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UNIVERSITÀ DEGLI STUDI DI GENOVA 
AREA RICERCA, TRASFERIMENTO TECNOLOGICO E TERZA MISSIONE 

SERVIZIO PER IL TRASFERIMENTO TECNOLOGICO E DELLE CONOSCENZE 

SETTORE VALORIZZAZIONE DELLA RICERCA, TRASFERIMENTO TECNOLOGICO E RAPPORTI CON LE IMPRESE 

 

 

IL RETTORE 

Vista la Legge 9 maggio 1989, n. 168 - Istituzione del Ministero dell’Università e della ricerca scientifica 

e tecnologica e ss.mm.ii; 

Visto lo Statuto dell’Università degli Studi di Genova; 

Visto il Regolamento Generale di Ateneo; 

Visto il Regolamento di Ateneo per l’Amministrazione, la Finanza e la Contabilità; 

VISTA la legge 7 agosto 1990, n. 241 recante “Nuove norme in materia di procedimento 

amministrativo e di diritto di accesso ai documenti amministrativi” pubblicata sulla Gazzetta Ufficiale 

n. 192 del 18/08/1990 e s.m.i.; 

VISTO il Decreto del Presidente della Repubblica 28 dicembre 2000, n. 445 (Disposizioni legislative in 

materia di documentazione amministrativa) e s.m.i.; 

VISTO il Decreto Direttoriale MUR n. 341 del 15/03/2022 di emanazione di un Avviso pubblico per la 

presentazione di Proposte di intervento per la creazione di “Partenariati estesi alle università, ai centri 

di ricerca, alle aziende per il finanziamento di progetti di ricerca di base” nell’ambito del Piano 

Nazionale di Ripresa e Resilienza, Missione 4 “Istruzione e ricerca” – Componente 2 “Dalla ricerca 

all’impresa” – Investimento 1.3, finanziato dall’Unione europea – NextGenerationEU”; 

VISTO il Decreto Direttoriale MUR n. 1553 dell’11/10/2022 di concessione del finanziamento del 

progetto Codice identificativo PE00000006, Acronimo MNESYS, Titolo “A multiscale integrated 

approach to the study of the nervous system in health and disease”, registrato alla Corte dei Conti il 

23/11/2022 al n. 2948 e relativi allegati; 

CONSIDERATO che l’Università degli Studi di Genova è leader dello Spoke 6, dal titolo 

“Neurodegeneration, trauma and stroke”; 

CONSIDERATO che gli Spoke possono emanare - nell’ambito dei limiti e con le modalità previste 

dall’Avviso - “bandi a cascata” finalizzati alla concessione di finanziamenti a soggetti esterni per 

attività coerenti con il progetto approvato; 

VISTA la delibera della seduta del 27 settembre 2023 con cui il Consiglio di Amministrazione 

dell’Università degli Studi di Genova ha approvato l’emanazione del bando a cascata per organismi di 

ricerca nell’ambito del Progetto MNESYS - “A multiscale integrated approach to the study of the 

nervous system in health and disease - PNRR M4C2 per lo Spoke 6; 

VISTO il Decreto del Direttore Generale n. 5418 del 14 novembre 2023 di nomina del Responsabile 
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del Procedimento; 

VISTO il Decreto del Rettore n. 5439 del 14 novembre 2023 e il Decreto Rettorale n. 5474 del 15 

novembre 2023 di emanazione del Bando a cascata per il finanziamento di proposte di intervento per 

le attività di ricerca svolte da Organismi di Ricerca nell’ambito del programma di ricerca PE MNESYS 

“A multiscale integrated approach to the study of the nervous system in health and disease”, per lo 

Spoke 6 dal titolo “Neurodegeneration, trauma and stroke”, nell’ambito del PNRR, Missione 4, 

Componente 2, Investimento 1.3 – finanziato dall’Unione europea – NextGenerationEU (CUP 

