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aDepartment of Environmental, Biological and Pharmaceutical Sciences and Technologies, Via 

Vivaldi 43, 81100, Caserta, Italy 

E-mail: roberto.fattorusso@unicampania.it  
 

Keywords:: solution NMR, biomolecules  

   

NMR spectroscopy is an invaluable tool to investigate the relationship between structure, dynamics 

and activity of proteins in solution and cellular environment. Often, the three-dimensional protein 

structure fails to provide a complete understanding of its functional mechanism. In most biological 

functions, protein motions and conformational equilibria are the essential link to connect high-

resolution structural features with cellular processes including protein folding, enzymatic catalysis, 

protein aggregation, solute transport and synaptic transmission. A personal view of the key NMR 

methodologies, challenges encountered, and solutions devised in understanding the interplay between 

protein structural dynamics and functions, as well as the role of dynamics on my daily NMR-related 

activities, will be presented. 

mailto:roberto.fattorusso@unicampania.it
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G. Abis, R. Puglisia, Y. Gua, N. Agrawala, J. Sayegha, I. Cruz-Gallardoa, T. Buia,b, J. Jarvisa,b, G. 

Kellyc, M. R. Contea 

 

aRandall Centre for Cell and Molecular Biophysics, School of Basic and Medical Biosciences, 

King's College London, UK 
bCentre for Biomolecular Spectroscopy, King’s College London, London SE1 1UL, UK 
cMRC Biomedical NMR Centre, The Francis Crick Institute, London NW1 1AT, UK 

E-mail: sasi.conte@kcl.ac.uk  

Keywords:  

Solution NMR, biomolecules.  

 

 LaRP4A and LaRP4B are members of the La-related protein (LaRPs) superfamily [1].  Both LaRP4 

paralogs regulate translation, associates with polysomes and stabilise mRNAs subsets. They have 

also been implicated in cancer progression and development [1,2]. It has been suggested that LaRP4A 

and LaRP4B perform distinct functions, executed through recognition of their RNA and protein 

partners, but how RNA substrate discrimination is achieved remains an unsolved conundrum [1,3].  

Previous work from our lab showed that in LaRP4A, the LaRP-conserved RNA binding platform, 

namely the La-module, unexpectedly played only a minor role in the interaction with oligoA RNAs. 

Instead, the binding was dominated by an N-terminal region (NTR) of the protein that exists in a 

semi-disordered state and lacks any recognisable RNA-binding motif [3].  LaRP4B does not interact 

with polyA, but associated with AU-rich regions present in 3’UTRs of many mRNAs. Here, RNA 

recognition is also mediated by the N-terminal domain (NTD) containing both the NTR and the La-

module; however, contrary to LaRP4A, in LaRP4B the NTR and the La-module both contribute to 

binding affinity. This is quite unexpected as LaRP4A and LaRP4B NTD have high primary structure 

identity. Studies on the mechanisms of molecular recognition using Nuclear Magnetic Resonance 

(NMR) integrated with other methodologies will be presented here, revealing interesting similarities 

and differences between these two LaRP4 paralogs involved in regulation of translation and 

implicated in cancer biology. These molecular investigations will also inform on the growing class 

of RNA binding that use disordered non canonical regions to mediate tight and specific RNA 

interactions. 

  

Fig. 1. NMR spectra and structure of LaRP4B. 
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SEARCHING FOR NOVEL ANTICANCER AGENTS BY NMR-BASED APPROACHES: 
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E-mail: marilisa.leone@cnr.it 
 

Keywords: solution NMR, biomolecules.  

   

Sam domains represent small protein binding modules with a five-helix bundle fold. They are known 

for their versatility by playing roles in a variety of cellular processes. Although binding of Sam 

domains to lipids, RNA and other proteins has been reported, they show principally a propensity to 

form oligomers or polymers through Sam-Sam homotypic and heterotypic associations [1]. For quite 

a few Sam-Sam complexes a link to disease onset and progression has been established, thus, finding 

original molecular tools able to inhibit such interactions attracts interest in the drug discovery field. 

Sam-Sam complexes often adopt a canonical Mid Loop/End Helix structural model: the central 

regions of one Sam domain bind to the C-terminal helix and adjacent loops of another Sam domain. 

Sam-Sam binding interfaces are large and flat and consequently, their targeting by small molecules 

is very challenging while peptides represent ideal candidates as modulators of such interactions [2]. 

Our laboratory is focused on the discovery of peptide inhibitors of Sam-Sam interactions involving 

EphA2 [2]. EphA2 is a receptor tyrosine kinase that holds great interest in the anticancer drug 

discovery field, as it is overexpressed in diverse cancer types. EphA2 possesses a C-terminal Sam 

domain representing the site where protein regulators of receptor stability are recruited.  

For our studies we are employing mixed experimental and computational approaches where NMR 

techniques are first employed for identification / validation of novel peptide ligands of Sam domains, 

and then to guide, through structural data, the optimization route. I will report on diverse examples 

related to linear and cyclic peptides targeting the EphA2-Sam interactome [2, 3].  
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aDipartimento di Chimica, Materiali e Ingegneria Chimica “G. Natta”, Politecnico di Milano, via 
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E-mail: franca.castiglione@polimi.it 
 

Keywords: High resolution magic angle spinning (HR-MAS) NMR, diffusion. 

 

Hydrogels based on hyaluronic acid (HA) and agarose-carbomer (AC), due to their peculiar 3D 

architecture and biocompatibility, are promising candidates for pharmaceutical strategies based on 

the controlled delivery of single or multiple drugs to target different diseases with better patient 

compliance. The successful development of these applications requires a detailed understanding of 

the drugs transport motion in the gel matrix and release mechanism [1]. In this study, such an 

investigation is carried out on HA-AC hydrogels, prepared with variable mesh size, and then loaded 

with ethosuximide and sodium salicylate as single and dual drug formulations. Transport properties 

and intermolecular drug-drug/drug-polymer interactions are characterized by means of High 

Resolution Magic Angle Spinning NMR Spectroscopy (Fig. 1). Analysis of the experimental data, 

for the single drug formulation, provides evidence of superdiffusive motion for sodium salycilate 

while ethosuximide molecules exhibit unrestricted diffusion within the gel matrix [2]. Conversely, a 

similar diffusion dynamic within the hydrogel network is observed for the dual drug loading.  

The effect of drug-drug interactions on release profiles is also investigated by means of in vitro release 

experiments. 

 

 

  
Fig. 1. Schematic representation of HR-MAS NMR spectroscopy application to study drug 

diffusion in hydrogels. 
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Keywords: solid state NMR, solution NMR, small molecules, biomolecules.  

   

Several protein-drug conjugates are currently being used in cancer therapy. These conjugates rely on 

cytotoxic organic compounds that are covalently attached to the carrier proteins or that interact with 

them via non-covalent interactions. Human transthyretin (TTR), a physiological protein, has already 

been identified as a possible carrier protein for the delivery of cytotoxic drugs. Here we show the 

structure-guided development of a new stable cytotoxic molecule based on a known strong binder of 

TTR and a well-established anticancer drug [1]. This example is used to demonstrate the importance 

of the integration of multiple biophysical and structural techniques, encompassing microscale 

thermophoresis, X-ray crystallography and NMR. In particular, we show that solid-state NMR has 

the ability to reveal effects caused by ligand binding which are more easily relatable to structural and 

dynamical alterations that impact the stability of macromolecular complexes. 

  
Fig. 1. Solid-state NMR analysis of protein-drug conjugate 
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Gangliosides are glycosphingolipids composed of an extra-cellular carbohydrate moiety that is linked 

to ceramide, a hydrophobic lipid portion embedded in the cellular membrane. They are widely 

distributed in human cells and tissues and play crucial roles in cellular processes, such as 

neurotransmission, interaction with regulatory proteins of the nervous system, cell-cell recognition 

and modulation of signal transduction pathways. Notably, gangliosides containing sialic acids have 

been found to pronounce effects in cancers, influencing cell behaviors such as proliferation, 

migration, invasion, adhesion, and angiogenesis, but also mediating immunosuppression of tumors 

[1]. Certain Siglecs (sialic acid-binding immunoglobulin-like receptors), I-type lectins found on most 

white blood cells of the immune system, are engaged by endogenous gangliosides to trigger important 

physiological and pathophysiological signaling events [2]. For example, sialoglycans expressed on 

cancer cells surface can engage the inhibitory Siglec-7 on natural killer (NK) cells, leading to the 

inhibition of immune responses [3]. We here present a comprehensive analysis of the structure, 

conformation, and interactions of α2,8-linked gangliosides, including GD3 and its derivatives 

DSGb3α3 and DSGb3α6, as well as DSGB5 that contains both α2-3- and α2-6-linked sialic acids 

and densely populated on renal cell carcinoma (RCC) [4]. Understanding the dynamics of these 

interactions holds great promise for providing insights into disease mechanisms and potentially 

opening the door to the development of diagnostic and therapeutic strategies [5]. To this aim we 

combined structural biology methodologies, protein- and ligand-based NMR techniques, biophysical 

studies and computational approaches to provide information on binding affinities and 3D models of 

the complexes [6]. 
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CREB-binding protein (CBP) is a transcriptional coactivator involved in the transcription of several 

human genes as well as in many signalling pathways [1]. More than 60% of the protein’s residues are 

predicted to be disordered, while the others are organized in seven globular domains. So far, 

characterization of both folded domains and disordered regions of CBP has been carried out by 

isolating them one by one. Although this approach greatly simplifies the in-vitro application of 

structural biology techniques such as NMR spectroscopy and X-ray crystallography, it allows for the 

study of a single domain at a time. In this work, we propose a different approach that aims to study 

two contiguous CBP domains with NMR spectroscopy, the CBP-TAZ4 construct. This construct is 

formed by the zinc-binding domain TAZ2 [2] and the flanking ID4 disordered region [3]. The two 

domains have very different relaxation properties, that reflect their structural features. Here we show 

that two- and three-dimensional NMR experiments can be tuned to exploit these differences to 

enhance spectral quality and obtain clean information about the two domains.  

Moreover, our data show that the presence of ID4 alters the structural features of TAZ2 and vice 

versa. NMR spectroscopy, and 13C-direct detected NMR in particular, has been proven to provide 

clean information about highly flexible disordered regions also when part of complex multidomain 

proteins [4]. With this work we further expand the NMR toolbox to address these complex systems. 

  
Fig. 1. Structural model of TAZ4 is reported on top of the figure. Relaxation-edited 1H-15N HSQC 

spectrum is reported on the bottom part of the figure.  
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Techniques for increasing the NMR signal have a lot of potential for addressing the basic sensitivity 

limit of nuclear magnetic resonance. The most well-known one, dynamic nuclear polarisation, has 

been around for more than 20 years and has progressed from being a tool for academics to becoming 

equipment that is already in some hospitals. The primary benefit of DNP is its capacity to magnify 

the relevant metabolites' NMR signal, which can yield insightful biology and clinical data. This is 

especially true for pyruvate, already in clinical trials, whose metabolism can distinguish healthy from 

diseased tissues. However, the expensive cost and intricate technical requirements of the necessary 

instrumentation somehow have so far prevented DNP technology from being widely used. 

Here, we demonstrate the successful application of a far more accessible technology, named PHIP-

SAH and that is based on parahydrogen, to pyruvate signal amplification for chemical and in-cell 

biological reaction monitoring. The NMR signal is amplified at room temperature, in solution, and in 

seconds, enabling real-time NMR monitoring in vitro and in cells. Pulsed strategies to selectively 

amplify the nuclear spins of interest in the molecule, together with a protocol ensuring the 

biocompatibility of the hyperpolarized pyruvate, are presented [1]. 

Finally, I will provide a brief overview of SABRE, a PHIP-SAH parent approach, as a potential way 

to overcome some of the present roadblocks to make hyperpolarized NMR a conventional tool for 

every laboratory.   

  
Fig. 1. Methodology for [1,2-13C]pyruvate hyperpolarization  
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Non-destructive techniques are key to assessing the effectiveness of treatments and the state of 

conservation of cultural heritage. Nuclear magnetic resonance (NMR) relaxometric profiling is an 

innovative, non-invasive, and non-destructive candidate to address these issues directly in situ using 

single-sided portable devices [1] [2]. Two applications are presented: 

(a) Conservation methods for natural stone on buildings and monuments, such as consolidation and 

hydrophobisation treatments to improve their long-term durability [3]. NMR can localize the 

consolidation agent and the water uptake of the stone. 

(b) Investigations of the structure of paintings providing essential information on their physical 

condition and pictorial technique to plan appropriate conservation measures [4]. NMR could avoid 

the sampling of painting fragments for stratigraphic analysis. 

We present diagnostic and monitoring results from two sites in Germany: The Hoppenlau Friedhof 

in Stuttgart for stone monument conservation (results not shown) and the Gründonnerstagsretabel in 

the sacristy of Freising Cathedral for painting restoration (results in Fig. 1). 

 

 
Fig. 1. (Left) Portable low field NMR device (Mouse PM25, Magritek) used in the restoration site 

of the Gründonnerstagsretabel in Freising, Germany. (Right) NMR profile results: volumetric 

moisture content profile across the painting. This is valuable information for conservation 

treatments. 
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Dynamic Nuclear Polarization (DNP) applied to MAS solid-state NMR has proved to be a valuable 

technique to enhance the sensitivity of more than two orders of magnitude. The nature of the 

Polarizing Agent (PAs) plays an important role in determining the mechanism and the efficiency of 

the hyperpolarization process. It is known that the performances of PAs are strongly reduced passing 

from 9.4 T to 18.8 T [1], where the design of optimal PAs is still an open problem. Hybrid PAs such 

as HyTEK2 [2] or SNAPol [3] give excellent DNP performances but the synthesis of these diradicals 

involves complex protocols. Thus, refining the structure of dinitroxides to make them suitable for 

high-field NMR remains a valuable goal.  

We present improved versions of TinyPol dinitroxides [4], two of which, dubbed O-TinyPol(OH)4 

and M-TinyPol(OH)4,  are able to significantly outperform current dinitroxide standards at 18.8 T and 

40.0 kHz. They feature stereo-controlled structure and dihydroxypropyl chains on the 

spirocyclohexyl groups around the nitroxide rings. A combined approach of 2H Electron Spin Echo 

Envelope Modulation (ESEEM) experiments in different DNP water/glycerol matrix and molecular 

dynamics simulations show a higher density of glycerol protons in the second solvation sphere around 

the nitroxides.  

We thus propose that the dihydroxypropyl chains in M-TinyPol(OH)4 and O-TinyPol(OH)4 

significantly improve the DNP efficiency by acting as a polarization escape way, facilitating the 

propagation of the hyperpolarization towards the bulk solution.  

In order to rationalize our finding, our experimental investigation is also supported by simulations 

based on recent hybrid classical/quantum mechanical calculation schemes [5]. This simulation 

approach allows to consider thousands of spins simulation which is essential for a description of the 

spin diffusion process. These results will be also useful for an accurate in-silico design of novel PAs.  
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This work explores novel applications of High-Resolution Relaxometry (HRR), a cutting-edge NMR 

technique that offers unparalleled insight into dynamic processes within complex systems [1, 2]. HRR 

utilizes a high-field spectrometer's stray field for variable-field relaxation measurements, surpassing 

Fast Field Cycling (FFC) limitations and enabling high-resolution relaxation measurements over a 

wide timescale. 

HRR was applied for the study of: protein-ligand interactions for understanding biological processes; 

interactions between metabolites and macromolecules in complex mixtures like urine; dynamics in 

complex viscous systems, combining FFC and HRR; dynamics in intrinsically disordered proteins. 

FFC and HRR measurements on potential contrast agents provided consistent data, significantly 

expanding the investigated spectral density function. 

These preliminary studies demonstrated the versatility and effectiveness of HRR to unlock deeper 

understanding of multiscale dynamics. Additionally, the synergistic use of HRR with FFC offered 

significant insights, paving the way for further exploration of complex systems using these powerful 

NMR relaxometry methods. 
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In the tire industry, tackifying resins are essential ingredients because they modulate green tack and 

green strength of the uncured rubbers, facilitating their manipulation and preventing creep and tear 

of the final products. From a molecular perspective, the presence of the resin alters the dynamics of 

the polymer chain, resulting in the modification of the rheological and viscoelastic behaviour of the 

rubber compounds [1]. Since the mechanical response of the final compounds varies depending on 

the type of resin added, it is important to dissect the molecular origins of such differences. In this 

research, we compared the effect of a natural- and a petroleum-origin resins on the dynamics of 

Styrene-Butadiene Rubber (SBR) in compounds of interest for the tyre industry. To this end, we 

employed a variety of Solid-State Nuclear Magnetic Resonance experiments (SS-NMR) [2,3] at 

variable temperature. These include 1H Field Cycling NMR, DIPolar chemical SHIFT correlation [4] 

and Centerband Only Detection of Exchange [5] experiments. These techniques enabled the study of 

polymer dynamics on a wide range of motion time scales, form the fast segmental motions related to 

glass transition to the slower and collective motions of the polymer chains. In addition, measurements 

of 1H T1 and T1ρ relaxation times provided information on the polymer-resin miscibility on the 

nanometer scale, which is essential for achieving compounds with the desired mechanical properties. 

Dipolar-Filtered Magic Sandwich Echo [6] experiments were also carried out to obtain information 

on the presence of domains with different degree of mobility, as well as on the onset of their motions 

with temperature. The SS-NMR results were compared with those from dynamic-mechanical, 

rheometric, calorimetric and chemical characterization. This approach provided valuable information 

to elucidate the complex relationship between molecular and macroscopic properties in rubber 

compounds, aiding the design of formulations with improved performances.  
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Fast Field Cycling (FFC) NMR is a non-destructive and relatively rapid technique that enables the 

continuous investigation of the same sample over time. It is a powerful method for characterizing various 

materials' structure, molecular motion, transport, and diffusion properties. FFC NMR stands out as the only 

low-field NMR technique allowing to perform efficient measurement of the longitudinal relaxation time T1 

(or relaxation rate R1=1/T1) as a function of magnetic field strength across a broad range of frequencies [1]. 

The data collected through FFC NMR is represented in Nuclear Magnetic Resonance Dispersion (NMRD) 

profiles (T1 vs frequency). 

Up to this day, the application of FFC NMR remains limited. This is likely due to the technical and 

theoretical complexities involved in the methodologies, which resulted in its slow development. 

Some insights obtained at lower magnetic fields via FFC NMR are unattainable with Spectroscopy or fixed 

field measurements. This makes FFC NMR an invaluable tool for studying molecular dynamics and 

transport in complex systems, providing unique insights into sample properties. 

This talk covers the theoretical background, hardware setup, and data processing methods of FFC NMR. 

We also present several NMRD profiles of industrial and artisanal cheeses (see Fig 1). 

Fig. 1 NMRD profiles of different cheeses (A stands for artisanal and I for industrial cheese). 
We demonstrate that the FFC-NMR technique could describe the microstructure of the cheese paste and the 

molecular dynamics of the main components (water, proteins, and fats) and solve the problem of recognizing 

and diagnosing heat treatments on milk through the analysis of aged cheese. 

This work was performed as a part of the MRimprove activity. 
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Advancements in hardware and intelligent acquisition design have significantly improved NMR 

sensitivity, yet quantitative NMR remains underutilized for analyzing compounds in complex 

mixtures with limited sample quantities. To address this, dissolution dynamic nuclear polarization 

(dDNP) enhances NMR sensitivity and resolution. 

We developed a stable 13C isotope tracer-based hyperpolarized NMR method to quantitatively 

measure metabolic flux with high sensitivity and contrast, facilitating the mapping of metabolic 

pathways and networks. This advancement enables new applications in fields characterized by sample 

complexity and low analyte concentrations. 

Using this method, we investigated the metabolic signature of aggressive prostate cancer cells under 

hypotonic stress, comparing it to early-stage prostate cancer cells. Cellular enlargement due to 

hypotonicity dilutes metabolites and enzymes, potentially leading to enzymatic inhibition or 

activation and revealing metabolic survival strategies. Through this and other selected studies we 

outline advantages and limitations of the 13C hyperpolarization method as well as giving insights into 

future developments. 
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14:55-15:10 Sponsorship Lecture (Bracco): A. Macula  

ASSESSING THE RELIABILITY OF VIRTUAL CONTRAST: A GENERALIZATION 
STUDY ACROSS DIFFERENT TUMOR TYPES AND PATIENT DEMOGRAPHICS 

15:10-15:25 Sponsorship Lecture (Magritek/FKV): D. Bouillaud 
NEW BENCHMARK FOR BENCHTOP NMR MAGNET HOMOGENEITY: HOW SPINSOLVE™ ULTRA 

NMRS BOOST SOLVENT SUPPRESSION PERFORMANCE FOR 1- AND 2D NMR 



 
 Chair: L. Ragona 

Segre-Capitani Fellowships  
15:25-15:40 C. Papi (University of Turin) 

A MRI-CEST METHOD FOR MAPPING WATER CYCLING ACROSS CELLULAR MEMBRANES 
15:40-15:55 A. Gambini (University of Modena and Reggio Emilia) 

NMR-BASED METABOLOMICS IN MNGIE RARE DISEASE 
15:55-16:10 A. Barbanente (University of Bari) 

AN NMR-BASED APPROACH TO ELUCIDATE THE LINK BETWEEN DIETARY ZINC STORAGE 

AND TRYPTOPHAN METABOLISM 

  
16:10-17:30 Coffee break + Poster session (EVEN abstract numbers) 
16:40-17:30 GIRM assembly 
17:30-19.30 GIDRM assembly + announcement of poster competition winner  

  
20:30 social dinner 
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NMR is emerging as an extremely powerful technique to provide metabolomic data through the 

analysis of biofluids that can be collected non-invasively. 

To analyse NMR-metabolomic data, fingerprinting and profiling can be used [1]. In fingerprinting, 

the entire spectrum is analysed through a bucketing procedure. Fingerprinting needs absolutely 

optimal standard operating procedures. In profiling, the concentrations of all identifiable and 

quantifiable metabolites must be determined from the corresponding signal intensities. The accurate 

identification of the spectral resonances is the bottleneck of this approach. Blood derivatives (serum 

or plasma) are biofluids that are well controlled by homeostasis, and metabolite identification is 

relatively straightforward. On this basis we have successfully exploited NMR in different 

pathological contexts, providing significant information on a wide range of diseases, such as cancer 

[2], cardiovascular diseases [3], and COVID-19 [4]. 

Urine poses different challenges. On the methodology side, stabilization of urine samples, especially 

when collected at home, can be achieved by gelification of urines using silica particles, while addition 

of a small amount of paramagnetic gadolinium chelate permits faster acquisition thanks to the 

shortening of relaxation delays [5]. The main drawback for the full exploitation of the rich urine 

information content is the extreme variability of the urine matrix composition and, as a result, of the 

metabolite chemical shifts which makes full automated assignment close to impossible. 

Our main goal is to overcome the difficulties in automated metabolite assignment in urine. To this 

end we have introduced a method to provide automated and accurate prediction of chemical shifts of 

about fifty metabolites based on the collection of a large “artificial urine” dataset to use for an 

extensive training of machine-learning programs [6]. Now we are further investigating the source of 

chemical shifts variations as due to metabolite-metabolite interactions. The far-reaching aims of this 

project are on the one hand to achieve a completely automated tool to predict the chemical shifts of 

all visible metabolites in any urine sample, and on the other hand to build a “urine metabolite 

interactome” on which accurate chemical shifts predictions could be based. 
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Over the past few years, significant innovations in the field of small molecule NMR have led to 

exciting new experiments. In this talk, we will discuss recently implemented experiments for small 

molecule NMR applications in the latest TopSpin version. We will also give a preview of upcoming 

experiments that will be available in one of the next TopSpin versions. 

PureShift Experiments: These experiments suppress homonuclear coupling effects, resulting in 

proton spectra that provide only chemical shift information. Novel approaches have enhanced 

sensitivity, spectral purity, and tolerance of strong coupling compared to previous methods. 

GEMSTONE (Gradient-Enhanced Multiplet-Selective Targeted-Observation NMR 

Experiment): GEMSTONE selectively targets one signal from overlapping multiplets by combining 

chemical shift filtering and spatial multiplexing. 

DOSY (Diffusion-Ordered Spectroscopy): DOSY separates NMR signals based on diffusion 

coefficients. It provides insights into molecule size and shape, making it very useful for analyzing 

mixtures and studying interactions.
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Food analysis has strongly benefited from the use of NMR spectroscopy, allowing the resolution of 

several issues namely metabolite profile elucidation, geographical origin determination, fraud 

tracking, quality analysis, etc. [1]. 

Among these applications, a field of research that has recently fascinated me regards the study of 

complex biological matrices as potential alternative food sources. 

Mainly in the last years, an ever-increasing need of alternative and innovative food sources is 

occurring, with several matrices being introduced as Novel Foods. However, despite a matrix is 

accepted or proposed as Novel Food, the knowledge improving of its chemical composition remains 

a challenge to be pursued, to better understand its nutritional and biological values.  

In this context, NMR metabolomics can be a potential tool to achieve this goal. Here, some 

applications are reported.  

Starting from Cannabis sativa L. inflorescences [2,3,4], NMR has allowed to underline an interesting 

metabolite profile with potential nutritional applications, also basing on the used agronomical 

practices. Moreover, in the context of alternative protein sources, NMR metabolomics applied on 

edible insects [5] and medical mushrooms [6,7] has shown that these Novel Foods have larger 

potentials with respect to the only “protein use”.  

The study of other alternative matrices namely medicinal plants, agrifood wastes, and legume seeds 

treated with innovative processes has further confirmed that NMR spectroscopy is now an 

indispensable ally for a better study of new food sources. 
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It is routinely recommended in NMR labs to prepare samples with several milligrams of the 

compound to be analyzed, even for the simplest 1D acquisitions [1-6]. This is a perfectly reasonable 

recommendation given the wide variability of sample conditions and instrumentation available. 

However, the latest advances in probe technology have enabled significant improvements in the probe 

efficiency using magnetic couplings [7]. Here we demonstrate that this technology enables pushing 

the sample requirements of 5mm nitrogen cooled probes down to circa 1 mg or less of sample for 

commonly run 1D and 2D experiments, facilitating as well the acquisition of more insensitive 

experiments. 
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The field of metabolomics applied to food matrices is continuously expanding, with the goal of 

deepening our understanding of food composition and its impact on health. One of the most notable 

advancements in this field is the use of NMR spectroscopy, which has proven to be an essential tool 

in research due to its robustness, non-invasiveness, and high-resolution capabilities for analysing the 

complex chemical compositions present in food. 

