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Foreword

On behalf of the International Scientific Committee and the Local Organizing Committee, it is
our great pleasure to welcome you to Nice for the 2024 edition of the International Symposium
on Thermodynamics of Metal Complexes (ISMEC 2024).

Since its inception in 1972, ISMEC has grown from its roots as the annual meeting of the Italian
“Gruppo di Termodinamica dei Complessi” into a globally recognized congress. Each year,
researchers from around the world come together to share their latest findings, foster
collaboration, and promote the advancement of knowledge in the field of thermodynamics of
metal complexes.

ISMEC 2024 continues this proud tradition by offering a scientific program that highlights the
most recent advances in the thermodynamics and kinetics of coordination processes. Our
symposium will explore a wide range of topics within analytical, biomedical, environmental,
inorganic, and physical chemistry. Main topics include:

e Complexation thermodynamics and kinetics

e Solution equilibria and coordination chemistry

e Complexation processes in supramolecular chemistry

e Metal-based reactivity and catalysis

e Metal-complex interactions with biomolecules

e Metals in diseases: transport, homeostasis, and toxicity

e Metal-based drugs: diagnosis and therapy

o Metal complexes of environmental and biological interests

e Nanostructured metal complexes

e Analytical methods and sensors based on complexation equilibria

e Computer methods for equilibrium analysis

These topics not only underscore the diversity and depth of the chemistry of metal complexes,
but also reflect the innovative research being conducted by our community. ISMEC 2024 will
feature a series of plenary lectures, oral presentations and poster sessions, providing ample
opportunities for participants to exchange ideas, present their research, and form new
collaborations.

We are confident that ISMEC 2024 will be a stimulating and rewarding experience for all
attendees. We encourage you to engage fully with the program, take advantage of the
networking opportunities and enjoy the vibrant city of Nice.

Welcome to ISMEC 2024! We look forward to your contributions and to a fruitful and inspiring
conference.

Sincerely,

Maria Rosa Beccia
Chair of the Organizing Committee of ISMEC 2024

Montserrat Lépez-Mesas
President of the ISMEC Group

Nice, June 2024
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Germanium in aqueous solution, a nice example of the intricacies of the
chemistry of hydrolysed chemical elements

Montserrat FILELLA,? Marc BIVER,” Tomas MATOUSEK,®

9 Department F-A. Forel, University of Geneva, Boulevard Carl-Vogt 66, CH-1205 Geneva,
Switzerland
b) Bibliothéque Nationale du Luxembourg, L-1855 Luxembourg City, Luxembourg
< Institute of Analytical Chemistry of the Czech Academy of Sciences, Vevéri 97, 602 00, Brno,
Czech Republic
montserrat.filella@unige.ch

Germanium (Ge) is a chemical element in group 14 of the periodic table whose economic
importance and use is growing due to its critical technological applications in polymerisation
catalysis, infrared optics and fibre optic systems. Germanium, although relatively little studied
compared to other chemical elements such as lead, mercury or arsenic in terms of
environmental and toxicological aspects, had already received attention in certain scientific
communities in the past, in particular in oceanography and geochemistry. In both cases
because of its similarity to silicon: in the first case because it is taken up by diatoms and has
been proposed for use in paleoclimatic studies [1] and, in the second, because it provides a
tool for studying the weathering of silicates [2].

The only stable oxidation state of germanium in aqueous solution is IV; the element
exists as the neutral species Ge(OH)s over a wide pH range. Germanium is also present in
natural systems as monomethyl and dimethyl Ge.

Despite countless rather debatable claims and publications on this subject in the recent
past (e.g. the book Miracle Cure: Organic Germanium [3]), Ge has no proven biological
function in any known organism, and no beneficial pharmacological effects associated with
the ingestion of Ge compounds are scientifically recognised. It is important to note the
complete misunderstanding of what is meant by "organic germanium" that plagues the
literature relating to the element's magical properties.

In this communication, our recent work on germanium [4-8], both in laboratory
experiments and in environmental systems, will be presented and discussed. It will be shown
that only a thorough understanding of the behaviour of an element in solution can allow us to
interpret field results and to critically evaluate the analytical methods used to obtain them.

In particular, the following will be discussed:

14



e the results of our recent study in which equilibrium constants have been determined
for Ge(IV) complexes with about 50 low molecular weight organic ligands, mainly
bidentate oxygen and/or nitrogen donors,

e the surprising inertness of some systems such as germanium
poly(aminocarboxylates), which makes them intractable by conventional continuous
potentiometric titrations,

e the first results on the aqueous equilibria of methylated germanium species,

e the interpretation of speciation measurements in lakes of contrasting physico-
chemical characteristics in the light of the above results.

References:

[1] R.A. Mortlock, C.D. Charles, P.N. Froelich, M. Zibello, J. Saltzman, L.D. Burckle, J.D. Hays, Nature 1991,
351, 220-223. d0i:10.1038/351220a0.

[2] V.M. Goldschmidt, Naturwissenschaften 1926, 14, 295-297. doi:10.1007/BF01503585.

[3] A. Kazuhiko, Miracle Cure. Organic Germanium. Japan Publications: Tokyo, 1980.

[4] M. Biver, M. Filella, Monatsh. Chem. 2018, 149, 461-465. d0i:10.1007/s00706-017-2131-5.

[5] A. Garcia-Figueroa, M. Filella, T. Matousek, Talanta 2021, 225, 121972.
doi:10.1016/j.talanta.2020.121972.

[6] M. Filella, T. Matousek, Appl. Geochem. 2022, 143, 105352. doi:10.1016/j.apgeochem.2022.105352

[7] M. Filella, P.M. May, Appl. Geochem. 2023, 155, 105631. doi:10.1016/j.apgeochem.2023.105631

[8] M. Biver, M. Filella, Inorg. Chem. 2024, 63, 2470-2485. doi:10.1021/acs.inorgchem.3c03640.
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Aquatic chemistry and thermodynamics of radionuclides: applications to
repository science and environmental studies

Xavier GAONA

Karlsruhe Institute of Technology (KIT), Institute for Nuclear Waste Disposal (INE), Karlsruhe
(Germany)
xavier.gaona@kit.edu

Safety concepts regarding the disposal of nuclear waste in underground repositories
generally rely on a combination of engineered and geological barriers that minimize the
potential release of radionuclides from the containment-providing rock zone and transport
through the biosphere. The presence of water (e.g., groundwater and pore water of
repository rocks), however, can alter the engineered barrier system, dissolve radionuclides,
and facilitate radionuclide transport that, over millennia, may allow small fractions of water-
soluble radionuclides to permeate to the biosphere. Thus, while barrier systems aim to
prevent or hinder water from contacting the waste, the possible intrusion of agueous
solutions must be considered for several safety case scenarios impacted by the long-term
evolution of a repository.

Solubility and sorption phenomena arise as important processes controlling the
chemical behavior of radionuclides and other key elements relevant to such repositories and
their safety assessment. For many radionuclides, solubility limits are reached only after
release from the disposed waste products close to the disposal locations, where the
expected maximal concentrations are highest. It is then often the solubility of a secondary
phase, precipitated after the dissolution of a primary phase in the waste matrix, that controls
the maximum transportable radionuclide concentration close to the disposal location.
Complexation with inorganic and organic ligands present in the waste, in the technical
barriers or in the intruding groundwater may also contribute to radionuclide mobilization.

In the context of nuclear waste disposal, actinides represent the main contributors to
the radiotoxic inventory in a repository in the long term. Because of their specific electronic
configuration, several oxidation states of actinides (+lIl to +VII) can exist in agueous solution.
This imposes a differential chemical behaviour as a function of the boundary redox
conditions. Beyond the actinides, an accurate description of the aquatic chemistry of fission
(e.g., ®°Tc, °se, zr, 129I) and activation (e.g., 3N, 94Nb) products is also relevant in specific
repository concepts, involving both high level (HLW) and low and intermediate level (L/ILW)
radioactive wastes. Moreover, research in the context of repository science extends beyond
the radionuclides, for instance including chemotoxic elements expected in the repository
(e.g., Be) or key major elements like Fe, which is massively present in the repository (e.g., as
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container material, for construction purposes, etc.) and will strongly impact the redox
boundary conditions.

In this contribution, examples on recent studies at KIT-INE on the radionuclide
solubility, complexation and thermodynamic description will be presented, including
actinides (**?Pu, 237Np), fission and activation products (**Tc, *>*Nb) and chemotoxic
elements (°Be). In connection with these experimental studies, this contribution will make
the link with the comprehensive reviews dedicated to the aquatic chemistry and
thermodynamics of radionuclides and other elements of relevance in the context of nuclear
waste disposal, a series of reference volumes developed within the Thermochemistry
Database project of the Nuclear Energy Agency (NEA-TDB) of the OECD (e.g., [1-3]). These
critical reviews summarize the very significant progress achieved in this field within the last
decades, whilst highlighting data gaps and most relevant limitations in the existing
thermodynamic models.

Acknowledgements: Some of the studies in this contribution were partly funded by SKB
(Sweden) and ONDRAF-NIRAS (Belgium). The research leading to some of these results
received funding from the European Union’s European Atomic Energy Community’s (Euratom)
Horizon 2020 Programme (NFRP-2014/2015) under grant agreement, 662147 —Cebama, and
by the German Federal Ministry of Economics and Technology (BMWi) under the project of
VESPA.

References:

[1] I. Grenthe, J. Fuger, R.J.M. Konings, R.J. Lemire, A.B. Muller, C. Nguyen-Trung, H. Wanner, Chemical
Thermodynamics of Uranium (vol. 1), Elsevier, North Holland, Amsterdam, 1992.

[2] W. Hummel, G. Anderegg, L. Rao, I. Puigdoménech, O. Tochiyama, Chemical Thermodynamics of
Compounds and Complexes of U, Np, Pu, Am, Tc, Se, Ni and Zr with Selected Organic Ligands (vol. 9),
Elsevier, North Holland, Amsterdam, 2005.