D33C22001340002); 

CONSIDERATO che alla data di scadenza per la presentazione delle proposte progettuali, fissata entro  

e non oltre il giorno 14 dicembre 2023, per la Tematica N – “Characterization of 

structural/conformational features of different amyloid and amyloid-like aggregates and their 

interaction with hosts using FLIM/STORM in a 2-Photons (2P) analysis and through enzymatic 

digestion and multiple-fragmentation tecnique in LC-MS triple quadrupole” era pervenuta a mezzo 

PEC all’indirizzo air3@pec.unige.it la seguente proposta: 

PROPONENTE: Università degli Studi del Molise 

TITOLO PROPOSTA: CHAMPS – Characterization of amyloid pattern, structures and interaction with 

host’s cells using innovative multiphoton and LC-MS based technologies 

TENUTO CONTO che la Responsabile del procedimento, Ing. Patrizia Cepollina, ha ritenuto ricevibile, 

ammissibile e conforme la proposta sopra citata; 

CONSIDERATO che nel Bando è previsto che la valutazione di merito tecnico-scientifico dei progetti 

pervenuti sia affidata ad una Commissione composta da almeno tre esperti esterni al Partenariato, 

indipendenti e competenti dell’Area tematica dello Spoke; 

VISTO il Decreto Rettorale n. 6114 del 20 dicembre 2023 con cui è stato emanato l’Avviso di 

manifestazione di interesse per la costituzione di un albo di esperti indipendenti a supporto della 

valutazione di merito dei progetti PNRR presentati sui bandi a cascata del progetto MNESYS – A 

multiscale integrated approach to the study of the nervous system in health and disease; 

VISTO l’Estratto del Verbale della Riunione del 12 febbraio 2024 del Comitato Scientifico del 

programma di ricerca MNESYS “A multiscale integrated approach to the study of the nervous system 

in health and disease” che ha approvato  la “Rosa di Candidati” per le Commissioni di Valutazione dei 

Bandi a cascata sul Programma MNESYS; 

VISTO il Decreto del Rettore n. 855 del 20 febbraio 2024 con cui è costituito l’Albo a supporto delle 

valutazioni dei progetti presentati in risposta al bando pubblico per la selezione di proposte 

progettuali da finanziare nell’ambito delle attività di ricerca dello Spoke n. 6 di cui al programma di “A 

multiscale integrated approach to the study of the nervous system in health and disease” – MNESYS, 

a valere sulle risorse del Piano Nazionale di Ripresa e Resilienza (PNRR), Missione 4 “Istruzione e 

Ricerca”, Componente 2 “Dalla ricerca all’impresa”, linea di Investimento 1.3  “Creazione di 

Partenariati Estesi alle università, centri di ricerca, alle aziende per il finanziamento di progetti di 

ricerca di base”; 
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VISTO il Decreto del Rettore n. 1123 del 5 marzo 2024 con cui è stata nominata la Commissione di 

valutazione delle proposte pervenute in risposta al bando a cascata di cui al D.R. n. 5439 del 14 

novembre 2023, indicato nelle premesse del presente decreto; 

ACQUISITO il verbale della Commissione di Valutazione della seduta del 16 aprile 2024 (Prot. n. 37982 

del 07/05/2024); 

VISTO il Decreto del Rettore n. 2295 del 10 maggio 2024 con cui è stata approvata la graduatoria di 

merito per la Tematica N – “Characterization of structural/conformational features of different 

amyloid and amyloid-like aggregates and their interaction with hosts using FLIM/STORM in a 2-

Photons (2P) analysis and through enzymatic digestion and multiple-fragmentation tecnique in LC-MS 

triple quadrupole”, di cui al bando a cascata di cui al Decreto del Rettore n. 5439 del 14 novembre 

2023, indicato nelle premesse del presente decreto; 

