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THE CONFORMATIONAL LANDSCAPE OF BETA-AMYLOID: WHEN IT PROTECTS 
AND WHEN IT DESTROYS IN ALZHEIMER'S DISEASE  

Vito De Pinto1 
1Department of Biomedical and Biotechnological Sciences, University of Catania 
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SERS PLATFORMS FROM INTRACELLULAR SENSING TO IN VIVO IMAGING AND 
DIAGNOSTICS  

Anna Chiara De Luca1 
1IEOMI, Institute of Endotype in Oncology, Metabolism and Immunology “G. Salvatore”, Second Unit, Via P. Castellino 111, 
80131, Naples, Italy 

Surface-Enhanced Raman Spectroscopy (SERS) combines molecular specificity with the signal amplification 
generated by plasmonic nanostructures. By engineering nanoscale substrates that generate localized 
electromagnetic hotspots, SERS enables sensitive molecular sensing and imaging. Here, we present a series 
of SERS-based platforms showing how the same plasmonic principles can be translated from intracellular 
investigations to in vivo imaging and diagnostic devices. At the cellular level, hybrid biosilica-gold nanoparticles 
were engineered as multifunctional nanoplatforms for drug delivery and intracellular sensing. Their plasmonic 
properties enabled real-time, label-free monitoring and quantification of drug release in colorectal cancer cells 
with sub-femtogram sensitivity, allowing direct correlation between intracellular drug delivery and phenotypic 
response¹. The nanostructures were further developed for targeted colorectal cancer therapy and in vivo 
Raman imaging, enabling label-free visualization of nanoparticle biodistribution within tumors². The same 
principles were translated into nucleic acid diagnostics. For highly sensitive applications, such as miRNA 
profiling for liquid biopsy, reporter-assisted approaches based on inverse Molecular Sentinel architectures 
were employed. Target hybridization induces a conformational rearrangement of a Raman-reporter-labelled 
probe, generating an amplified SERS response. Using this strategy, miRNA biomarkers were detected with 
femtomolar sensitivity (LOD≈19.5 fM), while discriminating complementary targets from mismatched and non-
complementary sequences³. Alternatively, label-free approaches were developed for rapid, amplification-free 
analysis. SERS substrates functionalized with PNAs enabled direct recognition of target oligonucleotide 
sequences through hybridization-induced variations of their Raman fingerprints. Using this strategy, SARS-CoV-
2 target sequences were detected in saliva with a limit of detection of approximately 110 pM and high sequence 
selectivity, successfully distinguishing complementary, mismatched and random oligonucleotides⁴. Finally, 
these sensing concepts were transferred to optical-fiber platforms, enabling miniaturized SERS devices for 
biomarker detection and demonstrating the translation of plasmonic sensing strategies into compact point-of-
care technologies⁵. 

1. Managò S. et al. Small 17, 2101711 (2021). 

2. Delle Cave D. et al. International Journal of Nanomedicine 19, 12079–12098 (2024). 

3. Martino S. et al. Talanta 285, 127293 (2025). 

4. Esposito A. et al. Sensors and Actuators Reports 10, 100369 (2025). 

5. Spaziani S. et al. Biosensors and Bioelectronics 233, 115322 (2023). 
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FULL FINGERPRINT TISSUE IMAGING WITHIN CLINICAL TIMEFRAMES USING 
QUANTUM CASCADE LASERS 

D. Ferguson*1,2, N. Kroeger-Lui3, D. Dreisbach3, and P. Gardner1,2  

1. Department of Chemical Engineering, School of Engineering, University of Manchester, Oxford Road, Manchester, M13 
9PL. 
2. Photon Science Institute, University of Manchester, Oxford Road, Manchester, M13 9PL, United Kingdom. 
3. Bruker Optics GmbH & Co. KG, Ettlingen, Germany 

*dougal.ferguson@manchester.ac.uk 

 

For many years a major roadblock for the 0clinical uptake of infrared spectroscopic imaging modalities 
was the acquisition time required to obtain reasonable images of tissues, with good enough spatial 
resolution and signal-to-noise ratio (SNR) to enable clinically useful applications. The time to acquire a 
reasonable signal to noise spectroscopic scan of a standard microscope slide region of tissue can take 
many hours, even with trade-offs (assuming an FTIR microscope). Recent instrumentation 
developments now allow for the full fingerprint imaging of tissue micro arrays in under 30 minutes, and 
entire microscope slides within an hour, enabling rapid, high quality spectroscopic imaging of tissues 
within clinical timeframes without sacrificing frequency bands. It will be demonstrated that QCL 
microscopes offer a 20x improvement to acquisition times over state-of-the-art FTIR microscopes, 
including improvements to image contrast, SNR, and supervised learning applications. It will also be 
shown that QCL data can be used for a clinically significant application: identifying “at-risk” prostate 
cancer patients at the point of biopsy by combining IR data and limited clinical details (age and PSA). 
While the reported novel QCL system addresses the throughput requirement for clinical uptake, the 
subsequent limiting factor is also anticipated and addressed: the limitation of computing power for 
loading, preprocessing, and analysis of large sections of tissue. It will be demonstrated that applying an 
unsupervised analytical pipeline to large hyperspectral datasets (specifically a 49,420,800 pixel image 
of penile cancer tissue equating to 62GB of data covering 22 x 40 mm2) is possible to complete in 
reasonable time (under 30 minutes) using only a memory limited system (a HP work laptop). 

 

 
Figure 1 – Amide I integration image of a penile cancer sample imaged using a QCL microscope. 

 

mailto:*dougal.ferguson@manchester.ac.uk
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DECIPHERING ANTIBODY STABILITY BY SMALL ANGLE X-RAY SCATTERING AND 
MOLECULAR SIMULATIONS  

Inna Brakti,1,2 Samuel Lenton,1 Marco Polimeni, 1 Hannes Ausserwöger,3 Rob Scrutton,3 Anette 
Henriksen,2 Nikolai Lorenzen,2 Martin Nors Pedersen,2 Jesper Søndergaard Marino,2 Fátima Herranz-

Trillo,4 Ann Terry,4 Tuomas PJ Knowles,3 Minna Grønning, 2 and Vito Foderà1 
1Department of Pharmacy, University of Copenhagen, Copenhagen, Denmark 

2Novo Nordisk A/S, Måløv, Denmark 

3Yusuf Hamied Department of Chemistry, Centre for Misfolding Diseases, University of Cambridge, Cambridge, UK 

4MAX IV Laboratory, Lund University, Lund, Sweden 

vito.fodera@sund.ku.dk  

Protein aggregation poses a critical challenge in biotherapeutic development,1 where heterogeneous particle 
populations and stochastic kinetics complicate both mechanistic understanding and formulation design.2, 3 At 
high concentrations, therapeutic monoclonal antibodies (mAbs) often display increased self-association, 
which may result in liquid-liquid phase separation (LLPS) or high opalescence alone. Due to a suspected link 
with aggregation, formulation strategies aim at preventing their occurrence. However, the molecular 
underpinnings of LLPS and opalescence remain unclear, complicating their forecasting at early stages. By 
combining light and X-ray scattering with microscopy and microfluidics, we report the phase behavior of a 
model mAb (mAb1).4 This is characterized by clustering and LLPS in a narrow NaCl range, above which it 
transitions into an opalescent state devoid of micron-sized assemblies yet retaining similar self-interaction 
fingerprints. Using Monte Carlo simulations, we show that the behavior of mAb1 is controlled by a positive 
patch in its Fab domain, whose degree of charge screening determines solution fate. We also show that LLPS 
and opalescence are decoupled from stirring-induced aggregation. Finally, we establish the relationship 
between charge asymmetry over the entire mAb surface and self-assembly propensity.5 We show that the 
mAbs with oppositely charged Fab and Fc domains are characterized by overall attractive protein-protein 
interactions in solution amounting to diverse sub-visible morphologies, which vary non-linearly with mAb 
concentration and ionic strength. We also report the absence of any of such assemblies for the mAb with like-
charged Fab and Fc domains, resulting in an overall repulsive behavior in solution. Altogether, we show how 
charge distribution analyses of full-length mAbs can be used to rationally develop formulations that prevent 
unwanted self-assembly. 

1. Thorlaksen C. et al. International Journal of Pharmaceutics 631, 122490 (2023). 

2. Thorlaksen C. et al. Eur J Pharm Biopharm 179, 166-172 (2022). 

3. Thorlaksen C. et al. Eur J Pharm Biopharm 179, 147-155 (2022). 

4. Brakti I. et al. Commun Chem (2026). https://doi.org/10.1038/s42004-026-02056-w 

5. Brakti I. et al. Journal of Pharmaceutical Sciences, 115 104212 (2026). 
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COMPUTATIONAL MICROBIOLOGY: THE QUEST TO CHARACTERISE THE CELL 
ENVELOPE OF GRAM- NEGATIVE BACTERIA 

Syma Khalid 

University of Oxford, United Kingdom 

 

TBD 
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OBSERVING THE PHOTOACTIVATION MODE OF A B12 BASED PHOTORECEPTOR 
IN REAL TIME 

Giorgio Schirò 

CNRS and IBS, University of Grenoble, France 

 

Photoreceptor proteins control several fundamental biological processes. A large photoreceptor family 
uses vitamin B12 derivatives for light sensing, with a molecular mechanism largely unknown. Here I will 
report on a detailed spatio-temporal description of photoactivation in the prototypical tetrameric B12 
photoreceptor CarH from picoseconds to seconds using an integrative approach, combining time- and 
temperature-resolved structural and spectroscopic methods with quantum chemical calculations. 
High-resolution structural snapshots of key intermediates in the truncated B12 binding domain 
illustrate how photocleavage of a cobalt-carbon bond within the B12 chromophore triggers a series of 
structural changes that propagate throughout CarH, with the intermediate formation of a previously 
unknown adduct, subsequently cleaved thermally to allow release of the photocleaved group and 
tetramer dissociation. The biological relevance of our study is corroborated by time-resolved X-ray 
solution scattering data on full-length CarH in the presence of DNA. Our results offer an olistic spatio-
temporal understanding of CarH photoactivation over twelve orders of magnitude in time. 
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BULK and SINGLE-CELL ANALYSIS OF TAMOXIFEN-TREATED CANCER CELLS 
REVEALS A P53-LINKED MORPHOLOGY SWITCH TOWARDS A PERSISTER 

PHENOTYPE 

Fulvio Bonsignore,1 Tom Fillot,1 Alessia Loffreda,1 Fabrizio Andrea Pennacchio,2 Paolo Maiuri,3 Marco 
Cosentino Lagomarsino,4 and Davide Mazza1 

1Vita-Salute San Raffaele University, Experimental Imaging Center, Via Olgettina 58, 20132 Milan, Italy 
2Laboratory of Applied Mechanobiology, Department of Health Sciences and Technology, ETH Zurich, Vladimir-Prelog-Weg 4, 
8093, Zurich, Switzerland 
3Department of Molecular Medicine and Medical Biotechnology, University of Naples Federico II, Via S. Pansini 5, 80131, 
Naples, Italy 
4Department of Physics, University of Milan and I.N.F.N., Via Celoria 16, 20133, Milan, Italy 

Tumor cells develop resistance mechanisms to standard chemotherapy, which limit their efficacy1. 
Although genetic alterations, such as the tumor suppressor p53 inactivating mutations, represent a 
common way to overcome chemotherapies2, non-genetic mechanisms have recently emerged as 
important drivers of drug resistance in cancer3. Growing evidence suggests that a niche of tumor cells 
can adapt to targeted chemotherapy by reshaping their phenotype to survive the treatment, eventually 
leading to tumor relapse upon drug withdrawal4. Here, we aim to probe those features that mark cancer 
cells transitions towards a drug-induced persister/tolerant state. We employed MCF-7, a model of ER+ 
breast cancer, known to develop resistance to the anti-estrogen Tamoxifen therapy5. We performed 
long-term single-cell imaging experiments and showed that Tamoxifen induces a heterogeneous and 
largely cytostatic response in MCF-7 cells. A fraction of cells exhibited a persistent phenotype 
characterized by increased cell size and altered proliferation dynamics. In line with this, our Nuclear 
Fluorescence Exclusion (N2FXm)6 data showed that MCF7 exposed to long Tamoxifen treatment 
displayed an increased volume. Importantly, we discovered that the capability of cells to restore 
proliferation depended on p53, since MCF7 p53-null cells failed to re-enter cell cycle upon tamoxifen 
withdrawal and displayed a higher expression of senescence markers. Furthermore, we applied our 
wideHILO microscopy platform to perform single-particle tracking measurements in cells stably 
expressing Genetically Encoded Multimers (GEMs) that probe cytoplasmic biophysical alterations upon 
Tamoxifen treatment. We demonstrated that MCF7 cells exposed to long-term therapy display a 
reduction in cytoplasmic GEMs diffusion, indicating an increase in molecular crowding. Interestingly, 
we showed that such effect is more prominent in p53 null cells, suggesting a novel role for p53 in 
regulating cytosolic organization upon stress conditions. Our results show that some cancer cells 
exposed to standard chemotherapies undergo phenotypical and biophysical rearrangements that can 
be probed by simple measurements such as cell size, density and cytoplasmic crowding. Also, we show 
that p53 may play a novel role in maintaining cytosolic density homeostasis, which is dysregulated when 
cancer cells shift to a persister/tolerant state. 

1. Vasan, N., Baselga, J. & Hyman, D.M. Nature 575, 299–309 (2019).  
2. Chen, X., Zhang, T., Su, W. et al. Cell Death Dis 13, 974 (2022). 
3. Bell, C.C., Gilan, O. Br J Cancer 122, 465–472 (2020).  
4. Marine, JC., Dawson, SJ. & Dawson, M.A. Nat Rev Cancer 20, 743–756 (2020). 
5. Jahangiri, R. Discov Onc 16, 1790 (2025). 
6. Pennacchio, F.A., Poli, A., Pramotton, F.M. et al. Nat Commun 15, 1070 (2024). 
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AXONAL MICROTUBULES ARE A FORCE SENSOR IN NEURONS 

Matteo Mariangeli, 1 Lorenzo Da Palmata, 1 and Vittoria Raffa 1 
1Nanomedicine and Molecular Biology Lab, Dept. of Biology, University of Pisa, S.S. 12 Abetone e Brennero 4, 56127, Pisa, 
Italy 

matteo.mariangeli@biologia.unipi.it 

Neurons are mechanosensitive cells, adapting and responding to mechanical cues through 
mechanotransduction pathways. Here we propose that microtubules (MTs) are dynamic cytoskeletal 
protein filaments in the axon responsible for transducing external forces in axon growth. Particularly, 
pulling forces are responsible for alteration in axonal MTs dynamics, leading to increased stability. 
Application of ~10 pN forces promotes MTs stabilization, axon elongation and activates local 
translation. Our work aims to elucidate the signal mechanotransduction leading to axon outgrowth and 
increased local translation after mechanical stimulation. To do so, we employed in vitro models like 
primary mouse hippocampal neurons, as well as isolated MTs, loaded with paramagnetic nanoparticles 
in an external magnetic field producing pulling forces. We performed live cell confocal imaging of 
neurons to check the dynamics of cell growth upon mechanical stimulation. For this purpose, we 
tracked the MT associated protein EB3, as a marker of MT growth, being localized at the plus end tip of 
MTs. We also directly followed in vitro MTs polymerization by confocal microscopy to verify if the MTs 
growth is directly affected by the external mechanical forces. Our results indicate that nano-pulling 
along the axon shaft can directly sustain axon elongation by acting at the level of MTs themselves. In this 
perspective, MTs actively contribute to force sensing and mechanotransduction, in contrast to the 
classical framework that consider them as a passive element interacting with the actin cytoskeleton. 