[3] I. Grenthe, X. Gaona, A.V. Plyasunoy, L. Rao, W.H. Runde, B. Grambow, R.J.M. Konings, A.L. Smith, E.E.
Moore, Second Update on the Chemical Thermodynymics of Uranium, Neptunium, Plutonium,
Americium and Technetium (vol. 14), Nuclear Energy Agency of the OECD (NEA), 2020.
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Anion Binding and Sensing with Luminescent Lanthanide Probes

Stephen BUTLER @

%) Department of Chemistry, Loughborough University, Loughborough, LE11 3TU, UK.
s.j.butler@lboro.ac.uk | X(Twitter): @Steve_JButler

The design of molecular probes that selectively bind and sense anions in aqueous media
is a key challenge in supramolecular chemistry. The ability to distinguish between biological
phosphate anions (e.g. ATP, ADP, AMP) will underpin exciting new sensing tools for biological,
clinical and drug discovery research. However, this is very challenging due to similarities in
anion structure, size and charge. Luminescent lanthanide probes, particularly of europium(lil)
and terbium(ll1), offer unique photophysical properties that are very valuable for sensing and
imaging in biological media. However, only a small number of lanthanide probes have been
developed that exhibit sufficiently high anion selectivity to be utilised in biological
applications.

I will present our progress in the development of lanthanide probes, which utilise
macrocyclic ligands functionalised with multiple recognition motifs. These probes are capable
of recognising target phosphate species with high selectivity and sensitivity in 100% aqueous
media.['-*l We have established key design principles to create lanthanide complexes that
engage their anionic target through a combination of metal-ligand coordination, hydrogen
bonding and reversible boronate formation (Figure 1). | will discuss our efforts to translate
these selective lanthanide probes into improved bioassays and cellular imaging tools. By doing
so, we aim to drive advancements in biomedical research and expedite drug discovery efforts.

Figure 1. Macrocyclic europium(lll) complex designed for multisite recognition of adenosine
monophosphate (AMP), producing intense and long-lived red emission.
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Consequences of metal-peptide interactions in Alzheimer's Disease
& some strategies to prevent them

Christelle HUREAU
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Alzheimer (AD) is a multifactorial disease where two key events have been linked to the
etiology of the disease: (i) the self-assembly process of the Alzheimer-related amyloid-B (AB)
peptides leading to the deposits of the AR amyloids in the senile plaques detected in AD
patients’ brains [1] and (ii) oxidative stress.[2] Metal ions (copper, zinc and iron) have been
found in the senile plaques in abnormally high level. They can modulate the self-assembly of
the AB peptides and AB-bound copper ions can catalyze the production of Reactive Oxygen
Species. They are thus key players in the pathology.

During the talk, | will give an overview of the approaches we have developed during
the last years to (i) understand at the molecular level how metal ions are linked to the fate of
the disease [1-4] and to (ii) overcome their deleterious effects by copper-targeting molecules
[4] and modulators of AB peptides self-assembly.[6]
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How Organic Matter Modulates Heavy Metal-Soil Mineral Interactions

Maya ENGEL 2
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The interactions between soil minerals and heavy metals are pivotal in biogeochemical
processes. Soil minerals like clays and oxides have the ability to bind heavy metals, thereby
influencing their mobility and bioavailability in the environment. Heavy metals undergo
various processes such as aggregation, dissolution, complexation, and precipitation, which are
regulated by solution conditions like pH, ionic strength, redox status, and organic matter
content. Organic matter, consisting of a diverse array of organic compounds, often exhibits
strong affinities to soil mineral surfaces. Coating of mineral surfaces by organic matter can
either inhibit or enhance the reactivity of both the organic compounds and the soil minerals,
impacting their interactions with heavy metals. Because organic compounds act as effective
chelators for many heavy metals, this leads to complex interactions among soil minerals,
organic matter, and heavy metals under environmental conditions. We will present several
examples highlighting how the composition of organic matter governs the mechanisms and
kinetics of heavy metal-soil mineral interactions, with a specific focus on ferrihydrite, an iron
oxyhydroxide mineral, in both field and laboratory experiments. Utilizing micro- and nanoscale
techniques such as TEM, XAS, Mdssbauer spectroscopy, and XPS, we aim to characterize heavy
metal speciation and bonding environment to elucidate their reactivity and environmental
fate.
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Molecular Dynamics Studies of the Separation of Uranium(V1)
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Philippe GUILBAUD, Dominique GUILLAUMONT, Diego MORENO MARTINEZ 3

o CEA, DES, ISEC, DMRC, Univ.Montpellier, Marcoule F30207, France
philippe.guilbaud@cea.fr

In the front end of the nuclear fuel cycle, uranium is usually separated by solvent
extraction processes. These processes are very efficient for the separation of uranium from
concentrated effluents. For the recovery of the uranium in low-concentration solutions,
separation using solid supports is much more promising. In both kinds of separation
processes, bifunctional ligands of the amidophosphonate family can be used to recover
selectively the uranium(VI) cation. However, despite several experimental studies, the
mechanisms involved in its extraction are still not well understood at the molecular level in
both kinds of processes. In this study, we used classical molecular dynamics to model organic
phases and solid/liquid interfaces with amidophosphonate bifunctional ligands to better
understand the separation process for both systems.

First, we developed new force fields parameters for the actinyl(VI) cations, using the
12-6-4 formalism [1], which is efficient to take into account polarization effects of the media
by the cations.[2] This new force field parameters allowed us to perform molecular dynamic
simulations ranging from a hundred to a thousand of nanoseconds, simulations times that
were essential for the equilibration of the systems simulated here.
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Organic phases containing an amidophosphonate extractant and uranyl(VI) cations
were simulated at concentrations representative of the experimental conditions. The
organization of these extractants and the speciation, with and without uranium, were then
described, with a validation of the results using experimental data. The role of the organic
functions of the amidophosphonate molecule has been highlighted: the molecule can extract
uranium without fully dehydrating it thanks to a network of hydrogen interactions in the
complexes.[3] Finally, representative molecular models of solid supports were designed.
Essential information was obtained on two key points: i) the structuring of solid/liquid
interfaces with and without uranium, and ii) the speciation of uranium at these surfaces.
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Polyazaligands as tools for sensing
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The design of receptors able to selectively recognize and bind specific guests is a
challenging and dateless target. Due to their easy functionalization and tunable topology,
polyaza scaffolds are useful to this purpose, moreover they provide high solubility in aqueous
solution.

Both open-chain and macrocyclic compounds could provide favourable properties. On
one hand, open-chain polyamine ligands ensure flexibility, allowing for the accommodation of
metal cations with different sizes and coordination geometries. Polynuclear complexes can
form when the ligand features multiple aza-binding sites, and the distance between the metal
centres can be tuned to have them cooperate or not in the formation of the active site [1].
Moreover, a preorganized polyaza-metal complex can become a metallo-receptor for
additional guests [2—-4]. On the other hand, macrocyclic polyamine ligands ensure high
complex stability and selectivity towards the target metal cations, thanks to the
preorganization provided by the stiffened system [5]. The insertion in the aza-ligands of
chromophores or fluorophores can signal the occurred interaction with the guest [6,7]. The
optical active group can be linked to the polyamine through a simple spacer or could be part
of the macrocycle, forming a cyclophane [8-10] (Figure 1).

Figure 1: Scheme of possible polyaza-ligands and example of metal ion complexation
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Our group has long been working on polyaza-ligands to be used as receptors for guests
of different nature. In this contribution, some examples of open-chain, macrocycle or
cyclophane polyamine ligands are reported, to show their peculiar behaviour towards selected
metal ions.
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Redox reactivity of non-classical copper-protein complexes: Implications in
physiological and pathological processes
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Due to its reactivity and catalytic functions, copper is an essential cofactor in
metalloproteins. Copper proteins are classified by their function and spectroscopic features,
e.g. type 1 Cu and Cu, sites are electron transfer centers, binuclear and trinuclear Cu sites for
oxygen activation and reduction, and tetranuclear Cu; sites for N,O reduction [1]. However,
several proteins associated with neurodegenerative and degenerative diseases, such as prion
(PrP%), alpha-synuclein (AS) and y-crystallin proteins, can coordinate Cu ions, but the
resulting complexes are not classical sites with specific electron transfer or reactivity
functions [2-4]. This presentation will discuss and contrast the biophysical details of copper
coordination to PrPS, AS and y-crystallin proteins and their impact on reactivity, providing
critical insights to understand the physiological and pathological implications of these
proteins.

PrP€ is a 209 amino acids cell-surface glycoprotein that is anchored to the cell
membrane by a glycosylphosphatidylinositol. The misfolded isoform of PrP® is named prion
scrapie (PrP*) and is associated with a set of rare and fatal neurodegenerative disorders
affecting humans and other mammalian species. PrP is expressed primarily in the central
nervous system (CNS) and has been associated with a role in metal homeostasis [5]. Prp©
coordinates up to six Cu** ions in the N-terminal region, whose anchor sites are the histidine
residues at positions 61, 69, 77, 85, 96 and 111; its Cu** coordination is highly dependent on
Cu concentration and pH. Interestingly, the His111 site contains two adjacent methionine
residues at positions 109 and 112, where the thioether groups of these methionines act as
ligands in Cu® coordination and promote redox reactivity at this site (Figure 1).

On the other hand, AS is a 140 amino acids protein that is predominantly expressed in
the presynaptic terminals of CNS neurons. AS aggregation is associated with
synucleinopathies, a group of neurodegenerative disorders whose hallmark is cytoplasmic
inclusions known as Lewy bodies. The proposed physiological functions of AS include uptake,
storage and recycling of neurotransmitter vesicles, auxiliary chaperone at synapses as well as
maintenance of dopamine levels [5]. AS can coordinate copper ions with high affinity, the
binding sites are located at the N-terminal region, a site involving the first six residues of AS
(MDVFMK); and the other site around the only His residue of AS, His50. The first site contains
two methionine residues involving in the Cu* coordination (Figure 1).
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Figure 1. Comparison of Cu® and Cu" coordination between the complex formed at pH 6.5 at the
His111 site of PrP® and the N-terminal site of AS protein.