TENUTO CONTO che in data 14 maggio 2024 è stata inviata all’Università degli Studi del Molise la 

comunicazione con prot. n. 41377 in cui si rendevano noti gli esiti della procedura e si richiedeva la 

documentazione propedeutica all’adozione del provvedimento di ammissione del finanziamento; 

VISTO che in data 22 maggio 2024 con prot. n. 44494 la documentazione richiesta è stata ricevuta 

dall’Università degli Studi di Genova che l’ha ritenuta conforme a quanto previsto nel bando a cascata 

di cui al Decreto del Rettore n. 5439 del 14 novembre 2023 e il Decreto Rettorale n. 5474 del 15 

novembre 2023 , indicato nelle premesse del presente decreto, 

DECRETA 

ART. 1 

L’ammissione a finanziamento del progetto CHAMPS – Characterization of amyloid pattern, structures 

and interaction with host’s cells using innovative multiphoton and LC-MS based technologies per la 

Tematica N – “Characterization of structural/conformational features of different amyloid and 

amyloid-like aggregates and their interaction with hosts using FLIM/STORM in a 2-Photons (2P) 

analysis and through enzymatic digestion and multiple-fragmentation tecnique in LC-MS triple 

quadrupole” con Soggetto proponente l’Università degli Studi del Molise – come rappresentato negli 

Allegati B e C alla proposta presentata con domanda di partecipazione prot. n. 74646 del 14 dicembre 

2023. 

ART. 2 

L’entità dell’agevolazione concessa, a fondo perduto, ammonta a 149.933,75 euro complessivi come 

rappresentati nell’allegato C alla proposta presentata con domanda di partecipazione prot. n. 74646 

del 14 dicembre 2023. L’agevolazione è pari al 100% dei costi di progetto trattandosi di attività di 

ricerca fondamentale per Organismi di Ricerca. L’agevolazione è concessa a valere sui fondi PNRR - 

Programma “A multiscale integrated approach to the study of the nervous system in health and 

disease” – MNESYS Codice PE00000006 a valere sulla Missione 4, Componente 2, Investimento 1.3, ai 

sensi del Decreto di concessione n. 1553 dell’11 ottobre 2022, registrato alla Corte dei Conti il 
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23/11/2022 n. 2948, iscritto al Bilancio di Ateneo sul progetto UGOV 100009-2022-TF-PNRR-

PE_MNESYS_BAC_DINOGMI. 

ART. 3 

Le attività, come indicate dettagliatamente nell’Allegato B alla domanda di finanziamento, dovranno 

essere avviate a partire dalla data di sottoscrizione del Contratto e concluse entro e non oltre 12 mesi, 

affinché siano rendicontate in tempo utile per consentire la chiusura del Programma PE MNESYS,  il 

cui termine è attualmente previsto al 31 ottobre 2025. 

Potrà essere valutata e concessa una sola proroga in presenza di ritardi dovuti a circostanze 

eccezionali e non dipendenti da scelte del Beneficiario esclusivamente nel caso in cui il MUR, a sua 

volta, proroghi il termine del Programma MNESYS. 

ART. 4 

Il presente atto sarà pubblicato sul sito UniGe https://unige.it/progetti-finanziati-dal-pnrr e laddove 

la normativa vigente lo richiede. 

Il documento informatico originale sottoscritto con firma digitale sarà conservato presso l’Area 

Ricerca, Trasferimento Tecnologico e Terza Missione. 