This presentation will focus on the application of NMR spectroscopy in food characterization, 

particularly in identifying and quantifying metabolites, assessing food quality, evaluating the effect 

of pedoclimatic conditions, and characterizing food processing and byproducts. Case studies will be 

presented in three main areas to exemplify the valuable insights that can be derived from NMR data: 

i) Food Resources: This involves studying the composition of plant-based foods, considering factors 

such as climate, land, and cultural practices ("terroir") that contribute to the traceability and 

characterization of authentic products [1,2]. 

ii) Food Processing: This entails analyzing the significant pre- and post-production manipulations on 

the original product, such as the impact of packaging and storage, the fermentation, safety and 

authenticity control, and management of waste and byproducts [3-5]. 

iii) Human Health: This encompasses studies on monitoring food consumption, investigating changes 

in the metabolome resulting from specific diets, and exploring the role of diet in treating and 

preventing diseases [6]. 

This comprehensive overview will highlight how NMR-based metabolomics can drive innovations 

in food science, improve nutritional studies, and benefit the global food industry through collaborative 

efforts and advancements.  

 

References 

 
[1] M. Spano, G. Di Matteo, C. Ingallina, A. P. Sobolev, A. M. Giusti, G. Vinci, S. Cammarone, C. Tortora, L. 

Lamelza, S. A. Prencipe, L. Gobbi, B. Botta, F. Marini, E. Campiglia, L. Mannina Foods 11, 3658(2022). 

[2] D. Ambroselli, F. Masciulli, E. Romano, R. Guerrini, C. Ingallina, M. Spano, and L. Mannina Foods 13, 1642 

(2024) 

[3] A. P. Sobolev, A. Di Lorenzo, S. Circi, C. Santarcangelo, C. Ingallina, M. Daglia, and L. Mannina Molecules 26, 

5125 (2021).  

[4] G. Di Matteo, P. Di Matteo, M. Sambucci, J. Tirillò, A. M. Giusti, G. Vinci, L. Gobbi, S. A. Prencipe, A. Salvo, C. 

Ingallina, M. Spano, A. P. Sobolev, N. Proietti, V. Di Tullio, P. Russo, L. Mannina, and M. Valente Foods 10, 2440 

(2021).  

[5] A. Chiavaroli, F. Masciulli, C. Ingallina, L. Mannina, […] and C. Ferrante. Food Res. Int. 175, 113654 (2024) 

[6] A. P. Sobolev, A. Ciampa, C. Ingallina, L. Mannina, D. Capitani, […] and A. Pinto Metabolites 9, 138 (2019).

mailto:cinzia.ingallina@uniroma1.it


Thursday 5th | Session A 
 

CHALLENGES IN MEASURING ETHANOL CONTENT IN ALCOHOLIC BEVERAGES 

USING 1H NMR: METHOD EVALUATION AND A WINE CASE STUDY 

 

M. Sozzi,a V. Aru,b N. Cavallini,a B. Khakimov,b F. Savorani,a S. B. Engelsen,b 

 

aDepartment of Applied Science and Technology, Polytechnic of Turin, Corso Duca degli Abruzzi 

24, 10129, Turin, Italy 
bChemometrics & Analytical Technology, Department of Food Science, University of Copenhagen, 

Rolighdsvej 26, 1958 Frederiksberg C, Denmark  

E-mail: mattia.sozzi@polito.it  
 

Keywords: solution NMR, metabolomics, food, theory and methods.  

   

Nuclear Magnetic Resonance (NMR) spectroscopy is a powerful analytical technique that is now 

widely used in the field of food and beverages. Many recent applications are related to quality control, 

authentication, traceability, fraud detection but also process monitoring such as fermentation and 

aging effects.  

Even if NMR spectroscopy is commonly used for quantification purposes, also with different research 

targets, in the recent literature there are few studies focused on the possibility of using this technique 

to quantify ethanol in alcoholic beverages [1]. Indeed, some recent works highlighted problems 

associated with this application, often related to low prediction accuracy [2], especially occurring 

with higher magnetic field intensities [3]. 

In this context we decided to explore the causes of these unexpected results by planning a detailed 

experimental design using a series of ethanol solutions with increasing concentrations and 

considering also different 1H NMR acquisition parameters and different data processing techniques, 

the latter related to the ethanol quantification.  

In this study, to avoid the known quantification problems [2,3] related to the use of the proton-proton 

coupling triplet signal at 1.18 ppm (i.e., one of the two “main” ethanol signals), the carbon-related 

satellite peak at 1.08 ppm was used instead, building upon the work of Lopez-Rituerto et al. [4]. The 

main and the satellite signals were modelled separately and compared, and a new correction method 

to make the satellites quantitative was developed. We therefore used this signal to quantify the ethanol 

content of solutions containing up to 40 % of alcohol. 

In addition, from the data analysis and processing point of view, two different quantification 

approaches were tested (namely, row sum, and multivariate curve resolution). Also, to evaluate the 

effects of two deuterated solvents (D2O and DMSO) and of the suppression of the water signal, 

ANOVA Simultaneous Component Analysis (ASCA) was applied. 

As a result, we were able to propose a new rapid and effective method for ethanol quantification in 

liquid samples based on Partial Least Squares (PLS) regression. To test and further evaluate the model 

performances, 20 different external wine samples were analyzed following an optimized operating 

procedure. Good prediction results were obtained, generally affected by a very reduced 

underestimation error (<1 %). 
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Metabolomics is increasingly used to identify markers indicating the presence of specific diseases. 

Still, it's typically focused on individual conditions, which may not directly apply to people with 

multiple health issues. Our study takes a different approach by examining how metabolism interacts 

across various disease states. We conducted a survey of 306 patients at medium to high risk of 

developing coronary artery disease (CAD).  

We used Nuclear Magnetic Resonance (NMR) to measure the plasma levels of 83 metabolites. We 

analyzed their connections with risk factors such as diabetes, hypertension, and dyslipidemia using 

linear regression and multivariate analysis. By examining the metabolic maps created from our 

analysis, we efficiently compared profiles and discovered opposing metabolic features among 

individual conditions and their combination.  

We also found compensating metabolic effects between diabetes, hypertension, and dyslipidemia, 

mainly involving ketone body metabolism and fatty acid β-oxidation. Our study introduces a novel 

approach to investigating how metabolism responds to the simultaneous presence of multiple health 

conditions. This has allowed us to detect potential compensatory effects between diabetes, 

hypertension, and dyslipidemia, highlighting the complexity of metabolic interactions in patients with 

comorbidities. Understanding metabolic crosstalk like this could help develop targeted treatments 

and improve therapeutic outcomes. 

 

References 
 

[1] [1 Fortin M., Dionne J., Pinho G., Ann Fam Med. 4, 104-108 (2006). 

[2] Ke C., Zhu X., Zhang Y., Metabolomics. 14, 1-11 (2018).  

[3] Laffel L., Diabetes Metab Res Rev. 15, 412-426 (1999).

mailto:cicero@scienze.uniroma2.it


Thursday 5th | Session A 

 

NOVEL CHARACTERIZATION OF PLANT-BASED BEVERAGES BY 1D AND 2D NMR. 

 

F. Brigante,a P. Solovyev,b L. Bontempoc 

 

a Traceability Unit, Research and Innovation Center – Fondazione Edmund Mach (F.E.M), San 

Michele all’ Adige, TN, Italy. 
b Fondazione OnFoods, via Università n. 12 43121, Parma, Italy 

E-mail: federico.brigante@fmach.it  
 

Keywords: solution NMR, small molecules, biomolecules, food. 

   

Plant-based beverages (PBBs) are defined as emulsions obtained from different plant materials like 

legumes, cereals, pseudo-cereals, seeds, or nuts after the main steps of soaking, filtration, and thermal 

treatment. Naturally, they represent lactose-free options ideal for consumers with allergies or 

intolerance, and they possess environmental advantages compared to bovine milk, since the CO2 

fingerprint for their production is lower, their fiber content, and they favor animal welfare. They are 

also a staple food for those consumers that opt for new dietary habits such as veganism, 

vegetarianism, and flexitarianism [1,2]. In the last decade, efforts have been directed mostly towards 

their nutritional composition (in terms of macro and micronutrients), production processes, anti-

nutritional factors (tannins, saponins, and enzyme inhibitors), their sensory acceptability, their protein 

availability, and the diversity of aroma-related compounds [1,3]. However, there is a large literature 

gap in the use of 1D, 2D NMR, and qNMR in the characterization of PBBs to gain deeper knowledge 

about their composition. The objective of this work was to characterize the polar extract of soy, oat, 

and almond PBBs by 1H NMR, HSQC, and qNMR, using cow milk as a reference. 1H NMR revealed 

that that the reference matrix was the one with the highest number of found compounds (68). The 

main chemical families were nitrogen compounds (excluding amino acids), carbohydrates, fatty 

acids, and organic acids. Then, soy PBB was the one closest to the reference in number of found and 

identified compounds, sharing fatty acids and carbohydrate signals but with distinct compounds like 

nucleosides, taurine, histidine, and histamine. Oat and almond PBBs showed around 30% less 

compounds (48 and 42, respectively) compared to the reference. Oat PBBs showed a richer 

carbohydrate profile with presence of mono, di, and oligosaccharides, especially maltose and 

raffinose. Almond PBB was the one with the lowest number of compounds among the 4 matrices, 

with pantothenate and myo-inositol as distinctive compounds. A total of 33 compounds were 

quantified, an analysis of variance with Tukey post-hoc test showed higher concentration of most 

organic acids and choline and its derivatives in cow milk. Soy PBB was enriched in compounds like 

stigmasterol and glucose-1-P, while oat PBB in beta-maltose, trigonelline, and valine. Finally, 

almond PBB showed significantly higher concentrations of tartrate, galacturonate, and malate. 

 

References 

 
[1] Hidalgo-Fuentes, B.; de Jesús-José, E.; Cabrera-Hidalgo et al., (2024). Plant-Based Fermented Beverages: 

Nutritional Composition, Sensory Properties, and Health Benefits. Foods, 13, 844. 

https://doi.org/10.3390/foods13060844 

[2] Popova, A.; Mihaylova, D. & Lante, A. (2023). Insights and Perspectives on Plant-Based Beverages. Plants, 12, 

3345. https://doi.org/10.3390/plants12193345 

[3] Xie, A., Dong, Y., Liu, Z., Li, Z., Shao, J., Li, M. & Yue, X. (2023). A Review of Plant-Based Drinks Addressing Nutrients, 
Flavor, and Processing Technologies. Foods, 29, 12(21):3952. https://doi.org/10.3390/foods12213952.

mailto:federico.brigante@fmach.it
https://doi.org/10.3390/foods13060844
https://doi.org/10.3390/plants12193345
https://doi.org/10.3390/plants12193345


Thursday 5th | Session A 
 

1H-NMR for MASLD Diagnosis: Multivariate Analysis of Serum 

Metabolites to Differentiate Disease Stages  
 

S. Zampieria*, G. Petrellaa, E. Nagnia, S. Basilib, F. Maiorcab, L. Lombardib, A. Sabettab, L. 

Stefaninib, D. O. Ciceroa 

 
a Department of Chemical Science and Technology, University of Rome "Tor Vergata," 00133, 

Rome, Italy. 
b Department of Translational and Precision Medicine, Sapienza University of Rome, 00185, Rome, 

Italy. 

E-mail: serena.zampieri@students.uniroma2.eu 

 

Keywords: solution NMR, metabolomics, MASLD, multivariate analysis. 

Metabolic dysfunction-associated steatotic liver disease (MASLD), formerly known as non-alcoholic 

fatty liver disease (NAFLD), is a spectrum of liver diseases ranging from simple hepatic steatosis 

(MASL) to non-alcoholic steatohepatitis (MASH), all characterized by an excessive accumulation of 

fat in the liver.1 Today, it is one of the most common liver diseases in the world, able to progress 

towards cirrhosis and/or hepatocellular carcinoma (HCC).2 At present, the most reliable method to 

diagnose MASLD is through liver biopsy. This technique is the only one that can differentiate 

between various stages of disease progression, providing an accurate assessment of hepatic steatosis, 

hepatocellular damage, inflammation, and early fibrosis stages. However, metabolomics could offer 

a new way of discovering potential non-invasive biomarkers for the MASLD prognosis. To this end, 

we conducted a metabolomic analysis via NMR of the serum metabolic composition of MASLD 

patients enrolled at the Hospital Umberto I of Rome. The 88 serum samples were obtained from four 

different groups of patients with progressively worsening prognosis of liver disease, namely controls, 

MAFL, MASH, and Metabolic dysfunction-associated cirrhosis. It was possible to identify and 

quantify 62 metabolites through a manual deconvolution process of the spectra. A multivariate 

analysis was conducted to investigate the relationship between the systemic metabolic profile and the 

progression of the disease. Three Orthogonal Partial Least Square Discriminant Analyses (OPLS-

DAs) were used to compare the serum metabolic profile of controls with those of MASL, MASH, 

and MASH/cirrhotic patients. This approach was used to qualitatively identify the specific metabolic 

fingerprints of each stage of the disease. Additionally, we analyzed whether the common part of the 

altered metabolism, compared to controls, showed a progressive increase or decrease over the stages 

of the disease. To investigate this correlation, an OPLS was used to study the relationship between 

metabolite levels and MAFLD progression. Many of the metabolites that were found to be altered in 

the serum of MAFLD patients are consistent with previous studies on this liver illness. However, no 

current research focuses on the relationship between metabolism and the disease course. These results 

can help in the future to improve our understanding of the biochemical mechanisms underlying the 

progression of MAFLD and to identify possible new therapeutic avenues. 
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In the last two decades Solid State NMR (SSNMR) methods have turned out to be a powerful tool 

for the structure solution of small organic molecular in their crystal forms. Compared to the X-rays 

crystallography SSNMR can provide precise position of protons, can also define the weak interactions 

in the crystal structure, and can help in the definition of the tautomer present in the crystal structure. 

Here we present three clear examples of the elegant contribution of SSNMR which provides 

worthwhile information exploitable as constraints in structure determination.  

Experiments in SSNMR such as 1H MAS, 13C and 15N CPMAS, 1H DQ MAS, 13C-1H HETCOR and 

several others can be used to assess the content of the unit cell, proton positions and number of 

independent molecules in the unit cell (Z’)[1] and provide the local molecular arrangement in the unit 

cell.  

We successfully applied this method in combination with crystal structure prediction on three 

different systems: mebendazole,[2] an active pharmaceutical ingredient which crystallizes in three 

phases characterized by different tautomeric forms, three structural isomers of pyridine dicarboxylic 

acids (quinolinic, dinicotinic and dipicolinic acid), that may crystallize as zwitterionic or non-

zwitterionic forms[3], and leucopterin, a member of the class of pteridines that gives the white 

pigment in the wings of Pieris brassicae butterflies.[4] 
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The design and creation of solid materials containing fast-rotating components, such as molecular 

rotors, is highly attractive for developing advanced responsive machines capable of converting 

external chemical or physical stimuli into actions.[1] We successfully synthesised a new flexible 

pillared Metal-Organic Framework (MOF) named FTR-P2, whose structure comprises layers of 

byciclopentane dicarboxylate molecular rotors (BCP) and Zn metal nodes pillared by azobypyridyl 

ligands to generate a 3D network.[2] The framework structure consists of two centred interpenetrated 

nets that undergo reciprocal sliding along the pillar direction in the presence of guests in the pores. 

VT 13C {1H} CP MAS spectra were collected down to 95 K (Fig. 1 Left) to study the structural 

changes. The BCP methylene groups always show a singlet indicating fast motional exchange, while 

more complex behaviour is observed for the pillars that have perfectly symmetric pyridyl rings. 

However, the carbons of the pyridyl rings only coalesce at temperatures above 150 K, attributed to 

the fast pedal-like motion of the azo group with kexch > 3600 Hz. After adsorption of iodine molecules, 

the new off-centred structure (FTR-P2-I2) presents two non-equivalent pyridyl rings: one (Ring A) is 

exposed to the channel and gains freedom, while the other (Ring B) sits in the plane of the 2D layers 

and forms hydrogen bonds with the oxygen atoms of the metal nodes that hinder its mobility. The 

coalesce peaks of the syn- and anti-conformations of C2 shift toward the central peak upon increasing 

temperature, according to the Boltzmann distribution of the two conformations. Finally, the dynamics 

of the BCP rotors were studied by VT 13C and 1H T1 NMR relaxation times measurements, 

demonstrating the BCP hyper-mobility even at extremely low temperatures (Fig. 1 Right). 

Surprisingly, the structural changes induced by iodine molecules prompt an increase in cooperativity 

that enables even faster mobility with lower energy barriers, shifting the maximum relaxation rate 

(33.8 MHz) from 85 K to as low as 44 K. 

 

 
 

Fig. 1. Left:  VT 13C {1H} CP MAS spectra collected at variable temperatures of A) Azpy C2 signal 

of FTR-P2 and B) Azpy C2 signals of FTR-P2-I2. Right: 1H and 13C T1 NMR relaxation times of 

BCP moiety of FTR-P2 and FTR-P2-I2 collected at variable temperatures at 33.8 MHz. 
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Crystal engineering has been for many years a valuable strategy to adopt in the pharmaceutical field. 

Indeed, it has proved successful in countering the adverse properties associated to the administration 

of solid crystalline drugs, without altering their inherent pharmaceutical activity. Here, we focused 

on 2-propylpentanoic acid, commonly known as valproic acid (VPA), a synthetic anticonvulsant 

drug. Since VPA is liquid in ambient conditions, VPA-based drugs are administered in the form of 

sodium salts or amide derivatives. VPA is usually associated with a severe carnitine deficiency 

emerging in patients treated with this API, which leads to a dangerously inadequate lipid metabolism. 

Thus, amino acid L-carnitine (CNT) is frequently administered in combination with VPA [1]. In this 

work, we selected VPA and CNT to produce a drug-drug pharmaceutical cocrystal (or co-drug) in the 

co-administered dosage (1:1). The co-drug was obtained by mechanochemical methods, namely 

grinding equimolar amounts of VPA and CNT in an agate mortar [2]. VPA*CNT was initially 

analysed by means of multinuclear 1D and 2D SSNMR experiments (i.e., 1H MAS, 13C and 15N 

CPMAS, 2D off-resonance 1H-13C FSLG HETCOR), to confirm its actual stoichiometry and obtain 

information on the number of independent molecules in the unit cell, the protonation state of the two 

components, and intermolecular atom-atom proximities. The crystal structure of VPA*CNT was 

successfully determined from powder diffraction data, despite the challenge posed by the several 

conformational degrees of freedom of both VPA and CNT molecules. Indeed, the information 

provided by SSNMR on the hydrogen-bond network of the co-drug (see Fig. 1) proved fundamental 

during the structure determination process [3]. 

 

Fig. 1. Representation of the asymmetric unit of VPA*CNT and the characteristic 𝑅2
2(10) 

hydrogen-bond motif (turquoise dashed lines). 
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HKUST-1 is a Metal-Organic Framework (MOF) containing Cu(II) paddlewheel dimer secondary 

building units (SBUs) connected by 1,3,5-benzenetricarboxylate linkers (Fig. 1). In the as-synthesised 

form, solvent molecules occupy the axial positions, and these can be removed upon evacuation (i.e., 

treatment under vacuum at high temperature) leaving coordinatively unsaturated sites available for 

the adsorption of guest molecules [1]. Diffraction techniques are usually employed to study MOFs, 

however solid-state NMR spectroscopy (SSNMR) can overcome the limitations of XRD, such as 

investigating guest molecules. 13C is the most suitable nucleus for investigating the organic linker and 

host-guest interactions, however, the paramagnetic nature of the metal centres translates into a broad 

shift distribution and rapid relaxation. A typical HKUST-1 13C spectrum (Fig. 1d) shows three 

resonances related to the organic linker [2] two of which (1 and 2) vary significantly depending on 

the nature and the presence of guest molecules. 

 

  
Fig. 1. Cu(II) paddlewheel dimers SBUs of HKUST-1 in the (a) hydrated form with water 

molecules occupying the axial position and in the (b) evacuated form. (c) The structure of the btc 

linker. (d) 13C spectrum of evacuated HKUST-1. 

 

In this work, we demonstrate how 13C high-resolution SSNMR (i.e., under Magic Angle Spinning) 

can be a useful probe to investigate the interaction of HKUST-1 with guest molecules. The 

dependence of the 13C resonances with temperature was also explored by acquiring variable-

temperature experiments [3].  
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Membrane-based gas separation technology is gaining interest as an energy-efficient alternative to 

traditional methods. Fluoropolymers with intrinsic microporosity stand out due to their high gas 

separation and sorption performances [1]. These polymers have bulky structural units, like triptycene 

groups, that hinder efficient packing of the polymer chains, resulting in a disordered network of pores 

[2]. Fluorinated groups form specific interactions with penetrants, enhancing gas sorption and 

separation capabilities. Besides structural features, dynamics play a crucial role in gas transport and 

sorption within porous polymers [3]. Gas molecules interact intricately with the local reorientations 

of polymer segments. Studying these properties is essential to understand gas transport and sorption 

mechanisms. Additionally, dynamics can reveal degradation and plasticization phenomena [4], which 

significantly impact membrane performance and durability. 

This study presents an investigation of the local dynamics of a triptycene-containing fluorinated aryl 

ether (FLARE) polymer [1], both before and after the absorption of CO2, by means of solid-state 

NMR spectroscopy (SSNMR). Different SSNMR techniques were employed, including 

measurements of 1H, 19F, and 13C spin-lattice relaxation times (T1), 
19F-13C and 1H-13C Dipolar 

Chemical Shift Correlation (DIPSHIFT) experiments [5], and 2H static spectra. All the gathered data 

were analyzed collectively, employing suitable dynamic models to achieve a quantitative 

characterization of dynamics of both the triptycene and the fluorinated biphenyl linkers constituting 

the polymer monomeric unit. Motion parameters such as activation energies and correlation times 

were determined. Furthermore, the dynamics of CO2 in a 13CO2-loaded sample were investigated by 

analyzing variable temperature 13C spectra and 13C T1 data. This analysis provided valuable insights 

into the behavior of CO2 within the polymer matrix, enhancing our understanding of gas adsorption 

and transport processes. 

This research has been carried out with the financial support of the project PRIN PNRR 2022 “In-

MoTion-Influence of dynaMics on the adsorption and Transport properties in polymeric materials 

for membrane technologies” funded by the European Union - Next Generation EU. 
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The glassy state in coordination polymers, such as MOFs, is relatively rare, with only a handful of 

hybrid glasses known to date [1]. Crystal-liquid-glass transformations are difficult to design, and the 

resulting glasses are challenging to characterize because of their amorphous nature. However, they 

possess a range of exotic properties typically absent in conventional inorganic glasses, such as 

permanent porosity, gas permeability, ion conductivity, and anomalous thermal conductivity. Solid-

state NMR has recently emerged as the ideal technique to study their local structure [2]. One of the 

main practical challenges is the missing understanding of their structure-property relationships that 

would enable tuning the glassy behavior and glass transition temperature to enable easier 

processability.  

Here, I will talk about a new Na-containing additive that we discovered and that enables 

unprecedented tunability of the glass transition temperature in a hybrid Zn-based MOF glass. I will 

discuss high-temperature (300-700 K) 23Na MAS NMR experiments which enabled us to determine 

the speciation of the dopant, quantify its dynamics and impact on the glassy behavior across a range 

of compositions. I will highlight how hybrid glasses combine structural features of conventional 

glasses with unique short-range order characteristics, and how solid-state NMR is an emerging way 

of studying this new, structurally diverse, and fascinating class of solids. 

  
Fig. 1. Solid-state characterization of the doped hybrid glass using a 7 mm laser-heated MAS probe 

at 20 T (A) VT 23Na MAS NMR, (B) pseudo-2D tracking of the line shape changes as the 

temperature is increased at a rate of 1 K/s, (C) 23Na T1 relaxation in the Na dopant evidencing a 

structural phase transition at 166 °C. The inset shows a shard of the hybrid glass. 
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Accurate and timely diagnosis of brain tumors is critical for patient management and treatment 

planning. Magnetic Resonance Imaging (MRI) is the method of election for brain tumor detection 

and characterization, often aided by the administration of gadolinium-based contrast agents (GBCAs) 

to enhance tumor visualization. Despite its effectiveness, the use of contrast agents has drawbacks, 

including the risk of allergic reactions, kidney-related complications, and economic burdens on 

patients and healthcare systems. Deep learning (DL) has emerged as possible solution to these 

limitations, providing models which predict contrast enhancement in brain tumor imaging directly 

from non-contrast MRI scans (Virtual Contrast,VC). However, a critical question remains regarding 

the generalizability of these models across different tumor types and diverse patient populations. Our 

research is focused on extending the promising performance obtained on a specific tumor type at a 

certain stage using a specific dataset (adults gliomas), to other tumor types and diverse patient 

populations. The results showed several limitations. Specifically, both in cases of adult patients with 

meningiomas and pediatric patients with gliomas, virtual contrast methods were not able to accurately 

predict contrast from non-contrast data, resulting in either complete or partial omission of lesions or 

highly inaccurate delineation of the enhancing region. 
 

 

Fig. 1. Simulated versus real axial postcontrast T1w brain images. of adult patients affected by 

glioma (panels A,B), paediatric patients affected by glioma (panels C,D), and adult patients affected 

by meningioma (panels E,F). Each panel represents a separate patient, with real images on the left 

side of the panel and corresponding simulated images obtained with DL models on the right side. 

For A,B cases, two models (2D and 3D architectures) are shown.
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Typically, NMR samples are dissolved in deuterated solvents to avoid the overlapping of the large 

solvent peaks with the signal of the analytes. However, if samples need to be analyzed while they are 

being synthesized or if the components of a liquid formulation need to be quantified the use of 

deuterated solvents is not an option. In these situations, the alternative known from high-field NMR 

is to implement solvent suppression methods that are used to drastically attenuate the solvent signals. 

On benchtop NMR systems, however, it is challenging to obtain efficient suppression as these 

methods require a highly homogeneous magnetic field, like the ones generated by superconducting 

magnets. 