 

 

mailto:matteo.mariangeli@biologia.unipi.it
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PIEZO1-INDUCED MODIFICATIONS ON CELLULAR MECHANICS AND 

MORPHOLOGY REVEALED BY BRILLOUIN SPECTROSCOPY AND 3D CONFOCAL 

FLUORESCENCE IMAGING 

Alessandra Anna Passeri,1 Francesco Bonacci,1 Maria Luisa Valicenti,2 Chiara Argentati,2 Francesco 
Morena,2 Massimo Vassalli,3 Daniele Fioretto,1 Maurizio Mattarelli,1 Sabata Martino,2 Silvia Caponi4 

1Department of Physics e Geology, University of Perugia, I-06100 Perugia, Italy 

2Department of Chemistry, Biology, and Biotechnology, University of Perugia, 06123 Perugia, Italy 

3James Watt School of Engineering, University of Glasgow, Glasgow G12 8LT, UK 

4Istituto Officina dei Materiali, Italian National Research Council (IOM-CNR), Unit of Perugia 

alessandraanna.passeri@unipg.it 

The ability of cells to sense and respond to mechanical stimuli, such as stiffness, tension, or shear 
stress, is fundamental to many biological processes, including development, tissue homeostasis, and 
disease progression [1]. Consequently, there is a growing interest in the development of advanced 
techniques to address the issue, referred to as mechanobiology. In recent years, Brillouin spectroscopy 
has emerged as a powerful tool, owing to its capabilities to probe mechanical properties at the 
subcellular level in a non-invasive manner. In this work, Brillouin spectroscopy is applied within a 
correlative framework to investigate the role of Piezo1, a key mechanosensitive ion channel, whose 
dysregulation has been linked to various pathologies, including cancer [2]. To investigate the role of 
Piezo1 in cellular mechano-adaptation, we used three previously established HEK293T cell lines with 
different Piezo1 expression levels: a wild-type control (WT), a Piezo1 overexpressing line (OVER), and a 
Piezo1 knockout line (KO) [3]. The mechanical analysis is complemented by Raman micro-
spectroscopy, which provides chemical information and is used for cell segmentation in nucleus and 
cytoplasm, as well as for assessing relative water content [4]. Furthermore, three-dimensional confocal 
fluorescence imaging is employed to investigate how mechanical variations correlate with changes in 
cellular structural organization, with particular attention to components involved in maintaining cell 
shape and architecture. This multimodal approach demonstrates that the variations in the cell 
mechanics detected by Brillouin spectroscopy in both nucleus and cytoplasm are directly linked to the 
differences in the morphological rearrangements observed through fluorescence imaging. Despite the 
opposite level of Piezo1 expression in OVER and KO condition, both exhibit similar mechanical 
responses, underlining the important role of Piezo1 in maintaining cellular homeostasis. 

1. Yu, H., Mouw, J.K. & Weaver, V. M. Trends in Cell Biology 21, 1, 46-56 (2011). 
2. Ridone, P., Vassalli, M. and Martinac, B., Biophys Rev. 11(5):795-805 (2019). 
3. Morena, F. & al. Helion 5;10(11):e32458 (2024).     
4. Passeri, A.A. & al. ACS Photonics 12 (7), 3794-3802 (2025). 
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FOLLOWING PLATINUM: X-RAY ABSORPTION SPECTROSCOPY INSIGHTS INTO 
THE ACTIVATION AND FATE OF PT(IV) ANTICANCER PRODRUGS IN VIVO 

Barbora Abramova1, Emiliano De Santis,2 Peter Faller,3 Mathias Gradl,1 Petra Heffeter,1,4 Christain 
Kowol, 5 Olivier Proux,6 and Francesco Stellato2 

1Center for Cancer Research and Comprehensive Cancer Center, Medical University of Vienna, Borschkegasse 8a, 1090 
Vienna, Austria 
2Dipartimento di Fisica, Università di Roma “Tor Vergata” & INFN, Via della Ricerca Scientifica 1, 00133, Roma, Italy 
3Institut de Chimie, CNRS UMR7177, Université de Strasbourg, Strasbourg, 67000, France 
4 Research Cluster “Translational Cancer Therapy Research”, Vienna 1090, Austria 
5 University of Vienna, Faculty of Chemistry, Institute of Inorganic Chemistry, Waehringer Str. 42, 1090 Vienna, Austria 
6 Observatoire des Sciences de l’Univers de Grenoble, UMS 832 CNRS & Université Grenoble Alpes, Grenoble, 38041, France  

francesco.stellato@roma2.infn.it 

Platinum-based anticancer drugs remain a cornerstone of chemotherapy, yet their clinical use is limited 
by systemic toxicity and the emergence of resistance. To address these issues, albumin-targeted Pt(IV) 
prodrugs have been developed, exhibiting enhanced tumor selectivity and improved anticancer activity 
compared to conventional Pt(II) drugs.1 These prodrugs accumulate in malignant tissues, enter cancer 
cells via endocytosis, and are hypothesized to undergo intracellular reduction to release the active Pt(II) 
species. However, direct in vivo evidence of this reduction process and its kinetics is still lacking. 

Here, we employ X-ray Absorption Spectroscopy (XAS) at the Pt L₃-edge to investigate the oxidation state  
of platinum drugs in solution and tissues from tumor-bearing mice. High Energy Resolution 
Fluorescence Detection (HERFD)-XAS measurements performed at the ESRF BM16 beamline enable 
the acquisition of high-quality XANES spectra even at low Pt concentrations (~100 μM), overcoming 
typical sensitivity limitations.2,3 

Reference spectra of Pt(II) and Pt(IV) complexes show distinct signatures in the white-line intensity and 
energy position, allowing reliable discrimination between oxidation states. These benchmarks are used 
to analyse biological samples, including serum, tumor, liver, and kidney tissues. The measurements 
demonstrate that HERFD-XAS can detect and quantify Pt species in vivo, even at concentrations as low 
as ~65 μM. Time-resolved data reveal a progressive shift from Pt(IV) to Pt(II) species across tissues, 
providing direct insight into reduction processes following drug administration. Quantitative analysis is 
supported by theoretical XANES calculations based on structural models derived from ab initio 
calculations.4,5 

Overall, this study demonstrates that HERFD-XAS is a powerful tool to track the fate of Pt drugs in 
biological tissues. Monitoring oxidation state changes and reduction kinetics in vivo provides key 
insights into the activation mechanisms of Pt(IV) prodrugs and supports the rational design of improved 
platinum-based therapeutics. 

1. Schueffl, H. et al. Chemical Science 12, 12587–12599 (2021). 
2. De Santis, E. et al. Condensed Matter, 4, 13 (2019). 
3. Laskar, C. et al. Minerals 12, 1602 (2022). 
4. Hall, M. D. et al. Journal of the American Chemical Society 125, 7524–7525  (2003). 
5. Chen, C. K. et al. Metallomics 12, 1599–1615 (2020). 
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A CHIMERIC NITRIC OXIDE SENSOR FOR FLUORESCENCE LIFETIME 
IMAGING 

Lucia Bellanova,1 Antonio Scarano,2 Stefano Bruno, 2 Arne Franzen,3 Vera Svensson,4 Thomas 
Drepper,4 Stefania Abbruzzetti,1 Pietro Delcanale,1 Cristiano Viappiani,1 Thomas Gensch3 
1 Dipartimento di Scienze Matematiche, Fisiche e Informatiche, Università di Parma, Parma, Italy 

2 Dipartimento di Scienze degli Alimenti e del Farmaco, Università di Parma, Parma, Italy 

3 Institute of Biological Information Processing (IBI-1: Molecular and Cellular Physiology), Forschungszentrum Jülich GmbH, 
Jülich, Germany 

4 Institute of Molecular Enzyme Technology, Faculty of Mathematics and Natural Sciences, Heinrich Heine University 
Düsseldorf, Forschungszentrum Jülich GmbH, Jülich, Germany 

cristiano.viappiani@unipr.it  

Genetically encoded fluorescent sensors for the visualization of nitric oxide (NO) at the singe cell level 
are still poorly developed, and only a few molecular devices are currently available. We have recently 
reported the NO sensitivity of the blue-emitting fluorescent protein mTagBFP2. [1] Protein mutants and 
mass spectrometry suggested that S-nitrosylation of specific Cys residues is at the basis of the 
observed reduction in emission intensity and lifetime in response to NO exposure. Molecular modelling 
suggests that the underlying mechanism is excitation energy transfer from the protein chromophore to 
S-nitrosylated Cys residues [2] The potential of this sensor for monitoring intracellular NO was shown 
on HeLa and Escherichia coli cells expressing mTagBFP2. We further elaborated on the concept and 
engineered chimeric proteins comprising mTagBFP2 and a nitric oxide insensitive fluorescent protein to 
achieve ratiometric detection. [3] 

We decided to further exploit the blue emission in a chimeric construct where we fused mTagBFP2 to a 
nitrophorin from Cimex lectularius (CiNP), which acts as a NO-sensitive, non-fluorescent FRET 
acceptor. CiNP can reversibly bind NO at the ferric heme, thus undergoing a substantial spectral shift 
that increases FRET efficiency and leads to a reduction in fluorescence lifetime. Owing to the different 
sensing mechanisms, the response of the sensor to NO exposure is much faster than for Cys 
nitrosylation based detection. We demonstrate in vitro capability of sensing NO with a Kd of 500 nM. 

Funded by the European Union – Next Generation EU Bando PRIN 2022 PNRR - Project Code 
P2022F4WR8- CUP Code D53D23016840001. 

 

1. Montali, C., et al., Antioxidants, 2022. 11(11): p. 2229. 
2. Bellanova, L., et al., Int J Biol Macromol, 2026: p. 151666. 
3. Bellanova, L., et al., submitted, 2026. 
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EVALUATION OF THE THERAPEUTIC POTENTIAL AND BIOLOGICAL IMPACT 

OF Β-EMITTING RADIONUCLIDES IN TARGETED BREAST CANCER 

TREATMENT 

Cristiana Alberghina 1,2*, Chiara Bonanno 3,4, Sarkawt Jalal Sharif 5, Aurora Leso 6,7, Francesco P. 
Cammarata 1,2, Giorgio Grosso8, Alberto Arzenton 9,10, Silvia Scalisi 11, Luca Lanzanò 11, Erika 
Saccullo 12, Giuseppe Floresta 12, Fabrizio Scopelliti 3, Giulia Saveria Valli 6,13, Emilio Mariotti 
13,14, Marcello Lunardon 9,10, Alberto Andrighetto 6, Massimo Ippolito 3 and Giorgio Russo 1,2.  
 
(The ISOLPHARM Project: Production of High Specific Activity Medical Radioisotopes at SPES)  
1 Institute of Bioimaging and Complex Biological Systems, National Research Council (IBSBC-CNR), C.da Pietra Pollastra, 

90015, Cefalù, Italy;  
2 National Institute for Nuclear Physics, Laboratori Nazionali del Sud, Via Santa Sofia 62, 95123, Catania, Italy;  
3 Radiopharmacy Laboratory Nuclear Medicine Department, Cannizzaro Hospital, Via Messina 829, 95126 Catania, Italy;  
4 Department of Chemical Sciences, University of Catania, Viale Andrea Doria 6, 95125 Catania, Italy;  
5 Department of Biosciences, University of Milan, Via Celoria 26, 20133, Milan, Italy;  
6 Legnaro National Laboratories, National Institute for Nuclear Physics, INFN-LNL, Viale dell'Università 2, 35020 Legnaro, 

Italy;  
7 Department of Physics and Earth Sciences, University of Ferrara, Via Giuseppe Saragat 1, 44122 Ferrara, Italy;  
8 Applied Nuclear Energy Laboratory, LENA, Via Gaspare Aselli 41, 27100 Pavia, Italy;  
9 Department of Physics and Astronomy, University of Padova, Via Marzolo 8, 35131 Padova, Italy;  
10 Padova Division, National Institute for Nuclear Physics, Via Marzolo 8, 35131 Padova, Italy;  
11 Department of Physics and Astronomy «Ettore Majorana», University of Catania, Via Santa Sofia 64, 95123 Catania, Italy;  
12 Department of Drug and Health Sciences, University of Catania, Viale Andrea Doria 6, 95125 Catania, Italy;  
13 Department of Physical Sciences, Earth and Environment, University of Siena, Via Roma 56, 53100 Siena, Italy;  
14 Pisa Division, National Institute for Nuclear Physics, Via Filippo Buonarroti 3, 56127 Pisa, Italy.  

Targeted radionuclide therapy (TRT) represents a promising approach for selective tumor treatment, 
particularly when conventional therapies prove inadequate. The primary objective of this project is to 
evaluate the clinical potential of the therapeutic β-emitting radioisotope Silver-111 (111Ag), conducting 
a comparative analysis with the established β-emitter Iodine-131 (131I) to characterize their 
radiobiological effects in vitro levels. In this study, human breast cancer cell lines were treated with β 
radionuclides, 111Ag and 131I. We performed a comprehensive evaluation of cellular uptake by γ-
counter detection, which revealed a selective time and dose dependent intracellular 111Ag 
accumulation. The impact on cell viability and growth was further investigated through clonogenic 
assays (0-0.5-1-2-4 Gy), demonstrating a significant 111Ag activity-dependent inhibition in colony 
formation capability. To deepen the radiobiological characterization, the study integrated advanced 
molecular and computational tools, as radiation biophysics and dosimetry, which has been supported 
by Geant4 Monte Carlo simulations and novel biophysical models to predict the response of tumor 
populations to internal irradiation. Moreover, the impact of β emission has been investigated in inducing 
DNA damage, by analysing γH2A.X foci, and in altering cell state, through the analysis of Caspase-3 and 
Ki-67 expression, in order to asses cell proliferation and apoptotic processes.  
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Overall, our results demonstrate that 111Ag only was effectively internalized by breast cancer cells, 
exerting significant cytotoxic effects and impairing DNA integrity and proliferative capacity. These 
findings provide a solid biophysical basis for the development of 111Ag as a powerful candidate for 
targeted β-radiotherapy, offering a novel and adjuvant agent for the radiotreatment of aggressive breast 
cancer subtypes. 
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ONE POT LASER-DRIVEN FUNCTIONALIZATION OF CU NANOPARTICLES AND 
OPTIMIZATION FOR ALPHA-SYNUCLEIN ELECTROCHEMICAL BIOSENSING 

Valentina Iacono,1,2   Helena Rabelo, 3 Luca Pulvirenti,4 Andrew Piper, 3 Arben Merkoçi, 3,5 Maria 
Chiara Spadaro,1,2,3 Jordi Arbiol, 3,5 Guglielmo Guido Condorelli,4 Francesco Ruffino, 1,2,6 and Salvo 

Mirabella1,2  

1Dipartimento di Fisica e Astronomia “Ettore Majorana”, Università di Catania, via S. Sofia 64, 95123 Catania, Italy  
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Functionalized nanoparticles (NPs) are highly required due to their application as contrast agent for imaging, 
cell-targeting vector or biosensors receptors and widely used for electrochemical biosensors realization.1,2 
Main reported approaches for NPs synthesis are based on chemical reduction methods (CRMs) using reduction 
of metal salts in environment containing stabilizing molecules. With this approach, a combination of metal 
precursors, solvents, reducing agents and reaction conditions have to be optimized. Moreover, in order to obtain 
biocompatible NPs, CRMs must undergo purification, which is an indispensable step, as many of the chemicals 
employed for synthesis are cytotoxic.3 An alternative approach for NPs production is Pulsed Laser Ablation in 
Liquid (PLAL). This technique offers a viable and green method enabling one-step process for the synthesis of 
functionalised nanoparticles. Taking advantage of specific capping agents dispersed in the liquid environment 
in which the ablation occurs, and the interaction among laser-target-liquid, the one-pot functionalization in situ 
of NPs is possible.2 In this work, in-situ functionalized copper NPs are obtained by PLAL. In particular, the 
dissolution of an organic molecule, i.e. glutamic acid (GA), in the liquid medium allowed to obtain functionalised 
NPs. Deionized water (GA-Cu DI) and methanol (GA-Cu MET) were used as liquid media for the ablation and two 
diverse dispersions obtained where characterized by the morphological and compositional point of view.4 The 
so prepared GA-Cu NP were loaded onto transparent PET-ITO substrate and used as electrodes for the 
realization of electrochemical sensors for alpha-synuclein protein (Parkinson disease biomarker) .3,5 The 
detection of this protein specifically in blood plasma is currently highly investigated, given the non-invasive 
detection, thus, the interest in PoC devices development. Also, the concentrations of this protein in blood 
plasma, of the order of few pg/mL, make its detection challenging.6 Regarding the potentiality of PLAL approach, 
the GA carboxylic functional groups provided to the Cu NPs surface allow the bonding of the NPs with the 
antibody of the protein structure, making the so obtained functionalised PLAL-NPs feasible for electrochemical 
sensor fabrication. After the immobilization of the protein (from the blocking agent - functionalized electrode) 
a variation of the charge transfer resistance (RCT) was achieved, reflecting the response of the electrodes toward 
alpha-synuclein presence. In particular, increasing the amount of NPs used for the electrode realization, it was 
possible to lower the detection limit from 1 ng/mL to 10 pg/mL. Furthermore, the GA-Cu DI NPs electrode 
allowed to obtain an increase in the sensitivity of the electrode 10 pg/mL protein, compared to the electrode 
realized using GA-Cu MET NPs. The explanation for this improvement was found on the improved 
functionalization of Cu NPs in GA-rich deionized water liquid ablation environment, due to the favored bonding 
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of Cu2+ with GA molecules.4 Hence, the absence of unreacted GA has improved the conductivity of the 
electrode and optimising the following functionalization mechanisms finally leading to the electrochemical 
sensor. Overall, this work aims to demonstrate PLAL as viable technique for single step functionalised NPs to 
be further explored as surfactant-free approach for producing bio-functional nanomaterials for 
electrochemical sensor development. 