 

ALLEGATI: 

Allegato B – Proposta progettuale 

Allegato C – Piano economico-finanziario 

 

 

 

       IL RETTORE 
  Prof. Federico DELFINO 

      (documento firmato digitalmente) 
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ABSTRACT 

 

The project MNESYS is specifically targeted to identify new biomarkers of neuro-pathological conditions and 

to study the neural bases of neurodegeneration. Our proposal intends to respond to a specific request: to explore 

using advanced confocal microscopy methods (employing FLIM -Fluorescence lifetime, and STORM-

superresolution) in a multiphoton system the structural characterization and cellular localization of 

pathological protein aggregates or amyloid strains. At the same time, the application of advanced mass 

spectrometry technologies is required to obtain sequence and structural information on the same samples. In 

our Medical Department there are LC-MS spectrometry and Confocal facilities with dedicated personnel and 

equipped with top-level instruments to meet the needs of the call. We have also extensive experience in 

amyloid analysis mainly in AD and Prions field. In particular, our proposal focuses on three specific 

workpackages to identify the molecular biochemical characteristics of the proteins/peptides in their aggregated 

state, collected from patients (brain samples and/or nasal swabs) derived from the most common 

neurodegenerative disease characterized by amyloidosis (AD, PD, Prions..etc). The overall objective is thus to 

provide information on the sequences and post-traslational modification (PTMs) present in the aggregates, 

along with structural information, in. order to clarify whether there are differences between amyloid strains 

and also between patients with the same pathology but different phenotype (for example Aβ in the early and 

late onset AD patients). A further objective is to provide information on the interactions with cell membranes 

of the different amyloid species to get deeper information about pathological mechanisms triggered by specific 

strains or amyloid aggregates. 
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Section a. State-of-the-art and objectives 

Amyloidogenic proteins are capable of adopting a number of different three-dimensional amyloid structures, 

each with distinct molecular repeating structures. Combined with biochemical and pathological processes such 

as posttranslational modifications (PTMs) or protease cleavages, these differences are known as 

conformational strains which, in certain conditions, can propagate over multiple passages in animals or cell 

culture as in the classical prion mechanism (M.L. Cohen et al., 2015; 10.1093/brain/awv006). Different strains 

of disease-causing proteins such as amyloid-β (Aβ) or α-synuclein lead to different pathologies and localization 

in the brain and, more generally, the biological properties of amyloids depend critically on their 

conformations/strains (Russo C. et al., 2000; 10.1038/35014735). However, even non-amyloid proteins like 

Microtubule Associated Protein Tau (MAPT), in certain conditions may aggregate and propagate in a Prion-

like fashion (M. A. Metrick 2nd et al., 2020: 10.1186/s40478-020-0887-z). Therefore a clear-cut correlation 

between the type of aggregated protein and the clinical phenotype is still obscure and the attempt to 

characterize each strain/phenotype is complicated technically (purification and sequencing of amyloid peptides 

is still tricky) by the presence of PTMs (again), and by other confounding factors dependent on: other 

interacting proteins, cellular localization, interaction with the cell membranes in the site of amyloid formation, 

the coexistence of multiple aggregates and amyloids in the same patient (such as in a subtype of  AD subjects 

where are detectable α -synuclein deposits, MAPT aggregates, and of course Aβ plaques (O. Bousiges et al., 

2022; 10.3390/ijms23126371) altogether.  

Parkinson’s disease (PD), multiple system atrophy (MSA), dementia with Lewy bodies (DLB) [or Lewy body 

dementia] are called α-synucleinopathies due to the abnormal accumulation of aggregates of α-synuclein in 

the brain. However, in 15–20% of patients with AD at autopsy, concomitant DLB pathology can be found, 

with only a minority of patients having exhibited clear diagnostic features of DLB. However, in patients with 

AD and diffuse Lewy body pathology, disease duration was shortened (J. Graff-Radford et al., 2017; 

10.1001/jamaneurol.2016.4926), indicating that DLB pathology contributes to dementia progression. 

Thus, there is a great need for a rapid method to differentiate distinct conformational strains of amyloids in 

brain tissues, cultured cells, and cell-free in vitro systems either for diagnostic purposes and to better 

comprehend the mechanic of disease starting and progression. 