Within this presentation, we´ll demonstrate the performance of the WET solvent suppression method 

implemented on Spinsolve™ ULTRA NMRs to attenuate the signals of some of the most common 

organic solvents. The ultra-high homogeneity of the Spinsolve™ ULTRA models makes it possible 

to significantly attenuate the solvent peaks by two to three orders of magnitude. In this way, the 

overlapping of the analyte and solvent signals is reduced to the point where the analytes can be 

detected baseline-separated after applying the WET sequence. Due to the external hardware lock of 

the Spinsolve™ NMR systems, protonated solvents can be directly employed without requiring 

tedious sample workups to replace the regular solvents used in the reactor for their deuterated 

counterparts. Finally, a Spinsolve™ protocol including a CPMG filter will be shown which allows 

the access of analytes being completely overlapped by broad matrix signals of 1H NMR samples. 

Within this protocol, significant T2 time differences are utilized to filter off unwanted peaks. 

 
Figure 1: Zoomed comparison of a regular 1D 1H NMR of diethyl phthalate in THF without 13C 

decoupling and solvent suppression (red) and an applied 1D 1H WET NMR protocol with 13C 

decoupling and solvent suppression (cyan).
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Introduction: Water cycling across membrane transporters is a hallmark of cellular metabolism and 
could be crucial for diagnosing tumors and other diseases. This study reports an imaging method that 
provides insights into water exchange across compartments exploiting the response of the 
endogenous, intracellular CEST signal to the presence of an extracellular paramagnetic agent 
(Fig.1A). 
Methods: The approach was tested through mathematical simulations, and then applied in vitro and 
in vivo. The paramagnetic effect of Gd-HPDO3A was assessed in vitro on the CEST response of 
molecules like creatine or Iopamidol, either when the paramagnetic agent and the CEST molecule are 
in the same compartment or in different compartments. Then, the effect of the paramagnetic 
perturbation brought by Gd-HPDO3A on the endogenous CEST signal was acquired on RBCs and 
on breast cancer (BCs) cells with a different degree of malignancy (4T1, TS/A and 
168FARN). BALB/c mice were inoculated with BC cell lines to generate subcutaneous tumor 
models. CEST@2ppm [1,2] and DCE-MRI were acquired for 1h post i.v. injection of ProHance. The 
methodology was also applied to monitor Doxorubicin treatment.  
Results: Mathematical simulations showed an exponential decay of the CEST signal with increasing 
Gd-HPDO3A concentration, appearing linear below 100 µM (tumor concentration). Then, the 
experiments on creatine-loaded liposomes with varying Gd-HPDO3A concentrations showed that the 
reduction of CEST response can be ascribed to differences in membrane water permeability. 
Applying the same method on cell lines, the following order of permeability was found 4T1>TS/A> 
168FARN> RBC. In vivo, water permeability maps for BC murine models were generated, showing 
higher permeability in aggressive 4T1 cells and lower in less aggressive 168FARN cells. Maps were 
reported in Fig.1B-C-D and kinetic curves of the averaged ST@2ppm vs. time after in Fig.1E-F-G.  The 
method was also applied to test the effect of Doxorubicin treatment in 4T1 mice. Doxorubicin 
treatment significantly decreased water permeability in 4T1 mice without a significant change in 
tumor size. 

 

 

 

 

 

 

 

 

Fig. 1. (B-C-D) Water permeability MRI maps for 168FARN, TS/A and 4T1 murine models, 

respectively. (E-F-G) Kinetic curves of the averaged ST@2ppm vs. time after the i.v. injection of Gd-

HPDO3A bolus (H)Histogram reporting grouped voxels per tumor model. 
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Mitochondrial neurogastrointestinal encephalomyopathy (MNGIE) is an ultra-rare autosomal 

recessive metabolic disorder caused by loss of function of thymidine phosphorylase. [1,2] The clinical 

manifestation of MNGIE is progressive and involves multiple systems. Due to the rarity and 

multisystem complexity of MNGIE, much remains unknown about its metabolic profiles and 

pathological mechanism. To investigate the metabolic disturbance, induce by MNGIE disease, we 

analyzed 9 liver tissue with HR-MAS NMR, of which 5 were collected from MNGIE patient and 4 

were collected from healthy control. In addition, lipophilic (N=10) and hydrophilic (N=11) liver 

extract were analyzed by liquid NMR. 

Principal component analysis was performed on the spectral data. Exploratory analysis of 1H CPMG 

liver spectra highlighted that MNGIE sample are characterized by higher level of glucose and 

triglycerides content. A two tailed t-test was performed on the deconvoluted area of the metabolites 

and aspartate, β-OH butyrate, ethanol, scyllo-inositol and pyroglutamic acid were found to 

significantly higher (p < 0.05) in the control samples compared to MNGIE ones. Subsequently, 

metabolic data will be correlated with proteomic and transcriptomic data to investigate pathways at 

different levels. Finally, the distribution of molecular marker identified by the omics approach will 

be assessed by histological analysis. 

 

  
Fig. 1.1H CPMG spectra of a MNGIE liver tissue. 
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Zinc (Zn) is essential for many physiological functions, and its intracellular levels are maintained 

through dynamic transport and vesicular storage processes. However, due to its labile nature, the Zn 

coordination environment in storage organelles and the chemical structure of intracellular Zn 

complexes remain elusive. Recently, we discovered that 3-hydroxykynurenine (3HK) and its 

derivative, xanthurenic acid (XA), are responsible for Zn binding and storage in the Malpighian 

tubules of Drosophila, which serve as the major Zn reservoir in insects [1]. Specifically, the precursor 

molecule kynurenine, released from insect fat bodies, induces the formation of Zn storage granules, 

where 3HK and XA act as endogenous Zn chelators. In this study, we further investigated the 

interaction of Zn with other kynurenine-related Trp metabolites, such as kynurenic acid (KYNA), 

xanthurenic acid 8-O-beta-D-glucoside (XAGly)[2], and kynurenine (Kyn), using solution NMR and 

other spectroscopic and biophysical methods These molecules are of interest due to their 

physiological relevance and structural similarities with 3HK and XA, aiming to unravel their Zn 

speciation in biological systems. Moreover, the strong link between Trp metabolism and intracellular 

Zn accumulation prompted us to consider 6-fluoro-L-tryptophan (6-F-Trp) as a suitable probe for 

monitoring Trp metabolites in Zn granules via 19F NMR[3,4] (Fig.1). This approach enables the 

observation in Drosophila homogenates of 19F signals of 6-F-Trp catabolites, which are key 

intermediates of the kyn pathway, with their intensity shown to be influenced by Zn supplementation 

to the diet.  

 
Fig. 1. (A) Representation of the life cycle of the fruit fly Drosophila melanogaster. (B) Schematic 

workflow of sample preparation and spectroscopical analysis of w+ or v1 Drosophila larvae 

homogenates after feeding with 6-F-Trp, with or without ZnSO4. 
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This contribution will show how multinuclear and multidimensional NMR techniques can play a 

crucial role in understanding catalytic reactions mediated by transition metal complexes (Figure 1). 

It will be shown how the intra- and inter-molecular characterisation of the latter, also carried out 

through NOE and diffusional NMR techniques, combined with an in-depth study of their speciation 

in solution, under conditions comparable to those used in catalysis, leads to an in-depth knowledge 

of the key factors underlying their activity and deactivation processes. This knowledge, derived from 

the application of advanced NMR techniques, accessible to all with new instrumentation, can be 

exploited to design and manufacture homogeneous catalysts with superior performance. Selected 

examples from recent studies by our group, on homogeneous catalysts with applications in the 

stereospecific polymerisation of olefins [1] and in the energy field [2], will be shown. 

  
Fig. 1. A generic catalytic cycle mediated by a transition metal complex (M). 
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Magnetic Resonance imaging offers the opportunity of non-invasively following the motion of water 

in the brain tissue. This allows to go beyond the knowledge of the structure of brain towards its 

microstructure. Diffusion of water is informative of the structural pathways of the brain, nerve fibers, 

using tractography and connectivity approaches. The study of structural connectivity has contributed 

to the development of a new “omics” discipline, connectomics, that is a complete map of the brain's 

structural connections [1]. A roundup of methods to identify anatomical connections in the human 

brain by characterizing the water motion within the brain tissue, which is sensitive to the presence 

and the orientation of white matter fibers in the brain will be presented.  Examples applied to 

neurodegenerative diseases and tumor lesions characterization will be shown [2-5]. 

 

      

 

   

 

 

 

 

 

 

 

 

Fig. 1. Color-coded representation of some of the most important white matter tracts. AF: arcuate 

fasciculus; CST: cortico spinal tract; FAT: Frontal aslant tract; IFOF: Inferior fronto Occipital 

fasciculus; OR: optic radiation; UF: uncinate fasciculus. 
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Iron oxide-based magnetic nanoparticles (MNPs) serve as dual-function agents for MRI contrast and 

tumor treatment via Magnetic Fluid Hyperthermia (MFH). Optimizing their shape, size, core type, 

magnetic ion, and coating is crucial for maximizing their efficacy. 

This study investigates two types of core-shell MNPs—nanospheres and nanoflowers (composed of 

nanospheres)—with varying ferrite-core diameters. These MNPs are coated with biocompatible 

layers such as dimercaptosuccinic acid (DMSA), polyacrylic acid (PAA), and carboxymethyl-dextran 

(CM-dextran). Characterizations were performed using AFM, DLS, TEM, XRD, IR, and TG 

analyses. Relaxation properties were explored through 1H-NMR measurements of longitudinal (T1) 

and transversal (T2) nuclear relaxation times as a function of frequency in the range 10 kHz-65 MHz, 

revealing contrast efficiency through r1 and r2 relaxivities. Core diameters ranged from 11 to 35 nm 

with coating thicknesses of 1-2 nm. It was singled out that MNPs' shape, size, and coating 

significantly influenced nuclear relaxation mechanisms and 1H-NMRD frequency profiles. At a 

clinical field strength of 1.5 T, the particles exhibited r2 values surpassing those of the Endorem® 

compound. The study also identified shape and size-dependent heating release mechanisms and 

Specific Absorption Rate (SAR) values, aligning with existing models. Understanding these factors 

aids in optimizing MNP parameters for improved MRI contrast and MFH heat release. 

 

Fig. 1. Longitudinal relaxation profiles of 11-nm nanospheres adapted to the heuristic model of Roch-

Müller-Gillis. The Endorem’s longitudinal profile is also shown. 
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Introduction: Important advantages for cancer progression are conferred by the pH deregulation phenomena 

taking place in the intra-extra-cellular microenvironment. CAIX enzyme is a major player in the pH 

deregulation and is overexpressed in many solid tumors. The presence of a targetable extracellular domain and 

its limited expression in healthy tissues have contributed in making CAIX an increasingly important biomarker 

for cancer diagnosis and therapies[1]. Herein it is reported a new MRI approach for the imaging of the CAIX 

expression in breast cancer. Methods: A targeting peptide directed towards the PG domain of CAIX [2] (PepC) 

was designed and synthesized together with the scramble sequence (SCR). Two MRI nanoprobes 

(LIP_PepC/SCR), carrying PepC or SCR peptide on their surface respectively, and loaded with Gd based MRI 

contrast agent, were prepared. Mouse Mammary TS/A Cells, overexpressing CAIX, were incubated for 4 h 

with LIP_PepC, LIP_SCR and with a not functionalized liposome (LIP). Images of cells pellet have been 

acquired at 7T micro-imager immediately after the incubation or 24 hours later. ICP measurements of the 

mineralized samples have been performed to dose the amount of entrapped Gd [3]. Breast cancer murine 

models have been prepared by inoculating subcutaneously 300.000 TS/A cells and have been treated with the 

developed probes for MRI analysis. 

Results/Discussion: MR images of a phantom containing cellular pellets incubated with either LIP_PepC, 

LIP_SCR or LIP are shown in Fig.1(a). The signal enhancement (SE) of the images is significantly higher cells 

incubated with LIP_PepC Fig.1(b). A comparison between TS/A and cells that shows a lower expression of 

the CAIX, MDA MB-231, was performed. The SE was significantly higher for TS/A than for MDA thus 

confirming the specificity of Lip_PepC. In vivo MRI experiments on murine models of breast cancer showed 

a good specificity of LIP_PepC for CAIX expression in vivo, displaying a maximum SE 8h after iv injection 

of probe at a dose of 0.1 mmoles Gd per kg (fig1.c). 

Conclusion: This study represents the first MRI example of PG domain targeting. The results have 

demonstrated that the probe LIP_PepC shows high specificity for the CAIX isoform in labelling experiments. 

Experiments on murine model of breast cancer showed promising results, confirming the efficacy of the MRI 

strategy in vivo. 
 

Fig. 1. (a) MRI T1W of TS/A cells incubated with LIP_PepC (1), LIP_SCR (2), LIP (3) and acquired after 24 h of 

incubation; (b) Histograms showing the SEs for Figure 1a. (c) Histogram showing the SE referred to in vivo images 

acquired 8h after injection. 
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Magnetic nanoparticles (MNPs) have a major role in the biomedical field, particularly in diagnostics 

[1,2]. Their magnetic nature induces sizable inhomogeneities in the local magnetic field, perturbing 

the surrounding hydrogen nuclei present in the biological tissues according to their biodistribution. 

These fluctuations at the nuclear sites leads to the shortening of spin-lattice (T1) and spin-spin (T2) 

nuclear relaxation times, enhancing the contrast in the MRI images, that is quantified by the 

longitudinal and transverse relaxivity (r1 and r2, respectively). The physical mechanisms underlying 

the contrast enhancement in MRI are strongly influenced by factors such as core size, shape, coating 

and doping. This study delves into the impact of core composition (specifically magnetic ions) and 

particle size modifications on MNPs' relaxivities. Two sets of magnetite-based MNPs (MnxZnyFe3-x-

yO4), with core diameters of around 4 nm and 15 nm are studied; the smaller set consists of 1 undoped 

sample, 3 samples doped with Zn2+ (y= 0.1, 0.7, 0.9) and 2 samples where Zn2+ is held constant while 

Mn2+ is gradually introduced (y= 0.5, x= 0.2, 0.4); the larger set includes 1 undoped sample, 3 samples 

with increasing amount of Zn2+ (y=0.1, 0.3, 0.5) and 3 with constant Zn2+ (y=0.3) and increasing 

amount of Mn2+ (x=0.1, 0.2, 0.3). Both sets were coated with CM-Dextran and polyacrylic acid-PAA 

to ensure stability and functionality. Morpho-structural and magnetic analyses, including ICP-OES, 

VSM, DLS, TEM, XRD, IR, and TG, were employed for characterization. The frequency-dependent 

nuclear relaxivities were studied through 1H-NMRD relaxation times in a frequency range of 0.01 - 

64 MHz. It is evidenced how the different physical mechanisms leading the nuclear relaxation affect 

the spin dynamics, which is strongly influenced by the morpho-structural characteristics and the 

Zn2+/Mn2+ doping level of the nanocompounds. We compare these findings with current literature 

models for r1,2 vs frequency. These results should help to fine-tune the chemical-physical 

characteristics of ferrite-based nanoparticles for MRI contrast agent applications. 

 

 
Fig. 1. Longitudinal NMRD profile (r1) of 4 nm MNPs, 

with different doping.  

 
Fig. 1. Longitudinal NMRD profile (r1) of 15 nm 

MNPs, with different doping.
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Recent interest in the search for more sustainable alternatives to Gd(III) [1] has led to an increased 

focus on biologically relevant metals such as Mn(II) and Fe(III). This study investigated the 

coordination chemistry of monohydrated high-spin Fe(III) complexes in aqueous solution [2]. Four 

amide-functionalized CDTA derivatives ([Fe(CD2A-monoDEA)], [Fe(CD2A-monoBUT)], 

[Fe(CD2A-bisDEA)]+, and [Fe(CD2A-bisBUT)]+) were synthesized, and their corresponding Fe(III) 

complexes were prepared. The modifications to the CDTA structure were designed to obtain neutral 

and positively charged chelates to explore the effects of different donor atoms and the overall charge 

on the parameters defining their efficacy (relaxivity). Global analysis of integrated 1H NMRD and 
17O NMR relaxation data as a function of temperature and magnetic field allowed the assessement of 

the relaxation parameters. The mean residence lifetime of the inner-sphere water molecule (tM) 

increases from [Fe(CDTA)]- to [Fe(CD2A-bisDEA)]+ and [Fe(CD2A-bisBUT)]+, consistent with 

what has been observed for monohydrated Gd(III) and Mn(II) complexes [3,4]. 

In addition, the thermodynamic stability and kinetic inertness of the Fe(III) chelates were investigated 

by pH potentiometry, capillary zone electrophoresis (CZE), and UV-Vis spectroscopy. These data 

provide a comprehensive description of metal-ligand speciation as a function of pH and dissociation 

kinetics. The substitution of carboxyl groups results in a decrease in the stability and kinetic inertness 

of the complexes, although the stability constants remain robust in the range of 1020-1022. The redox 

activity of [Fe(CDTA-monoDEA)] has been investigated by monitoring the reduction of ascorbate, 

emphasizing the challenges associated with the reducing biological environment. 

This work allowed us to verify the unsuitability of the amide donor group to stabilize Fe(III) and their 

inefficacy in modulating electronic relaxation parameters that limit the relaxivity values at high 

magnetic fields. On the other hand, we demonstrated that shifting from negatively to positively 

charged complexes allows us to transition from an intermediate to a slow water exchange regime 

without compromising relaxation efficiency (see Fig. 1).  

 

 

Fig. 1. Water exchange lifetime (τM) of Fe(III)   

CDTA-derivatives complexes. 
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NMR-based molecular recognition studies allow the characterization of a wide variety of ligand-

receptor pairs with biological and biomedical relevance [1]. 

We will report and discuss some selected examples covering binding events involving amyloidogenic 

proteins [2], oncoproteins [3], cell wall or membrane receptors [4], as well as the development of 

methodologies for the analysis of heterogeneous systems, such as samples containing cells [1,3b,4], 

or complex mixtures, such as natural extracts, also requiring the application of metabolomic 

approaches [1,2]. 
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The nuclear Overhauser effect (NOE) plays a unique role in the large repertoire of NMR techniques, 

as it depends on spatial dipolar interactions of nuclei rather than chemical connectivity via chemical 

bonds. NOE is then a well-recognized tool for characterizing structure and interactions in liquids, and 

its application has been extended to detecting intermolecular contacts in neoteric structured liquids 

such as ionic liquids and deep eutectic solvents [1]. 

However, its use in intermolecular studies is fundamentally limited by an unspecific long-ranged 

interaction behavior [2], often leading to confusion and overinterpretation in rapidly growing research 

areas like intermolecular interactions in sustainable solvents.  

An approach to overcome this limitation is to select general cases where a short-distance 

interpretation of NOE is applicable without contradicting the general theory of intermolecular cross-

relaxation [3]. This contribution shows that the long-ranged contributions of the spectral density 

function can be minimized by maximizing the frequency difference between the selected interacting 

isotopes. For isotopes with similar gyromagnetic ratios, e.g. the homonuclear 1H-1H extreme case, as 

well as the heteronuclear 1H-19F case, the NOEs are long-ranged. In contrast, selecting isotopes with 

significantly different gyromagnetic ratios promotes a short-ranged behavior (Fig. 1). This is 

illustrated here using HOESY build-up curves for the 1H-7Li pair in an ionic liquid-based electrolyte 

[4] and the 1H-31P pair in hydrophobic type V deep eutectic solvents. 

 

 
Fig. 1. Proper selection of interacting isotopes resulting into mainly short- or long-ranged behavior. 
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Organosilicon compounds represent a class of organic compounds with a mainly hydrophobic 

character endowed with notable stability in air exploited in countless applications in the field of 

materials chemistry. An important application of organosilanes is in the field of NMR spectroscopy 

where their signals are used for calibration of 1H, 13C and 29Si spectra and for evaluating the quality 

and homogeneity of magnetic field. 

To solubilize the organosilanes in aqueous solutions they are usually functionalized with polar groups 

producing amphiphilic molecules that, as a drawback, are exposed to intermolecular interactions with 

proteins, which affects the sharpness of the organosilanes NMR signal. In fact, the most common 

polar organosilanes employed as standard in quantitative NMR (3-(Trimethylsilyl)propionic-2,2,3,3-

d4 acid sodium salt, TSP and (3-Trimethylsilyl)propanesulfonic-2,2,3,3,4,4-d6 acid sodium salt, DSS) 

can be employed in agrifood or biological matrices only after deproteinization of the sample. [1] 

Moreover, it has been ascertained that when TSP or DSS are used in water solutions containing 

HC2O4
–/C2O4

2– buffer (which warrants great stability of the sample over time [2-4]) an unexpected 

reactivity between the TSP, or DSS, and oxalate ions was observed, leading to slow but unremitting 

degradation of the amphiphilic organosilanes (Figure). 

 
Fig.1. Portion of the 1H NMR spectra of a H2O/D2O dimethylsulfone (1) + betaine (2) solution 

containing TSP and HC2O4
–/C2O4

2– buffer: A) freshly prepared; B) after two weeks at rt. 
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Most of the drugs currently on market, approximately 80-90 %, are administered as solid formulations 

[1]. For this reason, the investigation of the solid-state properties of Active Pharmaceutical 

Ingredients (APIs) has gain significant importance for the pharmaceutical industries. Indeed, APIs 

can exist in various crystalline – polymorphs, solvates/hydrates, salts and cocrystals – or amorphous 

forms and these different forms can exhibit substantial variations in chemical and physical properties 

of the API, such as solubility, stability, and bioavailability [2]. To avoid patent 

infringements/litigations, it is necessary for the pharmaceutical companies to identify, characterize 

and quantify the different forms of the API to be sure that only the desired form is in the drug product. 

Therefore, for regulatory and property reasons, it is crucial to have a good method to detect the 

possible presence of contaminating forms, both amorphous and crystalline, even in small amount. 

This work is focused on developing a fast and reliable SSNMR-based quantification method for 

mixtures of crystalline and amorphous forms. The quantification method is based on the combination 

of SSNMR with chemometric approaches, in particular by using MCR-ALS (Multivariate Curve 

Resolution-Alternating Least Squares) for data processing. MCR-ALS is a chemometric technique 

used for the analysis of multivariate datasets, particularly in spectroscopic applications, and it is 

specifically designed to resolve complex mixtures into their pure component spectra and 

concentration profiles, even in the presence of overlapping signals [3]. 

The method was tested on two APIs for which various crystalline and amorphous forms are reported 

in the literature. Specifically, indomethacin (INDO), a non-steroidal anti-inflammatory drug, and 

mebendazole (MBZ), an anthelmintic drug, were selected. For both APIs, the different solid forms 

were obtained and characterized using FT-IR, Raman, and SSNMR analyses. Subsequently, mixtures 

of known composition were prepared to evaluate the reliability of the quantification method both on 

amorphous-crystalline (INDO) and crystalline-crystalline (MBZ) mixtures. In particular, binary 

mixtures between the amorphous form and the γ polymorph were prepared for INDO, while for MBZ, 

mixtures were made between polymorphs A and C. All mixtures were analyzed using 13C CPMAS 

SSNMR spectroscopy (that can easily distinguish different crystal forms, due to differences in 

chemical shift, and amorphous forms, due to the presence of signals with very large linewidths), and 

the acquired spectra were pre-processed by using icoshift (a tool useful to aligned spectra [4]) and 

then treated by using MCR-ALS.  

The proposed method provided excellent quantitative data, effectively distinguishing and quantifying 

both crystalline and amorphous fractions. This approach presents a performant, fast, and effective 

alternative to traditional quantification methods, overcoming quantification issues due to the CPMAS 

technique and offering promising results for pharmaceutical analysis and quality control. 
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The development of sustainable and efficient processes for biomass exploitation represents a primary 

target both in industrial and academic research. 5-Hydroxy methylfurfural (HMF) has gained 

increasing attention as it is a valuable platform chemical that can act as precursor for the synthesis of 

high value-added bio-based molecules. [1-3] New and sustainable chemical routes can be developed 

by using alternative reaction media such as mixtures of Hydrogen Bond Donors and Acceptors 

(HBDs, HBAs). In this context, HMF interaction with selected type V Deep Eutectic Solvents (DESs) 

has been assessed by multinuclear NMR, FTIR and Raman spectroscopy. Based on previous HMF-

DES systems scouting, HMF reactivity in the most promising DESs has been studied (Figure 1).  

 

  
Fig. 1. Proposed HMF transformation in DES. 

 

Finally, green metrics such as atom economy, solvent recycling, environmental factor and EcoScale 

have been calculated for the most relevant scenarios. 
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Solution NMR, with its broad range of applications, from structural to dynamic characterization of 

macromolecules, from the study of single molecules to macromolecular complexes, can contribute to 

the description of the mechanisms of functioning of a biological system at the atomic level. I will 

present how solution NMR contributes to describe the function of two proteins involved in calcium-

mediated signal transduction and iron-sulphur protein biogenesis respectively. 

Human Calcium- and Integrin-Binding protein 2 (CIB2) is a small protein involved in the Ca(II)-

mediated signal transduction in hearing and probably in sight. It belongs to a family of calcium and 

integrin-binding proteins containing four EF-hand domains that change conformation upon Mg(II) 

and/or Ca(II) binding [1]. Its broad expression levels in a variety of tissues suggests its involvement 

in a multiplicity of physiological and disease-associated processes. At variance with the other proteins 

of this family, an atomic level characterization of CIB2 in the presence of both Ca(II) and Mg(II) ions 

is missing. NMR interaction studies and dynamic properties of CIB2 with both metal ions and with 

the 7 integrin peptide will be shown. These results offer novel insights into the dynamic regulation 

of target recognition and unravel the role of metal binding events in CIB2 [2].  

CISD3 is a [2Fe-2S] binding protein belonging to the NEET proteins family which is involved in 

cancer, diabetes and neurodegenerative disorders. The NEET proteins have been proposed to act as 

redox switches with their active states being associated to the oxidation of their cluster. Combining 

cellular, biochemical and biophysical approaches, we show that CISD3 exhibits an intrinsic 

sensitivity of its cluster to oxygen, sensitivity to pH variation and to various stress conditions (iron 

deficiency, exposure to hydrogen peroxide, or nitric oxide) different from the other members of the 

family [3]. The characterization of human CISD3 provides a better understanding of the mechanisms 

underlying its function and permits the comparison with the other human NEET proteins, mitoNEET, 

and CISD2.  

