNA in mosquito pools, together with other
arboviruses, highlighting the long-standing but intermittently characterized
circulation of orthobunyaviruses in the area (Calzolari et al., 2010). At the
European level, TAHV and Toscana virus (TOSV) are repeatedly framed as
neglected arboviruses, reinforcing the need to broaden diagnostic attention
beyond a few headline pathogens (Vilibić‐Čavlek et al., 2024). 
Clinically, orthobunyaviruses and phleboviruses can be associated with
neuroinvasive disease and non-specific febrile syndromes, complicating
recognition in routine care (Mravcová et al., 2023; Vilibić‐Čavlek et al., 2020).
Diagnosis for neglected arboviruses commonly relies on molecular detection
and serology, with virus neutralization tests used as confirmatory gold
standard assays in several settings. 
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However, the scarcity of commercially available tests contributes to
underreporting and delayed case ascertainment (Mravcová et al., 2023;
Vilibić‐Čavlek et al., 2024). Consistently, investigations of neuroinvasive
disease cohorts have sometimes found no viral RNA by RT-qPCR while
detecting neutralizing antibodies compatible with recent infection,
underscoring practical diagnostic gaps and timing constraints (Mravcová et
al., 2023; Vilibić‐Čavlek et al., 2022). 
This work therefore proposes a field-deployable point-of-care diagnostic
platform for TOSV and a TAHV-like orthobunyavirus, integrating isothermal
amplification with sequence-informed assay design derived from locally
circulating strains characterized in regional mosquito surveillance (Calzolari
et al., 2022, 2024). The intended outcome is a low-cost, cold-chain-
independent workflow to strengthen first-line clinical triage and outbreak-
ready surveillance for neglected arboviruses in Emilia-Romagna and
comparable European regions (Calzolari et al., 2010; Vilibić‐Čavlek et al.,
2024).
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Tissue oxygenation is one of the essential factors for tissue function and
healing. Inadequate levels of oxygen in a tissue i.e., Hypoxia leads to many
lethal complications such as Anastomotic Leakage, which happens after a
bowel resection surgery. Anastomosis is a procedure where the deceased
bowel is removed, and the other ends are connected.  The leak of bowel
contents inside out at that connection due to insufficient  tissue oxygen for
proper healing results in anastomotic leakage, which could  lead to sepsis,
organ failure and possibly  death. Continuous monitoring of tissue oxygen
during post-operative recovery enables timely detection of hypoxia and
facilitates early treatment. To continuously measure tissue oxygen, a
miniaturised electrochemical sensor has been designed and fabricated. The
sensor consists of microelectrodes where oxygen is reduced on the surface
of the platinum electrode.  The sensor is amperometric and provides a linear
response where the current is proportional to the concentration of oxygen.
The sensitivity and lifetime of the sensor are affected by adsorption of cells
and proteins over the electrode surface, which is known as biofouling. A
semi-permeable membrane is placed on the top of the electrode to mitigate
the biofouling and improve the lifetime of the sensor. We aim to investigate
the strategies to mitigate biofouling and improve the translatability of the
sensor for scalable manufacturing.  
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Additive manufacturing (AM) offers new opportunities for the development of
metallic biomaterials with patient-specific geometries, controlled porosity,
and tailored functional properties. This poster provides a literature-based
overview of four representative material systems: NiTi shape-memory alloys,
titanium alloys, magnesium alloys, and zinc-based biodegradable metals.
NiTi enables adaptive biomedical devices through its shape-memory and
superelastic behaviour, while titanium alloys remain the most widely used
materials for load-bearing implants due to their excellent mechanical
performance and biocompatibility. Magnesium and zinc alloys introduce
biodegradable design strategies, with zinc offering a degradation rate
intermediate between permanent implants and rapidly corroding magnesium
systems. Looking ahead, multi-material additive manufacturing may enable
the integration of structural support, biodegradability, and adaptive
functionality within a single implant. Despite challenges related to material
compatibility, microstructural control, degradation behaviour, and clinical
validation, AM has significant potential to support the development of next-
generation personalised, multifunctional, and biologically compatible
metallic implants.