Finally, y-crystallins, proteins found mainly in the lens, are among the more stable
proteins in the human body. The formation of nonamyloid aggregates of y-crystallins
contributes to light-scattering in a cataractous lens. Cu®* ions can cause nonamyloid
aggregation of human y-crystallins in vitro. The mechanism for Cu-induced aggregation of y-
crystallins involves metal-bridging, formation of disulfide-bridged dimers and oligomers,
protein unfolding, and Cu®* reduction to Cu* at expense of protein oxidation [4].

These proteins linked to various neurodegenerative and degenerative diseases can
coordinate copper ions and exhibit a coordination and reactivity that differs from the
classical Cu metalloprotein sites. A discussion and comparison of these three systems will be
presented, contributing to the understanding of the physiological and pathological aspects of
these proteins.
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Lignocellulosic biomass (composed mainly of polysaccharides and lignin) is increasingly
considered as a renewable feedstock to produce bio-sourced chemicals, biomaterials and
advanced biofuels. One important step in the valorisation of biomass components into
valuable products consists in size reduction of the polymeric recalcitrant components.
LPMOs are copper-containing enzymes produced by some bacteria and fungi, among a
consortium of enzymes that act collectively to degrade recalcitrant polysaccharides such as
cellulose or chitin [1]. LPMO enzymes were shown to oxidatively cleave polysaccharide
chains. Notably, LPMOs catalyse the hydroxylation of a strong C-H bond (> 95 kcal/mol) at the
glycosidic linkage (either at C1 or C4) leading to glycosidic bond cleavage using either O, (and
electrons) or H,0, (Figure 1) [2]. LPMO active centre is constituted of a mononuclear copper
ion ligated by an unusual “histidine-brace” motif consisting of two histidines residues
including the N-terminal histidine bound in a bidentate fashion.
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Figure 1: C1 oxidation of cellulose catalysed by LPMO. Structure of a LPMO (PDB ID 6T5Z) with
surface exposed copper active-site [3].
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Our group combines studies on the enzymatic system to the development of

bioinspired copper complexes [3-7]. In particular, we have produced and characterized
bacterial LPMOs and evaluated the effect of mutations of active site residues on the
physicochemical properties and the reactivity of the enzymes. We have also prepared and
characterized bioinspired complexes to get insight into mechanistic pathways allowing strong
C-H bonds activation by copper systems. Following this interdisciplinary approach, several
functional bioinspired catalysts were prepared and proof-of-concept that bioinspired
complexes can oxidatively promote polysaccharide depolymerization was obtained.

Acknowledgement: The authors acknowledge the financial support of ECOS-NORD (project M17P01),
Region-Sud PACA (EJD) and ANR (ANR-22-CE07-0032-03 & ANR-23-CE43-0012)

References:

(1]

(2]
i3]

4]

5]

(6]

(7]

Z. Forsberg, M. Sgrlie, D. Petrovi¢, G. Courtade, F. L. Aachmann, G. Vaaje-Kolstad, B. Bissaro, A. K. Rghr, V.
G. Eijsink, Curr. Opin. Struct. Biol. 2019, 59, 54-64

B. Wang, Z. Wang, G.J. Davies, P.H. Walton, C. Rovira, ACS Catal 2020, 10 (21), 12760-12769

A. Munzone, B.E. Kerdi, M. Fanuel, H. Rogniaux, D. Ropartz, M. Réglier, A. Royant, A.J. Simaan, C.
Decroos, FEBS J. 2020, 287 (15), 3298-3314

R.J. Gomez-Pifieiro, M. Drosou, S. Bertaina, C. Decroos, A.J. Simaan, D.A. Pantazis, M. Orio, Inorg. Chem.
2022, 61(20), 8022-8035

A.L. Concia, A. Munzone, M.C. Kafentzi, A. Kochem, M. Réglier, C. Decroos, A.J. Simaan, in Series on
Chemistry, Energy and the Environment: Volume 5 "Bioinspired Chemistry: From Enzymes to Synthetic
Models"; Wordpress Sc. 2019, pp 185-263

A.L. Concia, M.R. Beccia, M. Orio, FT. Ferre, M. Scarpellini, F. Biaso, B. Guigliarelli, M. Réglier, A.J. Simaan,
Inorg. Chem. 2017, 56 (3), 1023-1026

R. Leblay, R. Delgadillo-Ruiz, C. Decroos, C. Hureau, M. Réglier, I. Castillo, B. Faure, A. J. Simaan,
ChemCatChem, 2023, 15, e202300933

30



ISMEC 2024 Pulidori Award

31



Exploiting Principal Component Analysis (PCA) to reveal temperature, buffer
and metal ions’ role in neuromelanin (NM) synthesis by dopamine (DA)
oxidative polymerization
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Neuromelanin (NM) plays a well-established role in neurological disorders pathogenesis; the
mechanism of action is still discussed and the investigations in this field are limited by NM's complex
and heterogeneous composition, insolubility, and low availability from human brains. An alternative
can be offered by synthetic NM obtained from dopamine (DA) oxidative polymerization; however, a
deep knowledge of the influence of both physicochemical parameters (T, pH, ionic strength) and other
compounds in the reaction media (buffer, metal ions, other catecholamines) on DA oxidation process
and, consequently, on synthetic NM features is mandatory to develop reliable NM preparation
methodologies. To partially fulfil this aim, the present work focuses on defining the role of temperature,
buffer and metal ions on both DA oxidation rate and DA oligomer size. DA oxidation in the specific
conditions is monitored by UV-Vis spectroscopy and Principal Component Analysis (PCA) is run either
on the raw spectra to model the background absorption increase, related to small DA oligomers
formation, or on their first derivative to rationalize DA consumption. After having studied three case
studies, 3-Way PCA is applied to directly evaluate the effect of temperature and buffer type on DA
oxidation in the presence of different metal ions. Despite the proof-of-concept nature of the work and
the number of compounds still to be included in the investigation, the preliminary results and the
possibility to further expand the chemometric approach represent an interesting contribution to the
field of in vitro simulation of NM synthesis.
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TYPE POLYPYRAZOLE LIGANDS AS BIOMIMETIC MODELS

Matgorzata ZIENKIEWICZ-MACHNIK,” Joanna MASTERNAK,” Katarzyna KAZIMIERCZUK,"
Roman LUBORADZKI,> Anna WACH,* Adam KUBAS?

9 nstitute of Physical Chemistry Polish Academy of Sciences, Kasprzaka 44/52, 01-224
Warszawa, Poland
b institute of Chemistry, Jan Kochanowski University in Kielce, Uniwersytecka 15G, 25-406
Kielce, Poland
9 Department of Inorganic Chemistry, Faculty of Chemistry, Gdarisk University of Technology,
G. Narutowicza 11/12, 80-233 Gdarisk, Poland
% SOLARIS, National Synchrotron Radiation Centre, Jagiellonian University, Czerwone Maki
98, 30-392 Krakdw, Poland
e-mail: mzienkiewiczmachnik @ichf.edu.pl

Here, we present the series of first-row transition metal complexes with polypyrazole,
N-scorpionate: tris(3,5-dimethylpyrazol-1-ylmethyl)amine (L) or N-pincer: bis(1-(3,5-
dimethylpyrazolyl)methyl)amine (L) type ligands. The obtained complexes are compounds of
Cu(ll), Co(ll), Zn(ll), Fe(ll) and Fe(lll) with structural diversity. They show monomeric:
[Cu(NCS),(L')], [Fe(NCS),(L)]-CHsCN, dimeric: [Fey(u-Cl);L;][BPhg)2-2CH3CN, [FelCl(p-
O)FeCl;]-CH3CN as well as cationic-anionic structures: [Zn(NCS)L]2[Zn(NCS),4], [CuCIL];[CuCl,]
and [CoCIL][CoCl5L”]. All the complexes were fully characterized using structural,
spectroscopic and magnetic methods supported by quantum chemical calculations.

Due to the fact that scorpionate-type ligands, analogous to polypyrazole ligands
introduced by Trofimenko [1] are a good choice as ligands for the synthesis of complexes
with potential enzymatic activity, we have tested our complexes as functional enzyme
models. The presented first-row transition metal complexes have been tested as biomimetics
in three different reactions (Fig. 1), namely:

1) [Cu(NCS),(L’)] and [Zn(NCS)L]>[Zn(NCS)4] complexes as inhibitors of xanthine oxidase (XO)
[2]. Both compounds acted as mixed-type inhibitors for XO, and the differences in the
activity of the complexes were confirmed by a molecular docking study.

2) [CuCIL];[CuCl,] and [CoCIL][CoClsL"] as catechol oxidase (CO) mimetics. Interestingly, from
the tested complexes, only Cu(ll) one possesses catalytic activity in the oxidation of 3,5-di-
tert-butylcatechol. Moreover, catalytic results obtained for the Cu(ll) complex revealed
that the solvent’s nature significantly affects its catecholase activity, and the results are in
agreement with the theoretical studies.
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3) [Fe(NCS)z(L)]-CH3sCN, [Fey(p-Cl),L;][BPhs],-2CH3CN  and  [FelCl(p-O)FeCl3]-CHsCN  as
mimetics of RPE65 protein. The complexes were tested in the reaction with retinyl acetate
as a potential catalysts for cis-retinoids synthesis. The changes in the electronic structure
of the central metal ions were tracked during the reaction using XAS measurements with
the synchrotron radiation and supported with quantum chemical calculations.

Fig. 1. Tested as biomimetics first-row transition metal complexes.