 

References 

 
[1] R. Vallone, G. Dal Cortivo, M. D' Onofrio and D. Dell'Orco Front Mol Neurosci. 11, eCollection (2018) 

[2] G. Olivieri, G.Dal Cortivo, S. Zanzoni, V. Marino, R. Del Conte, F. Cantini, D. Dell’Orco submitted 

[3] D. Grifagni, J. M. Silva, L. Querci, M. Lepoivre,C. Vallieres, L. O. Louro, L. Banci, M. Piccioli, M-P. Golinelli-

Cohen, F. Cantini J. Biol.Chem. 300, 105745 – 105771(2024) 

 

  



Friday 6th | Session A 

 

NMR-GUIDED DESIGN OF SELECTIVE INTEGRIN LIGANDS 

 

C. Acconcia,a A. Paladino,b B.Farinab,c, A. Del Gattob,d, S. Di Gaetanob,d, D. Capassod,e, M.T 

Gentilea, M. Savianod,f, R. Fattorussoa, L. Zaccarob,d, L. Russoa 
 

aDepartment of Environmental, Biological and Pharmaceutical Sciences and Technologies, 

University of Campania "Luigi Vanvitelli" Caserta, Italy;  
bInstitute of Biostructures and Bioimaging, CNR, Via Castellino 101, Naples, Italy; 
cAdvanced Accelerator Applications, A Novartis Company, Via Ribes, Colleretto Giacosa, Italy; 
dInterdepartmental Center of Bioactive Peptide, University of Naples Federico II, Via 

Mezzocannone 16, Naples, Italy;  
e "Ettore Pancini" Physics Department, University of Naples Federico II, Complesso Universitario 

di Monte Sant'Angelo - Via Cinthia, 21 - 80126, Naples, Italy;  
fInstitute of Crystallography, CNR, URT Caserta, Via Vivaldi 43, Caserta, Italy. 

E-mail: clementina.acconcia@unicampania.it  
 

Keywords: solution NMR, RGDechi, molecular dynamics, tumor progression. 

   

Integrins, comprising non-covalently associated α and β subunits, constitute a family of heterodimeric 

membrane receptors [1]. Their pivotal involvement in tumor progression and the formation of 

metastases has ignited interest in devising novel pharmaceutical agents, capable of regulating integrin 

activity to introduce new therapeutic approaches [2]. Integrins able to bind the RGD motif, such as 

αvβ3, αvβ5, and α5β, play a significant role in various tumor processes [3]. Over the last decade, we 

designed and characterized a bi-functional peptide (called RGDechi-hCit), that is composed of a 

cyclic RGD pentapeptide for integrins binding, covalently linked by a spacer at a modified C-term 

echistatin fragment to confer a high selectivity for the β3 receptor [4]. In vitro and in vivo data 

demonstrated that RGDechi-hCit is able to selectively bind αvβ3 integrin, and structural 

investigations, based on a combination of NMR and computational techniques, using αvβ3 embedded 

in cancer cell membranes, highlighted the molecular details of the binding [5]. To validate the 

recognition model and the key role of homocitrulline residue (h-Cit) in the recognition of the β3 chain, 

we designed a derivative peptide, called RGDechi15D, in which the h-Cit was substituted with an 

aspartic acid [5]. Interestingly, this substitution shifted the selectivity from αvβ3 to αvβ5, in accordance 

with the different amino acid composition of the two integrin subunits. Here, we report an alternative 

on-cell NMR approach, developed to investigate the structural details driving the formation of the 

RGDechi15D/αvβ5 complex, under native conditions [6]. Additionally, to shed light on the integrin 

recognition mechanism by RGDechi-hCit, structural-dynamic NMR and MD data collected for two 

derived RGDechi-hCit peptides (RGDechi1-14 and ψRGDechi), obtained by chemical modification 

of the C-terminal part of the peptide, will also be presented [7]. 
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The human Y-box-binding protein 1 (YB-1) is a multifunctional DNA/RNA binding oncoprotein, 

allowing it to interact with specific regulatory regions in the genome and modulate gene expression. 

In tumours from cancer patients, YB-1 is highly phosphorylated, and it has been shown that 

phosphorylation of Ser 102 affects both DNA and RNA binding by inducing a conformational change 

in the cold shock domain (CSD). However, other neighbouring amino acids undergo phosphorylation 

with unknown structural/functional outcomes. DNA binding from YB-1 could be affected by 

phosphorylations in a sequence-dependent fashion, regulating the expression of different genes. This 

study aims to characterise YB-1 phosphorylation-induced structural and dynamics changes and DNA 

binding capability by combining NMR and in vitro studies using RSK4 Kinase (Ribosomal S6 Kinase 

4). 

Results: YB-1 CSD was expressed as 15N 

enriched, and backbone amide assignment 

was carried out by 2D and 3D NMR double 

resonance spectroscopy. The kinetics of 

CSD phosphorylation was monitored using 

15N SOFAST HMQC spectroscopy upon 

incubation of CSD with RSK4 under proper 

conditions. T1 and T2 15N-relaxation 

measurements also evaluated backbone 

dynamics for both phosphorylated and non-

phosphorylated CSD. Phosphorylation sites 

of YB-1 CSD and full-length protein were confirmed by mass spectroscopy. The chemical shift 

perturbation and backbone dynamics analysis of NMR spectra identified the protein regions mostly 

influenced by phosphorylation, showing dynamical changes possibly involved in the DNA binding 

modulation. Last, MD simulations of CSD and phosphorylated-CSD provided a rational for the 

identified experimental changes. 

Conclusions: Significant changes were observed in the YB1-CSD 15N NMR spectra upon 

phosphorylation, suggesting a change in the conformation and dynamics of residues Lys58, Trp65, 

Phe66, Asn67, Tyr72, Gly73, Phe74, Asn76, Val86, His87, Gln88, Thr89, Ala90, Ile91, Lys92, 

Lys93, Asn95, Arg101, Ser102, Gly104, Gly119, Val131, Val133, Gln134, Ala139, Ala140 the 

region involved in the DNA binding. Moreover, the attenuation of other AAs in the neighbourhood 

of Ser102 hints at the possible phosphorylation of this residue, also suggested by MS, which could 

trigger the changes in the DNA-binding region, thus modulating the binding to nucleic acids and, in 

turn, gene expression. Our results suggest that YB-1 phosphorylations do not cause conformational 

changes in the conserved CSD, but alter protein dynamics, which may be key in regulating 

DNA/RNA binding. Future aspects involve biomarker research since YB1 is secreted in blood, and 

investigation through liquid biopsy can be envisaged.   



Friday 6th | Session A 
 

AN ABERRANT INTERACTION BETWEEN THE PATHOGENIC P144L MUTANT OF 

FDX2 AND FDXR PROVIDES THE MOLECULAR GROUNDS OF AN ULTRA-RARE 

HUMAN GENETIC DISORDER 

 

D. Grifagnia, D. Donib, B. Susinia, P. Costantinib*, S. Ciofi-Baffonia* 
 

a Department of Chemistry, University of Florence, Via della Lastruccia 3, 50019, Sesto Fiorentino, 

Florence, Italy. 
b Department of Biology, University of Padova, 35121, Padova, Italy. 

 

E-mail: grifagni@cerm.unifi.it 
 

Keywords: (solution NMR, low field NMR, biomolecules, exotica.)  

   

FDX2 plays a crucial role as electron source required for the assembly of both [2Fe-2S] and [4Fe-4S] 

clusters in mitochondria. A rare, orphan autosomal recessive disorder (episodic mitochondrial 

myopathy with or without optic atrophy and reversible leukoencephalopathy, MEOAL) is caused by 

mutations of FDX2 gene [1,2]. Recently, a homozygous missense mutation in FDX2 (c.431C > T, 

p.P144L) was found [3], but how the mutation of this highly conserved proline residue damages the 

iron-sulfur cluster biosynthesis is still elusive. In this work, we present a structural and dynamic 

characterization of the pathogenic P144L FDX2 mutant, performed by solution NMR, and we 

investigate its interaction with its electron donor, the ferredoxin reductase, by monitoring electron 

transfer efficiency and structurally characterizing complex formation between FDX2 and FDXR in 

comparison with the wild-type system. These data allow us to provide a molecular picture of how the 

mutation negatively affects the electron transfer pathway required for assembling mitochondrial iron-

sulfur clusters (Figure 1). 

 
 Fig. 1. Representation of the aberrant interaction between FDXR and FDX2 caused by P144L 

pathogenic mutation (in blue FDXR, in green WT FDX2 and in pink P144L FDX2). 
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Solid-state NMR spectroscopy is a powerful tool for investigating the structure of oxide glasses, 

providing essential insights into coordination numbers, network connectivity, oxygen speciation, and 

cation mixing. However, the amorphous nature of glasses complicates the interpretation and 

deconvolution of NMR spectra, especially for complex compositions. This is due to the broadening 

of spectra caused by the diverse topological and chemical environments present in the glass matrix. 

To address these challenges, in the past we have integrated Molecular Dynamics (MD) simulations 

with Density Functional Theory (DFT) calculations using the Gauge-Including Projector Augmented 

Wave (GIPAW) method.[1-3] This MD-GIPAW approach generates and optimizes glass structures, 

subsequently calculating NMR parameters. However, the high computational cost limits its 

application to small system sizes (up to ~1000 atoms) and does not account for dynamical effects at 

room temperature. 

In recent years, Machine Learning (ML) has emerged as a promising alternative to overcome the 

limitations of DFT calculations.[4] ML techniques can predict various properties with near-DFT 

accuracy while significantly reducing computational time. In this communication, we will revise our 

previous studies and we will show how ML techniques can be successfully used to predict NMR 

chemical shifts in silicate glasses enabling the simulations and analysis of larger and more complex 

glass systems, paving the way for deeper structural insights and more efficient spectral interpretations. 
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Hen egg-white lysozyme promotes the formation of condensed silica microparticles from silicic 

acid solutions under milder conditions than the standard sol-gel synthesis [1]. A similar chemistry 

appears to be applicable to titania and other IV-oxidation state oxides. However, little is known 

about the mechanism of the reaction, and even less so about the fate of the protein after the reaction 

is completed.  

Over the past years, we applied a wide range of structural biology methodologies - including MAS-

NMR and spin-labelling EPR - for understanding the interaction between the protein and the 

precursor [2], and for studying the protein-silica interface [3-5]. Our results indicate that the nature 

of the protein-precursor interaction is mainly electrostatic in nature, and this has been recently 

confirmed by molecular simulations [6]. After the reaction, the main contribution to the 

confinement of the protein within the composite is steric, even though electrostatics provide some 

orientational preference. 

From the NMR standpoint these composite represent a significant challenge because of the dilution 

that the matrix imposes on the protein component and vice versa. To overcome this limitation, we 

have applied DNP [3] but also developed alternative processing methods for increasing the SNR a 

posteriori [7,8]. 
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Electrolyte solutions confined in nanopores are technologically relevant as they play a crucial role in 

applications in the fields of energy conversion, nanofluidics, catalysis, and desalinization. The 

structure and dynamics of aqueous solutions of inorganic salts confined in silica materials have been 

extensively investigated [1], whereas non-aqueous electrolyte solutions have received less attention.  

We present experimental evidence on the structure and dynamics of highly concentrated methanolic 

LiCl solutions confined in a mesoporous silica gel by means of NMR spectroscopy. This system finds 

application in adsorption cooling technology, where the incorporation of the salt into the porous 

matrix enhances the affinity of methanol for the adsorbent and results in improved adsorption cycle 

performances [2].  

Methanol and LiCl methanolic solutions with increasing concentrations were confined in the porous 

matrix. A collection of NMR techniques was employed to access different properties, including 1H 

chemical shifts, self-diffusion of methanol by 1H pulse field gradient techniques (Figure 1), and 7Li 

and 1H longitudinal relaxation times (T1), the latter obtained through Fast Field Cycling NMR 

relaxometry.  

 
Fig. 1. (a) Self-diffusion coefficient of methanol as a function of temperature in the confined (filled 

symbols) and bulk (empty symbols) solutions at the indicated MeOH/LiCl molar ratios. The straight 

lines represent Arrhenius fits. (b) Activation energy values derived from the Arrhenius fits of the 

data reported in panel (a) as a function of LiCl concentration for the confined (filled black squares) 

and bulk (empty red circles) solutions. 
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The presence of paramagnetic centers impacts both shifts and relaxation rates in NMR experiments 

through the hyperfine interaction. The hyperfine interaction is an extremely valuable source of long-

range restraints and electronic structure information, but increasing evidence has highlighted that a 

correct modelling is not trivial. For example, the possibility of acquiring paramagnetic NMR data at 

very high magnetic field values revealed the need for suitable equations for describing the hyperfine 

interaction that remain valid even at such high fields:  experiments conducted on paramagnetic 

transition metal complexes and lanthanoid complexes at 28.2 T (1.2 GHz), pointed out a non-

negligible field dependence of hyperfine shifts (that can be as large as 12 ppm at 1.2 GHz for a highly 

anisotropic complex like DyDOTA). To cope with this, we developed and tested new equations based 

on the definition of an hypersusceptibility tensor, representing the second non-zero term in the 

induced field expansion over the applied external magnetic field (analogously to what Ramsey did 

for diamagnetic complexes[1]). Part of this field-induced correction comes from the same physical 

phenomena, i.e. energy levels saturation, that has been usually described with the Brillouin equation, 

that causes a decrease (in absolute value) of the chemical shifts. In addition to this, high magnetic 

fields produce, in presence of an anisotropic contribution to the magnetic susceptibility, a partial 

orientation in solution, that causes an increase (in absolute value) of the hyperfine shifts. This latter 

effects comes directly from the orientational averaging of this high order derivative. The developed 

equations are valid within the point-dipole approximation and can be expressed both in the spin 

hamiltonian formalism and in the Kurland-McGarvey fashion [2,3]. This derivation is completely 

general, therefore it is applicable to any dn or fn configuration. This treatment, coupled with Quantum 

Chemistry prediction of the parameters and the application of crystal field/ligand field programs, 

allowed us to reproduce the experimentally observed magnetic field effects with a high level of 

accuracy for a number of small inorganic complexes. This gave us an in-depth view of the effects 

contributing to the field-related hyperfine shift variation, their angular dependence and relative 

contribution to the total effect. This could lead to the inclusion of this field effect in the hyperfine 

shift simulations for paramagnetic protein structure refinement, as well as for the characterization of 

the electronic structure of paramagnetic tags, MRI contrast agents and single-ion magnets. 
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Fruits and vegetables are highly perishable and prone to post-harvest losses, which is one of the major 

obstacles to making these nutritious commodities available to consumers. 

Packaging is one of the most important post-harvest operations, with a significant role in controlling 

postharvest damages and physical, chemical, and biological contaminants. However, conventional 

food packaging greatly contributes to an exponentially growth of packaging waste and pollution 

globally. Eco-sustainable bio-packaging in food wrapping represents an alternate option to reduce 

negative environmental impact, keeping the product's long shelf-life and consumers' health.  

Minimally processed apples are highly susceptible to tissue softening, enzymatic browning, and 

microbiological development, thus hindering their commercial marketing. 

Within the Agritech project [1], this study aims to evaluate the effect of two biodegradable packaging 

materials on the quality and safety of fresh-cut apples during cold storage (21 days, 5 °C) in 

comparison with packaging in conventional polymer pouches (low-density polyethylene (LDPE) 

film). The two commercial biodegradable films have the following compositions: i) corn starch, 

cassava and eucalyptus; ii) polylactic acid from corn starch. Additionally, a commercial LDPE film 

was used as the reference packaging material. 

Analyses to monitor chemical profile and new and (re)-emerging hazards in stored funnels at three 

time points (0, 14 and 21 days) were carried out by means of untargeted (FT-ICR MS, NMR) and 

targeted methodologies (HPLC-DAD, HPLC-MS/MS). In addition, chemical, mechanical, 

microbiological quality and safety of use assessments have been carried out on fresh and packaged 

samples. In particular, the primary metabolites, including amino acids, carbohydrates, organic acids, 

lipids and fatty acids, and the secondary metabolites, such as polyphenols and terpenes, were 

identified and quantified. 
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Class III obesity, or morbid obesity (MO), is characterised by a significant increase in body mass 

index (BMI), mainly due to fat accumulation. A person with Class III obesity has a BMI of 35 or 

higher. Recent statistics indicate that over 2 billion individuals worldwide are affected by obesity or 

overweight, which is about 30% of the global population. However, while BMI is a useful index for 

diagnosis, it does not evaluate the metabolic alterations and the outcomes usually associated with this 

condition. Epidemiological data suggest that obesity is linked to a 30–70% increased risk of colorectal 

cancer (CRC), type 2 diabetes mellitus (T2DM), cardiovascular diseases (CVD), and other non-

communicable chronic diseases. Due to the complexity and controversy regarding whether obesity 

should be considered a disease, we propose metabolic profiling of serum as a useful tool to stratify 

MO individuals and predict long-

term responses to different 

bariatric surgery procedures, 

allowing for more personalised 

interventions. 

 

Results  

Although investigating a condition 

hallmarked by excessive lipid 

accumulation through the profiling of serum polar metabolites seems counterintuitive, it must be 

considered that fatty acid metabolism involves basic molecules such as acetate, butyrate, citrate. Such 

metabolites can be easily identified and quantified in an untargeted fashion by NMR of biofluids.  By 

comparing the profile of MO and healthy individuals, we revealed the dysregulation of several 

metabolites connected with lipid metabolism, e.g. ketone bodies, citrate, SCFA, but also biomarkers 

connected with purine salvage pathway and protein methylation. Comparison of metabolic profiles 

of the same individuals after bariatric surgery allowed to stratify patients as respondent and non-

respondent. The latter group is much more largely populated, suggesting surgery ameliorating BMI 

and connected risks but not necessarily the molecular basis of the condition. 

Conclusions 

Metabolic profiling of circulating small molecules in individuals pre/post bariatric surgery allowed 

for determining the molecular signature of MO and patient stratification. The next step is the 

molecular characterisation of body tissues of the same subjects to differentiate overall and regional 

metabolism dysregulation. 

  

mailto:valentina.balloni@unisi.it


[P-3] 

 

THE ASSESSMENT OF TUMOUR GRADE IN BREAST CANCER BY MEANS OF FIELD 

CYCLING RELAXOMETRY  

 

S. Baroni,a V. Bitonto,a S. Rakhshan,a A. Zareach,a A. Pittaro,b , I. Castellanob and S. Geninatti 

Cricha  

 
aDepartment of Molecular Biotechnology and Health Sciences, University of Torino, Via Nizza, 52, 

10126, Torino, Italy 
bDepartment of Medical Sciences, University of Turin, 10126 Torino, Italy 

E-mail: simona.baroni@unito.it 

 

Keywords: low field NMR, theory and methods. 
   

A tumour is classified according to its stage and grade, which are the parameters to stratify patients according 

to their risk of recurrence and to determine the most suitable therapeutic treatment. The grade indicates the 

level of differentiation and aggressiveness and is currently assigned on the basis of the histologic examination 

conducted by the anatomopathologist. In addition to being operator-dependent, the assignment does not refer 

to universally accepted and uniform guidelines [1].  

The field cycling (FC) relaxometry at low magnetic field strengths (below 0.2 T) has the potential to 

discriminate between cancerous and healthy cells. This technique has demonstrated the ability to characterise 

tumour margins [2]. Indeed, the relaxation rates R1 data of biological tissues provide insight into the physio-

pathological transformations occurring within the cells and at the level of membrane water permeability.  

In this study, we applied relaxometric investigation to assess the tumour grade of small freshly excised tissue 

samples from patients undergoing breast cancer surgery, in comparison to the gold standard histological 

evaluation. The acquisition of R1 was performed on a SpinMaster FFC-NMR relaxometer (Stelar S.r.l., Mede, 

Italy), equipped with a microcoil of 10 mm diameter. The water exchange rate constant across the cell 

membrane (kio) and the extracellular volume fraction were determined by analysing the data using the 2SX 

model [3]. The preliminary data indicated that the relaxometric method provided a sensitivity of 93% and a 

specificity of 86% in classifying samples. 

 
Fig. 1. A) Schematic representation of tumour grade. B) Relaxometric classification of G2 or G3 grade 

breast cancer tissue samples. 
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The severe acute respiratory syndrome coronavirus 2 (SARS-CoV 2) is responsible for one of the 

most significant global public health crises of our century.  One of the structural proteins of 

coronavirus 2, the N protein, appears to be genetically stable, making it an excellent candidate for the 

development of antiviral drugs. N is the most highly expressed of the four structural proteins of the 

virus and its main role is to organize the ribonucleo-protein (RNP) complex formed by the interaction 

of N with the genomic RNA. N is a multi-domain protein composed by 419 amino acids. It is 

organized into an N-terminal RNA-binding domain (NTD), a C-terminal dimerization domain (CTD) 

and three intrinsically disordered regions (IDR1, IDR2 and IDR3) that comprise almost 40 per cent 

of the protein's primary sequence [1]. Our central goal is to characterize the N protein Full Length 

(FL) and to study its interaction with polyanions in its entirety. We want to elucidate how the 

interaction changes as the complexity of the system increases, moving from single RNA binding 

domain (44-180) to the FL (1-419) also considering a construct that comprises the NTD and the 

flanking IDRs (NTR 1-248). Indeed, studies conducted on NTD and NTR revealed that intrinsically 

disordered regions play an important role in the interaction of N with polyanions like heparin [2]. 

Nuclear magnetic resonance spectroscopy (NMR), with the support of other biophysical techniques, 

can provide the information needed to study the disordered components of the protein. In particular, 

to study modular proteins with intrinsically disordered regions, 13C detection is a key technique. 13C-

NMR provides a wide dispersion of heteronuclei, which is crucial for obtaining highly resolved 

spectra [3]. Furthermore, this technique overcomes the solvent exchange problem for amide proton 

signals when approaching physiological conditions. To study systems with very different structural 

and dynamic properties, composed of globular domains and disordered regions, it is necessary to 

filter out the resonance of the globular domains. Indeed, the flexibility of IDRs allows us to visualize 

them by NMR even in the context of a large protein complex. Thanks to these experiments, it was 

possible to analyze the differences in the IDRs between the entire N protein and the previously studied 

constructs (NTR, NTD).  
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Solid electrolytes are materials which exhibit fast ion conduction features. They have gained 

considerable attention in the last decades because of their applicability in electric devices such as 

batteries, fuel cells and sensors. molecular sensors, supercapacitors, batteries, and fuel cells [1,2]. In 

this context, solid acids such as alkali-metal salts of H2SO4, H2SeO4 and H3AsO4 were found to 

manifest superprotonic phase transitions, i.e., reversible solid-solid transitions involving dynamically 

disordered hydrogen-bond networks [3]. This in turn confers to such materials an increased protonic 

conductivity. Additionally, when using crown ethers as coordinating agents towards the alkali cations 

of these solid acids, superprotonic phase transitions appear to be favored, possibly in association with 

dynamical processes involving both the crown ether and the acid proton [4]. 

Here, 1H variable-temperature (VT)-SSNMR was employed to assess variations in the dynamics of 

18-crown-6·KHSO4 and 18-crown-6·RbHSO4, and to evaluate the Ea associated to the different 

observed motion regimes involving the crown ether. Specifically, this was possible by measuring the 
1H T1 values relative to the 1H solid-state signal of 18-crown-6 while increasing the temperature [5].  

The results of the SSNMR study, combined with VT-X-ray diffraction, differential scanning 

calorimetry and electrochemical impedance spectroscopy, indeed indicated a correlation between the 

presence of several motion regimes with the occurrence of superprotonic transitions, which led to 

heightened ion transport features.  
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NMR spectroscopy is an incredibly powerful analytical technique, because every chemical species 

has -in principle- a unique spectrum, and the response factor of each nucleus solely depend on the 

number of equivalent nuclei. These characteristics make NMR suitable for studying the composition 

of mixtures, which is a common problem in a wide range of applications: reaction monitoring, food 

control, quality checks, biological fluids… 

For this purpose we present pyIHM, an open-source python package that aims to fit the spectrum of 

a mixture using the information gathered from the pure components as basis set, following the Indirect 

Hard Modelling approach. The deconvolution of the spectra is a reliable alternative to the traditional 

peak-integration approach for quantification, which is often not feasible because of the intrinsic poor 

sensitivity of the technique and of the signal overlapping in complex mixtures. 

In pyIHM, the NMR signals are simulated in the time domain using the Voigt model. The parameters 

of the Voigt (frequency, linewidth, relative intensity and Lorentzian to Gaussian ratio) can be 

obtained either from the experimental spectrum of the pure components, or simulated according to 

already existing spectral assignments. 

The chemical shifts of the model signals are then aligned to the ones of the mixture spectrum by 

minimizing a target function computed on the integrals of the spectra, in order to overcome the 

secondary minima arising from partial superimposition of complex features. 

Finally, the all parameters of the model spectra are fitted in the least-squares sense against the mixture 

spectrum, and the composition of the mixture is calculated. 

We tested pyIHM on mixtures of known composition. The program proved to be more robust with 

respect to the traditional peak integration approach, providing comparable results. 
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σ-hole interactions, a subclass of noncovalent interactions, are involved in different interesting compounds 

such as gold-based drugs [1] or functional molecular materials [2]. The occurrence of the σ-hole interactions 

is attributable to the anisotropic distribution of the electron density on the outer regions of bonded atoms, firstly 

this phenomenon has been found in p-block elements and subsequently in the d-block elements. Following this 

approach, here, new cocrystals between osmium tetroxides OsO4 (Os, Group 8) and pyridine or pyridine N-

oxide derivatives are presented [3]. An in-depth characterization of the obtained adducts, through the 

combination of complementary techniques, 15N CPMAS NMR and Single Crystal XRD, has led to the 

rationalization of the short interactions, Os···N/O, formed between OsO4 and nitrogen or nucleophiles, as σ-

hole interactions, the so-called Osme Bonds. Furthermore, computational tools have been employed and have 

allowed the confirmation of the attractive nature of these short interactions.  

 
Fig. 1. Overlap of the 15N CPMAS NMR spectra of adducts 1a, 1b and 1c (green lines) and respective pure 

starting pyridine derivatives (red lines). Ball and stick crystal structures of adducts 1a, 1b, and 1c are given 

close to relative spectra. Osme Bonds are represented as black dotted lines. Color code: whitish, hydrogen; 

gray, carbon; indigo, nitrogen; red, oxygen; navy, osmium. 
 

References 

 
[1] A. Pizzi, M. Calabrese, A. Daolio, M. Ursini, A. Frontera, G. Resnati, CrystEngComm, 24, 3846-3851 (2022). 