1.  Urso, M. et al.  ACS Appl. Mater. Interfaces 12 50143−50151 (2020) . 

2. Petersen, S., Jakobi, J., Barcikowski, S. Appl.Surf.Sci. 255 5435-5438 (2009). 

3. Murphy, C.J. et al.   Acc. Chem. Res. 41 1721–1730 (2008) . 

4. Iacono, V. et al. Microchemical Journal 225  117883 (2026).  

5.  Tsao,  H.-H., Huang, C.-G., Wu, Y.-R. Neurochem. Int. 158 105358 (2022). 

6.   Di Mari, G.M. et al. Nanomaterials (Basel) 14 (2024).ù 
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Monitoring the physiological status of plants or plant-derived products is essential in assessing fruit 
ripening stages, quantifying environmental stress levels, and evaluating the organoleptic properties of 
plant products such as wine, oil or juice. However, it remains a significant analytical challenge due to 
the lack of ready-at-hand techniques and to the inherent heterogeneity of natural matrices that 
complicates the detection of key biomarkers.1 Conventional screening methods often rely on subjective 
morphological observations or destructive laboratory assays, which fail to capture real-time metabolic 
fluctuations. To address the critical need for quick non-invasive, high-sensitivity analytical tools 
capable of resolving these dynamic biochemical transitions, this work introduces a label-free strategy 
to monitor polyphenols (key biophysical indicators of oxidative stress, developmental transitions and 
food quality)3 by an analytical approach based on Quartz Crystal Microbalance with Dissipation 
monitoring (QCM-D). The interaction between polyphenols from natural extracts and different 
molecular probes (proteins, peptides, and bio-derived polymers) was exploited to develop a portable 
platform capable of capturing the chemical evolution of plant metabolites. Alongside, Fluorescence 
Lifetime Imaging with phasor analysis (FLIM-Φ) was integrated as a label-free tool to map the intrinsic 
metabolic fingerprints of the matrices.2 These platforms enable the label-free, real-time conversion of 
the composition of complex molecular systems into quantitative metrics, facilitating the assessment of 
integrity, quality or physiological state within multicomponent biological frameworks. 

Supported by Regione Toscana, project SAPORE "Sistema Avanzato Per l'Ottimizzazione e la Rivoluzione 
del processo Enologico" (PR FESR 2021–2027 Action 1.1.4.1 Call 1 CUP ST 
27716.29122023.042000279_2402 CUP CIPE D57H24004070009). 

1. Tori, G., et al. Eur Biophys J. 55, 309-318 (2026). 

2. Battisti, A., et al. Il Nuovo Cimento C, acc. man. (2026). 

3. Panzani, S., et al. Foods, 15 (3), 519 (2026). 
 

 

mailto:antonella.battisti@cnr.it


24 
 

PANORAMIC OPTOGENETICS: SHAPING WHOLE-HEART ELECTROPHYSIOLOGY 
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Cardiovascular diseases remain the leading cause of mortality worldwide, with cardiac arrhythmias 
representing a major clinical burden. Animal and human studies have linked arrhythmia onset to tissue-level 
heterogeneities in electrical properties i.e. action potential duration (APD)1 and conduction velocity2; yet the 
underlying mechanisms remain unclear. Capturing these spatiotemporal dynamics requires methodologies 
with spatial and temporal resolution beyond the capabilities of conventional electrical methodologies. Optical 
techniques overcome these limitations: optical mapping enables contactless recording of cardiac 
transmembrane voltage and intracellular calcium dynamics using fluorescent probes, while optogenetics 
allows spatiotemporal control of cardiomyocyte membrane potential via light-gated ion channels.3 Here, we 
present an all-optical platform that combines panoramic patterned optogenetic stimulation with panoramic 
optical mapping. The system integrates four high-speed sCMOS cameras and four digital micromirror device 
(DMD)-based projectors arranged circumferentially. Validation demonstrated high-quality optical mapping 
with low noise, achieving 72 µm spatial sampling and 1 ms temporal resolution. Building on previous 
demonstrations of patterned optogenetic modulation limited to a partial epicardial field of view,4 panoramic 
patterned low-intensity illumination enabled induction of localized electrophysiological heterogeneities across 
the entire epicardial surface, including APD gradients, regional conduction velocity slowing, and modulation of 
excitability, reproducing substrates implicated in arrhythmia initiation and propagation. Patterned over-
threshold stimulation also enabled initiation of action potentials from predefined illuminated regions. The 
presented panoramic all-optical system provides a versatile tool with high spatiotemporal resolution for a wide 
range of cardiac electrophysiological investigations, enabling mechanistic studies of arrhythmogenesis and 
supporting the development of targeted therapeutic strategies. 

1. Kelemen, K. et al. Nat. Commun. 13, 830 (2022). 
2. Giardini. et al.  Nat. Cardiovasc. Res. 4, 1466–1486 (2025). 
3. Scardigli, M. et al. J. Physiol. 596, 3841–3858 (2018). 
4. Biasci, V. et al. Basic Res. Cardiol. 117, 25 (2022).  
 
 
 



25 
 

MAGNETIC POLYMERIC SCAFFOLDS FOR THE MECHANOTRANSDUCTION 
STIMULATION IN TENDON TISSUE REGENERATION 

Elena Del Favero,1 Eleonora Bianchi,2 Caterina Ricci,1 Marco Ruggeri,2 Giuseppina Sandri2  
 
1 Department of Medical Biotechnology and Translational Medicine, Università di Milano, LITA V.le F.lli Cervi 93, 20054 Segrate, Italy  
2 Department of Drug Sciences, University of Pavia, Viale Taramelli 12, 27100 Pavia, Italy 3Department of Physics and Astronomy,  
University of Maine, 313 Bennett Hall, Orono (ME) USA  
 

elena.delfavero@unimi.it  
 

Tendon injuries represent a global health issue that annually affects millions of individuals. An innovative  
approach for their treatment is represented by the development of polymeric scaffolds able to support the cells  
adhesion, differentiation, and proliferation. To improve healing control, we investigated the possible mechano- 
stimulation of cells when combined with bio-mimetic scaffolds doped with Magnetite nanoparticles (Fe3O4),  
improving the tenogenic differentiation. We developed and characterized fibrous scaffolds, able to mimic the  
tendon fascicles, based on polyhydroxybutyrate and gelatin and doped with Fe3O4 nanoparticles. They   
possess a superparamagnetic behavior and a slow degradation rate that should guarantee structural support 
 during the tissue regeneration. The structural properties of fibrous scaffolds on different length scales were  
investigated by microscopy, small angle X-ray scattering, infrared spectroscopy, and thermal analysis. The  
macroscopic mechanical properties were correlated with the nanoscopic mechanics of the polymer matrix.  
Also, the viscoelastic behaviour and the evolution of the nanoscale structure while the scaffolds were  
subjected to elongation were observed.  
 
The magnetic scaffolds promoted cell proliferation and alignment onto the matrix, when combined with the  
application of an external magnetic field and the cells could differentiate and produce collagen I extracellular 
matrix. These promising results contribute to the investigation of the mechanisms of external 
mechanostimulation by static, and in the future oscillating, magnetic fields and to the design of tools to  
enhance and stimulate the tendon tissue regeneration. 
 

 

mailto:elena.delfavero@unimi.it


26 
 

TUNING GOLD NANOPARTICLES FORMATION THROUGH PROTEIN SELF-
ASSEMBLY 

Anna Fricano1, Sara Anselmo1, Vito Foderà2, Giuseppe Sancataldo1 and Valeria Vetri1 

1Department of Physics and Chemistry- Emilio Segrè, University of Palermo, 90128, Palermo, Italy 
2Department of Pharmacy, Faculty of Health and Medical Sciences, University of Copenhagen, Universitetsparken 2, DK-2100 
Copenhagen, Denmark 

anna.fricano@unipa.it  

 

Amyloid fibrils are promising sustainable, bio-derived building blocks due to their mechanical strength, 
chemical stability, and highly ordered supramolecular structure. Among their emerging applications, 
their use as biotemplates for the synthesis of metallic nanoparticles has attracted significant interest, 
offering a green and highly tunable route to functional hybrid materials¹. 

In our work, we present a simple and sustainable method to produce amyloid fibrils decorated with gold 
nanoparticles (AuNPs). The system is generated under acidic conditions and elevated temperature, 
which promotes protein unfolding and aggregation while enabling the in situ formation of AuNPs along 
the fibrillar axis2. Our results highlight the crucial role of the early aggregation stage, by introducing the 
gold precursor at this stage strongly influences nanoparticle nucleation and growth.  

Using complementary spectroscopic and microscopic techniques, we demonstrate that the timing of 
gold precursor addition allows control over the relative contribution of different protein species, 
including native proteins, unfolded states, oligomers, and mature fibrils in directing nanoparticle 
formation. This temporal control results in significant changes in optical properties, where variations in 
nanoparticle size and spatial organization lead to a red shift and an increase in plasmon resonance 
intensity. Overall, this approach provides a sustainable and straightforward platform for the fabrication 
of AuNP–protein fibril hybrid systems with tunable structural and optical properties, with potential 
applications in biophotonics, sensing, and photovoltaics³. 

 

 
1. Li, C., Bolisetty, S. & Mezzenga, R. Adv. Mater. 25, 3694–3700 (2013). 
2. Anselmo, S., Fricano, A., Sancataldo, G. & Vetri, V. Langmuir 41, 172–183 (2025). 
3. Fricano, A., Tavormina, F., Pignataro, B., Vetri, V. & Ferrara, V. Molecules 30, 3236 (2025). 
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Pollen imaging enables the characterization of structural, morphological, and optical features that are relevant 
to both biological and environmental studies. Here, we present a label-free platform that combines light 
scattering imaging with cavitation microstreaming for three-dimensional analysis and classification of 
individual pollen grains. By avoiding fluorescent labels and dyes, the proposed approach preserves the native 
state of the specimen and reduces sample-preparation complexity. 

The platform relies on a bubble-based acoustic chip specifically designed to generate cavitation 
microstreaming: acoustic excitation induces bubble oscillations, producing a steady second-order flow that 
enables controlled trapping and rotation of single particles. Coupling this microfluidic system with a light-
scattering imaging setup allows the acquisition of images of the same pollen grain from multiple orientations. 
This strategy enhances the quantitative characterization of morphology and optical density and is expected to 
increase the robustness of classification by providing a more complete description of each specimen. 

To assess the potential of this approach for automated pollen analysis, we compared two machine-learning 
pipelines. The first is a standard supervised multiclass classifier trained with cross-entropy loss. The second is 
an open-set contrastive framework that combines supervised contrastive learning on labeled images with a 
SimCLR-inspired self-supervised objective on unlabeled data. This dual formulation, inspired by OpenNCD, 
supports both the classification of known pollen categories and the discovery of previously unseen classes, 
with final grouping performed by HDBSCAN. In both cases, the models are initialized from a pretrained YOLO 
classification backbone. Overall, this work introduces a label-free and orientation-aware strategy for pollen 
analysis that integrates acoustic manipulation, optical imaging, and modern representation learning. 
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A key challenge in biosciences is the comprehension of how the physical-chemical state and heterogeneity of 
biomolecules determine their role in cellular function and disease. Such as in the case of protein, whose self-
assembly and formation of amyloid-like species is implicated in the onset of neurodegenerative disorders, such 
as Parkinson’s and Alzheimer’s diseases [1]. While nanoscale imaging methods can characterise protein phase 
transitions, imaging alone is to the most part chemically blind hampering to retrieve their physical-chemical 
state. There is thus compelling need of innovative nano-analytical methods allowing single-molecule analysis 
of these biomolecular processes beyond simple imaging. 

Here, we showcase how multimodal analysis by infrared nanospectroscopy (AFM-IR) can contribute to 
shedding light onto the molecular basis of protein self-assembly in neurodegeneration. We have first proved 
that AFM-IR can study protein self-assemblies to unravel their morphological, mechanical and chemical-
structural properties in relationship to their function in life and malfunction in disease [2, 3]. We have then 
developed and pushed the sensitivity limits of AFM-IR to achieve single molecule and protein self-assembly 
level [4,5]. We can in turn apply this unpreceded sensitivity to answer critical questions in the field, such as 
unravelling the internal heterogenous structure of single protein condensates [3], characterise the secondary 
structure and post-translational state of single amyloid species [6]; as well as study the functional interaction 
of protein self-assemblies with other biomolecules in life [7], and with small molecules drugs against 
neurodegeneration [8]. 

Overall, our aim is to expand the capabilities of analytical nanoscience to shed light on the structure-activity 
relationship of biomolecules in life and disease. 

 

1. Marcuello, Small Science, 2025;  

2. Ruggeri, Nature Comm, 2015;  
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4. Ruggeri, Nature Comm, 2020;  
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6. Pillai, ACS Measurement Science, 2025;  

7. Nixon Abell, Nature Comm, 2025;  
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The clinical transition from free Doxorubicin (Doxo) to PEGylated liposomal Doxorubicin (Doxil) reduces 
systemic toxicity but has not improved therapeutic efficacy in solid tumors. Studies have shown that 
intracellular supramolecular processing of liposomal Doxo is a key rate-limiting step for therapeutic 
availability 1; however, the influence of tumor architecture on this process remains unclear. This study 
employed 3D spheroids to characterize the penetration kinetics and supramolecular behavior of 
encapsulated Doxorubicin. Fluorescence lifetime imaging microscopy (FLIM) combined with depth-
resolved optical sectioning was performed over a multi-hour kinetic timeline. Doxo exhibited rapid 
cellular uptake and efficient nuclear localization, with fluorescence signal concentrated at the nuclear 
compartment within 1 hour. In contrast, Doxil showed delayed, depth-dependent transport and 
cytoplasmic localization. Doxil fluorescence intensity was consistently higher in the spheroid core than 
in peripheral regions, suggesting possible retention mechanisms in the spheroid cores. Phasor-based 
analysis enabled quantitative, environment-sensitive characterization of drug supramolecular state 
and its interaction with nuclear DNA 2, 3. Free Doxo displayed signatures consistent with nuclear DNA 
binding, Doxil exhibited altered fluorescence lifetime behavior compatible with cytoplasmic lipid-
associated interactions 4. These preliminary findings demonstrate the ability of phasor-FLIM to track 
drug supramolecular states and spatial distribution within 3D spheroid models. Future studies will 
extend this approach to clinically relevant solid tumor models, including breast cancer cell lines (MCF-
7 and MDA-MB-231) with distinct spheroid architectures, and integrate complementary biological 
assays to assess viability and stress responses. In addition, the role of hypoxic core formation in shaping 
drug penetration and intracellular drug availability will be investigated. 