This work was financially supported by the National Science Centre, Poland, Grant No.
2020/39/B/ST4/01952
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Antimicrobial Peptides (AMPs) are essential components of the hosts’ non-specific
immune response; they are known for their small size and positive charge, typically
consisting of 5 to 100 amino acid residues. Their primary role is to combat microorganisms
by either killing them or inhibiting their growth. AMPs are garnering attention as potential
therapeutics due to their effectiveness against microbes, with minimal instances of microbial
resistance observed. Some AMPs display altered antimicrobial activity or mechanisms of
action upon binding with metal ions such as Cu(ll) and Zn(ll). This interaction can hinder
microbial survival and virulence by depriving them of essential metal ions, in a phenomenon
called "nutritional resistance." Metal ions may also enhance antimicrobial effectiveness by
modifying the peptide's charge or structure. Histatins, small, cationic peptides, expressed in
the saliva of humans and higher primates have particular antimicrobial activity against the
fungal strain Candida albicans.?

We delve into the relationship between coordination chemistry and antimicrobial
activity of Cu(ll) and Zn(ll) complexes of histatin 3 and histatin 5, as well as their hydrolysis
products: N-terminal fragments (histatin 3-4 and 5-8) and C-terminal fragments (histatin 4
and histatin 8). Cu(ll) typically coordinates in an albumin-like binding mode, except for
histatin 4, which lacks the ATCUN motif. Zn(ll) can bind to up to three His imidazole groups in
all of the studied AMPs. The antimicrobial efficacy of histatins and their metal complexes is
notably affected by pH, with higher activity observed at pH 5.4 compared to pH 7.4.
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Additionally, both the complexes and individual ligands demonstrate greater efficacy against
Gram-positive bacteria than Gram-negative ones. In most cases, Zn(ll) coordination
moderately enhances the histatin antimicrobial potency. Furthermore, histatin 3-4 and
histatin 5-8, upon binding Zn(ll) ions, undergo significant changes in their secondary
structure.’ This effect, as shown by SAXS, is much more visible in the case of the Zn(ll)-
histatin 3-4 complex, compared to the Zn(ll)-histatin 5-8 complex.
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Lithium-ion batteries (LIBs) are the most employed energy-storage systems in modern
electric vehicles which are considered crucial for achieving the objectives of “carbon
neutrality” and reduce “carbon peaking”. The proper disposal of used LIBs is vital for effective
resource management and avoiding environmental pollution associated with the uncontrolled
release of toxic materials contained [1]. A significant weight fraction of LIBs consists in the so-
called Critical Raw Materials (CRMs) [2], presenting a high supply risk and price variability, in
particular: cobalt, lithium, graphite etc. Over the past few years, the research on sustainable
processes for safe treatment and material recovery from spent LIBs has been intense. Among
the different material recovery technologies, hydrometallurgical recycling is attractive due to
the low energy and resource consumption and high purity of the recycled metals. Liquid-liquid
separations based on ionic liquids (ILs) as receiving hydrophobic phases have gained
significant attention for their potentially high selectivity as well as the superior characteristics
with respect to volatile organic solvents, VOCs (low volatility, safety, chemical and thermal
stability, recyclability)[3]. One of the strategies to reduce the quantities of the ILs, which are
relatively expensive with respect to VOCs, is to immobilize them into a supporting polymeric
membrane to manufacture the so called polymer inclusion membranes (PIMs). Besides the
economic advantage of the use of low volumes of ILs, extraction and stripping occur in a single
step [4], thus making PIMs suitable for a scale up of the processes.

In this work we prepared and characterized a PIM membrane based on PVC and IL
[Pess1a][Dec] for separation of Li and Co from lithium — cobalt oxide (LCO) cathode. First, the
battery from mobile phone was discharged and dismantled. The cathode was scratched from
a current collector and leached in aqua regia for metal content determination. For the
separation experiment, the cathode was leached in HCI and appropriate conditions (contact
time, metal loading, acid molarity) for leaching were determined. After leaching, the solution
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was diluted and poured into one compartment of the separation cell (Figure 1). For stripping,
H,0 was utilized. Metal content in Feed and Strip phase for kinetics and separation study was
determined by ICP-OES, and absorption spectra was collected by UV-VIS.

\o)

FEED PHASE STRIP PHASE

Figure 1. Setup for separation of cobalt from lithium. The volume of each compartment is
100 ml, contact surface with the membrane 28.27 cm?, stirring speed 700 rpm.
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One of the biggest problems facing chemistry arises from the increasing pollution of
the environment. Supramolecular complexes offer a new and efficient way for the
monitoring and removing of many pollutant substances [1]. Polyamines have been chosen as
recognition units since it is possible to modulate their binding affinities by changing the pH.
Furthermore, the addition of pyridoxal moieties to these polyamines induces fluorescence,
which together with their lack of toxicity and solubility in aqueous solution allows the
development of potential sensors for species of environmental interest. Here, the synthesis,
acid base behaviour and heavy metal (Hg?*, Cd**, Pb** and UO,*") coordination chemistry of
two polyamines containing pyridoxal as the sensing unit have been studied by
potentiometric, NMR, fluorescence and UV-Vis techniques.
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Figure 1: Structures of L1 and L2
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The activity of antimicrobial peptides (AMPs), potential treasure troves for finding new,
effective classes of antibiotics, can be significantly affected by the coordination of Zn(ll) and
Cu(ll). In the dozens of complexes that we have had a closer look at, we have discovered
several ways in which metals may enhance the antimicrobial potency of AMPs: (i) Cu(ll)
binding induces the formation of an a-helix in the PvHCt peptide from shrimp, making it
active even against methicillin-resistant Staphylococcus aureus; (i) Zn(ll) coordination
triggers structural and morphological changes and enhances the antifungal activity of human
amylin analogues [1] and that of the peptides from the shepherin group (from the plant
Capsella bursa pastorsis) [2] - the formed fibrils can act as needles, physically damaging the
fungal cell wall or membrane; (iii) metal coordination may also have a simple effect on the
local chare and/or structure of the AMP.
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The global identification of antibiotics as crucial tools in fighting infectious diseases is
undeniable. However, the rise of antimicrobial resistance among various microorganisms
demands a reevaluation of their utility. Antimicrobial peptides have emerged as promising
alternatives to conventional antibiotics. These peptides exhibit bioactivity through diverse
mechanisms, including the interaction with metal micronutrients. One such example is the
human antimicrobial peptide calcitermin, which has been previously investigated by our
research team. Our aim was to assess its ability to chelate metals and its effectiveness against
a range of pathogens in vitro [1,2].

From this perspective, we conducted a systematic study of calcitermin derivatives. By
introducing chemical modifications to the native sequence, we aimed at understanding the
influence of divalent Cu(ll) and Zn(ll) ions on the stability, coordination, and antimicrobial
activity of the resulting complexes. Among various derivative, we investigated the calcitermin
mutants A7R and A8R, wherein the alanine residues at positions 7 and 8 were substituted with
arginines, known to enhance antibacterial activity. Additionally, the A7H analogue has been
considered, to obtain a chelating sequence with four histidines in alternate position. Notably,
the affinity for metal binding not only increases with the number of histidines but is also higher
for histidines separated by a single amino acid rather than separated by several amino acids
or in consecutive order [3].

Through a comprehensive approach involving potentiometric titrations, mass
spectrometry, UV-Vis spectrophotometry, circular dichroism, and electronic paramagnetic
resonance, we delved into the formation equilibria and coordination chemistry of these
complexes. Antimicrobial assays were also performed to assess the bioactivity of the
compounds against a broad spectrum of microorganisms, revealing the pivotal role of metal
ions.

This work highlights the significance of characterizing the thermodynamic properties of
metal-peptide complexes in solution. The obtained results serve as a foundational step toward
the development of novel metal-based antimicrobial agents.
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Aspergillus fumigatus is a well-adapted saprophytic and opportunistic fungal pathogen,
that invades the lungs of immunosuppressed patients and causes invasive pulmonary
aspergillosis. To survive in the host, A. fumigatus produces many small airborne spores and
uses a highly specified Zn(l1) transport mechanism based on the peptide zincophore, Aspf2 and
the zinc transporter, ZrfC. This mechanism of Zn(Il) uptake is one of the critical aspects of
fungal virulence and survival, and distinguishes fungal cells from mammalian ones.
Consequently, it is a good starting point to design a highly specific antifungal drug.

After the invasion of the host cells, Aspergillus fumigatus secretes an extracellular
zincophore Aspf2, which is released into surrounding host cells, where it binds Zn(ll) and
delivers it to the fungal pathogen through physical interaction with the ZrfC transporter. The
most probable Zn(ll) binding site on Aspf2 is its C-terminal region, PNCHTHEGGQLHCT, and on
the ZrfC transporter — the MNCHFHAGVEHCIGAGESESGSSQ fragment. At pH 7.4, both
fragments coordinate Zn(ll) via two histidine imidazoles and two cysteine thiolates with the
{2Nim, 257} binding mode [1, 2]. The ZrfC fragment coordinates Zn(ll) with higher affinity than
the Aspf2 fragment, which allows efficient Zn(ll) transport from the zincophore to the
transporter [2]. Moreover, the same fragments also have a high affinity for another metal ion
essential for fungi, Ni(ll), that can compete with Zn(ll) for its binding sites. In this case, however,
even in a theoretical situation in which equimolar amounts of both metals would be available,
the Aspf2 zincophore strongly prefers to bind Zn(ll) over Ni(ll). At around physiological pH,
more than 85% of the PNCHTHEGGQLHCT fragment is coordinated to Zn(ll). It shows that the
{2Nim, 257} binding mode, typical for zinc fingers, is more tempting for Zn(Il) than for Ni(ll). The
situation is different in the case of the MNCHFHAGVEHCIGAGESESGSSQ fragment, where more
than 58% of the sequence prefers to bind Ni(ll), making transporter selectivity much more
complicated.
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Targeting iron uptake systems can significantly impact the antimicrobial cargos, since
the pathogenic microbes produce Fe-scavenging molecules that sequester iron from their
extracellular environment and transporting proteins. In this context, the complexation
studies were carried out in aqueous solution between Fe** and Ga®* with hydroxypyrone
molecules: Ga*' is able to mimic Fe** behavior, although inert in the physiological conditions;
hydroxypyrones, in particular kojic acid derivatives, are very promising chelators for the
treatment of hard metal ions [1, 2]. Hence, the joined use of potentiometry and
spectrophotometry techniques has allowed the determination of the different species
involved in the equilibria. In particular, Fe3* complexation was investigated firstly, and after
that Ga* one for evaluating the similarities between these two metal ions.

