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PUSHING THE LIMITS OF CHARACTERISING  

WEAK INTERACTIONS IN SOLUTION 

Manuel A. Herbst,a Stefan Peintner,a Emma Danelius Rova,b Yannik T. Woordes,a Hanna Andersson,b 
Ulrika Brath,b Mate Erdelyi,a,c 

 a Department of Chemistry for Life Sciences, Uppsala University, Uppsala, Sweden 
 b Department of Chemistry, University of Gothenburg, Gothenburg, Sweden  
 c Center of Excellence for the Chemical Mechanisms of Life, Uppsala University, Uppsala, Sweden  
📧 mate.erdelyil@kemi.uu.se 

Noncovalent interactions are as important for chemistry and biology as they are cumbersome to 

characterize in dilute solutions. Standard NMR spectroscopic techniques, such as chemical shift 

perturbation experiments, are typically incapable of their reliable characterization, and often even of 

their detection. 

I present a strategy[1-4] that expands the current boundaries of the NMR spectroscopic characterization 

of noncovalent interactions in solution, and demonstrate its scope by the characterization of weak, <2 

kcal/mol, halogen bonds in a dilute (< 5 mM) solutions. This new strategy is universally applicable to 

the geometric and thermodynamic characterization of any type of non-covalent interactions, in any 

solvent. 

This approach makes use of the entropic advantage of studying a weak force intramolecularly, 

embedded into a cooperatively folding system (Figure 1), and of the combined use of NOE- and RDC-

based ensemble analyses. 

 

Figure 1. A cooperatively folding β-hairpin model system designed to investigate a single weak 
noncovalent interaction in solution using NOE and RDC-based ensemble analyses. 

Acknowledgements. We thank the European tax payers for financial support via the Swedish Research Council 
(2024-05496, 2022-06628, 2020-03431) and NSFC–STINT (82211530060). We are grateful to NMR Uppsala and 
SwedNMR (VR 2021–00167) as well as to NAISS (2025/5-155, VR. 2022-06725) for access to NMR 
instrumentation and to supercomputers, respectively. 
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DERIVING THREE ONE DIMENSIONAL NMR SPECTRA FROM A SINGLE 

EXPERIMENT THROUGH MACHINE LEARNING 

Leonardo Tenori,a,b Alessia Vignoli,a,b Stefano Cacciatorec 

 a Department of Chemistry “Ugo Schiff”, University of Florence, Sesto Fiorentino, Italy 
 b Magnetic Resonance Centre - CERM, University of Florence, Sesto Fiorentino, Italy 
 c International Centre for Genetic Engineering and Biotechnology, Cape Town, South Africa 
📧 leonardo.tenori@unifi.it 

Nuclear Magnetic Resonance (NMR) spectroscopy is a powerful tool for analyzing complex mixtures 

due to its ability to manage matrix complexity, provide detailed molecular insights, and preserve 

sample integrity. Various NMR experiments, such as NOESY, CPMG, diffusion-edited, and J-resolved 

spectroscopy (JRES), offer complementary insights into biofluids like serum and plasma. For instance, 

CPMG selectively detects small molecules, diffusion-edited emphasizes signals from macromolecules, 

and NOESY captures both, and JRES is particularly useful for signal assignment. However, acquiring 

multiple NMR spectra can be resource-intensive and time-consuming, especially for high-throughput 

studies. Here, we present a simple and efficient strategy to computationally derive CPMG, diffusion-

edited, and projected JRES (pJRES) spectra from a single NOESY acquisition using Partial Least Squares 

(PLS) regression. Serum samples were used as a case study. We used serum NMR data from a total of 

1842 individuals enrolled from 18 recruitment centers. The 1H-NMR spectra for all samples were 

recorded using a Bruker 600 MHz spectrometer operating at 600.13 MHz. The dataset, comprising 

serum spectra of samples collected in 17 different recruitment centers, was divided into training (80%) 

and validation (20%) sets. Furthermore, the spectra of 232 samples from one independent recruitment 

center were used as the independent test set. Predictive models were created applying PLS regression 

with 1D NOESY spectra used as independent variables for the prediction of CPMG, diffusion-edited, 

and pJRES spectra, these latter used as dependent variables. Experimental and predicted spectra were 

compared in regions with signal intensities at least three times above the noise level. Evaluation 

metrics included the median relative error (MRE%), root mean square error (RMSE), coefficient of 

determination (R²), and ratio of performance to deviation (RPD). In the independent test set, MRE% 

values of 6%, 4%, and 13% were achieved for predicted CPMG, diffusion-edited, and pJRES spectra, 

respectively[1]. A future direction is the application of this approach to NMR spectra obtained by low 

field instruments (i.e. 100 MHz benchtop spectrometer). 