[2] M. Calabrese, A. Pizzi, R. Beccaria, A. Frontera, G. Resnati, ChemPhysChem, 24, e202300298 (2023). 

[3] A. Daolio, A. Pizzi, M. Calabrese, G. Terraneo, S. Bordignon, A. Frontera, G. Resnati, Angew. Chem., 133, 20723–

20727 (2021). 

  

mailto:miriam.calabrese@unito.it


[P-8] 

 

PHYSI- AND CHEMISORBED CO2 IN AMINE-PIM-1 MEMBRANE AS STUDIED BY 

SOLID STATE NMR  

 

F. Nardellia, C. Rizzutob, M. Cartac, B. Comesana-Gandarad, N. McKeowne, A. Fuocob, E. Toccib, J. 

C. Jansenb, L. Caluccia,f,c 
 

a
 Istituto di Chimica dei Composti OrganoMetallici, Consiglio Nazionale delle Ricerche, Pisa, Italy 

b Istituto per la Tecnologia delle Membrane, Consiglio Nazionale delle Ricerche, Rende (Cs), Italy 
c Department of Chemistry, Faculty of Science and Engineering, Swansea University, Swansea, UK 
d IU CINQUIMA, University of Valladolid, Valladolid, Spain 
e EastChem, School of Chemistry, University of Edinburgh, Edinburgh, UK 
f CISUP- Centro per l’Integrazione della Strumentazione dell’Università di Pisa, Pisa, Italy 

E-mail: lucia.calucci@pi.iccom.cnr.it  
 

Keywords: solid state NMR, materials, polymers.  

 

Membranes based on polymers of intrinsic microporosity (PIMs) are widely used for applications in 

the field of gas and vapour separation [1]. The high free volume available for gas permeation arising 

from inefficient packing of rigid molecular moieties allows membranes to be obtained with high 

performance in terms of permeability and good selectivity for the main gas pairs (CO2/CH4 and 

CO2/N2). In amine-PIM-1 an enhancement of the affinity for CO2 has been achieved by the 

conversion of the nitrile group of PIM-1 in the primary amine group [2,3]. 

Given that CO2 adsorption efficiency and selectivity are strongly related to the adsorption mechanism 

in the membrane, it is crucial to investigate the identity of chemisorbed and physisorbed species. To 

this aim, solid state NMR spectroscopy has revealed as one of the most powerful techniques to 

identify, quantify and characterize CO2 species in solid sorbents derivatized with amine groups [4-7]. 

In the present work, 13C 1D and 2D magic angle spinning (MAS) SSNMR experiments were applied 

to amine-PIM-1 and 13CO2-loaded amine-PIM-1 membranes for investigating the structure and 

dynamics of the species formed upon adsorption of CO2. It was found that the reaction between CO2 

and the primary amine groups of amine-PIM-1 leads to the formation of two carbamic acid species 

with different degree of hydrogen bonding, as also confirmed by 15N MAS spectra. Moreover, 

physisorbed CO2 with different mobility degree was detected, in agreement with computational data. 
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The possibility of choices of protein ligands and coordination geometries leads to diverse metal 

binding sites in proteins, allowing a range of important biological roles. The prokaryotic Cys2His2 zinc 

finger domain (found in the Ros protein from A. tumefaciens) [1] tetrahedrally coordinates a structural 

zin ion through two cysteine and two histidine residues [2]. It is the first structurally characterized 

member of a large family of bacterial proteins [3] that presents several amino acid changes in the 

positions occupied in Ros by the zinc coordinating residues [4]. In particular, the second position is 

very often occupied by an aspartic acid. Since the coordination of structural zinc by an aspartate in a 

zinc finger is very unusual, to also elucidate whether and how Ros homologues bind the structural 

metal ion when the coordinating cysteine is replaced by an aspartate, we here report the 

characterization of a functional point mutant of Ros87, Ros87_C27D. 

UV, CD and NMR techniques are here exploited to provide an accurate description of the effects of 

different metal binding on the structure of Ros87_C27D. 
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In the fast-developing research of improved and sustainable materials for optoelectronics, 2D Lead 

Halide Perovskites (LHP) have attracted considerable attention because they offer the possibility of 

tunable band gap and enhanced environmental stability with respect to the corresponding 3D 

perovskites. 2D Ruddlesden–Popper (RP) perovskites can be prepared by adding a large organic 

mono ammonium cation, L+, in order to form a structure with a bilayer of spacer cations between 

metal halide sheets is formed (L2An-1BnX3n+1). For example, butylammonium (BA+) is a suitable 

organic cation to force the archetypical perovskite MAPbI3 into 2D RP perovskites BA2MAn-1PbnI3n+1 

(Figure 1), which are the object of the present study. The layer thickness of metal halide sheets is 

specified by n and can be adjusted by tuning precursor stoichiometry. 

Solid-State NMR stands out as characterization technique for LHP for its ability to study ion 

dynamics, compositional variations and ion incorporation, chemical interactions, and degradation 

mechanisms [1,3]. In this work, the 2D RP perovskites BA2MAn-1PbnI3n+1 with n=1-4 have been 

characterized by 207Pb, 1H, and 13C Solid-State NMR, both under Magic Angle Spinning and static 

conditions. In particular, the reorientational dynamics of butylammonium cations has been selectively 

and quantitatively characterized by measurement and analysis of 13C nuclear relaxation times. 

 

  

Fig. 1. Schematic structure of 2D RP 

perovskites BA2MAn-1PbnI3n+1 for n=1-4, 

and of the corresponding 3D perovskites 

MAPbI3. 
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Water is indispensable for human survival, yet only 40% of surface water bodies currently maintain 

a "good ecological status” [1]. Current methods for removing industrial contaminants of emerging 

concern (ICECs) rely on toxic volatile organic solvents and unsustainable sorbents with limited 

capacity and selectivity. This highlights the need for new, environmentally friendly, and cost-efficient 

extraction systems to remediate water pollution. The POSEIDON project (hydroPhObic eutectic 

SolvEnts In water remeDiatiON) meets this need by designing a novel class of sustainable extractants 

based on Hydrophobic Eutectic Solvents (HES) [2], combined into Hydrophobic EutectoGels (HEG) 

[3] and HES-loaded Cellulose nanoSponges (HECS) [4].  

This contribution emphasizes the dual role of NMR spectroscopy in the project. Quantitative NMR 

is applied to evaluate the HES/HEG performance in terms of extraction ability and HES leaching 

(Fig. 1), and, along with other macroscopic properties, to screen and rank the initial set of extractants. 

The complex interplay of intermolecular interactions between HES component, gel matrix, and ICEC, 

is then investigated using different NMR methods.  

 

Fig. 1. Representative 1D 1H spectrum showing the 

extraction of diethylphthalate (EPh) by 

menthol:decanoic acid HES (Men:DecA 1:1). 
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Accurate in vitro models closely replicating in vivo tumor environments are essential for advancing 

cancer research and therapeutic development. Conventional two-dimensional cell cultures (2D) often 

fail to replicate tumor tissue's intricate structural and functional diversity. Conversely, three-

dimensional culture systems (3D) provide a more physiologically relevant milieu by mimicking key 

aspects of the tumor microenvironment, including cell-cell communication, oxygen and nutrient 

gradients, and waste accumulation [1]. Despite the extensive research conducted to compare the two 

culture methodologies, unresolved queries still need to be addressed to demonstrate the improved 

accuracy of spheroids in replicating in vivo conditions [2]. 

Our study highlights the metabolic differences between 2D and 3D culture systems, focusing on the 

interplay between metabolite exchange rates and internal pools. Using Nuclear Magnetic Resonance 

Spectroscopy (NMR) and Liquid Chromatography coupled to Mass Spectrometry (LC-MS) data, we 

examine the exo- and endo-metabolomic profiles of three different CCA cell lines, CCLP1, HUCCT1, 

and SG231, cultured as monolayers and spheroids. NMR analysis of the metabolite concentrations in 

the culture medium resulted in the measurement of 38 exchange rates, obtained by calculating the 

ratio between the variations in metabolite concentration in the blank and spent medium and the area 

under the cell growth curve [3]. We explore the correlation between internal pool concentrations 

obtained by LC-MS and exchange rates of those metabolites found to be important for 2D/3D 

discrimination. We notice that while metabolite exchange primarily reflects the outer layer of 

spheroids, internal metabolite levels reveal the metabolic heterogeneity within the 3D structure. 

Combining both data sets, we observe significant changes in central carbon metabolism, with 

pyruvate and glutathione playing key roles, affecting glycolytic activity and cellular redox balance. 

The difference between the metabolism of cells in spheroids and those cultured in monolayers is 

similar to that observed between tumor and healthy cells in vivo, underscoring the superior ability of 

3D cultures to replicate the tumor microenvironment and their suitability for studying tumor cell 

metabolism. 
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The awareness of environmental issues and energy shortage has driven the development of clean and efficient 

energy sources. Hydrogen, as powerful energy carrier offers a sustainable, and flexible choice however, its 

low volumetric energy density at room temperature and safety concerns poses challenges for widespread 

adoption and urgently demands for a safe and sustainable hydrogen storage methods [1].   

One promising approach involves incorporating hydrogen into porous materials or stable chemical compounds 

[2]. We focused on a composite system where lightweight hydrides (Ammonia Borane, BH3·NH3, AB) [3], 

and hydrazine bisborane (BH3·NH2-NH2·BH3) [3]- are confined within the nanopores of two different Metal 

Organic Frameworks (MOFs) [4]. These hydrides can release hydrogen just for pyrolysis, and the interaction 

between the AB and MOF scaffold promotes the hydrogen incorporation and release at mild temperatures. 

NMR spectroscopy is fundamental to characterize these systems. Thanks to the combination of mono and 

bidimensional NMR experiments on the all the active NMR nuclei (1H, 11B, 13C,15N)  we were able to 

distinguish all the species inside our system and monitor the formation of new species once the hydride is 

confined. Additionally, we have studied the transformation occurring in the hydride species upon hydrogen 

releasee and loading. These data are compared with Relaxation Dispersion NMR profiles that give us 

information about the dynamic of molecular hydrogen inside the pores.  

The NMR data provides important information that complements crystallographic analysis and allow us to 

design new systems with better performances both in term of stability and efficiency in hydrogen capacity. 

 
Fig. 1. On the left side of the panel the 

Zirconium node and the two organic 

ligands that compose the two different 

MOFs. On the right side, a schematic 

representation of the nanoconfinement 

strategy for [AB@MOF] composites is 

provided. 
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Lung cancer, being the most common tumor worldwide in 2022 [1] and notoriously difficult to treat, 

necessitates innovative therapeutic approaches. In the search for new ways to treat lung cancer, recent 

data suggest the potential benefits of combining autophagy inhibitors with chemotherapy treatment 

[2]. In this context, this study aims to perform a metabolomic analysis of lung cancer cells, leveraging 

NMR spectroscopy, to provide new insights into tumor cell behavior regarding chemotherapy-

induced autophagy. 

The study was conducted using the in vitro lung cancer cell line A549. Cell cultures were treated with 

varying concentrations of cisplatin to determine the optimal dosage for metabolic adaptation studies. 

NMR spectroscopy was employed to analyze the exchange rates of 30 metabolites between the cells 

and the culture media, performing an exometabolomic experiment. This information was used to 

evaluate the changes in treated versus untreated cells. 

Four cell culture experiments yielded 36 cell culture media samples analyzed by NMR. Significant 

differences were observed in metabolic fluxes between treated and untreated samples. Key 

metabolites predictive of cisplatin treatment included acetate, alanine, fructose, glucose, glutamate, 

and lactate. The metabolic profiles were analyzed using Principal Component Analysis (PCA) and 

Orthogonal Partial Least Squares Discriminant Analysis (OPLS-DA), demonstrating clear separation 

between control and treated groups. An ELISA kit was used to evaluate the expression of autophagy 

in untreated and treated cells for the detection of the LC3-II marker of autophagy. A control 

experiment for autophagy was performed using cell cultures incubated in starvation media. The 

results showed that the expression of LC3-II in cisplatin-treated cells was even higher than in cells 

incubated in starvation media, while untreated cells showed little to no LC3-II expression. 

This research provides a comprehensive metabolomic profile of lung cancer cell response to cisplatin 

treatment. The identified metabolites offer insights into the metabolic pathways affected by 

chemotherapy, suggesting potential biomarkers for treatment response. While the experiments so far 

have confirmed the presence of chemotherapy-induced autophagy, the experiment to correlate 

cisplatin treatment biomarkers with autophagy has yet to be performed. Nonetheless, these findings 

lay the groundwork for further biological investigations into the metabolic effects of cisplatin in lung 

cancer. 
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Nuclear magnetic resonance (NMR) spectroscopy is a valuable tool for investigating protein  

structures, interactions, and dynamics both in vitro and in cells [1,2]. However, traditional NMR-active 

nuclei like 1H, 13C, and 15N can be challenging for complex proteins due to signal overlap and reduced 

sensitivity. To overcome these issues, the incorporation of 19F into proteins has emerged as a 

promising solution due to its high sensitivity and broad shift range.[3,4].  

In this study we investigate the effects of fluorinated amino acids (FAAs) incorporation in proteins 

expressed directly in human HEK293T cells, focusing on the probability of incorporation (pF) and its 

structural impact. We identified two optimal expression conditions: one to maximize multiple FAA 

incorporations per protein molecule, increasing signal intensity in 19F NMR spectra, and the other to 

limit incorporation to a single FAA per molecule, minimizing any structural perturbations. The 

overall incorporation of FAAs was studied using NMR spectroscopy, and the frequency distribution 

of each fluorinated protein form was investigated by mass spectrometry (MS). Furthermore, potential 

structural alterations induced by FAAs were explored in a model protein, carbonic anhydrase type 2 

(CA2), via x-ray crystallography.   

Results of NMR and MS reveal that FAA incorporation is purely stochastic and amino acid position-

independent, although its efficiency is significantly dependent on the expression conditions. 

However, x-ray crystallography of CA2 shows selective exclusion of fluorine at certain positions, 

indicating site-induced conformational changes. Finally, we propose a predictive model for FAA 

incorporation efficiency based on FAA concentration in the expression medium. 

In conclusion, this work offers a comprehensive analysis of FAA incorporation in proteins expressed 

in human cells, providing insights for controlled protein fluorination in human cells and enhancing 
19F NMR spectroscopy applications in protein research. 
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Coordination Polymers (CPs) are metal-organic materials built upon metal ions or clusters bound 

through organic linkers to give long range ordered frameworks. Thanks to their crystal flexibility, 1D 

CPs are of great interest for many applications, including the adsorption of volatile organic 

compounds [1]. To better understand their final macroscopic properties, dynamic and structural 

characterization at the molecular level is necessary. To this aim, Solid-State Nuclear Magnetic 

Resonance (SSNMR) is one of the most powerful techniques, thanks to its capability of investigating 

wide spatial and time scales. 

 

Fig. 1. Organic linker and topologies of investigated 

CPs. 

 

In this work, we present an SSNMR characterization 

of two 1D CPs, both containing bispidine as organic 

linker, Hg(II) as metal center, and chlorobenzene as 

adsorbate trapped in the porous structure [2]. Both 

samples are characterized by 1D linear arrays with 

either zig-zag or polycatenane topology (see Fig. 1). 

Structural information on the linkers was obtained by 

high resolution 1H Direct-Excitation and 1H-13C Cross-Polarization NMR experiments. The dynamics 

of linkers and chlorobenzene was investigated in detail by analyzing 13C T1 relaxation times obtained 

from high resolution experiments, as well as 1H T2 and T1 relaxation times from time-domain 

experiments. The motions of chlorobenzene in the polymer cavities were further characterized by line 

shape analysis of 2H NMR static spectra recorded on samples containing chlorobenzene-d5. 
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PED/PEA15 (Phosphoprotein Enriched in Diabetes) is a small multifunctional protein scaffold 

expressed in human cells, which regulates various cellular functions (e. g. glucose metabolism, 

proliferation, and apoptosis) through its interaction with other proteins. [1, 2, 3] It is known that PED 

interacts with PLD1 and PLD2, the isoforms of phospholipase D. High levels of PED, in cultured 

muscle, adipose cells, and peripheral tissues of transgenic mice, lead to increased expression of the 

classical protein kinase C (PKC) isoform PKC-α, negatively affecting insulin-stimulated GLUT4 

translocation and glucose transport. This suggests that PED overexpression may contribute to insulin 

resistance in type 2 diabetes (T2D). Therefore, the PED inhibition, and the modulation of its 

interaction with PLD1, could potentially restore proper glucose transport, highlighting the PED/PLD1 

complex as a promising target for the development of novel antidiabetic drugs. [4] 

In the present study, a characterization of molecular interaction between PED and PLD1 in a cellular 

lysate environment, through Nuclear Magnetic Resonance methodologies, was performed, following 

an NMR screening of several small organic molecules as protein ligands. The outlined structural 

determinants, influencing PED-PLD1 binding, allowed the discovery of BPH03, as the best lead 

compound [5] able to disrupt the interface between PED and PLD1, displacing this latter from its 

interaction with the protein. Moreover, a computational analysis has been employed, supporting 

NMR data and evidencing the presence of a hidden pharmacologically targetable cavity within PED 

structure. [6] 
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The aim of the project is to deeply investigate different foodstuff matrices, characterizing not only 

the raw products but also the chemical profile during the gastrointestinal tract progression. The female 

inflorescences of zucchini were chosen as interesting case study. Zucchini (Cucurbita pepo L.) belong 

to the Cucurbitaceae family and present male and female flowers on the same plant. Female flowers 

are rich nutritional components like carbohydrates, proteins, lipids and polyphenols.  

In the present study, the raw and the digested samples were analysed by 1H-NMR used as a 

metabolomic tool for the chemical characterization of the foodstuff whole composition and the 

identification of bioactive compounds. The Bligh-Dyer method was applied to extract both the 

hydroalcoholic and the organic fractions [1]. The INFOGEST protocol was applied in order to study 

the release of food components under simulated gastrointestinal conditions [2]. Both the two extracts 

were analysed through a Bruker AVANCE 600 spectrometer operating at the proton frequency of 

600.13 MHz realizing both 1D and 2D experiments, namely 1H-1H TOCSY, 1H-13C HSQC, 1H-

13C HMBC, JRES and DOSY. The levels of four sugars (fructose, glucose, sucrose and myo-

inositol), seven organic acids (formate, fumarate, malate, citrate, lactate, succinate and acetate), 

seventeen amino acids (alanine, arginine, asparagine, aspartate, GABA, glutamine, glutamate, 

histidine, isoleucine, leucine, lysine, phenylalanine, pyro-glutamate, serine, threonine, tryptophane 

and valine), and other compounds such as choline, uridine, trigonelline and 4-Hydroxyphenyllactate, 

a typical polyphenol compound of zucchini were quantified and compared before and after the 

gastrointestinal digestion. 
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NMR and MRI are powerful tools for the non-invasive detection of metabolic changes related to 

many diseases (such as cancer) both in cell cultures and living systems. The main limitation for the 

application of these technique is the intrinsic low sensitivity, which makes the metabolites almost 

undetectable. For this reason, in the last decades a method termed hyperpolarization has been used to 

obtain metabolites with more intense signals that can be injected on cells or in vivo to follow the 

metabolism. In particular, the PHIP-SAH method[1] allows to obtain hyperpolarized (HP) [1-
13C]pyruvate in a fast, simple and cheap way. The aim of this work is to investigate the metabolic 

changes in PC3 prostate cancer cells, kept in normoxic (20% O2) and hypoxic (1% O2) conditions, 

using parahydrogen polarized [1-13C]pyruvate. The expression of MCT1[2], MCT4 and GLUT1 

(pyruvate, lactate and glucose transporters) is upregulated in PC3 cells kept in hypoxia for 24h and 
1H-NMR metabolomics analysis also reveals a higher glucose consumption and lactate production in 

this condition. Some preliminary hyperpolarized metabolic experiments have been carried out on 4 

M PC3 cells cultured in normoxia, suspended in their culture medium (~100 µL) and perfused with 

the HP [1-13C]pyruvate (3±0.5 mM in 400 µL). A series of low flip angle (15°) 13C spectra was 

acquired after the aqueous solution injection directly on cells suspension and the buildup of the lactate 

signal was observed. Further hyperpolarized experiments using PHIP-SAH [1-13C]pyruvate on PC3 

cells cultured in hypoxia will be carried out to investigate the metabolic changes driven by the oxygen 

deficiency.    

 

Fig. 1. Procedure for 

hyperpolarized 

experiments on PC3 

prostate cancer cells. 

PHIP-SAH [1-
13C]pyruvate is quickly 

prepared and injected on 

PC3 cell suspension just 

before starting 13C spectra 

acquisition. 
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PHOX2B is a transcription factor that plays a key role in the development of the autonomic nervous 

system and neural structures involved in the control of respiration [1-3]. About 90% of congenital 

central hypoventilation syndrome (CCHS) patients, characterized by defective autonomic control of 

breathing, show polyalanine triplet expansions, ranging from +5 to +13 alanine residues, of the 20 

alanine stretch region of transcription factor PHOX2B [4].   

Recent studies demonstrated that the alanine tract expansion influences PHOX2B folding and 

activity. Therefore, structural information on PHOX2B is an important target for obtaining clues to 

elucidate the insurgence of the alanine expansion-related syndrome and also for defining a viable 

therapy. Here we report the NMR structural characterization of the homeodomain (HD) of PHOX2B 

and HD + C-terminus PHOX2B protein, free and in the presence of the target DNA. The obtained 

structural data are then exploited to obtain a structural model of the PHOX2B–DNA interaction. In 

addition, the variant +7Ala, responsible for one of the most frequent forms of the syndrome, was 

analysed, showing different conformational proprieties in solution and a strong propensity to 

aggregation. Our data suggest that the elongated poly-alanine tract would be related to disease onset 

through a loss-of-function mechanism [5]. Overall, this study paves the way for the future rational 

design of therapeutics, suggesting as a possible route the use of specific anti-aggregating molecules 

capable of preventing variant aggregation and possibly restoring the DNA-binding activity of 

PHOX2B. 
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The Envelope (E) protein is one of the main structural proteins encoded by the genome of SARS-

CoV, SARS-CoV-2 and MERS-CoV Coronaviruses and participates in many aspects of the viral life 

cycle such as virus maturation, assembly, and virulence mechanisms [1]. The E protein is 

characterized by the presence of a PDZ-binding motif (PBM) at its C-terminus which allows it to 

interact with several PDZ-containing proteins in the host cell [2]. One of the main binding partners 

of the Coronavirus E protein is the PDZ2 domain of ZO1, a protein with a crucial role in the formation 

of epithelial and endothelial tight junctions (TJs) [3]. To date the molecular details of the interaction 

between PDZ2-ZO1 and the E protein have not been established. 

Here, we report the structural characterization, by solution NMR spectroscopy, of three peptides 

mimicking the C-terminal portion of the Coronavirus E protein from SARS-CoV, SARS-CoV-2 and 

MERS-CoV and their interaction with the ZO1-PDZ2, providing novel insights for the elucidation of 

the molecular mechanisms involved in the insurgence of the pathology. 
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Host guest interactions involve two molecules that can form complexes through unique structural 

relationships and noncovalent bindings [1]. -cyclodextrin (-CD) has truncated cone-like structure 

composed by 7 glucopyranose units. Their inner cavity has a slightly hydrophobic nature that allows 

forming spontaneously host-guest complexes with several non-polar compounds.  

Since aromatic side chains of amino acids such as tryptophan, phenylalanine, and tyrosine are known 

to play a significant role in the host–guest interactions due to their ability to fit the hydrophobic cavity 

of -CD [2], in a previous work [3], we have investigated the inclusion properties of -CD with 

various tripeptides.  The peptides consisting of two L-alanines (A) and one aromatic amino acid 

(either L-tryptophan, L-phenylalanine, or L-tyrosine) were designed permuting the position of the 

aromatic residue. Among the sequences, the tripeptide Ac-AYA-NH2 exhibited the highest affinity 

for -CD, suggesting that the positioning of the aromatic tyrosine residue significantly enhances the 

formation of the inclusion complex thus indicating that the spatial arrangement of the aromatic side 

chain within the peptide sequence is crucial for the optimization of the interaction with the -CD 

cavity. 

Here, we extend our study to five model pentapeptides, each consisting of four L-alanine residues 

and one aromatic residue (L-tyrosine) in different positions in the sequence. To investigate the 

peptide-cyclodextrin host-guest inclusion complexes formation, we employed a combination of 

experimental and computational techniques, including UV-Vis spectroscopy, NMR spectroscopy, 

and molecular docking or molecular dynamics analyses. 

Understanding positional effects can guide the design of more effective peptide-CD complexes. This 

is particularly valuable in drug delivery systems, where cyclodextrins are used to improve the 

solubility and stability of peptide drugs. 
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Fatty acid -oxidation (FAO) is a crucial pathway for cellular energy production [1], and deficiencies 

in FAO enzymes are responsible for a wide range of pathological conditions [2]. The lack of effective 

therapies underlies the urgency of deepening our understanding of FAO molecular mechanisms. To 

date, the atomic-level characterization of each FAO reaction has not been performed. NMR is a 

powerful technique for this purpose [1], capable of accurately reconstructing the structure of FAO 

products in a native environment essential for enzymatic catalysis. NMR analysis can also be 

extended to mitochondria for real-time detection under both physiological and pathological 

conditions, with significant implications for the diagnosis and treatment of FAO disorders. 

Here, we present the molecular characterization of the first reaction in fatty acid -oxidation though 

the integrative use of NMR and MS. In detail, we studied the α--dehydrogenation of palmitoyl-CoA 

catalyzed by two homologous acyl-CoA dehydrogenases: very-long chain acyl-CoA dehydrogenase 

(VLCAD) and acyl-CoA dehydrogenase family member 9 (ACAD9), whose deficiencies are 

associated with severe FAO disorders [2],[3].Through 1H-13C HSQC analysis followed by 1H-1H 

TOCSY assignment, we identified not only the expected E-2-hexadecenoyl-CoA but also a 

significant percentage of a second product resulting from different dehydrogenation of palmitoyl-

CoA. This novel reaction could be involved in previously unknown mechanisms regulating FAO or 

may serve as a hallmark of acyl-CoA dehydrogenase defects, potentially exacerbated by pathogenic 

mutations linked to FAO disorders. 