 

1. Carretta, A. et al. Mol Ther Oncol 32 (2024). 
2. Tentori, P. et al. Nanoscale 14, 8901-8905 (2022). 
3. Bernardi, M. et al. Nanoscale 15, 19085-19090 (2023). 
4. Malacrida, L., Ranjit, S., Jameson, D.M. & Gratton, E. Annu Rev Biophys 50, 575-593 (2021). 
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Molecular spectroscopy is a key analytical field with broad impact and widespread applications. 
Within this domain, Raman and infrared spectroscopy are powerful and complementary techniques, 
extensively employed across disciplines such as biomedical, pharmaceutical, and materials science, 
among others.  

In recent decades, applications involving geological, mineralogical, cultural heritage (art), and life 
science samples have become increasingly demanding. These fields require, in particular, 
the capability to perform in situ analysis of both organic and inorganic materials in a simple, non-
invasive, and non-destructive manner. At the same time, there is a growing need to obtain precise 
microscale information from layered and heterogeneous materials, especially when samples can be 
analyzed under controlled laboratory conditions.  

Moreover, the demand for chemical imaging over large areas—while preserving high lateral 
resolution—is continuously increasing.  

Today, Bruker integrates the latest hardware and software technologies across all aspects of 
molecular spectroscopy, including both IR and Raman techniques, offering a unique and 
comprehensive portfolio on the market.  

In this context, recent innovations will be presented through state-of-the-art commercial solutions, 
highlighting the optimal balance between analytical sensitivity and practical usability. In particular, the 
unprecedented capability to perform large-area chemical imaging at the centimeter scale will 
be demonstrated for the first time. This will be preceded by a brief comparison of current imaging 
approaches, including FT-IR with focal plane array (FPA) detectors, Raman imaging with line 
illumination, and infrared imaging based on quantum cascade laser (QCL) sources combined with 
microbolometer detectors.  
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Liquid-liquid phase separation (LLPS) and biomolecular condensates formation in crowded bio-
milieus are of paramount importance for cell compartmentalization. A topic of significance in 
biophysics is the responsiveness of the condensates to environmental stimuli. In this work, we 
considered solutions of bovine serum albumin (BSA) and polyethylene glycol of average molecular 
weight 5000 Da (PEG5k) subject up to nc=7 consecutive cooling cycles. LLPS and condensates 
formation were assessed by temperature-dependent optical density measurements at 400 nm 
(OD400) and microscope observations, respectively. Insight into the dynamics of the homogeneous 
and condensed phases of BSA/PEG5k/buffer solutions are gained by electron paramagnetic 
resonance spectroscopy. Freshly prepared ternary solutions are characterized by high OD400 over the 
whole temperature range and protein droplets of diameter from few to tens of micrometers. BSA in 
PEG5k containing solutions is more densely packed and possess restricted dynamics with respect to 
the PEG5k-free protein. Defined LLPS with upper critical solution temperature profiles are recorded in 
BSA/PEG5k/buffer solutions for nc≥2. Homogeneous solutions, with almost null optical density and 
absence of droplets, are converted to the condensed state, with high optical density and presence of 
droplets, by decreasing the temperature. The LLPS temperature progressively decreases from about 
37 °C at nc=2 to about 23 °C at nc=7, whereas the morphology, packing and dynamics of the droplets 
are slightly affected by nc. Moreover, coacervates in the dense and lean phases show similar 
microscopic and dynamic features. The overall findings highlight the potential efficiency of 
temperature stimuli in modulating the LLPS in protein solutions. 
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The water layers in proximity of biological membranes are essential for maintaining cellular 
architecture, regulating biochemical reactions, and facilitating intermolecular interactions. The 
interfacial water network, highly sensitive to the membrane chemical composition and structure, 
undergoes strong perturbation and reorganization under pathological alterations, e.g. cholesterol 
dyshomeostasis1 in neuronal membranes2. We used Attenuated Total Reflectance-Fourier Transform 
Infrared (ATR-FTIR) spectroscopy to investigate model neuronal membranes under controlled 
humidity and varying cholesterol content, designed to mimic physiological and pathological states. 
Pathological alterations in membrane lateral organization leave distinct signatures in the OH 
stretching (𝜈 – OH) band, serving as markers of water-lipid coupling and anomalous hydrogen-bond 
geometry in the first hydration layers (~10 Å). Shape and frequency shifts in the 𝜈-OH band reflect 
distinct water populations (structured network vs multimeric forms). Complementary analysis of the 
carbonyl stretching band gives information on water-lipid interactions, revealing a structurally and 
dynamically heterogeneous H-bond network, strongly coupled to lipid phase state and composition. 
These results show that disease-induced membrane anomalies imprint detectable signatures on the 
vibrational pattern of the H-bonding network, rendering it a sensitive “molecular mirror” for early 
diagnosis of pathological membrane perturbations.  

 

1. Oh, Myong In, Chang In Oh, and Donald F. Weaver, 2020, The Journal of Physical Chemistry 
B 124.18:3686-3694.  

2. Fernández-Pérez, Eduardo J., et al., 2018, Frontiers in aging neuroscience 10: 226. 
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Oncogene-induced senescence (OIS) is a stable state of cell-cycle arrest triggered by the activation of 
an oncogene. OIS has a transcription program distinct from other types of senescence and features a 
massive reorganization of chromatin into senescence-associated heterochromatin foci (SAHF) [1], in a 
p53-dependent manner. As chromatin organization has been shown to regulate gene expression, it is 
tempting to hypothesize a functional role for the SAHF. However, like many other features of 
senescence, high cell-to-cell variability makes the study of their function complicated. 

We use microscopy to link 3D chromatin organization, transcription factor behavior and gene expression 
in single cells. We developed a multi-modal microscope able to combine super-resolution of chromatin 
and single molecule tracking of single molecules of p53 in live cells [2, 3]. The study of p53 behavior 
around chromatin, and around SAHF when they are present, reveals a tug-of-war between p53’s affinity 
for chromatin and the volume exclusion from the highly condensed regions of chromatin. Mathematical 
modeling of the diffusion process allows for the quantification of each and underlines the existence of 
an intermediate state of slow diffusion of p53 when it diffuses on the surface of SAHF. Combining 
immunofluorescence and smFISH in fixed samples, we show that this is correlated with an increased in 
the efficiency of p53 activity, where equal levels of p53 lead to higher expression of target genes. 

Thus our results suggest the SAHF do not only have a silencing role, hiding repressed genes in 
heterochromatin, but potentially also an enhancing one, allowing for strong expression of p53 target 
genes even at low p53 expression.  
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Assessing the electric charge at the air–water interface is crucial in environmental and biological systems. 
Dissolved salts modulate interfacial charge via ion-specific adsorption and screening, altering surface potential 
and eventually the interfacial structure. These effects influence processes such as aerosol formation, transport 
phenomena, and biomolecular interactions. A quantitative understanding under realistic ionic conditions is 
therefore essential. The LIFI technique1 enables an exceptionally sensitive probe of liquid interfaces under ultra 
weak external forces. Surface oscillations are created by an oscillating electromagnetic field tuned to the Lamb 
capillary modes of a 1 mm bubble, with a phase correlation to the exciting field2 determined by the sign of the 
interfacial charge. The LIFI detects surface waves with amplitudes ranging from Angstroms to tenths of 
nanometers.3 Despite the macroscopic scale, the measured response is governed by nanoscale interfacial 
processes. In particular, the oscillation amplitude shows a pronounced dependence on the bulk pH, on specific 
ions in solution, and on the electrode to bubble distance, revealing the role of perpendicular electrostatic forces 
due to adsorbed interfacial charges within the nanometer thick interfacial layer. The dumping rate of 
oscillations, related to energy dissipation, can vary in the presence of specific ions as is revealed from the Q-
factor value of the resonance. LIFI bridges microscopic hydrodynamics and nanoscale electrostatics at liquid 
interfaces. 

 
1. Raudino, A, Raciti, D, Corti, M. Langmuir 33, 6439-6448 (2017). 
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Liquid-liquid phase separation (LLPS) is a key physicochemical phenomenon that drives the formation 
of biomolecular condensates, allowing cells to dynamically and reversibly organize their internal 
environment1. Beyond its biological relevance, LLPS has emerged as a guiding principle for the 
development of advanced functional materials2. This process involves the spontaneous demixing of an 
initially uniform solution into two liquid phases with different compositions, governed by 
thermodynamic parameters influenced by solute concentration, intermolecular forces, and solvent 
characteristics3-4. Among these factors, macromolecular crowding and hydration are key, 
interconnected determinants of protein phase behavior. In this study, we explored LLPS of β-
lactoglobulin induced by polyethylene glycol (PEG) in a phosphate buffer at neutral pH. By 
systematically varying protein and PEG concentrations, we demonstrate that excluded volume effects 
play a dominant role in regulating phase separation. To gain insight into the molecular mechanisms 
underlying condensate formation and maturation, we combined micro-Raman spectroscopy with 
environment-sensitive fluorescent probes and spectral and phasor-based fluorescence lifetime 
microscopy. This multimodal approach allowed us to resolve, at the sub-micrometer scale, both spatial 
and temporal variations in hydration shells and solvent polarity across phases, as well as 
conformational rearrangements of proteins within condensates. Notably, our findings reveal a 
progressive transition toward more rigid, amyloid-like structures, which occurs even in the absence of 
thermal stress, highlighting LLPS as a powerful platform for engineering adaptive biomaterials with 
tunable mechanical properties.  
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Cytoskeleton analysis is pivotal for assessing cellular processes, including cell cycle, migration, and pathogenic 
cytoskeletal rearrangement. While super-resolution microscopy (SMLM) [1] images dense actin networks, 
quantitative analysis is often hampered by filament overlap and segmentation artifacts.  

To tackle this, instead of using ridge detection directly to measure filament length and thickness, we use it to 
generate filament masks that guide reconstruction. This allowed us to categorize actin structures into macro 
and micro-clusters by area and geometry, enabling ellipse-based reconstruction of large bundles and mitigating 
oversegmentation.  

The ridge-derived mask also segregates filament-associated localizations from cytoplasmic ones for 
independent quantification. The approach was verified in the context of visceral myopathy, a serious condition 
compromising contraction of gut smooth muscle, triggered by actin-gamma2 (ACTG2) variants [2]. Analysis of 
cells expressing ACTG2-R257C (known to cause critical inter-subunit contacts in actin filaments, resulting in 
unstable actin bundles) confirmed literature knowledge [3,4] and expanded it.  

1. Betzig, E., et al. Science, 313(5793), 1642–1645 (2006).  
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Aptamers are folded DNA/RNA oligonucleotides artificially selected to bind a target, that are emerging as an 
alternative to antibodies in several applications. In fluorescence imaging, the small size and the precise 1:1 
conjugation with fluorophores makes aptamers a promising class of affinity probes for quantitative single-
molecule localization microscopy. Compared to protein-based probes, the oligonucleotide nature of aptamer 
molecules offers the possibility of precisely modulating the binding to the target, e.g., with mutations or 
exploiting DNA hybridization 1 . Here we explored the concept that aptamers with modulated affinity can serve 
as reversibly binding probes for PAINT imaging. 2,3 In this approach, membrane receptor targets are localized by 
a continuous association and dissociation of aptamer probes, that otherwise diffuse in solution. Since the 
process is largely insensitive to photobleaching, it provides enhanced capabilities for molecule detection. Using 
a combination of structural modelling and Fluorescence Correlation Spectroscopy, we rationally designed 
short inhibitor oligonucleotides. The inhibitors function by hybridizing to a portion of an aptamer (CLN3) thereby 
tuning the interaction with its target, the cMET receptor, in a selective way. We demonstrated that inhibitors 
work by facilitating complex dissociation, both on solubilized targets and in situ, on cMET receptors exposed 
on the live cells. Finally, the CLN3 aptamer, conjugated with a fluorophore and co-administered with an 
inhibitor, was successfully used to track single cMET receptors on the live cell surface by PAINT imaging. 
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Human Thymidylate synthase (hTS) is an essential, dimeric enzyme involved in DNA replication and 
repair, since it serves as the sole de novo source of thymidine in human cells. Due to its central role in 
cell proliferation, hTS represents a key target for several chemotherapeutic agents used to treat solid 
tumors. Moreover, hTS regulates gene expression through binding to various mRNA molecules. 
Remarkably, hTS binds also its own mRNA, exerting an autoregulatory function and consequently 
modulating its intracellular concentration: this has implications in the occurrence of undesired 
chemoresistant effects [1]. Despite such biological significance, the molecular mechanisms and 
dynamics governing hTS-mRNA interaction still have to be explored in detail [2]. 

In this work, we have employed optical tweezers (OT) to probe the interaction between hTS and its mRNA 
via single-molecule force spectroscopy measurements. OTs act as nanoscale force sensors, enabling 
the measurement of physical properties with a level of accuracy that surpasses that of most alternative 
techniques and that permits to possibly detect rare events inaccessible to bulk assays [3]. By 
mechanically cycling TSmRNA molecules between folded and unfolded states in the presence and 
absence of hTS, we detected distinct binding events that provide unprecedented insight into the affinity 
and structural features of the interaction. Our unpublished findings suggest that hTS binding induces 
conformational changes in a particular region of the mRNA, which sheds light on the possible 
mechanisms that take place during translational repression. Not only does this work reveal novel 
insights into the biological function of a clinically relevant protein, but it also opens different paths for 
the development of more effective chemotherapeutic drugs targeting hTS [4]. 
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Fluorescence Correlation Spectroscopy (FCS) is a widely used technique to study molecular dynamics and 
interactions at the single-molecule level. However, in traditional confocal systems, the use of single-element 
detectors limits access to potentially useful spatial information. 

Here, we implement spot-variation FCS (svFCS) on the commercially available PRISM Image Scanning 
Microscope (Genoa Instruments), which replaces the single-channel detector with a single-photon avalanche 
diode (SPAD) array1. We address SPAD-specific noise sources - afterpulsing and hot pixel background - and 
build on our framework for segmented FCS analysis2 to enable live-cell measurements on this platform. 

As a first biological application, we characterize the diffusion of untagged GFP in live cells. ISM-based svFCS 
reveals apparent Brownian-like diffusion in both nucleoplasm and nucleolus, with a measurably lower mobility 
in the latter. We then turn to PARP1, a key mediator of the DNA damage response, and find a similar 
compartment-dependent mobility, with the nucleolar fraction diffusing more slowly than the nucleoplasmic 
one. Finally, laser micro-irradiation induces a spatially confined slowdown of PARP1 dynamics in the irradiated 
region, suggesting active recruitment to sites of DNA damage. 

Taken together, these results establish ISM-based svFCS as a powerful and accessible approach for dissecting 
molecular diffusion in the complex environment of the living cell nucleus. 

 

1. Slenders, E., Castello, M., Buttafava, M. et al. Light Sci Appl 10, 31 (2021). 
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The predictive power of molecular simulations increasingly relies on their integration with experimental data, 
particularly when addressing complex biomolecular systems across multiple scales. In this contribution, I will 
discuss recent efforts to address this challenge by tightly integrating molecular simulations with experimental 
approaches, with a particular focus on multiscale modelling strategies. A central example is provided by the 
MIMOSA project, which aims at enabling Atom Probe Tomography (APT) of biological systems through 
embedding biomolecules in silica matrices. This approach requires modelling non-native environments and 
coupling simulations with emerging experimental techniques, including terahertz-assisted measurements. We 
have developed dedicated MD protocols to describe the early stages of biomolecule embedding and matrix 
interaction, providing a molecular-level interpretation of experimental observables1-4. 

Within this framework, I will present complementary studies on biologically relevant systems. These include 
investigations of the sigma-1 receptor and related protein systems, where combined in silico/in vitro 
approaches reveal conformational dynamics relevant to biological function and disease5-8, as well as recent 
work integrating molecular simulations with data-driven approaches for the analysis of genetic variants and 
protein function9. Finally, I will briefly discuss multiscale approaches to radiation-induced DNA damage, where 
atomistic and coarse-grained models are combined to bridge molecular mechanisms and larger-scale 
biological effects10,11. 