Acknowledgements. This work has been supported by Next Generation EU [DM 1557 11.10.2022], in the context 
of the National Recovery and Resilience Plan, M4C2 Investment 1.3 - Research Program PE8 Project Age-It: 
“Ageing Well in an Ageing Society” (CUP B83C22004800006). The authors also acknowledge funding from the 
Italian Ministry of University and Research through the Italian Science Fund under the 2022–2023 Call (FIS 2), 
project “Benchtop NMR: Translating Metabolomics from High-Tech Laboratories to Point-of-Care Diagnostics 
(BONSAI)” (Contract Number FIS-2023-00334).  
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NMR FOR BIOMINERALIZATION 

Enrico Raveraa,b 

 a Department of Chemistry “Ugo Schiff”, University of Florence, Sesto Fiorentino, Italy 
 b Magnetic Resonance Center, University of Florence, Sesto  Fiorentino, Italy 
📧 enrico.ravera@unifi.it 

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 theprecursor [2], 

and for studying the protein-silica interface [3-7]. 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 [8]. After the reaction, the main contribution to the confinement of the protein 

within the composite is steric, even though electrostatics provide some orientational preference. 

We have also investigated the initial phases of mineralization using a variety of biophysical techniques. 

Acknowledgements. This work has been supported by Project no. IR0000009 - call MUR 3264/2021 PNRR 
M4/C2/L3.1.1 and Project no. P2022JSC5Z – call MUR 1409/2022 PNRR M4/C2/L1.1 CUP D53D23016850001 
(European Union NextGenerationEU) 
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MECHANISM OF NFAT TRANSACTIVATION REGULATION  

BY PHOSPHORYLATION 

Patrick David Fischer 

  Medical University of Graz, Graz, Austria 
📧 patrick.fischer@medunigraz.at 

The transcription factor NFAT is a central regulator of immune-cell activation. While phosphorylation-

dependent nuclear import and export of NFAT are well established, much less is known about how 

phosphorylation directly regulates NFAT transactivation. This is difficult to address structurally, 

because key regulatory elements are embedded in intrinsically disordered regions. 

Here, we used solution NMR spectroscopy to investigate how single-site phosphorylation regulates the 

N-terminal transactivation domain of NFAT1. We show that residues 23–41 form a phosphorylation-

sensitive transactivation element that binds the KIX domains of CBP/p300 and Med15. 

Phosphorylation of Ser23 by p38 leads to long-range perturbations throughout the disordered NFAT 

fragment, indicating that this modification reshapes the conformational ensemble beyond the local 

phosphorylation site. 

Together, our data support a model in which a single phosphorylation event regulates NFAT 

transactivation by modulating the ensemble, dynamics, and coactivator binding of an intrinsically 

disordered activation domain. 
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DFT-SUPPORTED CONFORMATIONAL ANALYSIS OF  

FERROCENE PEPTIDES 

Ivan Kodrin 

  University of Zagreb Faculty of Science, Department of Chemistry, Horvatovac 102a, Zagreb, Croatia 
📧 ikodrin@chem.pmf.hr 

Ferrocene-containing peptides represent a versatile class of peptidomimetics in which the 

organometallic scaffold can restrict conformational freedom, promote intramolecular hydrogen 

bonding, and induce well-defined turn-like or helical arrangements. Because these systems often exist 

as ensembles of closely related conformers in solution, their structural characterization requires a 

combined experimental and computational approach. In this contribution, an overview of recent work 

is provided, in which conformational analysis based on density functional theory was used to support 

and refine spectroscopic assignments of ferrocene peptide derivatives. Particular emphasis will be 

placed on how calculated conformer populations, hydrogen-bonding patterns, and key torsional 

parameters were correlated with NMR data, including characteristic amide proton chemical shifts, 

temperature and solvent dependence, and other complementary structural information. The 

discussed examples cover structurally diverse ferrocene peptidomimetics, ranging from mono- and 

disubstituted ferrocene conjugates bearing Pro/Ala and other amino acid sequences to systems 

incorporating hydrophobic residues. Across these families, computational studies helped distinguish 

between competing intra- and interstrand hydrogen-bonded motifs, including γ-turns, β-turns, and 

related folded structures. In parallel, TD-DFT calculations of circular dichroism spectra provided a 

molecular-level interpretation of the ferrocene-based chiroptical response near 470 nm, linking the 

sign and intensity of the Cotton effect to the preferred geometry of the peptide–ferrocene fragment. 

Overall, these studies illustrate how computational chemistry can complement NMR spectroscopy in 

the structural characterization of conformationally flexible bioorganometallic systems. 