The results indicated the formation of 2:3 metal:ligand complexes, differently protonated,
starting at high acidic pH in the presence of both metal ions. The stability constants calculated
for Ga* system have shown a good similarity with those calculated for Fe*,

The characterization of solid-state complexes by NMR spectroscopy and mass spectrometry
confirmed the 2:3 stoichiometry.

Lastly, biological test revealed the promising activity of Ga>*-complexes against A. fumigatus
and gram-negative bacteria.
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There is currently a great need for software and tools for the treatment and analysis of
thermodynamic equilibrium data. Actual available solutions, while still being an
indispensable tool in the hand of expert chemists devoted to the study of equilibrium
problems, are slowly fading in the realm of abandoned development, loosing compatibility
with modern systems, and being relegated to a niece and unexplored field. As such it is of
uttermost importance to keep developing and updating these tools that should be fully
considered laboratory equipment on par with the instrumentation required to obtain the raw
data.

An effort on this sense has already been made in the context of the COST Action
NECTAR[1] by producing PyES[2], an open-source software for the simulation of titrations
and species distribution. The developed application has been shaped in its current form with
the aim of showing how a modern solution can lower the barrier to entry for the study of
thermodynamic equilibrium, minimizing the effort required to describe and investigate
chemical systems even when considering the effects of ionic strength and the formation of
precipitates. By allowing the manipulation of files through a graphical user interface, even
less experienced users can approach the idea of “chemical speciation” and introduce in their
research the insight that such approach can provide. In the last development cycle the
possibility of stability constants refinement from potentiometric titration data has also been
added. This, with the intent of adding more target experimental sources in the future, opens
to the possibility of making PyES a one-stop and unified solution for the study of
thermodynamic equilibrium.
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With the aim of simplifying the collaboration to the project and to assure its continuity
in time the work has been split in two twin endeavours: libeq[3], a Python library that aims
to be a one stop solution for the treatment of thermodynamic data, and PyES, a graphical
front-end that allows to use the functions exposed by libeq without the need of any
programming language.

With the separation of the core logic from how its results are presented to the users it
has been possible to simplify the code and introduce a more robust way of considering the
effect of activity coefficients on the equilibrium[4]. Moreover, encapsulating all the code
required for solving the equations of thermodynamic equilibrium in a standard and
standalone Python library opens to the possibility of not only having an installable software
that can be run locally, but also creating online interfaces usable from any web-capable
machine.
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Theragnostic has shown in the last decade a growing interest by the scientific
community. This work aims at developing true theragnostic probes for radioimmunotherapy
and positron emission tomography (PET) imaging based on Tb(lll) radioisotopes (***Tb (B*),
®17h (8) or Sc(IlN) radioisotopes (“*Sc (B*), “Sc (B*), ’sc (B)).%% Based on the high kinetic
inertness of bispidine chelates,”! two novel octadentate chelators substituted with either
pyridine-phosphonate (HeL!) or picolinate (HsL?) subunits have been synthesized and their
physico-chemical properties were studied.

Thermodynamic stability constants of the bispidine-chelators and their corresponding
complexes of Tb(Ill) or Sc(lll) were determined by potentiometric, UV-visible absorption
titration and emission spectrophotometry. Luminescence quantum yields of the Tb(lll)
complexes were measured according to conventional procedures.[‘” The kinetic inertness of
those complexes were studied by adding them either to an aqueous solution and ZnCl,
aqueous solution at different pH or to PBS and mouse serum.

Despite their apparent similarity, these two octadentate ligands differ in their most
stable conformation, namely chair-chair conformation for H4L2 and chair-boat conformation
for HeL~.®! Those conformation has been confirmed by NMR studies and the physico-
chemical results. The luminescence properties of the isolated Tb(lll) complexes have shown
the formation of nona-coordinated complexes with one water molecule completing the
Tb(lll) inner-sphere but no crystalline structure could be obtained with either Th(lll) or Sc(l11)
complexes. The first radiolabelling tests on **Sc were carried out with the HuL? ligand and the
results showed good complexation under mild conditions.

To conclude, the resulting data of this study showed that picolinate is a better
subunit for the complexation of Tb(Ill) or Sc(lll) with bispidine structure. The high kinetic
inertness of [Tb(LY)], the good radiolabeling of the #5¢ with HyL? and the bifunctionalization
of HaL? pave the way for the development of inert and bioconjugated probes for
theragnostic applications.
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Figure 1: 3D structure of ligand H6L1 (left) and H4LZ (right).
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Transition-metal-containing ionic liquids (TM-ILs) have been extensively studied since a
strong magnetic field response was discovered for paramagnetic [Bmim][FeCl,] [1]. TM-ILs
are usually classified as task-specific, as their role goes beyond that of a solvent. Transition
metals present in the cation or anion catalyze various reactions used for organic synthesis,
and industrially relevant processes [2]. Furthermore, they were found to be suitable
precursors for the electrodeposition of transition metals [3]. Magnetic TM-ILs have been
thoroughly scrutinized, leading to their use in the fields of analytical microextraction [4].
Although ILs containing first-raw transition metals have been deeply scrutinized, only a few
studies have dealt with vanadium. They contain vanadium in the form of vanadate [5] and
molybdovanadate anions [6].

This study deals with stabilized anionic oxidovanadium(lV) complex ligands
ethylenediaminetetraacete (edta) and its congeners 1,2-diaminocyclohexanetetraacetate
(dcta), N-octylethylenediaminetriacetate (oedta) and hydroxyethylethylenediaminetriacetate
(heedta). As counter ions, common cations of tetrabutylammonium (BusN), 1-butyl-3-
methylimidazolium (Bmim) and tetrabutylphosphonium (Bu,P) are used (Scheme 1).
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Scheme 1: prepared ionic liquids with vanadium present in the anionic part.

Vanadium-containing ILs were prepared from oxidovanadium(lV) sulfate and the edta
congeners in an aqueous solution. In the first step, coordination of the polydentate ligands
proceeds to give stable anionic complexes, isolated in the form of barium salts. In a second
step, the series of ILs was prepared by cation exchange. The final product and barium
intermediates were characterized by analytical methods including elemental analysis and
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mass spectrometry. The content of vanadium, barium, and phosphorus was determined by
ICP-OES spectroscopy.

zéo 360 3&0 350 50 3&0 3é0 460 450
m
Figure 1: frozen solution EPR spectrum of [BusN],[VO(oedta)] collected at 123 K (top) and its
computer simulation (bottom).

EPR spectroscopy allowed us to follow the vanadium(lV) species upon synthesis. It
proves the high stability of anionic complexes in water and in coordinating solvents. Very
similar EPR parameters observed for complexes bearing edta, oedta and heedta prove
virtually the same coordination sphere of vanadium(IV) atom. Figure 1 shows an anisotropic
spectrum [BusN],[VO(oedta)] measured in frozen solution that reveals the axial symmetry of
the SOMO orbital. The lower values of the HFC constant in the dtca complexes are ascribed
to the geometrical constrain caused by the cyclohexane ring.

Selected vanadium-based ILs were tested on catalytic activity. They exhibit improved
activity toward ring-opening copolymerization of epoxide resin with cyclic anhydrides.
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Please use Calibri, Coumarins are a class of naturally occurring compounds with
interesting biological features. This family of compounds comprise several 1,2-benzopyrone
derivatives that in the recent years have been intensely studied as drug candidates. In
particular, the role and implications of natural and synthetic coumarins have been
investigated in human biology due to their great therapeutic potential. Their biological
properties include anticancer, antimicrobial, antiviral, anti-inflammatory, neuroprotective
and antioxidant activities.

Several studies highlighted the role of coumarins as antioxidant agents. The antioxidant
activity is not only based on direct scavenging of reactive oxygen and nitrogen species
(RONS) but is also linked to other mechanisms. These latter include i) the chelation of
Fenton-active metal ions and ii) the inhibition of RONS-producing enzymes. The mechanisms
involved in the antioxidant activity of coumarin derivatives appears to be complex and
synergistic. Furthermore, biological properties of coumarins can be radically changed
combining the coumarin moiety with metal ions [1].

n-Hydroxylated coumarin derivatives show pronounced antioxidant activity and moderate
metal binding abilities [2]. The study of their interaction with biological relevant metal ions
(especially redox-active metals) represents an interesting approach to further elucidate the
implications of coumarin derivatives in biological fluids.

In this work, simple n-hydroxylated coumarins as 3-hydroxycoumarin, 4-hydroxycoumarin
and 6,7-hydroxycoumarin were studied in combination with copper(ll) and vanadium(IV/V)
metal ions.

Copper plays an essential role in human physiology. An excess or lack of this metal could be
associated with pathological states: its chelation could therefore represent a possible
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therapeutic strategy [3]. Nevertheless, copper is involved also in the functioning of a series of
redox active metalloenzyme and therapeutical compounds as antioxidant metalloenzymes
mimics [4].

Oxovanadium(lV) and vanadium(V) represent the most biological relevant vanadium
oxidation states [5]. Vanadium(IV/V) compounds showing a plethora of biological activities
have been studied and characterized. Anyway, the distribution and the interconversion
between V(IV) and V(V) in biological fluids still remains an interesting research topic.

Due to the interesting biological and redox properties of coumarin derivatives and the cited
metal ion, the speciation of Cu(ll), V(IV) and V(V) with the above mentioned n-hydroxylated
coumarins was studied in agueous solution at 25 °C and 0.2 mol-L™ in KCl(sq).