Together, these examples highlight the ongoing challenge of linking molecular-level simulations with 
experimentally accessible observables and more complex biological contexts, pointing toward integrated 
simulation–experiment workflows as a key direction for future developments. 
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MMACHC is an enzyme that is crucially involved in the metabolic processing of the vitamin B12 (cobalamin, 
cbl). The enzyme binds the vitamin and, with the help of co-ligands, it removes the variable upper ligand of cbl, 
to prepare it for its physiological role. Many MMACHC pathological mutations are known to cause severe 
symptoms (cblC disease). We have recently studied 1 the effect of a point mutation, R161Q, that is predicted 
to destabilize the protein. We used several biophysical techniques to compare the structural stability, cbl 
binding and the enzymatic activity of the recombinant wt and R161Q forms.  

In parallel to the experimental activity, we modeled the MMACHC and the R161Q mutant in complex with 
methyl-cbl and with glutathione, an important co-ligand. We performed equilibrium MD simulations as well as 
free energy approaches, to compare the affinities of the mutant to that of the wt MMACHC. A critical 
assessment of different binding free energy techniques was an interesting side result. The study of the 
respective apo forms revealed unexpected results that suggest a high structural sensitivity to solvent 
conditions. In fact, we observed a very dynamic wt MMACHC, with a high RMSD with respect to the 
crystallographic structure. Adding malonate ions, present in the crystallographic structure, resulted in a more 
stable wt and in a more destabilized mutant.  

Overall, the application of modelling methods to the MMACHC, a protein that features large, flexible and 
functional loops and is heavily ligand-stabilized, is producing interesting insights but has also revealed 
significant challenges. 
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Alzheimer’s disease (AD) is a widespread neurodegenerative disorder characterized by progressive cognitive 
decline and neuronal loss1, with extracellular amyloid fibrils formed by Amyloid-β (Aβ) peptides, predominantly 
Aβ40 and Aβ42, as a primary hallmark. Although the two isoforms differ by only two C-terminal residues, they 
exhibit markedly distinct aggregation kinetics and toxicities 2. Whether these differences are already encoded 
at the monomer level remains an open question 3. At this level, both isoforms behave as intrinsically disordered 
peptides populating broad conformational ensembles in aqueous solution.  

Here, we combine extensive all-atom molecular dynamics simulations with well-tempered metadynamics and 
an IDP-calibrated force field to systematically compare the monomeric ensembles of the two isoforms under 
identical conditions. In addition, to assess the role of the biological environment, we extended our analysis to 
different solvent conditions, probing how solvent-dependent interactions modulate conformational 
preferences.  

We observed that both peptides predominantly populated disordered, coil-like states in physiological 
conditions; however, clear differences emerge in their secondary structure balance; Aβ42 is more biased 
toward β-rich conformations. Despite sharing similar most-probable compact states, Aβ42 more frequently 
samples extended and solvent-exposed configurations, including states with enhanced hydrophobic exposure, 
which are less populated in Aβ40.  

Finally, our consensus clustering analysis confirmed trends inferred from global observables, revealing that 
Aβ42 uniquely combines a higher degree of organization in β-rich states with a significant population of 
extended disordered and solvent-exposed configurations.  

Overall, our results indicate that even minimal sequence variations can induce subtle but systematic shifts in 
the monomeric conformational landscape, predisposing Aβ42 toward aggregation-prone states. These findings 
support a mechanistic link between sequence-encoded conformational preferences and the differential 
amyloidogenicity of Aβ isoforms.  

1. Korczyn, A. D., & Grinberg, L. T. Nature Reviews Neurology, 20(4), 245-251 (2024). 
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Targeting the oxidative pentose phosphate pathway by inhibiting glucose-6-phosphate dehydrogenase (G6PD), 
is a promising anticancer strategy, yet clinically useful inhibitors remain unavailable.1,2 A key limitation is the 
lack of molecular insight into how allosteric and non-competitive inhibitors perturb enzymatic activity, limiting 
rational optimization. Here, we investigated the mechanism of G6PDi-1, a potent, reversible, non-competitive 
G6PD inhibitor,3 by combining biochemical assays with molecular dynamics simulations, Markov state model 
and MM/PBSA binding energy calculations. Experimentally, G6PDi-1 reduced active dimer formation in 
hepatoblastoma HepG2 cells and increased the inactive monomer fraction, linking inhibition to disrupted 
oligomerization. Computationally, G6PDi-1 revealed a dynamic multisite binding landscape on the G6PD 
surface, with minimal engagement of the substrate-binding region, consistent with non-competitive inhibition. 
Kinetic and energetic analyses identified the dimer-interface cavity as the most favorable and kinetically 
accessible binding region, where ligand binding can directly obstruct inter-subunit association. In addition, 
distal binding sites altered residue–residue coupling and conformational fluctuations, suggesting a secondary 
allosteric mechanism that may reduce the ability of G6PD to adopt dimer-competent states. Together, these 
results support a dual mode of inhibition in which G6PDi-1 directly disrupts dimer-interface assembly while 
also reshaping long-range protein dynamics. This work provides a molecular framework for structure-guided 
optimization of G6PD inhibitors for anticancer applications. 
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G-quadruplexes (G4s) are non-canonical secondary RNA/DNA structures formed by the helicoidally planar 
composition of four guanines, stabilized by interplane cations (K⁺ or Na⁺). Their stability plays a crucial role in 
DNA degradation and in regulating DNA replication, and for this G4 unfolding pathways are the subject of 
intense study. 

In this work, we reveal some intermediates during the denaturation process simulated in full atom molecular 
dynamics. 

 

Our analysis makes use of mesoscopic modelling of the structure followed by two dimensionality reduction 
techniques applied to the unfolding trajectories: Principal Component Analysis (PCA) and a more refined Time-
Independent Component Analysis (tICA). The reduced data are then encoded in a Complex Markov Network, 
which, in conjunction with stochastic steepest descent, provides a filtered hierarchical organization of basins 
of attraction representing the main intermediate states together with the most relevant transitions that the 
system undergoes during unfolding. 
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Fluorescence microscopy provides detailed visualization of chromatin organization within the cell nucleus, 
offering valuable biological insights. However, it is often time-consuming, invasive, and may affect cell viability. 
In contrast, label-free microscopy represents a non-invasive alternative that preserves live-cell integrity, 
although it lacks direct biological interpretability. Bridging this gap through computational image translation has 
emerged as a significant research challenge. 

 

In this work, we propose a deep generative framework for predicting fluorescence images of cell nuclei from 
label-free microscopy inputs. Our approach is based on the Pix2PixHD architecture, where we investigate 
several strategies to improve reconstruction quality, including lightweight generator designs, the integration of 
an L1 reconstruction loss, weight averaging, and test-time augmentation during inference. We also introduce a 
new in-house paired dataset of label-free and fluorescence microscopy images. 

In addition to conventional image reconstruction metrics such as SSIM and PSNR, we propose a 
comprehensive nucleus-level evaluation protocol to better assess biological realism. This includes 
segmentation mask agreement using the Dice score, morphological consistency through nuclear shape 
descriptors, and chromatin organization analysis using radial intensity distribution and the coefficient of 
variation within nuclei. 

 

Our results demonstrate the importance of evaluating generative microscopy models beyond pixel-level 
similarity, emphasizing biologically meaningful criteria that better reflect the requirements of biomedical 
imaging applications. 
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Micro- and nanorobots are emerging as a model active matter system at the intersection of materials science 
and nanotechnology, capable of autonomous motion, multifunctionality, and collective behaviours.1 These 
systems offer promising opportunities for environmental remediation2 and biomedical applications, including 
targeted drug delivery3 and tumor treatment4, while also providing an experimentally accessible platform to 
investigate cooperative behaviours, emergent dynamics, and interparticle communication at the microscale. In 
this context, light-driven microrobots based on functional semiconductor-metal nanocomposites represent a 
promising strategy to study self-organization mechanisms and collective phenomena observed in natural 
systems, from bird flocks and insect swarms to coral colony growth and amphiphilic molecular self-assembly.5  

This work explores the synthesis, characterisation, and functional behaviours of Janus microrobots based on 
hematite (α-Fe2O3), an abundant bio-compatible magnetic semiconductor, asymmetrically coated with a thin 
gold layer to induce compositional and structural anisotropy. α-Fe2O3 microparticles, with controlled peanut-
like and cubic morphologies, are synthesised via a sol-gel process and asymmetrically coated with gold by 
sputtering. Extensive characterization is performed using SEM, XRD, XPS, and UV-Vis spectroscopy, and VSM, 
confirming the formation of well-defined Janus structures with morphology-dependent properties.  

Under visible-light irradiation in water or hydrogen peroxide (H2O2) solutions, the microrobots exhibit 
autonomous propulsion through the mechanism of self-electrophoresis driven by photocatalytic reactions. The 
propulsion dynamics are systematically investigated as a function of particle geometry and operating condition 
(fuel concentration, illumination parameters), revealing tunable velocities up to 11 μm s-1.  

Importantly, the multifunctionality of these systems allows two main interaction mechanisms, depending on 
the propulsion regime. In the absence of light, magnetic interaction is predominant, while under active 
illumination, long-range phoretic forces dominate. The interplay between magnetic and phoretic interaction 
leads to synchronised motion, pairwise attraction, and dynamic self-assembly into reconfigurable chains and 
clusters. The formation of ordered structures is quantitatively analysed over time for both homogeneous 
(peanut-like or cubic) and mixed populations, highlighting selective interaction and cooperative self-assembly 
in multicomponent systems.  

Overall, this study highlights how asymmetric and actively driven bio-material architectures are a versatile 
bioinspired platform for studying emergent collective dynamics, multimodal interaction, and adaptive self-
organization in active systems, with potential applications ranging from microscale transport to environmental 
remediation, and identifying key design and operational principles for next-generation functional 
nanocomposite and active material systems.  

1. Ju X., et al. ACS Nano 19, 27, 24174–24334 (2025).  

2. Urso M., et al. Nat. Rev Bioeng 1, 236–251 (2023).  

3. Hu, M., et al. Pharmaceutics 12, 665 (2020).  

4. Simó C. et al. Nat. Nanotechnol. 19, 554–564 (2024).  

5. Wang C., et al. Acc. Chem. Res. 45, 608–618 (2012). 
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Three-photon microscopy (3PM) has greatly expanded the capability of deep imaging in biological tissues. In 
comparison with one- and two-photon excitation microscopies, the higher-order non-linear excitation and the 
longer adopted laser wavelengths reduce out-of-focus background and mitigate scattering, leading to overall 
superior contrast and optical sectioning at longer penetration depths. Still, the intensities required for efficient 
3P excitation may produce competing damage processes, ranging from non-linear to thermal pathways, whose 
relative contribution and dependence on imaging parameters are still insufficiently characterized. Here, we 
assess the extent of thermal and nonlinear damage under typical 3PM imaging conditions. Thermal load, mainly 
attributed to water absorption, is initially characterized on unstained lung tissue sections, where far-infrared 
thermography quantifies the absolute temperature at the sample surface during the acquisition of fluorescence 
and multiharmonic (SHG, THG) images at 50-μm focus depth. Surface temperature profiles are then compared 
with the predictions of a combined Monte Carlo and finite-element modeling framework. The agreement 
between predicted and experimental surface temperature profiles validates the theoretical model and allows 
inferring the amplitude of the peak temperature increment at depths where direct measurement is prevented. 
The analysis is performed for 1300- and 1650-nm excitation at 1-MHz repetition rate and equal average laser 
power, as well as at 1- and 80-MHz repetition rate at 1300-nm wavelength and equal SHG image contrast. All 
schemes are quantitatively compared in terms of both thermal load on the sample and efficiency in 
fluorescence and harmonic signal generation. Besides cumulative thermal heating driven by the laser average 
power, non-linear effects are finally investigated. By the numerical solution of a multi-rate equation model for 
laser-induced plasma formation, aimed at identifying free-electron mediated damage, photo-modification 
thresholds are identified. Our results provide guidelines for establishing limits on excitation settings, optimizing 
scan parameters and maximizing signal generation efficiency, while avoiding irreversible damage and 
guaranteeing safe application of three-photon excitation technologies. 
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Three-dimensional reconstruction of myocardial fibre and sheet architecture is essential for biophysical 
cardiac models, yet acquiring these data at the whole-organ scale with sufficient resolution remains 
challenging. We present a high-throughput imaging pipeline that combines CUBIC tissue clearing optimised for 
cardiac tissue, dual-camera light-sheet microscopy, and an automated dual-view fusion algorithm. Whole 
mouse hearts (n = 9) are imaged label-free, exploiting intrinsic myocardial autofluorescence at 3.25 × 3.25 × 3 
µm³ voxel size in ~25 minutes per sample. Dual-view fusion effectively eliminates depth-dependent signal 
degradation, yielding isotropic-quality image stacks suitable for automated structural analysis. From these 
data, we extract transmural profiles of helix angle and sheet angle across the entire ventricular walls with an 
isotropic resolution of 100 µm³, recovering the well-established progressive rotation of cardiomyocyte 
orientation and the regional heterogeneity of laminar organisation. These morphometric outputs are directly 
usable as fibre-field inputs for eikonal and reaction–diffusion models of cardiac electrophysiology. The pipeline 
is compatible with fluorescent reporters and whole-mount immunostaining, demonstrated here by 
reconstructing the cardiac sympathetic innervation throughout the intact organ. By providing rapid, scalable, 
and model-ready cytoarchitectural data, this approach bridges mesoscale imaging and computational 
cardiology in physiological and pathological models.  
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The uncontrolled growth in plastic production, consumption, and use has significantly intensified 
environmental pollution worldwide. In this context, the recycling and valorization of post-consumer plastics 
represent strategic and necessary actions to mitigate this escalating problem and to support the transition 
toward a circular economy. Recycling processes are governed by strict international regulations requiring 
recycled polymers to match the physical properties and quality standards of their virgin counterparts. Achieving 
this objective depends critically on precise, fast, and reliable classification of plastic materials, both before and 
after recycling stages [1]. However, the intrinsic variability of post-consumer waste, together with 
contamination and material degradation, makes this task particularly challenging for conventional sorting 
approaches [2,3]. To address this issue, we combine infrared (IR) spectroscopy with advanced Machine 
Learning (ML) techniques. In this study, we design and validate a fast and automated ML-based classification 
framework for four widely used polymer types. The models are trained on a dedicated IR spectral database 
constructed from original experimental measurements, ensuring high representativeness of real-world 
samples. Using the open-source Quasar [4] platform, we perform a comparative evaluation of traditional 
machine learning algorithms alongside a specifically developed Convolutional Neural Network (CNN) 
architecture designed to capture complex spectral features. The proposed approach demonstrates strong 
potential in improving classification accuracy and robustness while maintaining computational efficiency 
suitable for industrial applications. Overall, this methodology provides a scalable and effective tool for 
enhancing plastic sorting processes, enabling higher quality recycling streams and supporting the production 
of recycled polymers that meet industrial standards. This contributes to improving resource efficiency and 
advancing sustainable waste management strategies within a circular economic framework. 

 

1. Hopewell, J.; Dvorak, R.; Kosior, E. Plastics re- cycling: challenges and opportunities. 
Philosophi- cal Transactions of the Royal Society B 2009, 364, 2115–2126. 
doi:10.1098/rstb.2008.0311. 

2. Bernat, R.; Szyszlak-Bargłowicz, J.; Zaja˛c, G.; et al. Post-Consumer Plastic Waste 
Management. Energies 2023, 16, 3504. doi:10.3390/en16083504. 

3.  Fonkou, T.; Pardo, E.; Brach, H.; et al. Ana- lytical Methods for In-Depth Assessment of Re- cycled 
Plastics. Environments 2025, 12, 154. doi:10.3390/environments12050154. 