In this context, a novel assay called real-time quaking induced conversion (RT-QuIC) has shown capability to 

amplify trace amounts of amyloid aggregates obtained from brain, cerebrospinal fluid, olfactory mucosa, urine 

skin etc.. from patients with PD, CJD, tauopathies and other conditions with variable diagnostic sensitivity and 

specificity (C. D’orrù et al., 2014; 10.1056/NEJMoa1315200). As example, using RT-QuIC, α-synuclein 

aggregates propagate with a prion-like replication mechanism by inducing conversion of recombinant α-

synuclein to the misfolded form. Then, the converted α-synuclein initiates amyloid fibril formation which, in 

turn, enhances the fluorescence of Thioflavin T (ThT) (M. Bongianni et al., 2022;10.1186/s40035-022-00311-

3). RT-QuIC, although not effective in all amyloidosis, can give a fairly precise diagnosis for various 

aggregation pathologies. However, the test is ineffective in providing information on the strains and molecular 

biochemical characteristics of the aggregates and is therefore relatively little useful in helping to understand 

the genesis of amyloidosis. At the same time it cannot provide information on the interacting proteins, on the 

PTMs, on the interactions with host’s membranes/cells for each type of amyloid. 

Among the aims of MNESYS are: to identify new biomarkers of neural changes over time in pathological 

conditions, identify the neural bases of neurodegeneration, encourage the development of new biomarkers and 

pharmacological targets. Our proposal supports these lines of research and aims to identify, in the field of some 

of the most common neurodegenerative pathologies (PD, AD, tauopathies, CJD...) identified by the spoke 6, 

the molecular biochemical characteristics of the proteins/peptides in their aggregated state, collected from 

patients (brain samples and/or nasal swabs).  



 

 
The primary objective is to provide information on the sequences and PTMs present in the aggregates, 

together with structural information. The point here is to clarify whether there are differences between 

amyloid strains (for example in the sequences, pattern and PTMs of α-synuclein in AD or in PD patients) 

and also between patients with the same pathology but different phenotype (for example Aβ in the early 

and late onset AD patients). Samples: provided by spoke 6, brain-derived or from nasal swab. 

A further objective is to provide information on the interactions with cell membranes of the different 

amyloid species. From this point of view it is important to remember that plasma membrane tension plays an 

essential role in numerous cell processes. At the whole cell level, membrane tension is tightly regulated during 

cell migration, cell spreading and phagocytosis. Membrane tension also regulates subcellular processes such 

as endocytosis and opening of mechanosensitive ion channels (A. Colon et al., 2018;10.1038/s41557-018-

0127-3). These aims will be pursued using innovative technologies: 1-for the characterization of sequences 

and PTMs of the purified aggregates we will use nano-LC coupled to MS analysis and multiple fragmentation 

with "Fusion" orbitrap in both bottom-up and top-down configuration, 2-for structural information we will use 

FLIM and STORM applied to purified aggregates or in cells derived from nasal swabs with antibodies specific 

for the different protein regions, 3-for the study of interactions with cell membranes we will use the oligomers 

and aggregates to treat cells and membrane preparations in which are embedded specific dyes capable of giving 

us structural information on the lipid bilayer using second harmonic analysis and FLIM with two-photon 

excitation. 

WP1-LC-MS analysis of amyloid aggregates. 

Proteomic analysis of brain samples or amyloid aggregates has provided with important information on the 

composition of plaques and on the protein complement of extra and intra cellular aggregates in various 

neurodegenerative pathologies with amyloid deposits (A. Montero-Calle et al., 2023; 10.1007/s00018-023-

04791-y; E. Drummond et al., 2017; 10.1007/s00401-017-1691-0). However, top-down approaches to obtain 

information on the sequences of whole peptides/proteins in the aggregates are rare, and to our knowledge there 

are no applications on preparations obtained from nasal swabs using LC-MS in amyloid patients. 