Potentiometric and UV-Vis spectrophotometric titrations were exploited to investigate the
metal-ligand system over a wide pH range, including physiological pH 7.4. When interaction
between the two components was observed the metal complexes were characterized, the
stoichiometries were elucidated and their formation constants were refined. Other
spectroscopic techniques as NMR and EPR spectroscopy were exploited to extensively study
the considered system. The redox behavior of the metal-ligand system was investigated by
voltammetric techniques and antioxidant assays.
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Coordination chemistry is the basis of neutral solvent extraction, whose aim is to
separate one or several particles from an aqueous mixture by contacting it to an immiscible
organic phase containing selective molecules. The reaction then follows a two-steps
mechanism, with first the selective coordination of the targeted particles by the organic
molecules at the interface, and then the transfer of the formed neutral complexes to the
organic phase.

Recently, research on the mutual separation of lanthanides has gained a renewed
interest considering the increasing industrial demand for highly pure materials. The main focus
is on designing new molecules and/or developing new processes that are more efficient than
the phosphor-based organic acids commonly in use. Among the newly developed families, the
phenanthroline carboxamides are particularly promising.2~” Indeed, high separation factors of
adjacent light lanthanides could be reached in optimized conditions.®® Both the mono- (PTA)
and di-carboxamides (PTdA) were studied (Figure 1, left), as they present different
coordinating sites (tridentate vs tetradentate, respectively). The different coordination induces
differences in selectivity among the lanthanides (Figure 1, right), even though in both cases a
preference for the light Lns is observed.
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Figure 1: Left: Phenanthroline dicarboxamides (PTdA) and monocarboxamides (PTA)

Right: Ln distribution ratios vs the Ln series; octyl-tolyl ligands diluted in chloroform,
aqueous phase 0.1 M HNO3 1 M HNOs 7 ppm of each Ln
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In all studied systems, a maximum of extraction appeared with PTA, for which the
preferred extracted light Ln depended on the amide substituents of the extractant and on the
diluent. This is due to a variation of the ideal matching size between the Ln ionic radii and the
cavity formed by ligands and anions around the metal; the size of this cavity is mainly based
on the position of the carboxamide oxygen, itself dependent on the amide substituents and

their interactions with the outer sphere.

More advanced studies showed an
unexpected modification of the selectivity along
the lanthanide series depending on the chosen
counter-ion”. This behaviour occurred for both
PTA and PTdA, and spectroscopic techniques
(UV-Vis, EXAFS) were used to investigate these
changes. The resulting trends for five inorganic
anions with PTA are displayed in Figure 2. The
above-mentioned preference for the light Ln in
a nitrate medium reverses in sulfate, chloride
and nitrite media, for which an increase in Dy,
all along the series is observed. Perchlorate
medium follows a similar trend, although a
maximum appears around Dy. We also observed
a change in the stoichiometry of the complexes
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Figure 2: Ln distribution ratios vs the Ln series, 0.1 M PTA
in chloroform, 1 mM HX and 1 M NaX (0.1 M NaClO.4) and
7 ppm of each Ln

depending on the counter-ion, i.e. three PTA for perchlorate anions but only two for nitrate
and chloride anions. The different extraction trends were eventually explained by a change in
the coordination depending on the location of the counter-ion in the organic phase, inducing
a different ligand stoichiometry. The polarity of the diluent was also found to impact the
selectivity through a better stabilization of the anion.

This finding paves an interesting new way of optimizing the separation by a careful

choice of the {diluent, counterion} pair.
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The discovery of antibiotics changed modern medicine, both drastically reducing the severity
of many bacterial diseases, and allowing spectacular progress in other fields, such as
chemotherapy, surgery, and organ transplant. However, the abuse and misuse of these
excellent drugs has led to an increase of antimicrobial resistance (AMR), a phenomenon which
occurs when microorganisms learn to adapt and grow in the presence of previously effective
medications. AMR would require the continuous discover and introduction of new antibiotics,
but, unfortunately, in the last decades, the investments in this field have been highly
insufficient to face the clinical and financial burden due to AMR [1].

Antimicrobial peptides (AMPs) represent a promising base for developing new drugs
since they present a broad spectrum of activity and a scarce attitude to induce antimicrobial
resistance. In fact, their activity can be exerted through different mechanisms of action such
as the interaction with cell membranes and the innate immune response termed “nutritional
immunity”. AMPs act as mediators of the immune defence through the sequestration of
metallic nutrients such as Zn?*, Cu?*, Mn?* or Ca%, interfering with the homeostasis of the
pathogenic cells [2]. On the other hand, AMPs present the drawback of a metabolic instability
since they are subject to degradation by both human and pathogenic proteolytic enzymes.

Calcitermin is a human, 15-amino acid, antimicrobial peptide (VAIALKAAHYHTHKE),
corresponding to the C-terminal domain of calgranulin C, a pro-inflammatory protein of the
$100 family [3]. It presents an effective metal-binding domain with three alternated histidine
residues (His9, His11l and His13) and the free terminal amino and carboxyl groups. Several
studies showed an increased microbicide activity when Zn?* and Cu?* ions are present in the
culture medium. Our research group have recently determined the stability of this calcitermin
in human plasma which corresponds to a half-life of 18 minutes [4]. In order to extend this
lifetime, i.e. to obtain a better proteolytic resistance, without losing the antimicrobial
properties, several strategies can be employed. To increase the resistance towards exo-
peptidases (enzyme that catalyse the cleavage of the terminal peptide bonds), the chemical
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modification of one or both the peptide ends can be applied. To this aim, we protected the
amino- and carboxyl-termini of calcitermin by acetylation and amidation respectively [4],
obtaining the following derivatives: Ac-VAIALKAAHYHTHKE, Ac-VAIALKAAHYHTHKE-NH, and
VAIALKAAHYHTHKE-NH,. Of note, the introduction of such terminal protection preserves the
metal binding site of calcitermin, corresponding to the histidine motif —HxHxH-.

We investigated the complex-formation equilibria of these mutants with Zn?* and Cu?*
by means of different experimental techniques: mass spectrometry, potentiometry, UV-Vis
spectrophotometry, circular dichroism and electron paramagnetic resonance. In addition, the
peptide stability in human plasma was determined by HPLC and the antimicrobial activity
towards different potential pathogens has also been investigated.

The results show that with both copper and zinc, the most stable complexes are always
those formed by the native calcitermin, throughout the explored pH range, suggesting an
evident contribution of the amino and carboxyl termini. As expected, the acetylation of the N-
terminal confers a much longer half-life with respect to peptides with free amino terminus.
Interestingly, the formation of both copper and zinc complexes almost doubled the half-life of
calcitermin in human plasma. Finally, encouraging results have been obtained for the Zn?*
complexes of the protected peptides against Candida albicans.
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Scandium exists only in the trivalent oxidation state in aqueous solutions, with
coordination numbers (CN) equal to 3, 6, 7, 8, and 9. Crystal structures containing the
[Sc(H,0)%" (x = 6-9) hydrated cations have been described [1]. Owing to the d® electronic
configuration and rather small ionic radius (0.745 A for CN = 6), scandium(lll) is a hard Lewis
acid sharing some common features with aluminum and lanthanides, among them the high
affinity for oxygen donor ligands, but it shows a stronger tendency to undergo hydrolysis and
polycondensation reactions even at low pH [2]. The free aqua ion is only stable in acidic
solutions (pH < ~2.5), while scandium exhibits an amphoteric character at high pH values.
Besides mononuclear [Sc(OH),]®™"* hydrolyzed species with x = 1-4, olation promotes the
formation of polynuclear hydroxides, although clear evidence has only been provided for two
species, the [Sc;(OH),]** dimer and [Sc3(OH)s]** trimer.

In nature, scandium is found as a single, NMR active, isotope (ASSc, | = 7/2) of rather
high receptivity (0.302 with respect to *H). Although the quadrupolar moment is responsible
for line broadening that increases upon symmetry lowering, “*Sc NMR spectroscopy turns
out to be a valuable technique for probing the chemical environment as the chemical shifts
span a wide range of ca. 350 ppm (from —100 to 250 ppm with respect to Sc(ClO4)3 in 1 M
HCIOq4 [3].

Over the last decade, the coordination chemistry of scandium(lll) has experienced an
upsurge in interest, spurred by the possibility to use **Sc (T1/2 = 3.97 h) in positron emission
tomography (PET) and the fJ emitting isotope 47s¢ (T12 = 3.35 d) in radiotherapy [3].
Moreover, the possibility to generate in a cyclotron **™Sc that decays into **Sc with emission
of soft y rays with a half-life (T1/, = 2.44 d) that is compatible with the pharmacokinetics of
antibodies, paves the way towards an in vivo *“*™Sc/*Sc generator. Hence, 44f44mg e together
with #’Sc is considered as a most promising radioimmunotheranostic pair in oncology.
Radiopharmaceuticals incorporating bifunctional chelators derived from either the
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octadentate linear DTPA™ (diethylene-triamine-N,N,N',N",N"-pentaacetate) or the
macrocyclic DOTA* (1,4,7,10-tetraazacyclo-dodecane-1,4,7,10-tetraacetate) binders have
been tested. However, as efficient radiolabeling of DOTA* can only be achieved at elevated
temperatures, usually above the denaturation point of proteins and thus of antibodies,
bioconjugates made thereof are restricted to oligopeptides. Thus, the search for mild-
labeling alternative bifunctional chelators that provide in vivo stability is ongoing.
Desferrioxamine B (DFO), the emblematic M o H o
hexadentate trishydroxamic siderophore excreted by :N—« :N NH;
Streptomyces bacteria, is an authorized drug for treating ""}_‘ﬁl"zk (chgt: (,(}HZ)S (Chah (f;"2)5
iron or aluminum overloads in humans, but is also entitled © o & e o
as the "gold standard" for chelating another positron emitter, %°zr** [4]. Currently, 87r-
labeled DFO immunobioconjugates are the only constructs that have been translated for
human applications. Our on-going work intends to evaluate the potency of DFO to bind
efficiently Sc®* in vitro before envisaging in vivo tests. The presentation will focus on:
e The implementation of “*Sc NMR spectroscopy for investigating the hydrolytic
behavior of Sc** in aqueous media;