4. Toplak, M.; Read, S.T.; Sandt, C.; Borondics, 

F. Quasar: Easy Machine Learning for Biospectroscopy. Cells 2021, 10, 2300. 
doi:10.3390/cells10092300. 
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The molecular characterization of extracellular vesicles (EVs) remains challenging, particularly with 
regard to their lipid composition, which is crucial for vesicle biogenesis, stability, and biological activity. 
In this study, we present an integrated analytical workflow combining high-performance liquid 
chromatography with diode array detection (HPLC-DAD), attenuated total reflection Fourier transform 
infrared spectroscopy (ATR-FTIR), and gas chromatography-mass spectrometry (GC–MS) for 
comprehensive lipid profiling of EVs derived from human embryonic kidney cells (HEK293T) and the 
microalgae Tetraselmis chuii.1,2 

Phospholipid quantification and fatty acid analysis revealed phosphatidylserine as a conserved and 
selectively enriched lipid signature across both biological systems. Distinct differences were also 
observed in fatty acid composition, particularly in acyl chain saturation profiles. 

ATR-FTIR spectroscopy was further used beyond traditional fingerprinting to extract quantitative 
structural descriptors, including protein-to-lipid ratio, lipid saturation balance, acyl chain length, and 
membrane packing properties. These parameters enabled effective discrimination of EVs according to 
their biological origin. 

Overall, this multiplatform strategy converts complex lipid diversity into reproducible structural 
descriptors, improving EV classification and functional interpretation. The identification of unique lipid 
and spectroscopic signatures in microalgal EVs also supports their potential as sustainable 
nanobiotechnological platforms. 

 

1. Paterna, A. et al. Front Bioeng Biotechnol 10, 836747 (2022). 

2. Adamo, G. et al. J Extracell Vesicles 10, e12081 (2021). 
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The growing threat of device-associated bacterial infections, particularly in orthopedic implants and 
catheter coatings, underscores the urgent need for novel antimicrobial strategies. Antimicrobial 
photodynamic therapy (aPDT), which exploits reactive oxygen species generation, primarily singlet 
oxygen (1O2), upon photoactivation of a sensitizer, represents a highly promising approach. Near-
infrared (NIR) light is especially suited for biomedical applications, as it falls within the tissue optical 
window, ensuring minimal tissue absorption and maximum penetration depth.  

In this work, eco-friendly polysaccharide-based films fabricated via solvent casting2 were loaded with 
indocyanine green (ICG)3 as a NIR photosensitizer for aPDT. ICG is an FDA-approved fluorescent dye 
currently employed as an in vivo imaging agent. Its supramolecular aggregation behavior is of particular 
relevance: J-aggregates, arising from head-to-tail π-stacking of the aromatic moieties1, exhibit a 
pronounced bathochromic shift from 780 nm (monomeric form) to 870 nm, placing their absorption 
maximum deep within the NIR tissue optical window and rendering them highly attractive for NIR-
triggered aPDT. In this context, pre-formed ICG J-aggregates were incorporated into the polysaccharide 
matrix to enhance the NIR photoresponse.  

The composite films were subjected to comprehensive physicochemical characterization including X-
ray diffraction, scanning electron microscopy, water vapor permeability assays, dynamic mechanical 
analysis and thermogravimetric analysis. Such characterization was specifically aimed at elucidating 
how ICG J-aggregates modulate the polysaccharide network at the molecular level, influencing 
intermolecular interactions within the matrix and, consequently, affecting its interaction with aqueous 
environments. The antibacterial potential of the resulting materials is currently under investigation, with 
the aim of establishing a structure-activity relationship between the supramolecular organization of ICG 
within the polysaccharide matrix and the photodynamic efficacy of the films.  

1. He, K. et al., J Nanobiotechnol 23, 317 (2025)  

2. Ciaramitaro, V. et al., Polymers 16, 2298 (2024)  

3. Ciaramitaro, V. et al., Carbohydr. Polym. Technol. Appl. 10, 100828 (2025)  
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Lignin is one of the most abundant natural polymers on Earth and a major byproduct of lignocellulosic 
biorefineries, constituted by a complex network of phenylpropanoid units that confer it remarkable 
chemical versatility and intrinsic antioxidant activity. Its valorization into functional materials remains 
however limited by its poor processability. Here we present a fully sustainable, water-based fabrication 
strategy in which lignin dispersibility is enhanced by pH adjustment and ultrasonication, followed by 
blending with poly(ethylene oxide) (PEO) to enable waterborne electrospinning 1. The resulting 
nanofibers were comprehensively characterized through a multi-technique approach. Scanning 
electron microscopy (SEM) revealed that fiber diameter and morphology are directly modulated by lignin 
content, while dynamic mechanical analysis (DMA) demonstrated a clear dependence of elastic 
properties on lignin concentration, establishing the possibility of tailoring material stiffness to specific 
application requirements. ATR-FTIR spectroscopy confirmed intermolecular interactions between 
lignin and PEO, supporting fiber structural integrity. Beyond conventional techniques, the intrinsic 
autofluorescence of lignin was exploited through two-photon excitation fluorescence microscopy and 
phasor-FLIM to probe the supramolecular organization of the fibers 2, discriminating domains of dense 
and loose lignin packing from their distinct fluorescence lifetime signatures, a level of microstructural 
detail inaccessible to bulk methods 3. Functional and biological assessments included DPPH radical 
scavenging assays, which demonstrated sustained antioxidant activity for up to 72 hours, and 
cytocompatibility evaluation with human fibroblasts. As a proof of concept for drug delivery 
applications, the antibiotic bacitracin was encapsulated within the fibers and its incorporation was 
assessed by micro-FTIR spectroscopy. This work establishes lignin as a viable building block for 
functional nanofibrous biomaterials combining structural tunability, bioactivity, and controlled release 
potential, while demonstrating phasor-FLIM as a powerful non-destructive tool for the characterization 
of heterogeneous bio-based matrices in biomedical and pharmaceutical contexts. 

 

1. Stie M. B. et al., Sustainable Mater. Technol. 34, 00519, (2022). 
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The EuPRAXIA project is a European initiative focused on developing groundbreaking, ultra-compact 
accelerator research infrastructures based on innovative plasma acceleration concepts. The 
EuPRAXIA@SPARC LAB facility, hosted by the Italian National Institute for Nuclear Physics at the 
Frascati National Laboratory, will be the first operating Free Electron Laser (FEL) facility within the 
EuPRAXIA framework. It will utilize an accelerator module driven by an electron bunch to generate ultra-
short photon pulses in the soft X-ray region.1 

These photons will be delivered to the AQUA endstation, whose wavelength falls within the “water 
window”, making it ideally suited for coherent imaging and ion spectroscopy on biological samples at 
room temperature in a fully hydrated environment. Here we describe the AQUA endstation and show its 
potential for coherent diffraction imaging and Coulomb explosion imaging experiments on biological 
samples.2  

1. Ferrario, M et al Nuc Instr Met A 909, 134-138 (2018). 

2. De Santis, E. et al. Eur Biophys J 55, 253-261 (2025). 
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L-azetidine-2-carboxylic acid (AZE), a structural analog of proline, can be incorporated into nascent 
polypeptide chains, potentially disrupting proper protein folding and promoting protein misfolding, a key 
mechanism involved in cellular stress and disease. 

To obtain additional insights into this mechanism, we investigated AZE-induced alterations in protein secondary 
structure in Chinese hamster ovary (CHO) cells by Fourier-transform infrared (FT-IR) microspectroscopy. Cells 
were exposed for 24 h to AZE acqueous solutions at increasing AZE concentrations (100, 200, and 500 μM). 
FT-IR spectra were acquired from treated (AZE-exposed) and untreated (control) intact fixed cells and 
preprocessed using baseline correction and Savitzky–Golay smoothing. The Amide I region (1580–1720 cm⁻¹) 
was analyzed through a six-component Gaussian peak deconvolution model, allowing the quantification of the 
relative contributions of the main protein secondary structure elements (α-helix, β-sheet, β-turns, and random 
coil). The fitting procedure was carried on through selected indicators (χ², RMSE, and residuals). 

Results revealed significant structural changes upon AZE treatment, including an increase in α-helix content 
and a decrease in β-sheet contribution, with statistically significant differences compared to control samples 
(Welch’s t-test, p < 0.05). Our findings demonstrate that AZE exposure profoundly alters protein folding patterns 
in cellular systems. This approach represents an effective tool for investigating the role of non-proteinogenic 
amino acids, which are increasingly implicated in cellular stress and disease mechanisms. 
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Endothelial dysfunction is a key event in the development of cardiovascular diseases and is strongly associated 
with oxidative stress, impaired nitric oxide (NO) bioavailability, and activation of pro-inflammatory signaling 
pathways such as NF-κB. Functional foods of the Mediterranean diet, including Za’atar (a mixture of Origanum 
syriacum, Thymbra spicata, Rhus coriaria, Sesamum indicum), extra-virgin olive oil (EVOO), and almonds, are 
rich in polyphenols and bioactive compounds. This study investigated the antioxidant and cytoprotective 
effects of their extracts on human endothelial HECV cells under H₂O₂-induced oxidative stress. Extracts were 
prepared using aqueous or methanol/water systems and characterized by HPLC-MS/MS. Cells were exposed 
to 30 μM H₂O₂ for 24 h and subsequently treated with the extracts (0.5 μg/mL). Cellular responses were 
evaluated by measuring ROS production (DCFH-DA assay), lipid peroxidation (TBARS), and NO release (Griess 
assay). NF-κB (p65) protein expression was analyzed by Western blot, while antioxidant and regulatory genes 
(MT1E, PPARγ, SIRT1, SOD) were quantified by qPCR, and endothelial repair capacity was assessed by wound 
healing assay. All extracts significantly reduced ROS levels, lipid peroxidation, and NO overproduction, restoring 
redox balance, with Za’atar extract showing the strongest antioxidant effect. Treatments also decreased NF-κB 
activation, upregulated antioxidant-related gene expression, and improved endothelial cell migration impaired 
by oxidative stress. These findings demonstrate that Extracts derived from Mediterranean foods modulate redox 
homeostasis, intracellular signaling, and endothelial repair dynamics, supporting their potential in mitigating 
oxidative stress–induced endothelial dysfunction. 
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Polycomb Group (PcG) proteins are crucial epigenetic regulators of gene expression by post-
translational histone modifications. Among them, Polyhomeotic-like proteins (PHC1, PHC2, PHC3) 
participate in the transcriptional-repressing activity of Polycomb Repressor Complex 1 (cPRC1).1 The C-
terminal Sterile Alpha Motif (SAM), which mediates polymerization, may enable these proteins to create 
large-scale 3D chromatin interaction networks, forming microscopically visible speckles (‘‘PcG 
bodies’’) in the nucleus.2 These membraneless organelles may result from liquid-liquid phase 
separation (LLPS), suggesting they are biomolecular condensates. Besides, PHC dysregulation was 
involved in tumorigenesis.3, 4 However, their actual role remains unclear. Thus, our approach aims to 
study the biological and biophysical features of PHCs in physiological and tumoral thyroid-derived cell 
lines. By means of image scanning microscopy (Airyscan mode), we analysed nuclear morphology of 
PHC condensates, thereby determining signatures of the nuclear organization of PcG condensates. 
Texture and colocalization analysis of 2D images allowed for distinguishing normal from tumor cells, 
thus affording an interesting approach to identify quantitative descriptors of chromatin-associated 
condensate organization. These findings suggest that texture analysis of PcG nuclear architectures may 
represent a valuable tool for the development of future imaging-based diagnostic and prognostic 
strategies, providing novel biomarkers for cancer classification and epigenetic state assessment. 

1.          Li, Y., Mo, Y.X., Chen, C., He, J. & Guo, Z.H. Research advances of polycomb group proteins in regulating 
mammalian development. Front Cell Dev Biol 12 (2024). 

2. Niekamp, S., Marr, S.K., Oei, T.A., Subramanian, R. & Kingston, R.E. Modularity of PRC1 composition 
and chromatin interaction define condensate properties. Mol. Cell 84 (2024). 

3. Iwata, S. et al. Polycomb group molecule PHC3 regulates polycomb complex composition and 
prognosis of osteosarcoma. Cancer Sci. 101, 1646-1652 (2010). 

4. Li, G. et al. Altered Expression of Polycomb Group Genes in Glioblastoma Multiforme. PLoS ONE 8, 8 
(2013). 
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Peroxisome proliferator-activated receptors (PPARs), particularly PPARγ, are pivotal controllers of 
lipid metabolism and metabolic homeostasis. While synthetic PPARγ ligands like rosiglitazone 
improve insulin sensitivity, their clinical use remains limited, highlighting the need for safer 
nutraceutical alternatives for metabolic disorders. In the present study, molecular docking analyses 
were conducted to evaluate the interactions of selected natural polyphenols—rutin, oleuropein, 
corilagin, quercetin, tyrosol, and hydroxytyrosol—with PPARγ. The in silico results demonstrated that 
all investigated compounds interact with PPARγ with varying binding affinities, but rutin exhibited the 
strongest binding affinity, comparable to that of rosiglitazone. To experimentally validate the functional 
relevance of these interactions, a chemically activated luciferase expression (CALUX) recombinant 
cell bioassay was employed to assess the modulation of PPARγ transcriptional activity. Despite the 
favorable binding affinities predicted by molecular docking for the above polyphenols, the functional 
CALUX assay identified corilagin as a potent PPARγ antagonist. This discrepancy between the 
predicted binding affinity and the observed antagonistic activity suggests that corilagin binding may 
trigger a conformational rearrangement of the receptor, ultimately favoring transcriptional repression. 
Overall, our integrated in silico and experimental findings identify corilagin as a promising natural 
PPARγ antagonist and support further investigation into its potential application as a nutraceutical 
agent for the modulation of PPARγ-dependent metabolic pathways. 
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Cell viability assessment is fundamental in biomedical research and drug screening [1], yet 
conventional gold-standard assays are label-based, time-consuming, and require costly 
instrumentation. Label-free optical methods are increasingly adopted as non-invasive alternatives. 

We previously introduced a label-free, image-based microfluidic system for on-chip cell viability 
monitoring [2,3]. The method exploits the hydrodynamic response of cells subjected to a low-frequency 
oscillatory flow within a rectilinear microchannel. Cell motion is analysed through an extended Digital 
Particle Image Velocimetry (DPIV) algorithm, which automatically extracts two parameters — velocity 
range and frequency peak — from the cells' collective displacement. These descriptors, being sensitive 
to biophysical properties such as density and stiffness, allow the discrimination of viable from non-
viable cells without any labelling. 

To benchmark our approach against established label-based methods, we assessed the effect of well-
known cytotoxic agents — 5-azacytidine (AZA) and hydrogen peroxide (H₂O₂) — on two cell lines of 
different nature: the suspension leukemia line HL-60 and the adherent solid-tumour line HeLa. Cells 
were exposed to increasing concentrations of drugs over time. Multiple biological assays (MTT, Trypan 
Blue, Flow Cytometry, Incucyte) consistently revealed a progressive, dose- and time-dependent viability 
reduction. In parallel, microfluidic analysis showed that both velocity range and frequency peak 
increased with dose and exposure time, as treated cells progressively lost resistance to the imposed 
flow. The inverse relationship between rising hydrodynamic parameters and declining viability was 
consistent across all conditions, validating the platform as a reliable label-free alternative. 

Preliminary results support the broad applicability of this approach across cell lines of different nature 
and morphology. 

REFERENCES 

[1] M.J. Stoddart, Cell viability assays: introduction, in: Mammalian Cell Viability: Methods and 
Protocols, Springer, 2011, pp. 1–6. 

[2] E. Cutuli, G. Stella, F. Guarino, M. Bucolo, Automatic label-free image-based system for cell 
viability monitoring on-a-chip, Biomed. Signal Process. Control 106 (2025) 107768. 