Acknowledgements. This research was supported by the European Union – NextGenerationEU through the 
National Recovery and Resilience Plan 2021-2026 via Institutional grants of the University of Zagreb Faculty of 
Science (NextGenChem and CryoLab). 
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REACTION PROFILING OF VISIBLE-LIGHT-MEDIATED [2 + 1] 

DEAROMATIZATION OF ELECTRON-RICH ARENES:  

REAL-TIME NMR MONITORING 

Matija Gredičak 

  Division of Organic Chemistry and Biochemistry, Ruđer Bošković Institute, Bijenička c. 54, Zagreb, Croatia 
📧 matija.gredicak@irb.hr 

The concept of dearomatization has steadily gained significance in organic synthesis, offering a direct 

route to transform abundant aromatic feedstocks into more complex carbocyclic structures without 

requiring extensive functional group interconversions. Alongside well-established methodologies, the 

use of visible light has recently emerged as a dependable strategy, finding broad application across a 

range of dearomatization reactions. 

A detailed mechanistic and kinetic study of the dearomative [2 + 1] reaction between electron-rich 

arenes and aryldiazoesters is presented, enabling the regio- and diastereoselective synthesis of 

norcaradienes. Reaction profiling via LED-NMR analysis provided valuable kinetic insight into both 

product formation and competing side processes, while theoretical investigations clarified how the 

electron-density distribution governs cyclopropanation versus alkylation in the key dearomative step. 

The synthetic potential of the resulting meso-norcaradienes is demonstrated through their 

desymmetrization into compounds bearing six contiguous stereogenic centers. 

 

Figure 1. Prediction of the chemoselectivity based on the electron distribution. 
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Metabolomics is a promising research field which has been successfully applied in biomedical research 

for personalized medicine, biomarkers identification, diagnosis, and prognosis. High-field Nuclear 

Magnetic Resonance spectroscopy (NMR) is one of the main analytical techniques for metabolomics[1]; 

however, the high experimental costs, particularly those related to analytical instrumentations, 

prevent its translation in clinical practice. Recently developed Low-Field (LF) NMR spectrometer holds 

promise for a more accessible format that could break down the cost barrier enabling their application 

in nearly any settings[2]. 

We developed specific procedures for the preparation and acquisition of human urine and serum 

samples using a LF NMR spectrometer. Biospecimens were lyophilized, reconstituted in deuterated 

water, and supplemented with 10% (v/v) potassium phosphate buffer. Samples were acquired at 100 

MHz using a WET (Water Suppression Enhanced through T1 effects) NMR pulse sequence. 

 

Figure 1. 1H NMR spectrum of a urine sample acquired at 100 MHz. 
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Plavac mali is the most famous red wine variety in Croatia, planted in Dalmatia region. Chemical and 

sensory profile of a specific wine vary depending on winemaking techniques, micro-locations and 

specific terroir.[1] In this study, gas chromatography coupled with mass spectrometry (GC-MS), HPLC 

and NMR spectroscopy were used to determine characteristic wine components such as volatile 

organic compounds, organic acids, proanthocyanidins (tannins), phenols, esters, thiols and other 

metabolites.[2] 

Nuclear magnetic resonance spectroscopy (NMR) is an advanced analytical tool that provides 

information on identity of metabolites present in wine and their quantification.[3,4] The advantages of 

NMR spectroscopy include rapid and simple sample preparation, fast measurement and high 

repeatability, non-destructive analysis, and the possibility of obtaining wealth of information from a 

single spectrum.[3,4] In this presentation a combination of the above mentioned techniques for 

characterization of Plavac mali will be discussed. This research is a part of the project NMR-WIN which 

aims to establish a database of authentic Croatian wines providing reliable quality control, authenticity 

assessment and determination of geographical origin. 
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The growing demand for sustainable resources and circular bioeconomy solutions has intensified 

interest in the valorization of lignocellulosic side streams generated by the food and beverage industry. 

Large quantities of residues, including oilseed cakes, brewer’s spent grain, grape pomace, sugar beet 

pulp, and fruit and vegetable processing by-products, are generated annually across Europe and 

represent an abundant and renewable resource for the production of high-value bio-based products. 

However, both the abundance and structural features of the major lignocellulosic polymers, cellulose, 

hemicelluloses, and lignin, vary substantially among biomass sources. Since these differences largely 

determine biomass processing behavior and valorization potential, detailed molecular characterization 

is essential for selecting appropriate biorefinery strategies and developing targeted bio-based 

products. Among the available analytical techniques, nuclear magnetic resonance (NMR) spectroscopy 

has emerged as one of the most powerful and versatile tools for investigating biomass-derived 

polymers at the molecular level. 

This contribution presents recent research on the isolation and structural characterization of lignin and 
other lignocellulosic fractions recovered from food industry side streams using both conventional and 
green fractionation approaches, including deep eutectic solvents (DESs). Advanced NMR techniques 
were employed to elucidate the molecular architecture of the isolated biopolymers, providing detailed 
information on monomer composition, interunit linkages, and structural changes induced by biomass 
fractionation and biopolymer isolation. The results highlight the value of NMR spectroscopy in 
revealing the structural diversity of biopolymers derived from different food industry residues and in 
supporting their targeted valorization into high-value bio-based products. 
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