Lorentzian deconvolution Species distribution

‘(/)_, —— X [Sc(OH),)&"
mp o 50| —([sc,OH)I"
25
0
100 50 0 -50 20 25 3.0 35 4.0
& (ppm) p[H]

e The speciation study of the Sc**/DFO*" system by combining *H, **C, and **Sc NMR
spectroscopic measurements.
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The public safety and environmental preservation prompt the interest of scientific communities
towards the detection of harmful environmental analytes, such as heavy metal ions. The presence of
heavy metal ions in the environment represents a major concern because of their toxicity for human
life and ecosystem. Among the various metal ion-based pollutants, mercury and cadmium ions stand
out as a leading contaminant to both human health and environment. The presence of cadmium in soil
and water is attributed to agricultural practices and to industrial activities. Consequently, exposure to
cadmium, also through the food chain, can result in various health issues, including anemia, abdominal
pain, neurological disorders, and others. Another important chemical pollutant is the mercury, whose
presence stems from both natural and anthropogenic sources. Through high bioaccumulation and bio-
amplification factors, the mercury compounds end up in the food chain and even small amounts of
mercury in the body can cause long-term and irreversible damage to human health.
For these reasons, there is a growing need to develop new sensors, for metal ion pollutants,
characterized by high sensitivity. In this field, fluorescence based chemosensors are very interesting.
We have designed a novel phenanthroline-coumarin fluorescence sensor (HL) for the detection of
cadmium and mercury. From our studies, it became apparent that our sensor behaves as a ratiometric
sensor towards cadmium and as a turn-on fluorescence sensor towards mercury, demonstrating strong
specificity for both metals (fig.1).
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Fig.1. Changes of the fluorescence spectra of HL upon titration by Cd(II) in CH;CN/H,O. Lexc = 282 nm, Exc
slit =5 nm, Em slit = 5 nm, Scan rate = 384 nm/min, Ave time = 0,5 s, Data interval = 3,2 nm, PMT = 885 (left),
and by Hg(II) (7,07x10-4 M) in CH;CN/H,0. Aexc = 282 nm, Exc slit = 5 nm, Em slit = 5 nm, Scan rate = 384
nm/min, Ave time = 0,5 s, Data interval = 3,2 nm, PMT = 700 (right).
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Since the discovery of Carbon Quantum Dots (CQDs) in 2004 [1], interest in these
materials has increased over the past two decades. CQDs are photoluminescent
carbonaceous nanomaterials characterized by a particle size smaller than 10 nm and the
presence of hybridized sp® carbon and oxygen-containing groups on their surface. The
existence of these functional groups makes CQDs prone to interaction with metal cations,
leading to the quenching of photoluminescence even at low metal concentrations.
Consequently, extensive research has been conducted on the potential application of CQDs
in metal ion sensing, often showing good selectivity [2].

Moreover, the synthesis of CQDs from green sources, like biomasses, presents a
promising alternative for waste management, allowing for the reuse of agricultural and food
industry wastes. This approach has gained significant attention due to the biocompatibility
and cost-effectiveness of the starting materials [3]. Among the various preparation
strategies, the hydrothermal method is the most common and environmentally friendly
approach, involving the heating of a water suspension of the precursor in an autoclave for a
certain amount of time [4].

In this study, biomass-based CQDs were synthesized using citrus waste lyophilized
bergamot pomace as a precursor. Following optimization of the synthesis parameters, CQDs
were obtained by employing 200 mg of lyophilized pomace in 25 mL of water, heated in a
Teflon vessel within a stainless autoclave at 210 °C for 9 hours. The resulting product
underwent purification via dialysis for 48 hours and filtration through a 0.22 um filter.
Subsequently, the photoluminescence properties of the CQDs were investigated, alongside
particle size evaluation through Transmission Electron Microscopy and surface group analysis
using ATR-FTIR spectroscopy. The quantum yield was determined using quinine sulfate as a
reference.

62



Potentiometric titrations were also conducted to aid in the determination of surface
groups capable of interacting with metal cations and their respective protonation constants
[5]. Finally, the ability of the CQDs obtained from lyophilized bergamot pomace to interact
with different metal cations was examined. Copper, dysprosium and neodymium, exhibited
the best capability to quench the luminescence of the CQDs. They are classified as Critical
Raw Materials, whose recovery is of utmost importance in the technological industry [6].
Their interaction was further investigated through spectrofluorimetric titrations, enabling the
determination of binding ability through the Stern-Volmer equation [7].
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Monitoring pH in strongly acidic solutions is of relevant importance in many applications.
An accurate pH measurement in environments with high and/or variable ionic strength,
requires a continuous calibration of the glass electrode often in matrices difficult to mimic. In
similar conditions, a device able to signal the acidity of the solution in easy and fast way is a
convenient alternative method. Several pH fluorescent probes have been developed, given
their remarkable advantages in terms of selectivity, sensitivity, low-cost, simple operations and
real time monitoring [1-3]. Anyway, since most pH probes reported in literature are used to
monitor pH values higher than four, it remains a challenge to detect pH in extremely acidic
conditions.

Rhodamine derivatives have been largely employed for the detection of several analytes
and to monitor pH, but few of them could be used at pH lower than 3. At pH > 7, the rhodamine
amide derivatives in their spirolactam form, are not absorbing or emitting in the visible range.
However, metal or proton ion(s) binding in specific site, induce a structural change from the
spirocyclic to the ring opening-form, giving rise to a strong fluorescence emission and a visible
absorption. Despite the high number of prepared rhodamines, the response of the sensor
strictly connected to the spirolactam opening, remains not fully understood. Also the presence
of multiple basic groups, i.e. amines and/or substituted amines, in the backbone of the
molecule, could play a relevant role, since they may vary the pH at which the spirolactam
opens, but this process is often unconsidered.

We prepared a fluorescent chemosensor (RhO-L3) that could be used to monitor the pH
in a wide range of proton concentration, from mmolar to molar range, exploiting its strong
UV-Vis absorption and emission (Figure 1). This hybrid platform presents multiple basic sites
and it has been chosen as suitable prototype sensor able to interact with the proton in
different ways.

64



Absorbance (a.u.)

pH2 |

\ 2!&“ ' ' Z"E f
$ 154 H |
| : ! ;2 — ' | 528
o i i | s
H | 8 104 ! pH2 /1|
H | 2 H i
: : ] ! flale
' : 2 ' :
' H < o0s4 H N
' : A H /A
A / AW Y5
A e DH75 - | e W08
x0 0 %0 20 o 500 0
Wavelength (nm) Wavelangth (nm)

Figure 1. Selected absorption spectra recorded during the spectrophotometric titration of RhO-L3, from
pH 7.0 to 2 (a) and from 2 to H® -1. (CH3CN-H2O 4:1, ligand concentration 2.5x10-5 M, ionic strength
0.001 M KClI, T 298 K).
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DNA nanotechnology takes advantage of the properties of this biomolecule, mainly
water solubility and self-recognition, to assemble supramolecular motifs with enhanced
physicochemical properties that feature novel applications [1]. In this context, DNA
metallization is one of the most successful strategies promoting physicochemical properties
that are not intrinsic to DNA, for instance conductivity, catalytic activity, magnetism, and
photoactivity [2]. To design and predict the formation of tailored metalated DNA-structures,
a comprehensive knowledge of their intimate structure is required, including the
supramolecular recognition by non-covalent intermolecular interactions; however, the
crystallization and crystal structure determination of DNA is not an easy task. Therefore,
solution studies become essential to comprehensively explain the equilibria that certainly
exists in such systems and complement the available solid-state data.

Results will show how Pd(ll) metal complexes can be successfully accommodated
throughout DNA homopolymers vyielding a double-stranded DNA structure, forming a
continuous one-dimensional metal array (Figure 1). On one hand, the metal complex
[Pd(Cheld)(CH3CN)] (Cheld=chelidamic acid) self-assembles with single-stranded
polydeoxyadenosine (dA15) or polydeoxydeazaadenosine(ddA15) [3]. On the other hand, the
metal complex [Pd(Aga)(DMSO)] (Aga=8-amino-4-hydroxyquinoline-2-carboxylic acid) self-
assembles with a single-stranded polydeoxycytosine (dC15) [4], both cases yielding the
formation of a supramolecular Pd-DNA hybrid structure. Such palladium(ll)-mediated base
pairs in a continuous DNA array (Figure 1) are fully characterized by a combination of
different solution techniques including UV-Vis spectroscopy, circular dichroism, mass
spectrometry and NMR spectroscopy.

Competitive binding assays using circular dichroism titration experiments and isothermal
titration calorimetry measurements demonstrate the preferential binding of Pd-Aga to cytosine
compared to Pd-Cheld. The key aspects that drive metal ion coordination within the nucleoside
moieties as well as the most relevant molecular recognition aspects will be discussed, trying to
rationalize the rational design of strategic metal complexes to build future metal-based DNA
nanowires.
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Metal adsorption on functionalised mesoporous silica: isothermal titration
calorimetry (ITC) applied to solid-liquid systems
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The rapid growth of industry and human activity led to the generation of large amounts
of wastewater contaminated with hazardous metals, such as Cd or Pb, which are a great
threat to the environment and may have serious consequences for all living organisms [1]. In
this work, a material (SBA-GSH) based on mesoporous silica SBA-15 and glutathione (GSH), a
biologically relevant ligand, has been developed [2]. GSH is the main source of non-protein
thiols in cells, known for its ability to bind metal ions [3]. Therefore, the developed material
showed good adsorption capacities for several metal ions such as Cd(ll) (1,03 mmolcs.g™) or
Pb(lI) (0,70 mmoley.g™), lower affinities for Cu(ll) and a selectivity for Pb(ll).