[3] UNICT European Patent n. IT102025000005856/EP26166925, 2025. 
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Staphylococcus aureus is a widespread human pathogenic bacterium that poses an increasingly serious threat 
to public health worldwide, due to the emergence and spread of antibiotic-resistant strains. The ability of S. 
aureus to extract iron from the heme group contained in the human host’s hemoglobin is an important 
contribution to its pathogenicity. The first event of this iron acquisition mechanism is the binding of hemoglobin 
to receptors exposed on the bacterial wall, the iron-regulated surface determinant B. Hemoglobin binding 
thereby constitutes a potential target for new antimicrobials. In this work, single-molecule localization 
microscopy is used to quantify the number of hemoglobin molecules that are bound to individual S. aureus cells 
and to determine their nanoscale spatial distribution at the sub-cellular level. This quantitative approach 
establishes a methodological framework to monitor, with single-molecule sensitivity, changes in surface 
density of functional proteins on single bacterial cells occurring in response to reduced iron availability. This 
piece of information, in turn, is critical to define the overall efficacy of antimicrobials targeting bacterial 
receptors. As proof of this concept, we develop a photo-activated molecular system based on hemoglobin for 
targeted photodynamic inactivation of S. aureus. The results quantitatively correlate the hemoglobin density on 
bacteria with the efficacy in the reduction of their survival rate in vitro in response to photo-treatment. 
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Epigenetic regulation by Polycomb group (PcG) proteins is critical for controlling gene expression during 
development and maintaining cellular identity via dynamic chromatin remodeling. PcG proteins form two 
conserved complexes—PRC1 and PRC2—that modify histones to sustain long-term repression. A subset of 
PRC1, canonical PRC1 (cPRC1), can assemble into nuclear foci (PcG bodies) ranging from nano (<100 nm) to 
mesoscale (100–500 nm), reflecting chromatin loops spanning over 100 MB. Although PcG dysregulation is 
implicated in various cancers, the role of PcG bodies in tumor progression remains unclear.1 It has been recently 
recognized that these bodies form through liquid–liquid phase separation (LLPS) of cPRC1, DNA, and 
nucleosomes, further stabilized by the homotypic polymerization of polyhomeotic proteins (PHC1/2/3) at 
distal chromatin sites through its C-terminal Sterile α-Motif (SAM).2 Polymerization of PHC isoforms can be 
efficiently hampered by specific single-point mutations of the SAM sequence.3 In this context, some 
preliminary results of ours indicate that abnormal assembly of PHC2 PcG bodies may play a causal role in 
cancer progression in thyroid and pancreatic tumors. Indeed, mesoscale aggregation of PHC2/3-enriched PcGs 
was found to be highly dissimilar between non-tumoral and tumoral model thyrocytes by image scanning 
microscopy (ISM) in Airyscan mode. To understand the biophysical features of SAM-promoted polymerization 
of PHC2 onto chromatin, we carried out spatiotemporal image fluorescence correlation spectroscopy (STICS) 
to probe EGFP-PHC2 intranuclear diffusion and reaction equilibria. We found that wild-type EGFP-PHC2 
diffuses intranuclearly as dimer or oligomer and is dynamically coupled with the oligomerization process onto 
the chromatin-PcG scaffold. Conversely, EGFP-PHC2 variants with impaired SAM diffuse mostly as monomers 
without contributing to PcG dynamic growth. These findings underpin the role of PHC2 in promoting PcG 
formation and stabilization and suggest the manipulation of SAM polymerization activity as a possible 
therapeutic strategy to impair cellular derangement in given tumor scenarios. 

 

1. Parreno, V., Martinez, A.M. & Cavalli, G. Mechanisms of Polycomb group protein function in 
cancer. Cell Res. 32, 231-253 (2022). 

2. Niekamp, S., Marr, S.K., Oei, T.A., Subramanian, R. & Kingston, R.E. Modularity of PRC1 
composition and chromatin interaction define condensate properties. Mol. Cell 84 (2024). 

3. Isono, K. et al. SAM Domain Polymerization Links Subnuclear Clustering of PRC1 to Gene 
Silencing. Dev. Cell 26, 565-577 (2013). 
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Dysregulation of intracellular signaling pathways is a hallmark of cancer, and Src homology 2 (SH2) domain-
containing phosphatase 2 (SHP2), encoded by PTPN11, represents a key regulatory node in these processes. 
Gain-of-function mutations in PTPN11 are responsible for ̴35% of juvenile myelomonocytic leukemia cases 
and are also observed in diverse other malignancies. SHP2 comprises a catalytic PTP domain and two SH2 
domains (N-SH2 and C-SH2), which mediate interactions with phosphotyrosine-containing binding partners 
and regulate its enzymatic activity1. Pathogenic variants often destabilize the autoinhibited conformation of 
SHP2, resulting in increased basal phosphatase activity and enhanced binding affinity2, a key determinant of 
pathogenicity. Current therapeutic strategies, including allosteric inhibitors, often fail against to effectively 
target these mutants3, highlighting the need for alternative approaches. In this context, inhibiting SHP2 protein-
protein (PPIs) interaction, particularly those mediated by SH2 domains, represents a promising strategy to 
counteract pathogenic signaling. Here, we describe a systematic framework for the development of peptide 
inhibitors targeting SHP2 SH2 domains. By combining data from natural ligands and peptide libraries with 
molecular dynamics simulations, we identified the structural determinants required for high affinity and 
selectivity. Selected peptide sequences were further evaluated through diverse enhanced sampling methods 
to predict binding affinity, synthesized accordingly, and experimentally tested through fluorescence anisotropy. 
This approach led to the identification of peptides with single-digit nanomolar affinities. Further optimization 
with unnatural amino acids improved peptide stability for intracellular and in vivo applications. To promote 
cytosolic delivery, different delivery vectors were tested, and their intracellular internalization was evaluated by 
confocal microscopy. Using this strategy, we developed and patented a peptide targeting N-SH2 domain4, with 
ongoing efforts focused on extending the approach to the C-SH2 domain5. Overall, this integrated approach 
provides a method for developing PPI inhibitors targeting SH2 domains.  

1. Yaffe, M. B. et al, Nat Rev Mol Cell Bio 2002 3, 177-186.  

2. Bocchinfuso, G. et al. Proteins 2007, 66, 963-974.  

3. Chen, Y.P.N. et al. Nature 2016, 53,148.  

4. Bobone, S. et al. J Med Chem 2021, 64,15973-15990.  

5. Innamorati, C. et al. ACS Omega 2026, 11, 5669-5684. 
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Glycomacropeptide (GMP) is a C-terminal, hydrophilic casein-derived peptide composed of 64 amino 
acid residues and characterized by a low isoelectric point (pI < 3.8). Understanding GMP self-assembly 
provides a molecular model for the broader, essentially unstudied question of how mucin-type O-
glycosylation governs the self-organization of intrinsically disordered glycopeptides. Indeed, GMP 
shares its core O-glycan architecture with the mucin family, the dominant structural and functional 
proteins of the intestinal mucus layer, which are difficult to manipulate experimentally.  

In this study, we investigate the in vitro conditions leading to different self-assembly pathways for GMP, 
from liquid–liquid phase separation (LLPS) to gelation and solid aggregate formation. By varying ionic 
strength, ion type, molecular crowder as well as temperature and pH, we aim to identify the dominant 
intermolecular interactions driving condensate formation and liquid-to-solid transition. Using a 
combination of spectroscopy and fluorescence microscopy, we analyze both the intrinsic optical 
properties of GMP and their evolution during phase separation. These results provide insight into the 
behavior of glycosylated, intrinsically disordered peptides under charge-screened and crowded 
conditions. 
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One of the priorities of WHO is the fight against antimicrobial resistance. The development of alternative 
strategies for preventing and treating infectious diseases of bacterial origin is therefore of great interest. Among 
them, antimicrobial photodynamic therapy is a promising methodology that does not induce resistance and 
exploits the photodynamic effect, which consists in the use of otherwise non-toxic molecules, named 
photosensitizers (PSs), visible light and molecular oxygen, to produce reactive oxygen species, mostly singlet 
oxygen, which result in cellular toxicity. 

Particular interest is addressed to theranostic systems, supramolecular constructs consisting in a nanocarrier 
endowed with a therapeutic agent (in our case the PS), a “localization” agent (for example a fluorophore for 
imaging), and a targeting unit to confer specificity to the interaction construct-bacterium.   

A relevant point, not yet well explored, is the study of the sub-cellular distribution of the PS on the 
microorganism, a factor that is important in assessing the outcome of a treatment, due to the extremely 
localized photo-damage induced by singlet oxygen (100-200 nm). To obtain this information, advanced 
fluorescence imaging methodologies need to be employed, such as dSTORM. However, the application of such 
advanced methods to PSs remains challenging, because these molecules often have a moderate emission, so 
that they are usually substituted with specific dyes for super resolution microscopy. 

In this work, we have investigated the possibility of using directly PSs in nanoscopy as dSTORM dyes, allowing 
to directly map their nanoscale distribution in situ with single-molecule resolution. Using a “PS in disguise”, the 
same construct can be exploited directly both for the photodynamic treatment and imaging without any 
additional agent or probe.  
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Phase separation governs the formation of nanodomains (often termed lipid rafts), which are 
fundamental to plasma membrane organization but remain difficult to resolve with high spatial and 
mechanical sensitivity in complex synthetic and native-like systems 1,2 . Here, we report the rupture of 
synthetic Giant Unilamellar Vesicles (GUVs) and cell-derived Giant Plasma Membrane Vesicles 
(GPMVs) to form supported membrane patches, which were probed using high-resolution Atomic Force 
Microscopy (AFM) to map nanoscale membrane topography and mechanical contrast associated with 
phase separation 3 . GUVs and GPMVs are not traditionally employed as plasma membrane models in 
AFM studies, where supported lipid bilayers (SLBs) are more commonly used. However, vesicle-derived 
patches such as GUVs often exhibit larger domains, enabling robust observation of phase separation 
and straightforward correlative fluorescence imaging both in solution and after rupture on a surface. 
Complementarily, GPMVs retain native membrane composition, including cell-specific lipids and 
proteins, thereby offering a more physiologically relevant model 4,5 . To our knowledge, this work 
represents the first report of GPMVs presented as supported membrane patches (“GPMV patches”) 
measured with AFM, with successful observation of the phase separation and nanoscale domains that 
we then correlated to already well-described phase separation in synthetic membrane models. Our 
results demonstrate that AFM imaging of GUV and GPMV patches provides a direct, label-free approach 
to characterizing the topography and mechanical properties of membrane nanodomains, 
complementing optical methods and contributing to a better understanding of a more complex, native 
plasma membrane organization.  

1. Levental, I., Levental, K. R. &amp; Heberle, F. A. Lipid Rafts: Controversies Resolved, Mysteries 
Remain. Trends Cell Biol. 30, 341–353 (2020). 

2. Kusumi, A. &amp; Suzuki, K. Toward understanding the dynamics of membrane-raft-based molecular 
interactions. Biochim. Biophys. Acta BBA - Mol. Cell Res. 1746, 234–251 (2005). 

3. Frederix, P. L. T. M., Bosshart, P. D. &amp; Engel, A. Atomic Force Microscopy of Biological 
Membranes. Biophys. J. 96, 329–338 (2009). 

4. Sengupta, P., Baird, B. &amp; Holowka, D. Lipid rafts, fluid/fluid phase separation, and their relevance 
to plasma membrane structure and function. Semin. Cell Dev. Biol. 18, 583–590 (2007). 

5. Jiang, Y., Pryse, K. M., Singamaneni, S., Genin, G. M. &amp; Elson, E. L. Atomic Force Microscopy of 
Phase Separation on Ruptured, Giant Unilamellar Vesicles, and a Mechanical Pathway for the Co-
Existence of Lipid Gel Phases. J. Biomech. Eng. 141, 071003 (2019). 
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Amyloid fibrils are self-assembled protein nanostructures associated with several pathological 
conditions, including Alzheimer’s and Parkinson’s diseases and systemic amyloidosis1. The 
aggregation process of proteins into amyloid fibrils is affected by several physico-chemical factors, 
including the presence of shear stress and hydrophobic interfaces2. This work investigates the effect 
of shear forces and hydrophobic interfaces in the aggregation process. The attention has been focused 
on the process which takes place in cardiac tissue, that is a typical deposition site of amyloid fibrils 
associated with cardiac amyloidosis. To this purpose, a prototype of a device has been set up to mimic 
the cardiac environment in its chemical composition and mechanical behavior. Exposure of 
hydrophobic interfaces is achieved by exploiting contraction and expansion cycles of a flexible 
polymeric cell, while shear stress is generated by the motion of the protein solution inside it. Cell walls 
are functionalized with elastin, a typical component of the physiological environment of cardiac tissue 
which exposes hydrophobic regions when subject to stress. To set up the experimental conditions, κ-
casein was chosen as a model protein. Aggregation was studied both in the absence and in the 
presence of shear stress coupled with the exposure of hydrophobic interfaces provided by the 
functionalized polymeric cell motion. Protein aggregates were characterized by atomic force 
microscopy (AFM) and fluorescence spectroscopy measurements. Finally, aggregation experiments 
in the presence of pre-formed seeds were performed to test their role as nucleation sites which could 
enhance the process. The experimental results obtained in this work will yield insight into the 
processes involving proteins which aggregate under pathological conditions.  
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Enveloped viruses critically rely on membrane organization and mechanics to sustain fusion and infectivity. 
However, the impact of membrane-active antivirals on these physical properties is still not fully understood. 
Here, we investigate the effects of hypericin on phase-separated supported lipid bilayers that mimic viral 
envelopes by combining correlative fluorescence and atomic force microscopy (AFM), scanning fluorescence 
microscopy, fluorescence correlation spectroscopy (FCS), and AFM-based nanomechanical analysis. Our 
results show that hypericin remodels membranes through two interconnected but temporally distinct 
mechanisms. Under dark conditions, hypericin preferentially partitions into cholesterol-rich domains, 
accumulates at phase boundaries, reduces line tension, promotes raft coalescence, slows lipid diffusion, and 
increases membrane stiffness. Upon light irradiation, hypericin triggers irreversible photooxidative remodelling 
characterized by phase transitions, pore formation, and loss of mechanical integrity. Overall, these findings 
provide a nanoscale mechanistic picture of hypericin–membrane interactions and support the idea that 
membrane physical properties represent exploitable vulnerabilities in enveloped viruses. 
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Single-Molecule Localization Microscopy (SMLM)1 was employed to investigate X-ray–induced 
alterations of nuclear architecture in SH-SY5Y neuroblastoma cells, a cell line of relevance in studying 
tumoral cell behavior and in neuroprotection studies and hence a target cell line of studies on ionizing 
radiation effects.2,3 While ionizing radiation is widely used in radiotherapy and its effects on DNA damage 
are well known, its impact on nuclear architecture, i.e. chromatin and nuclear protein organization, 
remains poorly understood. We performed nanoscale characterization of radiation-induced chromatin 
changes using SMLM and assessed biochemical alterations and global DNA damage with Raman 
spectroscopy and methylation-sensitive comet assays. Nuclear architecture was analyzed at different 
times post-exposure, focusing on epigenetic chromatin modifications, including H3K9 acetylation 
(H3K9ac) and H3K9 trimethylation (H3K9me3). Advanced quantitative analysis revealed changes in 
chromatin cluster size and density, suggesting increased chromatin accessibility after irradiation. This 
approach provides novel insights into the effects of ionizing radiation on nuclear architecture and its 
potential link to radiation-induced mechanical alterations.  

Authors acknowledge CISUP and projects under PNRR (THE-Spoke 1 CUP I53C22000780001, Next 
Generation EU project I53C22000710007 (CN3, Spoke 8) and THE-Spoke 4 n. ECS00000017) as well as 
the Fondazione Pisa project n. 134/2021.   
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Genetically encoded fluorescent indicators (GEFIs) based on fluorescent proteins (FPs) are powerful tools for 
minimally invasive imaging of intracellular biochemical processes.1 However, most currently available GEFIs 
have been optimized for diffraction-limited microscopy and show limited compatibility with super-resolution 
microscopy (SRM).2 A combined approach integrating protein engineering, fluorescence correlation 
spectroscopy, and advanced microscopy was employed to generate and characterize reversibly switchable 
fluorescent proteins (RSFPs) optimized for SRM applications such as stimulated emission depletion (STED) 
microscopy and super-resolution optical fluctuation imaging (SOFI). Targeted mutagenesis of Aquorea victoria-
derived fluorescent proteins yielded new RSFP variants with improved switching dynamics and photophysical 
stability. Indeed, we have discovered E222Q replacement is a single photoswitching mutation since it restores 
the intrinsic cis-trans photoisomerization properties of the chromophore in otherwise non-switchable Aquorea 
proteins of different color and mutation pattern (Q-RSFPs).3 Among the developed Q-RSFPs, a mutant 
displayed particularly favorable properties for SRM, including rapid photoswitching, high switching contrast, 
good fluorescence quantum yield, and enhanced resistance to switching fatigue. 