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Phosphate-Induced Ordering in recombinant Spider Silk Protein revealed by
combination of NMR and molecular dynamics simulations. Spider silk-based
materials provide high-performing materials with unique combinations of
properties such as strength, toughness, and flexibility. The main challenge is
producing these materials at large scale, since spiders are carnivores and
cannot be farmed together. Recombinant production of spider silk-like
proteins fiber spinning is possible, but there is a lot of room for optimization
of production, processing and fiber properties. 
Spider silk proteins consist of highly repetitive domains that form
nanocrystals and flexible amorphous regions, making up the foundation of
the material’s properties. However, the relationship between amino acid
sequence, processing conditions and resulting fiber properties are poorly
understood. This is partially due to intrinsically disordered and repetitive
nature of spider silk proteins. Nevertheless, phosphate ions are known to
facilitate liquid–liquid phase separation and pre-assembly of spider silk
proteins, which is an important step in producing highly compact fibers.  
Here we apply the automized quality evaluation-based simulation selection
(QEBSS) [1], combining molecular dynamics (MD) simulations and NMR spin
relaxation times, to characterize phosphate ion interactions with spider silk
proteins. 
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We have already demonstrated that QEBSS can be used to characterize
differences between disordered protein ensembles and their interactions
with ions [1,2]. Here we apply QEBSS to interpret previously published
experimental NMR data for phosphate ion (H2PO4) interactions with
recombinant spider silk proteins from Nephila clavipes [3]. Our QEBSS
ensembles reproduce experimental differences measured at the presence of
10 mM and 300 mM phospate for a recombinant spider silk protein monomer.
Our simulations quantify the protein rigidification upon addition of
phosphate manifested by increasing hetNOE, and reveal detailed intrachain
contacts and peptide–ion interactions. Our results pave the way for realistic
simulations of spider silk protein multimers and aggregates, and provide
insights on performance of different MD simulation for disordered protein-
ion interactions.
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OBJECTIVES: Low copy numbers of the C4 genes have been associated with
the risk of myocardial infarction (MI) and mortality rates. Previous studies
have also reported positive associations between low copy numbers and the
habit of smoking. Risk factors for coronary artery disease and MI include
smoking, hypertension, male sex and obesity. C4Investigator is a novel R-
based tool for detailed, high-throughput, analysis of the C4 genes from
whole-genome sequenced (WGS) data, reporting copy numbers and
nucleotide-level variations.
 
METHODS: We have analysed a pilot of 148 samples with C4Investigator
pipeline from a cohort of 592 Finnish patients with coronary artery disease
undergoing angiography at Helsinki University Hospital between 2006-2008.
In the pilot study, there were 95 diagnoses of MI (46 non-ST-elevation MI, 49
ST-elevation-MI), 11 of unstable angina pectoris and 41 had no diagnosis of
acute coronary syndrome at the time of angiography. C4A and C4B deficiency
was defined as having less than two copies and data were analysed
separately both genes. Total C4 deficiency was defined as having less than
four copies in total. The analyses were adjusted for relevant risk factors. 

mailto:Emilia.e.teppo@helsinki.fi


Genetic variation of complement component 4
in Finnish patients with coronary artery
disease: a pilot study 

Emilia Teppo
University of Helsinki
Doctoral Program in Clinical Research
Email:   Emilia.e.teppo@helsinki.fi 

RESULTS: There were no significant differences in genotype between
patients who were overweight (BMI≥25) or normal weight (total C4: p=
0.3402, C4A: p= 0.1536, C4B: p= 0.4474). Associations of current MI and C4
deficiencies were not significant either (total C4: p= 0.2747, C4A: p= 0.5886,
C4B: p= 0.7602). The relationship between C4A deficiency and having ever
smoked was statistically significant (p= 0.0151), but not for total or C4B
deficiencies (p=0.1989 and p=0.247, respectively).

The current study is, to our knowledge, the first one that uses C4Investigator
on real patient data, showing it’s a useful tool for analysing WGS data. The
cohort will be analysed in its entirety with more detail, including structural
variation of C4 genes.