Our findings enhance the understanding of fatty acid -oxidation and pave the way for atomic-level 

investigations of FAO disorders using NMR analysis. Extending our study to enzymes with 

pathogenic mutations, will provide new insights into FAO disorders, for the development of targeted 

therapies. Additionally, our methodology can be a valuable tool for discovering new enzymatic 

functions of FAO enzymes, with potential applications in lipid modification technologies. 
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Introduction: The dysregulation of glycolysis stands as a metabolic anomaly observed across various 

pathologies. Among these dysregulations, foremost is the Warburg effect occurring in many solid tumor. In 

clinical and pre-clinical settings, multiple imaging techniques have been successfully used to detect aberrant 

glycolysis such us 18FDG-PET, HP 13C MRI, DMI (Deuterium Metabolic imaging) and 1H-CEST-MRI [1]. 

All these techniques share the limitation of relying on exogenous contrast agents to observe the in vivo fate of 

injected metabolites. Indeed, the MRI approach owns a detection limit that does not permit the visualization 

of metabolites from the glycolytic pathway at their endogenous concentrations, even when the detection deals 

with a magnetically active species such as 31P whose nat. abundance is 100%. On this basis, we deemed it 

interesting to design a novel method for detecting relevant glycolysis substrates at endogenous concentration. 

Dealing with endogenous molecule the natural choice is to use 31P signals belonging to Pi (inorganic 

phosphate)-PCr or –y-ATP as bulk while saturating the signals of the phosphate groups belonging to the 

phosphorylated molecules of the glycolytic cascade. The innovation here relies on the possibility to exploit the 

amplification effect of the CEST contrast modality to detect signals from phosphorylated metabolites, which 

are below the S/N threshold in MR spectroscopy, via the most abundant signal of the bulk that can be detected 

by MRS. Methods: In vitro experiments were performed on three mammary carcinoma cell lines from mouse 

tissues, well known in the literature for their varying aggressiveness: 168FARN, TS/A, and 4T1. Cells were 

cultured to reach about 40-60 x 106 cells, then detached, washed in HEPES buffer, and finally centrifuged into 

a capillary for the NMR measurement. Z-spectra (Irradiation power: 3 µT, Irradiation time: 2s, ns=64 per 

point), centered on the 31P inorganic phosphate signal in a range comprise between ±5, were performed on a 

Bruker Avance 600 operating at 14T at a temperature of 37°C. Control experiments were conducted by 

incubating cells with glycolysis inhibitors. For in vivo experiments, 4 mice were inoculated subcutaneously 

with the mammary breast cancer cell lines TS/A or 4T1. After two weeks, localized 31P-CEST MRI 

experiments were performed in the tumor mass (voxel size about 0.8 cc) with the ISIS sequence implemented 

with the saturation transfer module. Z-spectra were acquired centered on the PCr signal intensity in a range of 

ppm comprised between ±9, using the following parameters (TR=3s; ns=8; Irradiation time=2s; irradiation 

power 2 µT; total acquisition time 1h 29’, 3 minutes per point) in a Bruker Pharma scan 7T equipped with a 
1H/31P dual-tuned volume coil. Results and discussion: Z-spectra acquired on the 4T1, TS/A and 168-FARN 

displayed different amount of saturation   transfer in correspondence to the chemical shift of the glycolytic 

substrates (G6P, F6P, F1,6BP, G3P, 2PG, 3PG and PEP). Control cells treated with glycolysis inhibitors (NaF) 

displayed significantly differences with untreated cells. In vivo (Fig.1), it was possible to observe saturation 

transfer coming from glycolytic substrates in the breast cancer models (either 4T1 or TS/A). As control Z 

spectra on the muscle of the hindlimb were acquired and no ST have been measured in correspondence to that 

metabolites. This new methodology makes it possible to 

distinguish different metabolisms based on tumor 

aggressiveness. The sensitivity and resolution of the method is 

the same as 31P-MRS but the detection threshold is at least three 

order lower. The advantage of this method over the existing ones 

to monitor glycolysis is related to the possibility to perform the 

analysis without the administration of contrast agents. 

References: [1] Kim M, et al. Magn Reson Med 2009;61:1441-145. 

 

 

 

  

Fig.1: Localized 31P Z-spectra on the tumor mass 
(red circle) and in the hindlimb muscle (clack 

circles) acquired on a Bruker Pharmascan 7T. 
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We investigated the metabolic changes caused by Pin1 depletion in mammalian skeletal muscles 

using a mouse model. Our goal was to understand the roles of PIN1 enzyme in controlling the 

metabolic behaviour of muscle myofibers. [1] In particular, a metabolomic study on slow-twitch 

soleus (SO) and fast-twitch tibialis anterior (TA) muscles, from Pin1 knock out (KO, N=10) and wild 

type (WT, N=10) mice, was carried out using high-resolution magic angle spinning nuclear magnetic 

resonance (HR-MAS NMR) spectroscopy, directly applied on tissue samples, without any pre-

treatment. [2] 

Multivariate statistical analysis highlighted metabolic differences between SO and TA muscles. The 

SO samples are richer in lipids, fumarate, succinate, glutamate and glutamine, instead TA samples 

show higher content of creatine, glucose, lactate and pyruvate. These results agree with the notion 

that slow-twitching SO have an oxidative metabolism, whereas fast-twitching TA are characterized 

by glycolytic metabolism. 

We detected metabolic changes in Pin1 depleted muscles that suggest a tendency of TA to become 

more oxidative, whereas those observed on SO are more nuanced. 

 

  
Fig. 1. 1H HR-MAS NMR spectra of TA (blue) and SO (red) muscles. 
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Active pharmaceutical ingredients (APIs) in solid formulations are influenced by their chemical and 

physical properties in the solid-state, impacting crucial characteristics like solubility and stability[1]. 

Polymorphism (the ability of a compound to exist in multiple solid forms) and dynamic processes 

also affects significantly these properties[2], making necessary a detailed characterization of the solid 

state of pharmaceutical compounds not only from a structural but also from a dynamic perspective. 

Leflunomide, a Disease Modifying Antirheumatic Drug (DMARD) primarily used for rheumatoid 

arthritis[3], exhibits two known polymorphs, Form α and Form β[4,5]. While their structures are 

disclosed[4,5], dynamic insights remain unexplored. Here, we utilized solid-state Nuclear Magnetic 

Resonance spectroscopy (ssNMR) to characterize and compare the structural and dynamic aspects of 

leflunomide polymorphs[6]. High-resolution spectra of various nuclei allowed for the differentiation 

of the two forms, confirmation of their structural properties, and provided further insights into their 

intermolecular environments. The measurement and analysis of spin-lattice relaxation times allowed 

the obtainment of quantitative dynamic parameters, such as the activation energies and correlation 

times. This comprehensive study enhanced our understanding of leflunomide polymorphs and 

underscores the utility of ssNMR in pharmaceutical research. 

 

  
Fig. 1. 1H (a), 19F (b), 15N (c) and 13C (d) MAS spectra of the two different polymorphs of 

Leflunomide,   and , with signal assignment . 
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1H NMR provides a powerful tool to investigate the metabolic perturbations induced by gold-

compounds [1] in cancer cells. The chemical identity and concentration of metabolites detected in 

cell lysates and their respective growing media by NMR can be viewed as a global fingerprint that 

unambiguously describes the response to drug treatment [2]. 

In this framework, we have carried out comparative NMR metabolomics studies to analyze the 

responses of A2780 human ovarian cancer cells to a panel of selected gold-compounds, including 

Auranofin, Aurothiomalate, Au(NHC)Cl and [Au(NHC)2]PF6. Due to the intrinsic nature of these 

metal centers, these molecules are supposed to give rise to multiple intracellular interactions with 

many functional proteins, rather than with a single enzyme or protein. Interestingly, with the proposed 

methodological approach, information on the predominantly affected biochemical pathways as well 

as on the protein targets of each metallodrug tested could be obtained and compared [3,4]. 
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Osteoarthritis is a common degenerative musculoskeletal disease characterized by the degradation of articular 

cartilage and pathophysiological changes in the underlying subchondral bone [1]. Low-field NMR single-sided 

devices have demonstrated their potential to study both soft and mineralized tissues [2]. In the last decade, few 

preliminary studies [3] have been conducted on the articular cartilage using the NMR-MOUSE [4]. This study 

aims to quantify the role of cartilage dehydration and develop a procedure capable of quantitatively evaluating 

the structure of the three cartilage layers.  

Forty osteochondral cylindrical specimens (∅ = 10mm, h = 10mm) were extracted from the knees of the bovine 

and analyzed by a low field NMR single-sided device (Mouse PM10, Magritek). 

The depth and thickness of the three cartilage layers were identified and four NMR parameters T1, T2, D, and 

α (extracted from Double-Quantum-like sequence [5]) were obtained. Significant discrimination of the three 

cartilage layers was determined by T2, D, α, and T1. The NMR dataset was sensitive to the structural differences 

among the layers, like water confinement, proteoglycans organization, and collagen structure (see Fig. 1). The 

results pave the way for a procedure to evaluate cartilage changes due to cartilage diseases. 

 

          
Fig. 1. (Left) Portable low field NMR device to obtain signal profiles at different depths of the cartilage 

sample. (Right) Sketch of the cartilage structure. The measured trends of T2, T1, D and α along the layers are 

reported (+ and – represent the highest and lowest values, while = is in the middle between them). The 

different organization and content of chondrocytes, collagen, and proteoglycans lead to different conditions 

of water restrictions in the intra- and extra-cellular space. 
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Magnetic Resonance Imaging (MRI) stands as a distinctive modality for thermal treatment 

monitoring, offering various methods to measure temperature within the human body. Most 

NMR/MRI parameters are in fact affected by temperature. Among these, the predominant approach 

is based on the temperature sensitivity of the water proton resonance frequency (PRF) shift 

(approximately –0.010 ppm/°C). However, limitations of this method include its reduced sensitivity 

in adipose tissues and bones, along with its capacity to measure only relative temperature changes. 

T1 of water protons can also be considered for MR-thermometry, as its value is directly proportional 

to temperature, especially if amplified in the presence of paramagnetic relaxation agents such as 

Gadolinium Based Contrast Agents (GBCA).  The temperature dependence of the relaxivity of a 

given GBCA can be high but the use of the observed R1 values for the measure of the temperature is 

hampered by the difficulties encountered in the determination of the actual concentration of the agent. 

For certain applications, more than the use of GBCAs flowing in the vascular system, it appears more 

suitable the design of a biocompatible device that can be located close to the site where the 

temperature has to be measured. Thus, we deemed of interest to investigate the effect of temperature 

on the relaxation properties of GBCA-loaded peptidic HydroGels. Several GBCA-containing 

HydroGels (HG) were prepared using the Fmoc-K2 peptide and the relaxation rates measured at 20 

and 40 MHz over the temperature range from 25 to 45°C. After a thorough screening it was seen that 

the higher responsiveness to temperature was had by a Gd(III)-DTPA derivative containing three 

phenyl groups (Gd-1) (Fig.1) showing a remarkable increase of R1 (and r1) on going from solution to 

HG, maintaining constant the concentration, and increasing the temperature. The obtained Δr1/°C for 

the HG containing 0.11 mM Gd-1 at 40 MHz was 0.545.  The stability of the HG-thermometer in 

contact with biological matrices at 25 and 37°C and the reversibility after a cycle of heating/cooling 

were investigated. The results showed very good stability and response reversibility. The potential of 

the selected system to act as temperature reporting probe in T1w MR images was assessed in vitro on 

a phantom containing the Gd-1(0.11mM)/HG and PBS/HG imaged on a Bruker Icon scanner 

operating at 1T (40MHz) at four different temperature values. The good linearity of R1 vs. T indicates 

that the observed R1 values can indeed unambiguously report on the actual sample temperatures.  

 

 

 

 

 

 

   Fig.1 a) structure e of peptide Fmoc-K2; b) structure of Gd-1; c) T1w images and T1 maps at 1T.  
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Prions are the cause of deadly neurodegenerative diseases known as prion diseases or transmissible 

spongiform encephalopathies (TSEs). These disorders represent a significant public health threat due 

to the lack of effective treatments and the need for ongoing research into therapeutic interventions. 

The central molecular event in prion disease development is the conformational conversion of the 

cellular prion protein (PrPC) into its misfolded form, scrapie prion (PrPSc). This conversion initiates 

a cascade of neurodegenerative processes, ultimately leading to the severe symptoms and fatal 

outcomes associated with prion diseases [1]. Given the severe implications of prion diseases and the 

current lack of treatments, focused research on therapeutic interventions remains a critical priority in 

addressing this public health concern. Recently, we identified the structural and dynamical 

determinants controlling the prion misfolding process by which PrPC HuPrP(90-231) converts to an 

amyloid fibril through the formation of a -sheet-enriched intermediate state (-PrPI) involved in the 

initial stages of prion fibrillation. Moreover, our study demonstrated the importance of the coupling, 

through transient electrostatic interactions, between the N- and C-terminal domains of PrPC in 

modulating long-range microsecond-millisecond conformational dynamics, which in turn regulate 

the folding process and prevent the formation of -PrPI and prion aggregation [2].  In this study, 

taking advantage of our findings, we intend to target the prion pathogenic conversion by developing 

peptide-based strategies able to interfere with the initial stages of prion misfolding and aggregation 

process avoiding the formation of stable intermediate states and/or oligomeric species involved in the 

amyloid assembly mechanism. Here, we report the investigation of the conformational features and 

the evaluation of the binding interactions with HuPrP(90-231) of a twenty-one amino acid peptide, 

encompassing the region from Lys23 to Ser43 of the N-terminal domain of Human prion (HuPrP), 

called MANTRAP 1. NMR data indicate that MANTRAP 1, displaying a high degree of 

conformational flexibility without adopting any preferential secondary structure, is able to transiently 

interact with HuPrP(90-231). 
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Fast field-Cycling (FFC) NMR Relaxometry is a well-established technique that enables one to study 

the molecular dynamics of macromolecules as proteins by measuring relaxation rates R1 as a function 

of the applied magnetic field. The characterization of paramagnetic compounds potentially useful as 

contrast agents in MRI is an important application of 1H FFC-NMR Relaxometry, which can shed 

light on structural and dynamic properties important for the understanding of their mechanism of 

action. Contrast agents based on gadolinium(III) complexes are widely used in clinical diagnostics, 

but due to the high toxicity of the free metal ion, there are concerns about their safety [1]. Striving 

towards a decrease of the injected Gd(III) complex, several studies aim to enhance the relaxivity and 

thus the efficacy of the MRI agents. To this aim, low molecular weight Gd(III) complexes have been 

developed to be covalently bound to macromolecules with molecular reorientation times in the 

nanosecond time scale. Gd-tagged proteins, such as Gd-DOTA attached to asparaginase, show a high 

increase in paramagnetic relaxivity and were suggested as potential theranostic agents [2]. 

Here, we investigate human transthyretin (TTR), which is a carrier protein for the delivery of 

cytotoxic drugs, as a potential theranostic agent [3]. The paramagnetic Gd-C4-IA complex is used as 

a tag. Previous studies revealed its promising relaxivity enhancement after conjugation with protein 

cages [4]. 

The analysis of the acquired FFC NMR Relaxometry (or Nuclear Magnetic Relaxation Dispersion, 

NMRD) profiles is performed through the application of relaxation models able to describe 

interactions and motional processes occurring in the system. Several models have been developed in 

the years to account for different conditions and assumptions, in which the relaxation rates are 

described using well defined sets of parameters. A new fitting software with a user-friendly web 

interface is under development that will easily allow for the analysis of the relaxation profiles of 

paramagnetic molecules, proteins and nanoparticles. 
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Gadolinium-based contrast agents (GBCAs) are widely used as diagnostic probes in Magnetic 

Resonance Imaging. However, despite their remarkable safety profile, recent concerns about their 

safety and environmental impact have opened the field for safer, endogenous and earth-abundant 

metal ions. Mn(II) represents a valuable alternative to Gd(III), as it is an effective T1 relaxation agent 

with efficiencies comparable to those of the traditional GBCAs. Also Co(II), and Ni(II) have shown 

promise as paramagnetic Chemical Exchange Saturation Transfer (CEST) MRI CAs. 

Here we present the synthesis and characterization of a series of Mn(III), Co(III) and Ni(II) complexes 

with cross-bridge cyclam derivatives containing acetamide or acetic acid pendant arms, to access their 

potential application as redox-responsive transition metal CAs. In particular, we investigated the 

Mn(III)-complexes as T1 relaxation agents, and the Co(III) and Ni(II) complexes as chemical 

exchange saturation transfer (CEST) agents [1].  

 

  
Fig. 1. Cross-bridge derivatives of Mn(III), Co(III) and Ni(II) show potentials as MRI contrast 

agents taking advantage of both the classical T1 relaxation CEST mechanisms. 
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Protein-material interactions are common in biological and biotechnological contexts. When a protein 

interacts with a material, the resulting composite has properties that extend beyond—and may be 

significantly different—from those of the individual components. 

A molecular understanding of interface processes is required for the efficient development of 

functional composites for consumer and industrial applications. However, current structural 

techniques and molecular simulations are incapable of answering these questions by themselves. Our 

group uses an integrative approach based on magnetic resonance-based experiments and molecular 

simulations to probe and rationalise biomolecule–material interactions in order to answer the question 

on how protein A interacts with material B. 
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Since 80s, molecular magnetism [1-5] provided model systems to study new phenomena at the mesoscopic 

level, remarkably in zero-dimensional and one-dimensional systems. In this framework, single molecule 

magnets (SMMs) and single ion magnets (SIM) played a crucial role; they are molecular crystals, generally 

characterized by strong uniaxial anisotropy and progressive slowing down of the magnetization, where 

adjacent molecules are well-separated by shells of organic ligands. Thus, such materials can be considered as 

constituted of quasi-non-interacting magnetic units and possess characteristic quantum effects due to low 

dimensionality. Both these kinds of compounds have increasingly attracted the attention of the scientists for 

fundamental physics, chemistry and applications [3-7]. One of the aims of the researchers is to improve the 

performances of such molecular nanomagnets, for example by synthesizing moieties with an increased 

anisotropy barrier and a minimum level of dominating relaxation mechanisms at low temperature [8]. We 

investigated the magnetic properties and the spin dynamics of four lanthanide-based complexes 

(Ln[DTBSQ][HBPz3]2 and Ln[Trp][HBPz3]2 , Ln-SQ and Ln-Trp in short, with Ln = Tb, Dy) [9,10], as a 

function of temperature, in the range 1.9K < T < 300K, and magnetic field (µ0H = 0.5, 1.5, 3.46 Tesla). As 

experimental tool we used 1H NMR, measuring absorption spectra, spin-lattice (T1) and spin-spin (T2) nuclear 

relaxation times, and dc/ac susceptibility techniques. This study allowed us to single out: (i) the role of a 

different Ln magnetic centre (Tb3+ or Dy3+) for the spin dynamics of the system; (ii) the influence of the 

exchange interaction on the physical properties, when the Ln magnetic ion is bound to the paramagnetic SQ (s 

= 1/2) ligand; here the magnetic anisotropy and crystal field are different with respect to the case of systems 

where the Ln centre is bound to the diamagnetic Trp (s = 0) radical; (iii) the complementarity of NMR and ac 

susceptibility as for frequency range of investigation, that allow to evince the molecular spin dynamics. 
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Dynamic Nuclear Polarization (DNP) applied to MAS solid-state NMR has proved to be a valuable 

technique to enhance the sensitivity of more than two orders of magnitude. The nature of the 

polarizing agent plays an important role in determining the efficiency of the hyperpolarization 

process. Cross-effect polarizing agents (PA) are among the most efficient radicals and di-nitroxides 

AMUPol1 and TEKPol2 lead to enhancement factors of up to about 250 at 100 K and 9.4 T.  

Nevertheless, the DNP enhancement is strongly dependent on temperature and, in commonly used 

solvents, it rapidly decreases to almost 1 above 200 K. The development of a DNP at higher 

temperature is an important goal, since it increases the application fields, especially in biological 

solid-state NMR, where the low temperature used in DNP strongly increases the resonance linewidth 

compromising the resolution.  

Here we show that using polarizing agents with long electron relaxation times, like BDPA or HyTEK-

2, and choosing the nature of the solvent matrix it is possible to increase the DNP above 200 K 

obtaining enhancements of the order of 10 even at room-temperature.  

With the help of computational simulations, here we show how the electron T1 and T2 are involved 

in the cross-effect DNP mechanism, especially for hybrid biradicals like HyTEK2. Their role is not 

only limited to the electron saturation 

event, but they also regulate the 

preservation of the polarization 

difference between the two electrons 

until occurrence of the cross-effect 

event. Quantum spin simulations allow 

us to predict the role of electron-

relaxation time and give indication to 

how further improve the DNP 

efficiency at higher temperature.  

 

Fig. 1. Simulated DNP Enhancement 

of HyTEK-2 as a function of BDPA relaxation time. 
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Transthyretin amyloidosis (ATTR) is a progressive and fatal disease characterized by amyloid 

deposition, derived from either variant or wt TTR, leading to severe organ damage. This disease is 

associated with aging or inherited variants in the TTR genetic sequence. Despite efforts, the biological 

mechanism behind the amyloidogenic conversion of native TTR remains elusive. High-resolution 

crystallography or cryo-EM haven’t provided clear insights into this process. Studies propose that 

TTR dissociation and fibril formation involve complex mechanisms, including truncated TTR forms 

[1]. A physiological model suggests a combination of biomechanical forces and specific proteolytic 

enzymes that destabilize the TTR tetramer, by disassembly and monomer misfolding [2], generating 

the highly amyloidogenic 49-127 fragment. While certain variants, such as S52P, may undergo 

natural proteolytic cleavage, the wt and other variants require destabilization through mechanical 

forces and/or hydrophobic surfaces [3]. Notably, the non-amyloidogenic T119M variant remains 

uncleaned under similar conditions [3]. The proteases involved in TTR cleavage are unidentified, 

although the highly amyloidogenic fragmentation pattern suggests potential involvement of trypsin-

like proteases [1]. To elucidate the role of shear forces on TTR mechano-enzymatic fibrillogenesis, 

NMR spectroscopy has been employed. The strategy towards the comprehensive characterization of 

TTR behavior under shear stress involves using a Rheo-NMR apparatus to replicate forces acting on 

TTR in vitro fibrillogenesis assays. The application of this technique makes it possible to characterize 

the effect of the shear forces on TTR structure and dynamics at single residues resolution and follow 

the aggregation and/or fibril formation in real time. Both static and shearing at 40 Hz conditions have 

been explored to discern the influence of mechanical forces on the aggregation process of TTR. The 

results suggest that neither cleavage nor shear forces are sufficient to shift the balance towards fiber 

formation. Although some residues from TTR have been identified as affected by the application of 

forces, shear forces alone are not capable of promoting aggregation. This research endeavors to 

deepen our molecular understanding of the mechanism behind biomechanical factors and proteolytic 

events in ATTR amyloidogenesis, offering potential prospects for therapeutic intervention in ATTR. 
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In the last 20 years, many low-dimensional porous silica-based nanomaterials have been synthesized 

via the sol-gel process and the micelles-templated syntheses of mesoporous solids. Among them, 

hollow nanospheres and nanotubes (Fig. 1) have withdrawn a great interest because of their high 

specific surface area and large pores diameter, which are favorable features for catalytic 

applications.[1] Moreover, the isomorphic substitution of the Si with a metal cation allows obtaining 

an acid heterogeneous catalyst.[2] 

Interestingly, the synthesis protocol for both silica nanotubes and hollow nanospheres is very similar. 

These materials are obtained using triblock copolymer (Pluronic F127) micellar systems as soft 

templates, combined with a swelling agent as toluene. The only significantly different parameters in 

the two syntheses are the stirring speed and the time between the addition of a swelling agent and the 

silica precursor (tetraethyl orthosilicate, TEOS).[1] 

 

Fig. 1. TEM micrographs of 

silica hollow nanospheres 

(left) and nanotubes (center); 
1H-NMR of Pluronic F127 

((PEO)100(PPO)70(PEO)100) in 

the presence of toluene 

(right). 

 

Earlier research had proposed that hollow nanospheres are formed through the fragmentation of 

nanotubes. More recently, our research group definitively established that the crucial parameter 

determining whether tubular or spherical nanostructures form is the amount of surfactant-stabilized 

toluene present in the reaction mixture.[3] 

Herein, we used solution NMR techniques like 1H NMR, 2D COSY, and diffusion NMR to 

understand more in-depth how the process of Pluronic F127 micellization is influenced by the toluene 

amount and the temperature, and how these parameters affect the formation of hollow nanospheres. 

Specifically, 1D and pseudo-2D NMR experiments have been acquired at different temperatures and 

toluene concentrations to obtain structural and dynamic information.  

Finally, tin-doped nanomaterials have been synthesized and characterized through static and MAS 

solid-state NMR experiments of 29Si and 119Sn, as well as other techniques like N2-physisorption and 

Transmission Electron Microscopy (TEM). 
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Thousands of tons of food waste are generated annually along the fruit and vegetable supply chain. 

The volume of trash from the entire food chain, until domestic consumption, became a global issue 

to face by governments and institutions, encouraging and supporting innovative solutions towards a 

zero-waste future. Lignin is one of the most abundant waste materials in the plant world and can be 

recovered cheaply from food byproducts and raw material waste [1]. 

The present study aimed to extract and characterise this biopolymer from the woody [2], non-edible 

part of dried fruit (the exocarp of almonds, walnuts, hazelnuts, and peanuts) and consider it a possible 

green tool useful in the pharmaceutical field.  

After extraction from the dried fruit shell, the lignin structure was determined by NMR spectroscopy 

to characterise it and identify its monomers compared with the standard. Through one-dimensional 

and two-dimensional experiments (1H-13C HSQC, 1H-13C HMBC), the NMR analysis of extracted 

lignin revealed its aromatic units, whose interaction generates polymer heterogeneity depending on 

its botanical origins. In each one, the sugar xylose was a contaminant. However, due to lignin's 

polymeric nature, the diversity of protons from various structures, and the irregular linkages between 

building units, the 1H-NMR spectrum of lignin is somewhat overlapped and difficult to interpret 

accurately. 