Our approach will use top-down analysis on intact aggregates purified form brains of from nasal swab, via 

mass spectrometry (MS) on an Orbitrap Lumos analyzer (ThermoFisher)which has the potential to capture 

nearly all of the relevant information encoded in each protein, including primary sequence information, 

combinatorial patterns of post-translational modifications (PTMs), and protein gas-phase structure. At the 

same time a classical bottom-up approach in which peptides are cleaved with different enzymes and fragments 

analyzed in classical LC-ESI.  

 

WP2-FLIM and STORM on amyloid aggregates to get structural information 

Super-resolution microscopy enables tremendously detailed studies of cellular processes. By using STORM 

and STED microscopy, it has been shown that γ-secretase is present both at the post- and presynaptic sides of 

synapses, while Aβ42is only present on the presynaptic side 10.1186/s40478-016-0296-5, and also that 

presenilin 1 (the active component of γ-secretase) is detectable in plasma membranes in ratio 1:1 with nicastrin 

(A.A. Escamilla-Ayala et al., 2020; 10.7554/eLife.56679). To date, the main approach to image nanoscopic 

structures in tissues relies on transmission electron microscopy, a time‐consuming technique which requires 

ultrathin tissue sections (50‐70 nm) with stringent sample preparation and limits immune‐targeting diversity 

and 3D acquisition. Conversely, FLIM and STORM offers the advantages of optical fluorescence microscopy 

with respect to sample preparation, vast observation fields, multiple molecular labelling and 3D acquisition, 

with image acquisition and reconstruction taking only a few minutes.  

Fluorescence Lifetime Imaging Microscopy (FLIM) is not only a powerful tool to distinguish different amyloid 

structures, but also to monitor the dynamic process of amyloid remodeling by the cellular environment. FLIM 

is a versatile technique that can be applied to compare the fibrilization process of different amyloid proteins, 

environmental stimuli, or genetic backgrounds in vitro and in vivo in a non-invasive manner (M.L. Pigazzini 



 

 
et al. 2020: 10.3791/61004). The lifetime of the fluorophores is in fact independent of the quantity of the 

fluorophore itself, but instead is strictly dependent on the surroundings: for this reason FLIM focuses on the 

study of the interactions between fluorescent proteins or with the surrounding microenvironment or, as in our 

case, to analyze the proximity between specific epitopes and thus to obtain structural information. The 

possibility of having specific antibodies for various regions of the proteins that cause cerebral amyloidosis 

already available in our laboratory is clearly an advantage (see methods). 

WP3-Multiphoton studies on cell membranes challenged with amyloid 

Our laboratory has a significant experience with fluorescent probes that specifically targets the plasma 

membrane of cells and reports membrane tension changes through their FLIM changes. The probe 

spontaneously inserts into the plasma membrane of cells and is only fluorescent when inserted in a lipid 

membrane. Treatment with various aggregated peptides or amyloid strains can induce variations in FLIM 

directly correlated with changes in tension on the membrane proportional to its fluidity and variations in 

osmotic pressure, A second dye is a membrane dye that responds to Second Harmonic signal upon two photon 

excitation. Also in this case the challenge with specific amyloid could induce local variations in the SHG signal 

directly correlated to membrane integrity, fluidity and correct lipid partitioning. Beside, a recent study 

highlighted the possibility that the “core” of amyloid plaques in brain generate a SH signal at 810nm (R. Cunha 

et al., 2021; 10.1039/d1an00074h) as well. In this part of the project therefore, the information will be related 

to the possible difference in interactions with cell membranes between different types of amyloid, strains and 

a potential correlation with mechanisms of cellular toxicity. 

Altogether our aim is to provide a new methodological approach to get information about sequences, structures 

and “environmental” interaction of different amyloid strains to deepen or knowledge about amyloid formation, 

for diagnostic and therapeutic purposes. Although dedicated to the most common amyloid proteins detected in 

AD, PD and CJD, our approach can be applied virtually to any kind of amyloid or aggregated protein provided 

by spoke 6 in the future. 