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Pancreatic ductal adenocarcinoma (PDAC) develops in a highly fibrotic and
mechanically complex extracellular matrix. However, conventional 2D culture
systems and many bulk hydrogel models cannot fully reproduce the
combined effects of matrix stiffness, viscoelasticity, and porous 3D
architecture on tumor cell behavior. Therefore, there is a need for a more
designable and tunable in vitro platform to study how the physical
microenvironment regulates PDAC cell fate and intracellular drug pathway. 
This project focuses on developing granular hydrogel scaffolds in microfluidic
chips as a controllable and dynamic 3D culture system. The scaffold is
assembled from hydrogel microspheres, whose diameter, stiffness,
viscoelasticity, and packing structure can be tuned to adjust scaffold
porosity and local mechanical properties. This tunability allows us to
investigate how scaffold structure and mechanics shape PDAC cell
morphology, proliferation, migration, nutrient transport, and drug uptake in a
3D microfluidic environment. 
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Conventional fossil fuel-based plastics have become an indispensable part of
our lives. However, their widespread usage has led to a substantial rise in
plastic waste generation. Given these circumstances, there is an increasing
urge to explore alternative options, particularly bio-based plastics made
from renewable resources. Expanding bioplastic use reduces reliance on
fossil raw materials and accelerates the transition to a circular bio-based
society. 
Polyhydroxyalkanoates (PHA) are microbially produced polymers that are
fully biodegradable and biocompatible, making them a viable and eco-
friendly alternative to fossil-based plastic. PHA can decompose into CO₂,
water, and biomass within two months under appropriate conditions.
Microbial PHA production from industrial waste, particularly using activated
sludge, has gained interest. Wastewater treatment plants generate a
substantial amount of sewage sludge that requires innovative disposal
methods. Therefore, recycling organic materials from sewage sludge into
biodegradable plastics is a potential option. 
The study aims to develop pilot-scale PHA production in 500-1000L
bioreactors by using sewage sludge as a feedstock, converting sludge into
volatile fatty acids (VFAs) through hydrolysis and using the resulting
intermediates as a carbon source for PHA accumulation. 
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In this sub-study, sludge hydrolysis and inoculum cultivation were optimised
to enhance PHA accumulation. The effects of 3-fold concentrated activated
sludge, pH and growth-limiting conditions on the enrichment of PHA-
accumulating bacteria were evaluated by utilising sludge from the
wastewater treatment plant in Lahti, Finland. Optimising pH and growth-
limiting conditions yielded PHA content of 40–70% of volatile solids and
maximum VFA production of approximately 13 g/L, with pH above 7 suitable
for hydrolysis, while PHA accumulation occurred at pH below 7. 
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Proton-conducting materials are essential in advanced technologies like fuel
cells, hydrogen conversion, and solid-state energy storage. Among them,
ionic plastic crystals (IPCs) have emerged as promising candidates for
advanced solid-electrolytes due to their unique combination of structural
order and molecular mobility. IPCs exhibit a characteristic plastic crystal
phase, a mesophase between solid and liquid states. This plastic phase gives
rise to unique features uncommon in conventional crystals, including
malleability, self-diffusion, and large entropy changes in solid-solid phase
transitions in response to suitable stimuli like temperature and pressure and
leading to ordered or glassy crystals. As solid electrolytes, IPCs offer key
advantages such as non-flammability, low vapor pressure, high plasticity,
excellent thermal stability. Moreover, they exhibit assessable ionic
conductivities in the solid state activated by the re-orientational motions of
molecules and ions.
Low-frequency Raman spectroscopy gives information about the molecular
environment in the unit cell of the systems by probing intermolecular modes.
In this work, we employ low-frequency Raman spectroscopy to investigate
the thermo-related phase transition behavior and lattice dynamics in three
different globular cations based IPCs materials and their solid solutions.