The recovery and reuse of chemically and physically characterised food byproducts valorised them 

and allowed the production of high-quality green polymers useful in nanomedicine. Nanoparticles 

made from lignin found in dried fruit exocarp could be utilised in the health and well-being industry, 

aligning with the European Community's goals to reduce daily waste through a circular economy 

approach. 
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The integration of Magnetic Resonance Imaging (MRI) with Micro-Computed Tomography (micro-

CT) offers an innovative approach to non-invasive, high-resolution imaging for the study of 

biological samples [1]. This study specifically focuses on the Non-Small Cell Lung Carcinoma 

(NSCLC) in the form of two variants, Adenocarcinoma (ADC) and Squamous Cell Carcinoma (SCC) 

within NSCLC. The goal is to develop and validate a protocol for extracting and analyzing radiomic 

features from micro-CT, MRI and conventional CT images. Starting with the image acquisition of 

tissue blocks from NSCLC patients (obtained through biopsies of the ex-vivo samples of lung), micro-

CT generates ultra-thin, high-resolution images, while preclinical MRI provides superior soft tissue 

contrast and functional imaging [2]. To enhance image contrast and detail, tissue samples are stained 

with contrast agents. Semi-automatic segmentation technique identifies the  regions of interest, and 

radiomic features are extracted providing a large amounts of quantitative data from images, related 

to the tissue composition [3]. Features selection is conducted through machine learning algorithms to 

identify correlations between features and clinical outcomes, while  AI-driven statistical methods [4] 

compare data across micro-CT, CT, and MRI imaging modalities to identify biomarkers of tumor 

aggressiveness, metastatic potential, and therapeutic response [5]. This integrative approach aims to 

enhance our understanding of tumor biology and could improve personalized NSCLC treatment [6] 

through advanced imaging techniques and analysis. 

 

 

Fig. 1. Workflow of Radiomics Analysis on Lung 

Cancer Images. 
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Olive oil (Olea europea L.) has been consumed by humans since antiquity and it remains a highly 

valued food today1. Due to the sensory and nutritional quality, there is a growing interest in extra 

virgin olive oils in the world market. Since 1991 international regulations have established analytical 

criteria to define olive oil genuineness and quality grade (European communities 1991, International 

olive oil council 1995, Characterization of Italian extra virgin olive oils using 1H-NMR spectroscopy, 

1998). Generally, the assessment of olive oil grade is carried out by standard analytical methods2,3. 

These methods are often time-consuming, elaborate, and expensive, and require a large number of 

samples and solvents. A fast and viable alternative is represented by 1H-NMR spectroscopy combined 

with chemometrics4-5 and this approach has been proposed in this study. Chemometric regression 

technique as Random Forest (RF) is used to highlight the correlations between the NMR spectra and 

the parameters of interest. We recorded the proton NMR spectra of olive oil with a 400 MHz 

spectrometer. RF regression models for prediction were built using the following analytical and 

sensorial data: UV spectrophotometric indices (K232, K268), acidity (free fatty acids), peroxide 

value, the composition of fatty acids (FA), tocopherols, the composition of biophenols, total 

biophenols, bitter, sweet, spicy, gustatory intense, olfactory fruity, olfactory intense, and overall 

pleasantness. Therefore, in this work, 1H-NMR coupled with the RF regression technique is used to 

perform the simultaneous determination of 50 olive oil quality parameters. The models created were 

used to forecast chemical and sensorial parameters for unknown olive oil samples. Considering the 

large number of analyses required to determine all the mentioned parameters, as well as the use of 

toxic solvents and waste generation, our approach is suggested to reduce the time of the analyses, the 

number and the quantity of samples, and the waste production. Indeed, we demonstrated that, using 
1H-NMR, measurements can be performed quickly and simultaneously for multiple analytes present 

in a complex mixture. 
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EphA2 is a receptor tyrosine kinase playing a complex role in cancer through the regulation of pro- 

and anti-oncogenic pathways [1]. EphA2 possesses within its modular domain organization a Sam 

(sterile alpha motif) domain (EphA2-Sam) forming heterotypic complexes with Sam domains from 

several proteins. In particular, the interaction between EphA2-Sam and the Sam domain from the 

lipid phosphatase Ship2 (Ship2-Sam) negatively regulates the receptor endocytosis process with pro-

oncogenic outcomes [1]. Thus, molecule antagonists of the EphA2-Sam/Ship2-Sam association hold 

a certain interest in the anti-cancer drug discovery field. Starting from the KRI3 peptide previously 

identified in our laboratory, which is a weak inhibitor of the EphA2-Sam/Ship2-Sam interaction [2,3], 

and from a docking model of Ship2-Sam/KRI3 complex [3], we set up a computational approach to 

obtain optimized KRI3 analogs. In detail, in silico studies were carried out to predict KRI3 mutant 

peptides specifically targeting Ship2-Sam regions responsible for the interaction with EphA2-Sam 

with improved binding affinity. Herein, we will report on NMR studies of a few of the best predicted 

peptides. Conformational analyses were first performed in PBS buffer and in presence of the 

structuring co-solvent TFE to unveil structural features characteristic of the novel peptides. In 

addition, chemical shift perturbation studies allowed to validate the binding between Ship2-Sam and 

each peptide and to precisely localize the binding sites thus providing useful constraints to build 3D 

models of peptide/protein complexes with the support of molecular docking.  
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Alzheimer's disease (AD) is a neurodegenerative pathology that, following the amyloid-beta (A) 

hypothesis, is mainly caused by A abnormal accumulation and aggregation in the brain. A 

aggregation leads to the formation of oligomers, protofibrils, and fibrils. Among these, oligomers 

have the most neurotoxic effect, but larger aggregates can act as a sink, releasing them [1]. This 

project aims to exploit the high-selective BNCT to reduce the quantity of larger aggregates and aid 

the clearance of the smaller ones, stimulating the microglia. Disaggregation can be obtained thanks 

to the synergy between an external beam of thermal neutrons and 10B-containing probes that 

selectively bind to the A aggregates. In literature curcumin affinity for A fibrils and its therapeutic 

effects for AD are well known, so a new class of boronated monocarbonyl analogs of Curcumin 

(BMACs) that contain a 10B-enriched ortho-carborane has been developed[2]. The generated alpha 

particle in BNCT is responsible for its therapeutic effect and can cause localized oxidation in the A 

protein (fig.1). A aggregates have been obtained in-vitro and characterized by FESEM microscopy 

and by fluorescence, using thioflavin T (ThT) as a reporter. We determined the probes affinity for 

A by competition assay with ThT and their inhibition constant values using the Cheng-Prusoff 

equation [3]. A aggregates, after previous incubation with BMACs, were irradiated and analyzed 

by FESEM microscopy. A significant disaggregation effect was observed only in the samples treated 

with both neutrons and BMACs. The irradiated samples were then analyzed by 1H-NMR 

spectroscopy to identify the possible chemical changes in the protein structure. These preliminary 

studies have shown the disaggregation effect of BNCT on A aggregates. Preliminary results, 

showing the possible structural damage of beta-amyloid (A) aggregates induced by ionizing 

radiations generated by neutron capture, will be also described. 

 

 

Fig. 1. Hypotized oxidation mechanism for amyloid-beta 

due to BNCT. 
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The MucR family transcriptional regulator Ros, initially identified in Agrobacterium tumefaciens -a 

member of the alpha proteobacteria family- is demonstrated to be a zinc finger protein [1]. Ros/MucR 

proteins are crucial in regulating the expression of genes involved in various cellular processes, 

including virulence, biofilm formation, and stress response [2]. These regulators typically function 

by binding to DNA sequences through their zinc finger motifs, which contain conserved cysteine and 

histidine residues- although aspartate is more frequent than cysteine in the second coordinating 

position- that coordinate zinc ions for structural stability [3,4]. 

This study aims to determine the homology of Ros/MucR protein across diverse bacterial families, 

including both Gram-negative and Gram-positive bacteria, as well as eukaryotes. Special attention is 

given to the conserved position of the four amino acids containing the putative metal binding site. 

Our comprehensive bioinformatics analysis revealed significant homology of Ros/MucR protein among 

various bacterial families. Remarkably, our results also highlighted an unexpected similarity between 

Ros/MucR protein, and six proteins found in eukaryotic organisms: Cyprideis torosa, Ptychographa 

xylographoides, Ricinus communis, Friedmanniomyces endolithicus, Drosophila suzukii, and 

Aspergillus fumigatus. 
Our bioinformatics results have allowed the choice of a Ros/MucR homologue to be structurally characterized through NMR and Cryo-

EM techniques. 
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Histone methyltransferase NSD2 overexpression in multiple myeloma (MM) patients plays a 

significant role in the development of this specific subtype of disease [1]. Through the expansion of 

gene activation associated H3K36me2 and suppression of repressive H3K27me3 marks, NSD2 

activates an aberrant set of genes that contribute to myeloma growth adhesive and invasive activities. 

NSD2 transcriptional activity also depends on its non-catalytic domains, which facilitate its 

recruitment to chromatin through histone binding. In this study, using NMR, ITC and molecular 

dynamics simulations, we show that the tandem PHD domain of NSD2 (PHDvC5HCHNSD2) is a 

combinatorial reader of unmodified histone H3K4 and three-methylated H3K27 (H3K27me3). This 

is the first PHD tandem cassette known to decode the methylation status of H3K27. Importantly, in a 

NSD2-dependent MM cellular model, we show that expression of NSD2 mutants, engineered to 

disrupt the interaction between H3K27me3 and PHDvC5HCH, display in comparison to wild-type 

NSD2: i. incomplete loss of H3K27 methylation throughout the genome, ii. decreased activation of 

adhesive properties and cell adhesion genes, and iii. a decrease of the corresponding H3K27ac signal 

at promoters. Collectively, these data indicate that PHDvC5HCH of NSD2 plays an important role in 

modulating gene expression and chromatin modification, thus opening new opportunities for 

pharmacological intervention 

Figure 1: Model of PHDvC5HCHNSD2:H3K4K27me3 complex. Superposition of three representative binding poses 

extracted from three independent MD calculations 
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In this work, that arises from the COMETA project (founded by Regione Toscana), 1H NMR 

spectroscopy was used to analyze the differences in the metabolomic and liproproteomic profiles of 

EDTA-plasma samples from patients affected by COVID-19 pneumonia compared to patients 

affected by non-COVID ones. All the samples analyzed in the study were collected at the Santa Maria 

Nuova hospital in Florence. Samples from patients suffering from non-COVID pneumonia, were 

divided into two groups: interstitial and lobar pneumonia, according to the radiographic report. 

In our previous works on COVID-19 [1][2][3], we had seen how, in a group of 510 samples, the 

COVID-19 metabolomic and lipoproteomic profiles of the infection were well characterized 

compared to a control group made up of 95 subjects recovered from the infection.  

Significant alterations in the concentrations of several metabolites and lipoprotein components were 

observed, which show characteristic trends as a function of the disease severity [3]. 

In this work we have compared the COVID-19 metabolomic profiles with those of non-COVID 

interstitial and lobar pneumonia. Interestingly, the profile of non-COVID pneumonia appears to be 

very similar to COVID-19 one in both lipoproteins and metabolites alterations. Instead, the lobar ones 

were found to give rise to some characteristic alterations, that will be shown in detail. 
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Of the human NEET proteins, CISD3 is least understood, with its functional role largely unknown. 

We have investigated the biochemical features of CISD3 at the atomic and in cellulo levels upon 

challenge with different stress conditions i.e., iron deficiency, exposure to hydrogen peroxide (H2O2) 

and nitric oxide (NO). In vitro, the redox states of CISD3 as well as its interaction with NO and H2O2 

has been studied though a combination of EPR, NMR, electronic absorption spectroscopies and cyclic 

voltammetry. Oxidized CISD3 is particularly sensitive to the presence of hydrogen peroxide in vitro, 

whereas only the reduced form is able to bind nitric oxide. Tailored NMR approaches allowed an 

unprecedented, extensive assignment of 1H, 13C and 15N resonances, also in proximity of the [Fe2S2] 

cluster[1]. Paramagnetic NMR provides clear evidence that upon NO binding, the cluster 

disassembles and converts into a dinitrosyliron complex (DNIC), which remains bound to the protein. 

Although EPR measurements identified DNIC as a minor species, our NMR data demonstrates that 

DNICs are significantly produced upon NO binding. Additionally, NMR spectroscopy provided 

insights into the preferential structural stability of the reduced state of CISD3 over the oxidized state. 

Chemical shift perturbation measurements suggest that, upon cluster oxidation, the protein undergoes 

a conformational change at the C-terminal CDGSH domain, which determines the instability of the 

oxidized state[2]. This redox-associated conformational change may be the source of cooperative 

electron transfer via the two [Fe2S2] clusters in CISD3, which displays a single sharp voltammetric 

signal at -31 mV vs SHE. Furthermore, in cellulo CISD3 is unaffected by oxidative stress induced by 

hydrogen peroxide but it becomes highly unstable in response to nitric oxide treatment. In our cellular 

experiments, CISD3 exhibited an almost ten-fold longer half-life than mitoNEET, implying a specific 

function. Cyclic protein film voltammetry revealed only two distinct redox states for CISD3, as 

confirmed by UV and EPR spectroscopies.  
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The accumulation of misfolded proteins leading to amyloid fibrils formation is a hallmark of various 
human diseases, with Alzheimer’s disease (AD) being particularly prominent. Within the intricate 
cascade of events culminating in amyloid aggregation, attention is focused on oligomers emerging 
during the early steps of amyloid aggregation as they are believed to be responsible for the neurotoxic 
damage associated with AD. [1-2] Little is still known about the detailed mechanism of their 

formation, mainly due to the transient and unstable nature of the oligomeric states explored by A 

peptide and the difficult in preparing homogeneous and seed-free A peptide solutions [3].  
Seed-free solutions were ensured by optimizing an experimental protocol for preparing 26-O-acyl 

isoA1-40, a modified A1-40 peptide that retains the monomeric unordered state until incubated at 
neutral pH, where it undergoes rapid and quantitative conversion into the native amide peptide and 

initiates the aggregation process [4]. The aggregation kinetics of A1-40 were monitored through 1D 
1H NMR experiments and 2D diffusion-ordered spectroscopy (DOSY) spectra at various time points. 
We demonstrate the efficacy of coupling NMR DOSY with the Inverse Laplace Transform (ILT) 
reconstruction method to elucidate the distribution of oligomeric species in rapid exchange with 
monomers. This innovative approach efficiently maps oligomers distributions across a wide spectrum 
of initial peptide concentrations, offering unique insights into the evolution of oligomers relative 
populations over time. We demonstrate the efficacy of DOSY-ILT proposed approach by assessing 
the impact of Epigallocathechin gallate, a known remodeling agent of amyloid fibrils, on the 
oligomeric distributions of aggregated Aβ1-40 [4].  
The DOSY-ILT approach provides a powerful strategy for rapidly gaining insight into potential 
inhibitors’ impact on protein aggregation processes, at different stages of aggregation, thus emerging 
as a valuable tool in drug discovery.   
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Using MR diffusion tractography, brain structural connections are identified by analyzing water 

movement in brain tissue. This study focuses on the cingulum bundle (CB), a complex tract linked to 

functions such as emotion, reward, pain, and memory [1]. Given the CB's role in neurodegenerative 

diseases like Alzheimer's, this work aims to develop an automated protocol to identify CB 

subdivisions and analyze their microstructural properties, tracking dementia progression [2]. The 

reconstructed subdivisions exhibit different pathways (Fig. 1), terminations, and structural 

characteristics. We observed differences in diffusivity metrics among the CB subdivisions and 

between Alzheimer's disease patients and control subjects (Fig. 2). These findings are promising as 

they enable future tractography analyses to isolate fiber groups with common terminations, allowing 

for individual examination of these subdivisions. This approach can help associate specific functions 

with distinct CB fiber groups and correlate variations in their properties with pathologies.  

 
Fig. 1. A. Subgenual, B. Retrosplenial, C. Parahippocampal CB subdivisions 

 

 
Fig. 2. Comparison between the different subdivisions and groups for the Fractional Anisotropy 

(FA), Mean Diffusivity (MD) and Radial diffusivity (RD) diffusion metrics. 
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The recognition of anions by inorganic complexes remains a significant challenge in coordination 

chemistry and it is attracting increasing interest due to its potential applications in technological and 

biomedical fields [1]. In this work, we investigated the interaction between fluoride ion and two 

Ln(III)-complexes [Ln(III) = Gd(III), Y(III)] characterized by different structures, coordination 

geometries, and hydration numbers (q = 1, 2) (see Fig. 1) [2]. We employed a combination of high- 

and low-resolution NMR techniques to provide a comprehensive characterization of the kinetics and 

thermodynamics of fluoride binding, offering detailed insights into the structural and dynamic 

properties of the ternary complexes with fluoride. Specifically, analyses of the water proton 

longitudinal relaxation rates as function of the magnetic field (1H NMRD profiles), and 17O transverse 

relaxation rates and shifts vs temperature were performed on the Gd(III)-complexes, which allowed 

evaluating the relaxation parameters of the ternary adducts (i.e. exchange dynamics, molecular 

tumbling etc.). The affinity constant (KA) of the complexes with F- was determined via relaxometric 

titration. Additionally, complementary studies on the diamagnetic Y(III) complexes by variable 

temperature 19F NMR spectroscopy provided information on kinetics and thermodynamics associated 

with fluoride binding [3]. The results of this study represent an important step towards the 

development of new Ln(III)-receptors with enhanced anion affinity and selectivity. 

 

  
 

Fig. 1. Low- and high-field NMR techniques used to study the interactions between Ln(III)-

complexes and fluoride. 
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Extracellular vesicles (EVs) are nanosized membranous subcellular structures naturally released by 

all cells for horizontal transport of intracellular cargos. In the last decades, their application to drug 

delivery purposes has garnered growing interest. Their natural origin has been associated with a better 

cell-specific tropism than synthetic nanoparticles and easiness of crossing physiological barriers, 

making them suitable to explore less conventional routes of administration (e.g. oral and intranasal) 

[1]. Despite mammalian cells-derived EVs, edible plant-derived EVs are highly available in nature, 

easy to isolate in a standardized fashion, and more stable at the acidic pH of the stomach environment 

[2]. However, to date, few efforts have been made to characterize these novel delivery platforms and 

their targeting efficiency through robust imaging techniques. MRI noninvasiveness and anatomical 

resolution may help to provide information about the localization and accumulation of the EVs and 

their therapeutic cargo in vivo, as well as the interaction with the target tissue to optimise dosage and 

delivery methods. Herein, orange-derived EVs have been isolated through ultracentrifugation and 

characterized for their size, surface  potential and concentration in the solution. 70-100 nm EVs were 

incubated with MRI contrast agents (CAs) via osmotic stress, and subsequently washed from unbound 

CA through 3 dialysis cycles (Fig. 1A). To find the most suitable CA for EVs labelling, Gadoteridol 

and the ammino-substituted FF759 (Fig. 1B) were compared in terms of Gd concentration inside EVs 

versus incubated concentration, assessed through ICP-MS, measures of Relaxivity at 21 MHz, and 

T1 contrast enhancement of in vitro phantoms at 300 MHz (Fig, 1C, D). Positively charged CAs like 

FF759 may represent the optimum for EVs labeling, probably due to the interaction with their 

negatively charged surface. In this respect, more compounds will be investigated as EVs labeling and 

imaging protocols are truly needed to go more in deep into the knowledge of these novel nanocarriers 

of high interest. 

 

Figure 1. (A) EVs incubation protocols. (B) 

Structures of incubated CAs. (C) Incubation 

efficiency of Gadoteridol (purple) vs FF759 (red 

and black) inside EVs. (D) T1w image of in vitro 

phantom of EVs incubated with Gadoteridol at 

increasing concentration (3 and 4) and FF759 (2). 
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It is well known that hydrogen bond (HB) interaction plays a fundamental role in solid-state 

supramolecular chemistry due to its directionality, specificity, strength, and selectivity [1]. While the 

establishment of HBs between neutral and ionic structural units (charged-assisted HB) has been 

extensively studied and exploited in various applications and industrial fields, in recent years there 

has been an increased interest in the use of inter-anionic hydrogen bonds, i.e. deliberately forming 

hydrogen bonds between anions [2]. HB-based and counterion-assisted anion-anion assemblies have 

proven to be effective and versatile enough to produce materials with different functionalities and 

applications [2,3]. In the analysis of intermolecular interactions and, especially, of HBs in solid-state 

systems, solid-state NMR (ssNMR) is the leading spectroscopic technique, as it allows the atoms 

directly involved in the bonding interaction to be specifically and accurately investigated. 

In this work, two new and different anionic assemblies consisting of hydrogen-selenites, HSeO3
-, and 

stabilised by the presence of two different organic counterions, 3-aminopyridazine and 4-

aminopyridine, are presented. An in-depth and comprehensive characterization using ssNMR is here 

proposed. One-dimensional, 1H MAS, 13C and 77Se CPMAS, and two-dimensional, 14N-1H J-HMQC 

and 1H DQ MAS, experiments were carried out in combination with ab initio and GIPAW 

calculations performed on the crystallographic structures experimentally obtained by SCXRD.  
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In recent years, research has focused on developing new strategies and technologies to produce 

greener and more sustainable materials and energy resources, driven by the climate and energy crisis. 

Among these, green hydrogen represents one of the most interesting materials, with applications in 

the domestic, industrial and automotive sectors. One promising technology for producing green 

hydrogen relies on the electrolysis of water using anion exchange membranes (AEMs) [1]. AEM are 

typically based on polymer backbones with charged groups, whose chemical structure can be adjusted 

to enhance and optimize the membrane’s performance, efficiency, and characteristics. The final 

properties of the membrane are also closely linked to the structural and dynamic properties of the 

polymer network at both the molecular and supramolecular levels. Another crucial aspect is the state 

of water and its degree of interaction with the polymer network, which determines the formation of 

the so-called ionic channels. Investigating these properties is essential to understand the mechanism 

of ion transport within these membranes. 

In the present work, we characterized the structural and dynamic properties of AEMs for water 

electrolyzers based on low molecular weight polyketone (PK) by means of solid state NMR 

spectroscopy (SSNMR). The membranes were functionalized through a Paal-Knorr reaction with a 

diamine, which was quaternized with alkyliodides. Dialkyliodides were employed as crosslinking 

agents. Various (di)alkyliodides, including (1,4-di)iodobutane, were studied to explore their effect on 

the  properties of the AEMs. Different alkyliodide/dialkyliodide ratios were also probed [2],[3]. 1H 

and 13C high-resolution SSNMR spectra provided information on the structural properties of the 

polymer network and the degree of functionalization. Variable temperature 1H T1 relaxation times 

revealed insights into the dynamics of the polymer chains and functional groups, as well as sample 

homogeneity on the nanometer scale. Additionally, 2H spectra of water in membranes hydrated with 

deuterium oxide were analyzed to study water dynamics and interaction with the polymer matrix, 

varying both the membrane composition and water content. 
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Metabolomics involves the comprehensive analysis of low molecular weight metabolites in biological 

specimens [1]. Urine, with over 2000 endogenous metabolites, serves as a rich source of metabolic 

data, with 250-400 metabolites detectable by NMR spectroscopy within minutes [2]. Automating 

metabolite signal identification and quantitation in urine using NMR is hindered by variable chemical 

shifts, influenced by pH and ion concentrations [3]. To address this challenge, we aim to use a 

standard urine sample, comprising a mixture of individuals, as a universal reference. This approach 

will enable us to systematically observe shift variations and metabolite interactions. By establishing 

a universal urine metabolite interactome, we seek to enhance the reliability and efficiency of 

automated NMR-based urine analysis. This development holds the potential to facilitate high-

throughput metabolomics studies, improving biomarker discovery, disease diagnostics, and 

personalized medicine applications. 
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The possibility of visualizing selected nanoparticles through Magnetic Resonance Imaging (MRI) without the 

use of contrast agents has been recently reported, using the Chemical Shift Imaging (CSI) technique [1]. 

Through CSI, it is indeed possible to directly visualize certain drug nanocarriers that exhibit a strong and 

defined NMR signal, generally associated with their components, such as phospholipids, surfactants, and 

polymers, achieving non-invasive monitoring of their delivery and pharmacokinetics. Furthermore, the CSI 

technique is inherently quantitative, allowing for the determination of the quantity of nanosystems delivered 

in the area of interest, in order to predict the therapeutic response in individual patients. In this context, the 

present work aims to synthetize different biocompatible nanosystems and investigate the possibility of 

visualizing them through chemical shift imaging (CSI). 

More specifically, four different nanosystems were studied: PLGA-based nanoparticles (PLGA-NP), 

polymethylmethacrylate nanoparticles (PMMA-NP), pluronic micelles (F127-COOH) and a nanoemulsion 

containing both the surfactant Kolliphor® P188 and a perfluorocarbon (PFCE-NE). For each type of 

nanoparticle, the following haracteristics were determined: proton concentration, transverse and longitudinal 

relaxation times, size and stability in physiological solution, morphology using field emission scanning 

electron microscopy (FESEM), and the limit of detection using the ¹H CSI technique. The best performing 

nanosystem was then selected to perform preliminary 1H CSI assays in vitro in murine macrophages (RAW 

267.4 cells). 

All the developed nanosystems demonstrated one or more well-defined and intense 1H NMR peak between 1 

and 4 ppm (Figure 1A), with a protonic concentration in the range of 100-6000 mM. The T1 relaxation time 

were around 200-600 ms respectively for PLGA-NP, pluronic micelles, and PFCE-NE and around 2.0 s for 

PMMA-NP. Most of the nanosystems were stable in physiological solution, except for PMMA-NP. 1H CSI 

acquisitions of phantoms containing serial dilutions of each nanosystem were performed (Figure 1B).  

The intrinsic quantitative nature of the 

technique allows for the calculation of the 

SNR and the limit of detection 

(approximately 15-50 mM of equivalent 

protons). According to the results obtained, 

the best performing system was the PFCE-

NE, that was further incubated with cells, 

demonstrating for the first time the possibility 

of visualizing by 1H CSI the nanosystem-

associated signal in vitro, following cell 

internalization. Due to the presence of 19F in 

the nanoemulsion a comparison between 19F 

MRI and 1H CSI was also carried out. In 

conclusion, the results identified key 

nanosystem traits for CSI visualization, guiding the creation of CSI-eligible molecules for new nanosystems. 
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Over the past decade, metal halide perovskites have emerged as one of the most promising classes of 

materials in photovoltaics due to their remarkable optoelectronic properties. A key factor in their 

success is the ability to tune their properties by varying their composition, which simultaneously 

makes the structural characterization of these materials particularly challenging due to the high degree 

of structural and dynamic disorder [1].  