Section b. Methodology 

WP1-LC-MS analysis of amyloid aggregates 

Top-down .and Bottom Up The Orbitrap Fusion (Thermo Fisher Scientific, San Jose, CA) is equipped  with 

High precursor capacity ETD implemented with a dual pressure linear ion trap (A-QLT).  To enable high 

capacity ETD, instrument control code was modified to allow transfer of precursor ions directly from the ion 

routing multipole to the center section of the HPC for storage using a DC potential well of approximately 4 

volts, omitting relocation of precursor ions to the back section prior to the ETD reaction. Amyloid aggregates 

are either provided by spoke 6 or purified from nasal swab and extracted using acetonitrile/water/formic acid 

and are resuspended at approximately 10 picomole per microliter in 49.9:49.9:0.2 acetonitrile/water/formic 

acid, infused via syringe pump into the mass spectrometer at five microliters per minute through a 500 

microliter syringe, and ionized with electrospray ionization (ESI) at +3.5 kV with respect to ground. Each type 

of amyloid will have a specific setting that should be verified experimentally. For a classical 18kDa protein, 

MS/MS scans are performed in the Orbitrap with unthresholded transient acquisition at a resolving power of 

120,000 (full width at half maximum) at 200 m/z with a range of 200–2000 Th. Precursor ions are isolated 

with the mass selecting quadrupole with an isolation width of 10 m/z, and automatic gain control (AGC) targets 

values ranging from 100,000 to 1,000,000 charges as indicated. Transient averaging began after data 

acquisition is started so that scans with 1–100 transients averaged could be analyzed.  Bottom up approaches 

are used routinely in our proteomic facility 

Data Analysis 

MS/MS m/z spectra are deconvoluted with Proteome discoverer (Thermo Fisher Scientific) using default 

parameters and a S/N threshold of 2 specific feature are present to generate matched fragments using a 10 ppm 



 

 
tolerance. ETD spectra are matched with c-, z-, and y- type ions, and EThcD spectra are also matched with 

those fragment types in addition to b- type ions.  

WP2-FLIM and STORM on amyloid aggregates to get structural information 

For super resolution imaging, the cavity of a clean single depression slide (Paul Marienfeld, Lauda‐

Königshofen, Germany) is filled with 50 μl of switching buffer (Abbelight, Paris, France), and covered by a 

coverslip, sealed with a two‐component glue. The device is placed on the stage of an inverted motorized 

microscope NIKON ECLIPSE Ti‐E AX MP (Nikon Instruments Europe, Amsterdam, The Netherlands) 

equipped with a CFI SR APO TIRF 100X ON1.49 objective, a Perfect Focus System and a total internal 

reflection fluorescence module (NIKON) as well as with a N-STORM module dedicated and coupled to a 

single‐photon sensitive camera ORCA flas4.0 (Hamamatsu Japan. Acquisitions are performed at fixed 25°C 

in a dark heating chamber (Okolab NA, Pozzuoli, Italy). Phase contrast is first used for orientation and focus 

adjustment. The TIRF angle is then adjusted for each channel to reduce the background excitation. The region 

of interest is defined using the 647 and 532 nm laser line, and the 405 nm laser line is used to assess the 

autofluorescence signal. Prior to STORM imaging, a multichannel conventional fluorescence microscopy 

image is acquired for subsequent comparison with STORM image (snapshot). The excitation power of either 

647 or 532 nm laser line is then strongly increased (~50 to 100 mW before the objective lens) to induce 

fluorophore blinking and preform STORM imaging. The em‐gain of the camera is set to high amplification 

(300) to optimize the signal‐to‐noise ratio. Images are acquired with an integration time of 30 ms per frame. 