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	The resulting supramolecular systems exhibit exceptionally strong induced chiroptical response, demonstrating efficient transfer and amplification of chirality from the fibrils to achiral chromophores.[3] Second, we study the self-assembly of triphenylalanine peptide into highly ordered structures displaying amplified VCD signal. XRD analysis reveals the formation of soft organic frameworks (SOFs) with well-organized solvent-filled channels.  Our results demonstrate that protein- and peptide-based self-assembled systems  can act as efficient platforms for chirality transfer and amplification, opening new perspectives for the design of functional chiral materials.
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	In addition to cholesterol-related changes, a chain-length-dependent remodeling of fatty acids was observed. Medium-chain fatty acids (e.g., C10 and C14) were enriched in ketogenic samples, whereas long-chain fatty acids (C16 and C18) were more abundant in controls, consistent with increased fatty acid utilization under ketogenic conditions [1]. Furthermore, reduced ratios of unsaturated to saturated fatty acids (C18:1/C18:0 and C18:2/C18:0) were observed in ketogenic samples, indicating decreased desaturase activity, consistent with a shift toward increased lipid utilization. These findings demonstrate that the ketogenic diet induces coordinated changes in cholesterol metabolism and fatty acid composition, leading to lipid remodeling in the brain. The combined effects of altered chain length distribution, reduced desaturation, and changes in cholesterol balance may influence membrane organization, fluidity, and neuronal function. This study highlights the utility of ToF-SIMS imaging combined with  multivariate analysis as a powerful approach for spatially resolved lipidomics in biological tissues.
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	Here I present results of the investigation of amyloid aggregates as an example of a model system of Alzheimer's disease. The samples were studied using both AFM-IR and s-SNOM techniques, providing insight into the chemical structure of the individual aggregates [3].  Applied methodology allowed us to observe the changes within the secondary structure of protein assemblies occurring at the nanoscale level.
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	By integrating nanoparticle surface engineering, computational modelling, and hydrogel design, this interdisciplinary study aims to develop a predictive and tunable drug delivery platform. The resulting MSN-chitosan hybrid dressing is expected to enhance local antibiotic retention, reduce infection  risk, and provide a robust foundation for next-generation antibacterial wound care systems.
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	The observed changes in the TPD spectra are attributed to isolated Pt atoms, Pt-modified Au-sites, and/or small Pt aggregates that alter the local electronic structure of the surface and strengthen the  interaction with CO relative to Au(111) sites. The coexistence of the broad Au-related desorption feature with the newly formed higher-temperature states suggests a heterogeneous adsorption landscape consistent with dilute Pt on Au(111). These results demonstrate that even very low Pt coverages significantly modify the adsorption landscape of Au(111), which is directly relevant for catalytic processes such as PROX, where CO binding strength and activation play a central role. More broadly, this work contributes to the fundamental understanding of adsorption phenomena on single atom catalyst model systems and provides insight into how isolated metal atoms influence surface reactivity, helping guide the design of future SAC materials.
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	Ultrafast transient absorption data confirmed that all samples deactivate primarily via rapid non-radiative decay [2], indicating that differences in heat generation arise mainly from absorption/scattering balance rather than excited-state dynamics. Overall, this method provides an effective and accessible strategy for distinguishing absorption from scattering in nanomaterials and offers a valuable design tool for engineering next-generation photothermal platforms.
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	Lignin-based materials are gaining attention because of their ability to play a vital role in environmental and industrial applications [1]. Our research focuses on the extraction, purification and characterization of lignin from Poplar and Ayous wood (Alpi Spa wood waste) and from Rice husk (Agriculture waste) and on the preparation of lignin-based materials, as nanofibers, biofilms and hydrogels [2]. These lignin-based materials offer an effective, sustainable solution from dyes removal from waste water towards biomedical applications. This innovative approach enhances pollutant removal, promotes environmental sustainability, and aligns with circular economy principles.
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	However, PBS immersion tests showed that none of the investigated conditions led to coatings stable in aqueous environment.
	These preliminary results highlight the potential of the process, but also the need for further optimization to improve coating stability for biomedical applications. Future work will focus on crosslinking strategies, precursor flow reduction, and comparison with alternative plasma source configurations.