Recently, Nuclear Quadrupole Resonance (NQR) spectroscopy has gained increasing interest its 

ability to provide in-depth local investigations of halide environments [2-4], which are notoriously 

difficult to study directly using Solid-State Nuclear Magnetic Resonance (SSNMR).  

In this study, we investigated the halogen chemical environments of various compositions of mixed-

halide perovskites MAPb(BrxI1-x)3, where MA is Methylammonium, using 127I and 79/81Br NQR. 

Additionally, through in situ illumination experiments, we observed for the first time the reversible 

effect of photoinduced halide segregation in mixed-halide perovskites [5] by means of nuclear 

resonance spectroscopy (Fig. 1). This kind of study opens up the possibility of obtaining local 

structural information associated with this phenomenon, thus increasing the experimental data 

available to understand its origins. 

 

 

  

 

 

 

 

 

 

 

Fig. 1. 81Br NQR spectra of MAPbBr3 and MAPb(Br0.8I0.2)3 
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Increased magnetic field strengths and console improvements drive progress in biomolecular NMR 

applications. Ultra-High-Field NMR instruments enable the investigation of complex IDPs. However, 

the crowding of NMR spectra frequently hampers their study. High-field 13C-detection offers 

excellent resolution to mitigate this problem [1]. However, due to 13C's lower sensitivity and longer 

relaxation times compared to protons, obtaining well-resolved spectra typically requires time-

consuming experiments. To address this, we are developing Multiple-Receivers NMR experiments 

(mr_NMR), where one experiment is acquired during the recycle delay of another (Fig. 1a). The 

recovery delay of 13C nuclei is long enough to acquire a second NMR experiment during this period, 

saving time and providing complementary information from different correlations [2]. Previously 

developed, mr_NMR experiments like mr_CON//HN (Fig. 1b) and mr_CON//Hα CAN were used to 

obtain at 1.2 GHz the fingerprint and sequence-specific information of the structurally heterogeneous 

CBP-ID4 protein. The new mr_CACO//btHN pulse sequence offered insights into Myc:Max and 

BRCA protein interaction (Fig. 1c), collecting complementary structural and dynamic information of 

IDPs and their interactions. 

 

  
Fig. 1. (a) The mr_NMR strategy with one experiment (green) is acquired during the recovery delay of a second, 13C-

detected, one (blue). (b) The mr_CON//HN experiment demonstrating its application in obtaining the fingerprint of the 

ID4 protein. (c) The mr_CACO//btHN experiment mapping the interaction between Myc:Max and BRCA using specific 

labelling schemes. 
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“Pan di zucchero” (PDZ) or “Radicchio di Milano” is a vegetable of the leafy cicorium/radicchio 

group (Cicorium intybus L. var. foliosum Bischoff) of the cultural heritage of Italy, Switzerland, and 

France, similar to lettuce, it differs in its taste, which is sour and bitter, and is highly appreciated in 

the fresh-cut industry for its long shelf-life, maintaining quality and freshness. In the context of 

organic farming, where PDZ is grown in open fields (Biocaramadre company, Lazio), climate change 

and water shortages affect yield and quality, causing variations in key nutrients. Fungal bioinoculants 

(biostimulants) are promising tools for agronomic techniques to mitigate the negative effects of 

abiotic stresses such as heat waves or drought. This study used quantitative NMR spectroscopy to 

assess the metabolic variation of water-soluble compounds in PDZ heads grown under water-saving 

conditions, namely progressive water depletion of 15 and 30% over controls and treated with a 

bioinoculant (Micosat F). Metabolites were extracted from freeze-dried leaves of heads at harvest 

with a mixed solvent of water-acetonitrile 1:1 v/v and subsequently dissolved in deuterated water 

with phosphate buffer (400 mM, pH =7). Thirty-two metabolites, mainly amino acids, sugars, and 

organic acids were assigned and quantified. Principal component analysis showed that at maximum 

irrigation, differences between treated and control plants were minimal, whereas water depletion 

caused a clean separation of treated and control samples due to stress-related metabolic changes. 

According to ANOVA, biostimulant treatment, water depletion and their interaction caused the level 

variation of all metabolites (except FOR ethanolamine, choline, malic and tartaric acids). The most 

significant changes included several amino acids (leucine, tyrosine, phenylalanine, histidine) and 

carbohydrates (glucose, fructose and galactose). The variation in metabolite levels was not linearly 

proportional to the degree of water depletion (e.g. the decrease in metabolite content was not 15 and 

30% compared to fully watered controls), bringing out complex regulatory mechanisms, probably 

mediated by the biostimulant. 
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Comprehensive chemical characterization of food processing wastes is a prerequisite for their 

valorization and the development of new perspective ways of their reuse as a part of the circular 

economy. NMR spectroscopy, as a versatile tool for the identification and quantification of bioactive 

compounds, was chosen to characterize by-products of the industrial transformation of fruits (pear, 

apple, apricot, and peach). Water-soluble extracts of by-products were obtained by centrifugation of 

the pulp or by extraction from lyophilized samples with water. Quantitative NMR metabolite profiling 

revealed the prevalence of common classes of metabolites (sugars, organic acids, free amino acids), 

in varying amounts, specific to each by-product. Peach by-product extracts were tested in parallel 

with pure sugars (glucose, sucrose, or their 1:1 mixture) as substrates for accelerating the growth of 

Chlorella protheicoides microalgae. Sugar consumption and the eventual release of their 

biotransformation products in a growth medium were monitored by NMR. NMR data indicated 

microalgae preferences for glucose with respect to sucrose and the release of small amounts of 

gluconic, lactic, and 3-hydroxybutyric acids as products of glucose transformation. The study of the 

influence of sugars in the growth medium on the metabolite profile of Chlorella protheicoides 

microalgae is in progress. 
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Rising temperatures caused by climate change affect the yield and quality of industrial crops, which 

are mostly grown in open fields and undergoing abiotic stress such as drought, thus causing variations 

in the content of important nutritive compounds.  

Hemp (Cannabis sativa L.) is a well-known fast-growing and high-biomass crop, that has been used 

for centuries for multiple purposes, especially for fiber and seed oil production. Different genotypes 

with low levels of psychoactive cannabinoids were selected through breeding in the last decades, thus 

suitable for non-pharmaceutical uses like biofuel and textile fiber production. A putative correlation 

between metabolic profile and stress resistance could help to elucidate the mechanisms of resilience, 

allowing the selection of cultivars with clearer criteria and development of agronomical practices for 

their production.  

This study used NMR spectroscopy to assess the variations in the metabolic profile of water-soluble 

compounds in industrial hemp inflorescences due to both genetic background and water depletion. 

Hemp plants of four well-established industrial cultivars (Fedora, Futura 75, Felina 32 and Earlina) 

were grown in an open field with well-watered controls and reduced irrigation plots.  

The water-soluble metabolites were extracted from lyophilized inflorescences using simultaneous 

chloroform-methanol-water liquid extraction (Bligh-Dyer protocol [1]). Hydroalcoholic extracts 

were dried and re-dissolved in deuterated water with phosphate buffer (400 mM, pH =7).  

Twenty-two metabolites, mostly amino acids, sugars and organic acids, were identified in the aqueous 

extracts. PCA pointed out the differences between the metabolite profiles of the four cultivars 

irrespective of irrigation levels, whereas the reduced irrigation effect was only noticeable for Futura 

inflorescences. ANOVA confirmed the results of PCA highlighting that the levels of 7 out of 22 

metabolites (such as GABA, asparagine, citric acid, sucrose, myo-inositol and quebrachitol) were 

significantly influenced by the cultivar, while the levels of glutamic acid, aspartic acid and asparagine 

were increased in Futura 75 inflorescences due to reduced irrigation.   

 

This study was carried out within the Agritech National Research Center and received funding from 

the European Union Next-Generation EU (PIANO NAZIONALE DI RIPRESA E RESILIENZA 

(PNRR) – MISSIONE 4 COMPONENTE 2, INVESTIMENTO 1.4 – D.D. 1032 17/06/2022, 
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NMR spectroscopy has been long used for the analysis of cheese products, starting from the simple 

moisture determination in the 1960s and 70s [1,2] but the more in-depth studies of these matrices 

using high resolution magnets have started only at the dawn of the 21st century [3], and remains a 

pertinent field of interest up to the present day [4]. Recently, our research group has applied this 

approach in several case studies. The first one consisted in nutritional value study of cheeses enriched 

with blackcurrant and Cornelian Cherry. Here, the targeted NMR results indicate that it is possible to 

differ the blackcurrant-modified cheeses (that turned out to possess increased bioactive potential) 

from the others [5]. Another one was the dataset comprising two Italian PDO cheeses and several 

competitor varieties. Both aqueous and chloroform extracts demonstrated that after the statistical 

analysis (Random Forest approach) the PDO cheese can be discriminated from others with 92-93% 

predictivity [6,7] 

 
Fig. 1. Experimental workflow of cheese analysis. 

 

In each case study the experiment design (Fig. 1) consisted of freeze drying the grated cheese 

followed by extraction of the residue either with water or chloroform to obtain aqueous and lipid 

fractions, recording proton NMR spectra for each fraction with subsequent post-processing, binning 

and statistical analysis using specified packages in R programming language environment as well as 

measurement of concentrations for individual components. Thus, NMR spectroscopic analysis of 

cheeses has been shown to be a promising technique in detection of mislabeling and nutrition studies. 
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Numerous RNA-binding proteins (RBPs) exhibit modular structures containing folded domains and 

intrinsically disordered regions (IDRs). Investigating the role of these domains and their potential 

interaction is essential for understanding protein function and developing intervention strategies. The 

Nucleocapsid protein (N) of SARS-CoV-2 is a pivotal example of RBP. Its complex structure 

encompasses two folded domains and three IDRs. In particular, the globular N-terminal domain 

(NTD) is responsible for the viral RNA interaction and the two flanking IDRs play an important 

synergic role (1). The aim of my PhD project is to design and synthesize molecules able to interfere 

with the protein function, monitoring the interaction through solution NMR titrations. In particular, 

taking into account the structural characteristics of the protein, a first peptide was designed to simulate 

the main interactions driving the viral RNA binding. Then, a series of different peptides with slight 

modifications were synthesized to discern residues or motifs essential to interact in the protein target 

site. This collection of peptides has been tested by NMR titrations to identify the sequence displaying 

the highest affinity with the protein NTD and also with the NTR construct, comprising also the two 

flanking IDRs. Different NMR experiments were performed to enable the simultaneous observation 

of globular and disordered regions both with atomic resolution; in particular the interaction was 

followed through 1H-15N HSQC experiments but also by exploiting the 13C detection, essential to 

investigate flexible regions. This study is now being improved with the design and synthesis of a 

peptide-PNA chimera, replacing certain amino acid residues of the parental peptide sequence with 

four PNA building blocks, selecting four G as nucleobases (2), aiming to better mimic the RNA 

nature. This promising molecule was tested with both protein constructs in the same experimental 

conditions. For now, this study yielded two main and clear results: the comparison among the 

titrations carried out first with the peptides and then with the peptide-PNA chimera has revealed a 

significantly greater affinity between the protein and the chimera with the respect to the peptide 

molecules. Additionally, in both cases, the presence of IDRs in the protein NTR construct has shown 

visibly more pronounced effects in the HSQC spectra compared to the NTD alone, suggesting an 

important contribution of these flexible regions in the interaction.  
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Intrinsically disordered proteins (IDPs) are highly flexible and dynamic molecules often linked to the 

onset of incurable diseases. Despite their great therapeutic potential, IDPs are often considered as 

undruggable because of the lack of defined binding pockets which are at the basis of current drug 

discovery approaches. Nuclear magnetic resonance (NMR) spectroscopy represents the method of 

choice in characterizing the dynamic and structural properties of IDPs at atomic level [1].  

The objective of this research is to focus on α-synuclein (α-syn), a soluble IDP involved in the onset 

of synucleinopathies, a series of neurodegenerative disorders which also include Parkinson's disease 

(PD). Aggregates of α-syn (oligomers and fibrils) are found within dopaminergic neurons of people 

affected by these diseases. A very interesting strategy for treating synucleopathies, involves the use 

of small molecules, called chemical chaperones (CCs), that interact with the monomeric form of α-

syn by modulating its aggregation. In this context, we use several advanced NMR methods, to assess 

how small molecules, such as nitrogen-containing glycomimetics (e.g. iminosugars), can interact with 

the monomeric state of α-syn (Fig. 1). The identification of CCs vs α-syn among iminosugars already 

recognized as pharmacological chaperones for α-glucocerebrosidase (GCase) [2], an enzyme 

involved in the pathogenesis of PD, will provide the great advantage to obtain dual targeting 

compounds able to enhance GCase activity and stabilize α-syn. 

  
Fig. 1.  (a) 2D HN NMR spectra acquired on α-synuclein without (blue) and with (red) iminosugars. (b) A 

zoom of the 2D HN HSQC spectra is shown to illustrate residues experiencing changes in chemical shifts. 
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Despite medical advances, cancer is still a fast-spreading lethal disease. Finding novel anticancer 

drugs is crucial. Natural products and their derivatives hold significant potential in this field due to 

their structural diversity and pharmacological properties [1]. However, to develop new chemical 

products it is necessary to understand molecules’ structure and behavior.  In complex systems, it can 

be extremely difficult to obtain the required information efficiently. 

In principle, NMR is expected to be able to meet this need, being one of the most powerful and 

versatile techniques for studying structural proprieties of molecules in solution [2]. Nevertheless, in 

the case of complex mixtures, conventional NMR methods struggle to extract clear. Therefore, to 

discover and characterize potential anti-cancer bioactive compounds from plants. Novel NMR-based 

methodologies are urgently needed to reduce the time and improve the spectral resolution needed  

Here, we propose the application of alterative NMR methods to perform an accurate characterization 

of complex mixtures. In details, the identification of spectral bioactive regions was obtained by 

combining NMR-based metabolomics approaches with biological activity assay data [3]. Yet, 

following our strategy, a virtual separation of components based on their different diffusion properties 

was achieved by DOSY pulse sequences [4]. After that, putative bioactive compounds were identified 

and characterized through spectral simplification by combining conventional NMR approaches with 

pure shift and homonuclear spectral editing experiments [5].  

Thanking advantage of the information obtained by in-mixture NMR experiments we carried out an 

ad hoc phytochemical strategy (L-L ext., CC, HPLC) and five bioactive sesquiterpene lactones were 

rapidly isolated and characterized. 
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Rechargeable Li batteries using solid electrolytes are safer alternatives to current Li-ion batteries that 

employ flammable liquid electrolytes [1]. Moreover, the promise to achieve higher energy densities 

makes solid-state battery desirable candidates to meet the urgency of decarbonizing transportation 

and improving air quality. In this work we study PEGMA-based graft polymers designed to present 

backbones with different flexibility, parameter that affects the mobility of side chains, which 

determines the mobility of Li-ions. To elucidate the role of structural uniformity on Li-ion mobility 

and the influence of backbone flexibility, we analyse the dynamics of polymer chains and Li ions 

over a broad range of timescales using NMR techniques (High Resolution and Solid State NMR) [2]. 

A comprehensive understanding of relaxation and ion-solvation phenomena in relation to structural 

features will be helpful to define structure-properties relationships to guide the design of highly-

conductive PEs.  

 

 
Fig.1 – Schematic representation of the NMR approach to study the influence of  

structural features on Li+ dynamics. 
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Protein dynamics are fundamental for its function. In some cases, these motions involve the 

interconversion between highly populated “ground state” and less populated, higher energy 

“invisible” state in µs–ms (microsecond-millisecond) timescale [1]. In case of Human Prion Protein 

(HuPrP(90-231)), “invisible” states might be associated with cytotoxic oligomeric species, forming 

during the conformational conversion of the cellular prion protein (PrPC) into protease-resistant, -

sheet-rich scrapie form (PrPSc), which is the key infectious agent in prion diseases[2]. Recently, 

using Nuclear Magnetic Resonance (NMR) spectroscopy, we detected and characterized the on-

pathway -PrPI intermediate state that acts as a precursor of prion protein aggregation and amyloid 

fibril assembly [3]. In the current study, we eager to provide, an accurate high-resolution structural 

characterization of the oligomeric species driving the fibril aggregation process activated by the stable 

-enriched intermediate state (-PrPI) by Chemical Exchange Saturation Transfer (CEST) NMR 

experiments [4]. These latter NMR techniques allow to quantify slow chemical exchange providing 

a description of kinetic and thermodynamics parameters of the exchange process as well as the 

chemical shifts of the excited-state nuclei. Firstly, we demonstrated slow exchange conditions 

between monomer and oligomers (-PrPI(O)) by analyzing 1H-15N HSQC spectra acquired at 15 °C 

on freshly prepared HuPrP(90-231) and -PrPI (O) sample, obtained by incubating HuPrP(90-231) 

at 61 °C for 15 hours, thus, opening up the possibility to apply advanced spin relaxation methods, 

such CEST-NMR. As results, in the absence of -PrPI (O), 15N CEST intensity profile acquired at 

low temperature (15°C) indicates only ground state with 15N CEST chemical shifts perfectly aligned 

with 15N shifts assigned for the monomeric HuPrP(90-231)  . On the contrary, in the presence of -

PrPI(O), 15N CEST intensity profile analysis revealed that the monomeric form of HuPrp(90-231) is 

in slow conformational exchange with “invisible” oligomeric states, having a noticeable -strand 

character. Interestingly, 15N chemical shift values of -PrPI(O) are aligned with the Cryo-EM 

structure of prion fibrils [5], demonstrating that the N-term tail of HuPrP(90-231) undergoes 

structural rearrangements at earlier stages of the -PrPI-induced oligomerization process. 
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Metabolomics can play a pivotal role in unraveling the intricate mechanisms underlying age-related 

diseases. By studying the dynamic profile of small molecules, metabolomics can uncover alterations 

in metabolic pathways, cellular processes and novel biomarkers offering powerful insights into the 

metabolic changes occurring with aging and age-related disorders. Furthermore, metabolomics can 

facilitate a comprehensive understanding of the interplay between genetics, environment, and 

lifestyle factors in shaping the aging process [1]. 

Alzheimer’s disease (AD) is an irreversible neurodegenerative disorder that slowly destroys memory, 

thinking skills, and ultimately the ability to accomplish even the simplest daily tasks. It is the most 

common neurodegenerative disorder in the elderly population, affecting about 5% to 7% of the 

population over 60 years of age [2]. In clinical practice, brain MRI coupled with abnormal levels of 

the cerebrospinal fluid core AD biomarkers, total tau (t-tau), phosphorylated tau (p-tau) proteins and 

amyloid beta 1-42 peptide(αβ42), enable the identification of patients affected by AD. Nevertheless, 

the molecular pathways involved in AD onset and progression are not fully understood. 

Metabolomics may provide an interesting approach to identify alterations in multiple biochemical 

processes associated with AD [3]. 

We have investigated via NMR-based metabolomics the underling biochemistry of AD at two 

different levels: 1) studying the effects of soluble oligomers of Abeta (ADDLs) and glutamate 

addition (below toxicity levels) on neuroblastoma (SH-SY5Y human derived cell line) cell cultures 

as compared to untreated cultures to investigate the effects of Alzheimer's molecular stressors in 

concentrations characteristic of the first stage of this disease. 2) analyzing blood serum samples of 

patients that covers the entire spectrum of cognitive impairment, from mild cognitive impairment 

(MCI) to pre-dementia (MCI-AD) and to overt AD dementia with the aim of proving novel diagnostic 

and prognostic tools. Using a LASSO regression approach, we found the best combination of 

metabolites and lipoproteins to discriminate AD and MCI patients. Moreover, we built a model able 

to discriminate MCI-AD patients at fast and slow progression rate to dementia. 
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Human cytomegalovirus (HCMV) is the leading cause of congenital infections resulting in severe 

morbidity and mortality among newborns worldwide. Currently, the most significant prognostic 

factor of congenital HCMV infection (cHCMV) is the time of maternal infection, with a more severe 

clinical phenotype if the mother’s first outbreak occurs during the first trimester of pregnancy. 

Nonetheless, the pathogenesis of cHCMV infection has still to be completely characterized. In 

particular, little is known about the metabolic response triggered by HCMV in congenitally infected 

newborns. As such, urinary metabolic profiling by 1H-nuclear magnetic resonance (NMR) might 

represent a promising tool to be exploited in the context of cHCMV. This study aims to investigate 

the impact of HCMV infection on the urine metabolome in a population of newborns by 1H-NMR 

spectroscopy combined with multivariate statistical analysis. Thirty-five newborns diagnosed with 

cHCMV and fifteen uninfected controls were recruited. The 1H-NMR spectra of patients and controls 

allowed the identification of an overall amount of 55 metabolites. Principal Component Analysis 

(PCA) and clustering are able to correctly classify newborns into the infected and control group. 

Partial least squares-discriminant analysis (PLS-DA) revealed that newborns with cHCMV resulted 

to have increased betaine, citrate, succinate, acetate, urea, galactose, glycolate, and formiate levels in 

the urine. On the other hand, healthy controls showed increased 1-methylnicotinamide, myoinositol, 

ethanolamine, glycine, taurine, fumarate, creatinin, and creatinin-phosphate levels. Specifically, 

succinate emerged as the discriminating metabolite in cHCMV newborns, whereas glycine and 

taurine were characteristic of healthy controls. These results showed a clear difference in terms of 

metabolomic fingerprint between newborns with cHCMV infection and healthy controls. Thus, 

metabolomics can be considered a new promising diagnostic and prognostic tool in the clinical 

management of cHCMV patients.  
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Facioscapulohumeral muscular dystrophy (FSHD) is one of the most common genetic neuromuscolar diseases, 

with no cure despite several clinical trials. It is caused by inappropriate reactivation of DUX4 gene due to copy 

number and/or epigenetic alterations. DUX4 is an embryonic-restricted transcription factor whose reactivation 

in skeletal muscle leads to apoptosis and impairs muscle differentiation. Our collaborator Dr. Gabellini 

discovered that Matrin 3 (MATR3) protein binds to the two DUX4 DNA-binding domains (DUX4dbd) and 

blocks DUX4 activity, rescuing cell viability and myogenic differentiation of FSHD muscle cells [1]. 

Moreover, a N-terminal 46-residue-long MATR3 fragment (MATR3_46) has the same inhibitory acitivity. 

Thus, MATR3, and in particular MATR3_46, represent a novel therapeutic opportunity in FSHD. Using NMR 

spectroscopy and BioLayer Interferometry (BLI) we characterized MATR3_46 - DUX4dbd interaction. Our 

ultimate goal is to design MATR3_46-based peptidomimetics (mPeps) to be tested for DUX4dbd binding in 

vitro and for DUX4 inhibition in FSHD cellular models. We expressed in E. coli and purified recombinant 

istopically labelled human MATR3_46 and DUX4dbd. Chemical shift perturbation analysis revealed the 

binding surfaces on both proteins. We generated a structural model of the complex, consistent with the NMR 

data, using AlphaFold2 Multimer (AF). NMR binding analysis and BLI affinity measurements of MATR3_46 

alanine mutants allowed for the identification of key residues critical for DUX4dbd binding, confirming some 

interactions predicted by the AF complex model. Based on these findings we designed an initial set of mPeps, 

shortening MATR3_46 sequence to determine the minimal region necessary and sufficient for DUX4dbd 

binding. We identified a 20-residue-long mPep (MATR3_20) recapitulating MATR3_46 binding pocket on 

DUX4dbd and with an affinity that is one order of magnitude better than the one of MATR3_46. NMR-based 

secondary structure prediction suggests that this enhanced affinity may be due to an increased helical 

propensity of the peptide, which might facilitate DUX4dbd binding. The AF complex model indeed predicts 

that MATR3_46 adopts a helical conformation upon binding.  

In conclusion, the structural investigation of MATR3_46 – DUX4dbd interaction has guided our mPeps design 

strategy, leading to the identification of a promising mPep. We are currently testing this and other mPeps for 

their ability to inhibit DUX4 in FSHD cellular models. Additionally, to further enhance affinity, we are 

generating MATR3_20 sequence variants, harbouring also chemical modifications, to enable new contacts 

with DUX4dbd and stabilize the mPep structure in the bound conformation. Our project represents the proof 

of concept for a drug-like approach to block DUX4 activity for FSHD treatment. 
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NMR spectroscopy has gained increasing importance in analytical chemistry, offering significant 

advancements in the quantitative analysis of complex mixtures and the identification of product 

characteristics. The development of quantitative NMR (qNMR) and non-targeted approaches has 

enabled precise quantification and purity assessment of molecules, even in the absence of certified 

reference materials. This capability extends to food chemistry, where NMR is utilized for determining 

attributes such as origin and authenticity. 

The fundamental principle that the ratio of signals from analyte and reference molecules depends 

solely on their mole ratio, independent of the spectrometer hardware, underpins the reliability and 

reproducibility of NMR analyses. This characteristic facilitates the creation of community-built 

analytical systems, which can collaboratively identify sample features and quantify multiple analytes. 

This presentation will showcase pioneering examples of such systems,[1-3] with a focus on the 

identification of wheat and pasta samples, as well as the quantification of betaine. The benefits and 

constraints of collaborative, non-targeted NMR analyses across different magnetic fields will be 

critically examined. Furthermore, the establishment of effective systems for the collection and 

management of reference materials, crucial for ensuring the metrological traceability and consistency 

of NMR data across diverse applications, will be discussed. 

Additionally, the inaugural experimental NMR Challenge, named Magnethon, will be presented. 

Magnethon is set to take place in November 2025 in Bari, Italy. This international event offers a 

unique platform for exploring cutting-edge methods in teaching, learning, and communication, 

bringing together researchers, students, and professionals from around the world. Magnethon caters 

to both novices and experienced practitioners, providing practical sessions, expert guidance, and 

opportunities to connect with the global NMR community. Participants will deepen their 

understanding of NMR spectroscopy, refine their technical skills, and contribute to ongoing 

advancements in the field. The competition encourages innovative approaches, such as cooperative, 

experiential, and flipped learning, while fostering essential soft skills in an international and 

multicultural context. Scientifically, Magnethon promotes collaborative analysis in the agri-food 

sector using NMR, with a focus on a notable Apulian product of broad interest. Teams will compete 

both in-person and remotely, making it an inclusive event that celebrates scientific exploration and 

cultural exchange. Stay updated at www.magnethon.com and be part of this exciting journey in 

Puglia! 
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