NIS software (Nikon Instruments Europe, Amsterdam, The Netherlands) is used for real time localization and 

reconstruction. Spatial coordinates of each localized molecule are retrieved in real‐time in two or three 

dimensions. The blinking spot is detected using 6x6 pixels region in a 180‐250 intensity threshold range. In 

order to ensure optimal molecule density all along the acquisition process, an automatic feedback control on 

the 405 laser power is used. The total acquisition time points for each sequence are adapted to the observed 

structure and to the labelling density (5,000 to 20 000 frames). NIS software (Nikon Instruments Europe, 

Amsterdam, The Netherlands)  is used for image processing and visualization and for measurements.  

FLIM is done on the same samples using a Picoquant FLIM apparatus (PMA Hybrid) coupled to the same AX 

MP microscope, equipped with 520/35 and 600/50 filters (H560lpxr) or, alternatively  482/35 and 550/49 

(H488lpxr). Acquisition is driven using the NIS software and MP settings  (Coherent Chamelon II) at different 

wavelength (for most purposes the optimal range is around 900-976 nm) in 3D acquisition and analysis using 

Symphotime 64 software to obtain τ lifetimes. Different lifetimes can be accurately determined in FLIM or 

FLIM FRET configuration to get information about the proximity of fluorofores. In our conditions we will use 

specific antibodies (some of them are custom made) specifically addressed to amyloid regions. Here a brief 

and not exhaustive list of antibodies couples already available in our lab: Aβ peptides -R3660 (N-terminus-

custom), pE3 (pyroglutamate 3-40/42, Nterminus), 4G8, 6E10 intermediate regions, Aβ40 or Aβ42 specific 

(C-terminus); Prions -3F4 (Aa109-112), 6H4, and PRNP (internal regions); Synuclein- Syn211 (epitopes 

Aa121-125), α-Synuclein (Aa117-131), KM51, LB509 (Aa115-122).; MAPT, AT8, AT270, Tau pThr181, M1 

WP3-The study of cell membrane Second harmonic generation using AP3 dye (Funakoshi, Japan)  and FLIM 

signals usingd the dye Dye FliptR as a fluorescent probe (Spirochrome, Switzerland) are routinely used in our 

lab in the MP setting.  FliptR staining of cell membrane allows reliable imaging of membrane tension in living 

cells since, the intrinsic dependence of FliptR response on lipid composition generates information about the 

correlation between increasing lifetimes with increasing membrane  tension. This response is consistent with 

tension-induced lipid phase separation into more ordered domains with more planarized probes and less 

ordered domains with more deplanarized probes. Amyloid strains will be challenged on FliptR loaded 

membranes to ascertain lipid changes and osmotic modification at different concentrations and timepoint. Ap3 

is a non-fluorescent, photostable SHG-imaging dye used to membrane structure and function in multimodal 

imaging by no interference of signals from other fluorescent molecules. In this case AP3 loaded cells will be 

treatred with different strains of amyloid to measure SHG modifications and to correlate these changes with 

FLIM measurement of specific epitopes labelled with fluorescent antibodies in a correlative analysis. 

 



 

 
Section c. Available instrumentations and resources 

1- Orbitrap Fusion™ Mass Spectrometer (Thermo Scientific™) is a triple analyzer system: combining 

the speed of Quadrupole, the selectivity of Linear Ion Trap, as well as the high resolution of Orbitrap, 

enables an high degree of parallelization and, in turn, high throughput analyses of challenging samples. 

The system is coupled to an Ultra-Performance Liquid Chromatography (UltiMate™ 3000 RSLCnano 

System, Thermo Scientific™).  

2-NIKON AX MP is a Eclipse Ti multiphoton (Chameleon II) confocal microscopes,  equipped with a 

high-speed resonant scanner with 2K resolution, N-STORM, TIRF modules as well as FLIM 

(Picoquant) detectors. Is the first instrument of this type (all in one) settled in Europe by Nikon. 

3-lOur ab fully equipped for routine preparations of RNA and protein analysis, amyloid purifications 

and separations from brain tissues, or from other samples. 
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