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	Notably, the Cu-Cu distances are crucial coordinates governing the excited state potential energy profiles, leading to a complex photochemical scenario involving intersystem crossing, phosphorescence as well as thermal activated delayed fluorescence (TADF) mechanisms. By comparing our DFT/TD-DFT calculations with experimental data (e.g., X-Ray Diffraction, Raman, temperature-dependent steady and time-dependent photoluminescence), a mechanism underlying the mechano-luminochromic behaviour of [(CuI)3-BrPy]n has been formulated. When ground, the emission of [(CuI)3-BrPy]n is assigned to a mixed halide-to-ligand/metal- to-ligand charge transfer triplet excited state (3XMLCT), whereas a TADF mechanism is predominant in the pristine material at room temperature.  Our findings provide a robust framework for understanding the mechano-luminochromic behaviour of Cu-I-based compounds, allowing for a rational design of piezochromic coatings with tailored sensitivity for force and impact sensing applications.
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	M13 phages displaying an LPS-binding peptide on the pIII minor coat protein (M13LPS) and a high payload of oligothiophene (OT) photosensitizer on the pVIII major coat protein (M13LPS-OTs) showed, upon controlled light irradiation, selective depletion of Gram-negative bacteria while preserving host integrity and overall microbial equilibrium.  These findings demonstrate that refactored M13 phage conjugates can serve as precise and tunable photodynamic platforms for antimicrobial therapies.
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	Commercial hair dye formulations commonly rely on harsh alkaline conditions, strong oxidants and allergenic compounds, raising concerns regarding hair damage, user safety and environmental impact. In recent years, melanin-like materials have attracted increasing attention as safer alternatives to conventional hair dyes, due to their intrinsic biocompatibility and their ability to closely mimic the natural shades of human hair [1]. Among these, polydopamine, the synthetic analogue of eumelanin, has been widely investigated for cosmetic applications. In this context, we propose an innovative hair dyeing protocol based on allomelanin-like materials. 1,8-dihydroxynaphthalene (DHN), an allomelanin precursor, is directly applied in the hair fiber and then irradiated with an LED. The irradiation triggers precursor photo-oxidation and the in-situ formation of allomelanin nanoparticles, resulting in rapid and uniform hair darkening (figure 1). The developed protocol shows high hair color fastness, attributed to the direct growth of nanoparticles within the hair structure. Moreover, the light absorption and radical scavenging activity of this allomelanin-like material suggest an additional antioxidant and photoprotective role in hair applications.
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	In this work, we studied a library of photosensitizers through a combined experimental and computational approach focussing on their organic synthesis and photochemical properties.[2] Here we focus on DFT and TDDFT calculations describing the lowest triplet state of the sensitizers and characterizing the triplet-state potential energy surface of fumarate isomerization, where the phantom state was identified. Different conformers of fumarate are considered, and the most stable is identified. In addition, the reorganization energy associated with the formation of the triplet state species (sensitizers and substrate) are evaluated and are utilized, together with the triplet to ground state adiabatic energy differences predicted for the most stable fumarate conformer and for the photosensitizers, to model kinetic rate constants corresponding to the energy transfer from the sensitizer to the substrate (quenching rate constants). We show that the energy transfer rate constants predicted for fumarate using the classical Marcus equation nicely reproduce the experimental quenching constants.
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	SafeWax coating replicates a similar passive protective function by a solvent-based deposition method using a spraying technique. The selected solvents already used in agriculture are diethyl ether, ethanol and ethyl acetate. Surface’s roughness and morphology, observed by Scanning Electron Microscopy (SEM), prevent pathogens from adhering to the leaf and facilitate water droplets to roll off minimizing the level of moisture and carrying microbes away. Complementary X-ray scattering techniques, including synchrotron-based Grazing Incidence Wide-Angle X-ray Scattering (GIWAXS), have revealed a hierarchical crystalline structure of the coating with marked texturing and have allowed the determination of the composition of the crystalline phase.
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	The electrochemical biosensor is designed to be integrated into a sanitary pad, allowing the device to operate in a self-powered manner through a glucose-based fuel cell. In addition, the system is intended to enable remote monitoring via a Radio-Frequency Identification (RFID) module, which can be  accessed directly using a smartphone.
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