For SOFI applications, this mutant enabled efficient super-resolution imaging combined with SACD (super-
resolution imaging based on autocorrelation with two-step deconvolution),4 providing marked improvements in 
spatial resolution and image contrast using a conventional confocal microscope. Additionally, our 
photochromic mutant was successfully repurposed as a probe for protein crowding and aggregation through 
photochromic homoFRET anisotropy measurements, demonstrating compatibility with SRM-oriented imaging 
strategies. 

In parallel, a pulsed STED-FLIM imaging platform was implemented and validated using the calcium-sensitive 
indicator FLITS.5 The use of pulsed depletion preserved fluorescence lifetime information while enabling super-
resolution imaging, demonstrating compatibility between STED and quantitative FLIM analysis.  

These results establish new fluorescent protein platforms and integrated spectroscopic-imaging 
methodologies for functional super-resolution microscopy, providing promising tools for nanoscale 
investigation of intracellular biochemical dynamics. 
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Genome integrity relies not only on the recruitment of repair factors but also on the dynamic reorganization of 
chromatin. Capturing these processes requires approaches capable of probing chromatin structure and its 
physicochemical environment across different spatial and temporal scales. 

Here, we develop a live-cell imaging strategy combining FLIM-FRET of vital DNA dyes with environment-
sensitive probes to quantify chromatin organization. FLIM-FRET provides a direct nanoscale readout of 
chromatin compaction, as variations in DNA density modulate energy transfer efficiency between neighboring 
fluorophores. Lifetime data are analyzed using the phasor approach, enabling a model-free identification of 
distinct chromatin states and their spatial distribution in the nucleus1. To link FLIM-FRET signatures to defined 
structural states, we apply controlled osmotic perturbations to induce reversible chromatin compaction and 
decompaction2. Coupling this approach with image scanning microscopy (ISM) further enhances spatial 
resolution, allowing detailed mapping of chromatin architecture. To complement structural information, we 
employ the solvatochromic probe ACDAN as a reporter of the nuclear nanoenvironment. Its fluorescence is 
sensitive to dipolar relaxation and molecular crowding, providing insight into water dynamics associated with 
chromatin organization3. By combining spectral imaging and fluorescence lifetime measurements, we 
investigate how chromatin organization relates to changes in the local nanoenvironment. 

This multimodal approach provides a comprehensive framework to investigate chromatin dynamics and 
reveals how nuclear architecture contributes to the maintenance of genome stability. 

 

[Partially funded by: AIRC-MFAG 2018 ID.21931; PHARMA-HUB T4-AN-04 (E63C22001680001); PRIN-PNRR 
2022 Project: LLIPS P20228CCLL] 
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Spectral imaging acquires the emission spectra at each pixel, providing both spatial and spectroscopic 
information. It is widely used in fluorescence microscopy for imaging of environment-sensitive probes, spectral 
unmixing, and discrimination of fluorescent components. We recently introduced a 4-channel (4C) spectral 
phasor method that can be implemented on standard confocal microscopes not equipped with spectral 
detection units, enabling faster and more photon-efficient spectral analysis1 compared to conventional 
lambda-scan acquisition. Our method relies on the simultaneous acquisition of four contiguous emission 
bands using four detectors, followed by spectral phasor analysis to identify spectral populations. Here, we 
expand acquisition strategies based on the 4C approach. In particular, repeated line-scan acquisition over time 
across four spectral channels (line-scan-4C), provides additional flexibility in the space–time–photon trade-
off. Post-acquisition temporal binning enables controlled signal integration, increasing photon counts and 
improving the precision of spectral phasor distributions at the expense of temporal resolution when high 
temporal sampling is not required. 

We apply both 4C and line-scan-4C spectral phasor imaging to the study of intracellular lipid environments in 
live cells using Nile Red, a solvatochromic probe sensitive to lipid polarity. These methods enable the 
investigation of spectral shifts associated with lipid droplets (LDs) and membrane structures, providing insight 
into lipid organization and dynamic changes in the intracellular lipid landscape. Current applications include 
the analysis of lipid remodeling and intracellular heterogeneity under different cellular perturbations, including 
DNA damage induction in HeLa cells and glioblastoma in vitro models. 

Overall, this framework provides a flexible and robust approach to spectral imaging on standard confocal 
microscopes, offering a useful compromise between temporal resolution, photon efficiency, and spectral 
sensitivity. 
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Hypericin is a naturally occurring lipophilic photosensitizer characterized by a strong affinity for lipid 
membranes and by both photodynamic and light-independent mechanisms of action. In a recent 
study, we showed that hypericin significantly affects the nanomechanical properties of SARS-CoV-2 
particles, suggesting a direct action on the viral envelope that may interfere with membrane fusion 
processes. Here, we extend this study to a comparative analysis involving additional enveloped RNA 
viruses of high biomedical interest: influenza A virus subtypes H5N1 (“bird flu”) and H1N1 (“swine 
flu”), as well as West Nile virus. We present preliminary results on hypericin-virus interactions 
obtained through systematic concentration titration experiments, aimed at identifying saturation 
conditions. To investigate these effects at the nanoscale, we use Image Scanning Microscopy (ISM), 
which provides improved resolution and allows quantitative analysis of fluorescence signals 
associated with viral particles. Ongoing work is focused on the integration of single-molecule 
localization microscopy techniques, including STORM and MINFLUX nanoscopy, with the goal of 
directly observing hypericin-induced effects at the single-virus level. Overall, this work aims to 
establish a multimodal optical approach for studying antiviral mechanisms targeting the viral 
envelope, with potential implications for the development of broad-spectrum antiviral strategies. 
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Proteins are increasingly employed as active materials in sensing applications. This sensing process typically 
involves the conversion of a biochemical signal into an electrical response; consequently, interpreting and 
predicting such signals requires precise knowledge of the electrical and dielectric properties of proteins1. 
However, determining the permittivity of hydrated proteins remains a significant challenge. This topic has been 
long debated both experimentally and theoretically, yet available data are limited—largely due to the ambiguity 
in defining this quantity within hydrated systems 2,3.To address this, we propose a streamlined calculation 
method within the framework of proteotronics1 to estimate permittivity and its variations under typical sensing 
conditions, such as ligand binding or environmental fluctuations. Our approach builds upon continuum models 
of permittivity distribution but introduces a key modification: implementing the coordination number as a 
descriptor instead of the radius of gyration4.The robustness of this method is validated through several test 
functions. Furthermore, we present a complementary strategy involving a macroscopic calculation of the 
protein's total permittivity based on its intrinsic dipole, utilizing a web interface developed by Sussmann et al.5. 
A comparison of the data from both procedures demonstrates a reasonable agreement, confirming the 
reliability of the proposed models6.  
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The hippocampus plays a fundamental role in learning, memory formation, and spatial navigation1. 
Large-scale computational models have become essential tools for investigating how neuronal 
connectivity and spiking activity give rise to emergent circuit dynamics2. However, simulating and 
interactive visualization of realistic full-scale circuits remains challenging. To address this, we 
developed the Neural Circuit Visualizer (NCV)3, a web-based platform for the flexible simulation and 
visualization of full-scale point-neuron circuits. We integrated state-of-the-art scientific advances, such 
as region-specific connectivity and the anatomical reconstruction of the mouse right hippocampal CA1 
region. The platform integrates NEST-based simulations4, hippocampal knowledge resources such as 
Hippocampome.org5, and data-driven strategies for biologically realistic hippocampal modeling6, and 
is interoperable with EBRAINS, EBRAINS-Italy, and high-performance computing infrastructures7. NCV 
thereby provides an accessible environment for investigating neural dynamics under both physiological 
and pathological conditions. Planned extensions include the incorporation of synaptic plasticity 
mechanisms, namely Tsodyks-Markram short-term plasticity8 and spike-timing-dependent plasticity9, 
to enable more realistic modeling of activity-dependent circuit adaptation. Released as open source, 
NCV is intended to foster reproducibility, collaboration, and integration with the broader landscape of 
neuroscience resources. 

1. Strange, B. A., Witter, M. P., Lein, E. S. & Moser, E. I. Functional organization of the hippocampal 
longitudinal axis. Nature reviews neuroscience 15, 655–669 (2014). 
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neural network simulations of rodent hippocampal circuits. eLife 12, RP90597 (2024). 
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Among the most widespread pathologies are the so-called protein conformation disorders, like Alzheimer’s 
and Parkinson’s diseases. The aetiology of these conditions is generally associated with protein 
misfolding processes, whereby unfolded or misfolded proteins lose their native functionality and 
may acquire toxic properties1. Several factors can influence this misfolding process, including pH variation, 
however the presence of one or more metal ions - particularly Cu, Zn, and Fe - at different concentrations play 
a crucial role.  

In the specific context of Alzheimer’s disease it has been shown that the misfolding of amyloid-
β (Aβ) peptide is strongly affected by the presence of metal ions (especially zinc and copper). In particular Cu 
ions bound to the Aβ are implicated in the generation of oxidative stress through their redox activity, a 
mechanism believed to play a central role in disease progression2.  

Here, we describe a computational pipeline aimed at reproducing and characterizing the interaction 
between metal ions and the Aβ peptide. As the first step, quantum mechanical (QM) simulations are 
performed on the metal binding site of the Zn-Aβ1-16 complex3, using the CP2K package 4,5. The system is initially 
investigated in the gas phase to characterize the intrinsic electronic structure and coordination environment of 
the metal center. Then, the model is extended to include an explicit aqueous environment, allowing the 
evaluation of solvent effects on structural stability, coordination geometry, and electronic properties.   

The same computational protocol will subsequently be applied to Cu(II)-Aβ and Cu(I)-Aβ. Finally, theoretical X-
ray absorption (XAS) spectra will be computed and compared with experimental data already acquired by our 
group, providing deeper insight into the structural and electronic features governing metal–Aβ complexes6.  
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Epilepsy is a neurological disorder characterized by recurrent seizures arising from abnormal neuronal 
electrical activity. Most experimental models used to investigate seizure generation rely on artificial 
manipulations such as pharmacological induction, electrical stimulation, or experimentally elevated 
extracellular potassium concentrations1,2. While these approaches successfully reproduce epileptic activity, 
they do not fully capture the physiological conditions under which seizures may emerge spontaneously during 
normal brain function. In this study3, a biologically realistic computational model of a hippocampal CA1 
pyramidal neuron was developed to investigate whether local alterations in extracellular potassium dynamics 
could trigger seizure-like activity during physiological synaptic stimulation. The model was implemented in the 
NEURON simulation environment4 using a morphologically detailed CA1 pyramidal neuron incorporating 
experimentally validated ionic conductances and non-uniform dendritic channel distributions. Synaptic inputs 
were distributed across basal and apical dendrites and activated using spike trains recorded in vivo from CA3 
pyramidal neurons during exploratory behavior5. Intracellular and extracellular potassium dynamics were 
modeled through differential equations describing ion extrusion, neuronal reuptake, intracellular diffusion, and 
astrocytic buffering mechanisms. Under physiological conditions, neurons exhibited regular firing patterns with 
occasional dendritic bursts that did not propagate reliably to the soma, while extracellular potassium 
concentrations remained near resting levels. In contrast, slowing extracellular potassium reuptake and 
clearance mechanisms produced transient seizure-like events characterized by prolonged depolarizing 
envelopes, high-frequency firing, and a marked pathological accumulation of extracellular potassium, as 
measured experimentally2. These pathological events consistently originated within localized dendritic 
compartments before rapidly spreading to the soma and the rest of the neuron. Systematic exploration of the 
parameter space revealed that seizure-like activity emerged only when potassium clearance mechanisms were 
substantially impaired, demonstrating the robustness of physiological potassium homeostasis. The 
simulations further showed that the probability and severity of seizure-like activity depended strongly on 
dendritic location, synaptic strength, and the spatial extent of impaired potassium regulation. Basal dendrites 
were particularly susceptible to initiating epileptiform activity, whereas restricting pathological potassium 
dynamics to smaller dendritic regions reduced seizure propagation. Importantly, the model predicted that 
pharmacological modulation of dendritic potassium conductances could restore near-physiological neuronal 
behavior even in the presence of abnormal potassium dynamics. Overall, the study demonstrates that 
pathological slowing of extracellular potassium clearance may be sufficient to induce seizure-like activity 
during otherwise normal neuronal function, without requiring external seizure induction protocols. These 
findings highlight the critical role of potassium homeostasis and dendritic excitability in epilepsy and provide 
experimentally testable predictions regarding the mechanisms underlying seizure initiation and potential 
therapeutic interventions targeting potassium regulation. 
 

1. Bernard C. et al. Science 305, 532–535 (2004). 
2. Jensen MS, Yaari Y. J Neurophysiol 77, 1224–1233 (1997). 
3. Carpentieri V, Bernard C, Migliore M. Sci Rep 15, 45760 (2025). 
4. Hines ML, Carnevale NT. Neural Comput 9, 1179–1209 (1997). 
5. Munn RG, Bilkey DK. Hippocampus 22, 1325–1337 (2012). 



82 
 

BIOPHYSICAL AND ADAPTIVE GLIF MODELING OF CA1 PYRAMIDAL NEURONS 
IN AICD-INDUCED ALZHEIMER'S DISEASE IN MICE 

Paola Vitale,1 Caterina Tribuzi,2 Addolorata Marasco,3,1 Michele Migliore1,4 

1 Institute of Biophysics, National Research Council, Palermo, Italy.  

2 Nova Analysis, Brescia, Italy. 

3 Department of Mathematics and Applications, University of Naples Federico II, Naples, Italy; 4 SUNY Downstate Health Sciences 
University, Brooklyn, New York 11203, USA 

barbara.storti@nano.cnr.it  

Alzheimer's disease (AD) is a progressive neurodegenerative disorder, characterized by the gradual deposition 
of amyloid-β peptides in the brain. Recent evidence highlights a key role—especially in early stages—of the 
amyloid precursor protein (APP) intracellular C-terminal fragment (AICD), which alters both intrinsic excitability 
of hippocampal CA1 pyramidal neurons and synaptic function.¹ Here, we used an integrated approach to reveal 
pathological deviations caused by pathophysiological AICD levels, through statistical analysis of experimental 
data and computational modeling using NEURON-based and A-GLIF frameworks. We analyzed Control and 
AICD experimental datasets to assess the effects of AICD on neuronal firing patterns and to define constraints 
for NEURON-based biophysical modeling. Statistical analysis revealed significant differences in features 
related to firing frequency, especially the first 5 ISIs, which were selected as constraints for model optimization. 
Results from the optimized biophysical models helped identify the active and passive membrane properties 
most affected by AICD. At the same time, A-GLIF models were tested on all cells and across all constant 
current stimulation protocols. In all cases, spike times observed experimentally were statistically 
indistinguishable from those predicted by the A-GLIF models, as confirmed by the Mann–Whitney U-test and 
accuracy evaluation performed through the STSim Python tool.2 Together, these results provide a 
comprehensive view of how AICD affects single-neuron activity. Detailed biophysical models combined with 
experimental data offer key insights into how neural activity is impaired by AD-related byproducts, while the A-
GLIF framework enables accurate reproduction of neuronal excitability and a more realistic representation of 
subthreshold membrane dynamics compared to traditional LIF models. Despite being a reduced model, the A-
GLIF approach quantitatively reproduces full spike trains, spike-frequency adaptation, and the firing block 
observed experimentally, bridging cellular-level electrophysiological alterations and network-level 
computational feasibility. 

1https://doi.org/10.1016/j.celrep.2019.08.103; https://doi.org/10.3389/fnmol.2021.696476; 
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2 https://doi.org/10.1016/j.mbs.2024.109192, https://doi.org/10.1016/j.jneumeth.2024.110324 
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