Isothermal titration calorimetry (ITC) appeared as a good technique to get information
on both the adsorption thermodynamics and competition effects in this system [4, 5]. In this
work, we used ITC to investigate the mechanism of adsorption of three metal ions: Cd(ll),
Cu(ll) and Pb(ll) on SBA-GSH. Results allowed to better understand the nature of the
interactions involved in the adsorption mechanism. In particular, it was found that Cd(ll)
adsorption relied mainly on physical contributions while Cu(ll) and Pb(Il) adsorption was
shown to be chemically driven [6].

References:

[1] C. Femina Carolin, P. Senthil Kumar, A. Saravanan, G. Janet Joshiba, Mu. Naushad, Journal of
Environmental Chemical Engineering 2017, 5 (3), 2782-2799.

[2] C. Gourmand, C. Bertagnolli, J. Brandel, V. Hubscher-Bruder, A. Boos, Industrial & Engineering Chemistry
Research 2022, 61(23), 8188-8203.

[3] A. Devez, E. Achterberg, M. Gledhill, Metal lon-Binding Properties of Phytochelatins and Related Ligands.
In Metallothoineins and Related Chelators : Metal lons in Life Sciences, A. Sigel, H. Sigel, R. K.O. Sigel, Eds.
De Gruyter: Berlin, Boston, 2009, Vol. 3, pp 441-481.

[4] M.-A. Ahmad, B. Prelot, J. Zajac, Thermochimica Acta 2020, 694, 178800.

[5] B. Prelot, M. Araissi, P. Gras, F. Marchandeau, J. Zajac, Thermochimica Acta 2018, 664, 39-47.

[6] C. Gourmand, C. Bertagnolli, B. Prelot, A. Boos, V. Hubscher-Bruder, J. Brandel Dalton. Trans. 2024, 53,
3690-3701.

68
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The presence of antibiotics in water ecosystems has emerged as a significant
environmental concern due to their potential adverse effects on ecological balance and
human health. In this scenario, the widespread distribution of antibiotics in aquatic
environments, coupled with their persistence, leads to continuous exposure to these
compounds, which contributes to the development of multidrug resistance, undermining the
effectiveness of traditional antibiotic treatments.[1] Among antibiotics, norfloxacin,
commonly used to treat urinary infections, stand out as commonly detected pollutant,
originating from various sources including pharmaceutical manufacturing and improper
disposal of medications. In response to the urgent need for efficient and low-cost detection
methods, we present the development of the novel chemical sensor N5CP (figure 1), for the
selective recognition of norfloxacin in water solution.
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Figure 2: Interaction model between N5CP optical probe and Norfloxacin
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Figure 1: Interaction model between optical probe N5CP and Norfloxacin
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The optical probe was designed using a receptor-spacer-fluorophore modular approach.[2]
The receptor unit incorporates a polyamine moiety known for its ability to form stable metal
complexes with transition metals. These coordinated metals serve as anchoring points for
the anionic head of the analytes, resulting in highly stable complexes. Among transition
metals, we focused on Zn(ll), which typically forms fluorescent metal complexes with ligands
and can readily expand its coordination sphere, facilitating binding with the anionic group of
norfloxacin.[3] Concerning the fluorophore units, we opted for a Forster resonance energy
transfer (FRET) pair consisting of pyrene as the donor and 7-diethylaminocoumarin as the
acceptor.[4] This choice allows us to utilize energy transfer process as a monitoring channel
for detecting the targeted analyte. After synthesis and complete characterization of N5CP
Zn(ll) complex, sensing capability towards selected compounds belonging to different classes
of antibiotics, including penicillins and cephalosporins, were tested by fluorescence
titrations, evaluating the variation in energy transfer by excitation at A=350 nm for increasing
concentrations of the antibiotic. The interaction between the probe and the analyte
generally led to a decrease in energy transfer, likely caused by the insertion of the antibiotic
between the pair of fluorogenic units, followed by their spatial separation.
Spectrofluorimetric titrations were used to determine the stability constants of complexes
with the various antibiotics.

This study uncovers that the fluorescent receptor N5CP displays good sensing and selectivity
properties for norfoxlacin over the other tested antibiotics, making it a promising optical
probe for the detection of fluroquinolones over other classes of antibiotics normally spread
in aquatic environments.
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Drug resistance in chemotherapy is one of the major drawbacks and development of
compounds to overcome resistance is a rather challenging task. 8-Hydroxyquinoline (HQ)
derivatives are well-known for their wide range of pharmacological properties and among
them we can find derivatives capable of targeting multidrug resistant (MDR) cancers [1,2].
Collateral sensitivity, the phenomenon whereby resistance to one drug is accompanied by a
paradoxical increase in sensitivity to a second drug, is gaining attraction as a promising new
strategy to guide the rational design of combination therapies. We hypothesized that the
incorporation of the CH,-N subunit and a halogen substituent at positions 7 and 5 on the HQ
backbone plays an important role in their MDR-selective toxicity [2,3]. It is also suggested
that the MDR-selectivity of certain Mannich base HQ derivatives is related to their
interaction with endogenous metal ions such as iron and copper [3,4]. Certain HQ derivatives
have been reported to induce a pronounced depletion of iron levels in the P-glycoprotein-
expressing MDR cancer cells, leading to cell death [4].
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Herein, studies on the interaction of five selected MDR-selective Mannich base HQ
derivatives with iron(ll), iron(lll) and copper(ll) are presented in terms of solution speciation
and redox properties of the complexes formed.
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The stability and structure of the complexes in solution were studied by UV-visible,
circular dichroism and electron paramagnetic resonance spectroscopy, and their
electrochemical  properties were characterized by cyclic voltammetry and
spectroelectrochemistry. The pysico-chemical properties of the iron and copper complexes
are compared with those of the non-MDR-selective HQs in order to identify differences in
their solution chemical behaviour and cytotoxic activity.
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Enhancing the detection of Multiple Myeloma (MM) represents a critical challenge for
optimizing its management. Current clinical imaging methods rely mostly on Positron Emission
Tomography (PET) using non-specific radiotracers like ®F-FDG. These radiotracers are
employed to monitor tumor activity [1], but in some cases, they fail to capture the plasma cell
population due to low cellular proliferation. In this study, we aim to develop a novel
immunoPET radiotracer enable to detect specifically the tumor-associated antigen (TAA) CD38
overexpressed on the surface of malignant MM cells.

For this purpose, bispidine-anti CD38 monoclonal antibody (mAb), labelled with 64-Cu
is used as a radiotracer. 64-Cu is an ideal radioisotope due to its * decay with high energy and
long half-life (ty2 =12.7h) [2], offering logistical advantages that align well with the
pharmacokinetics of mAb. Also, the bispidine chelators demonstrate promising characteristics
as pre-organized ligands for forming Cu (ll) complexes, as well as appropriate by their
thermodynamic stability and excellent kinetic inertness in biological media [3,4]. Series of
conjugates have been developed and in vitro studies have been achieved to validate the
affinity for CD38" cell lines. One promising conjugate with a specific degree of conjugation
(DOL) of 8, which did not affect its specificity toward CD38 antigen, has been injected in vivo
to evaluate pharmacokinetics and biodistribution.
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These promising results mark the initial steps toward the first development of a novel
64-Cu bispidine-based radiotracer, specifically targeting malignant MM cells. This endeavor
holds the potential to enhance the quality of monitoring for MM patients.

Radionuclide : ®*Cu

High energy B* decay
t2=12.7h

Daratumumab
anti CD38 antibody
(mAb)

Myeloma cell

Figure 1: Structure of the mAb-bispidine immunoconjugate specifically targeting myeloma cell.
(Created with BioRender.com)
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Cataracts are the main cause of blindness in the world, and are caused by the
formation of high molecular weight protein aggregates in the lens, which cause light
scattering and loss of transparency [1]. Human yD crystallin (HyD) is one of the most
abundant proteins in the lens and one of the most stable proteins in the human body;
however, in vitro studies have shown that Cu(ll) can induce its non-amyloid aggregation by
different mechanisms, including metal bridging [2, 3], disulfide bond formation [2-4],
unfolding of the N-terminal domain [2, 3] and formation of a tyrosyl radical due to the
reduction of Cu(ll) to Cu(l) [3], suggesting copper may play an important in role cataract
formation. HyD crystallin possesses 6 cysteine residues, which could be involved in copper
coordination and Cu(ll) reduction. Here we evaluate the role of cysteines in HyD in copper
induced aggregation, Cu(ll) to Cu(l) reduction and copper coordination. To elucidate the
copper coordination sites in HyD crystallin and their role in the aggregation mechanism, the
glutathionylated protein (HyD GSH), as well as cysteine mutants were analyzed by Electron
Paramagnetic Resonance (EPR) and copper X-Ray Absorption (XAS).
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Cys18, Cys41 and Cys110 were identified as glutathionylation sites in HyD crystallin in
vitro by Tandem Mass Spectrometry (MS/MS). Aggregation assays of HyD WT and HyD GSH
showed that glutathionylation decreases Cu(ll) induced aggregation, as well as disulfide bond
formation. EPR and XAS of HyD WT showed reduction of Cu(ll) to Cu(l) and the formation of
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Cu(l) complexes. XAS spectra shows a peak at 8983 eV, characteristic of linear or trigonal
Cu(l) species. Furthermore, EPR spin quantification indicates that the first equivalent of Cu(ll)
is reduced to Cu(l), while at higher equivalents, excess copper remains as Cu(ll). On the
contrary, EPR and XAS spectra of HyD GSH showed no reduction of Cu(ll) to Cu(l), since no
Cu(l) species were observed by XAS and no decrease in spin quantification was shown by
EPR. These results indicate that glutathionylation of HyD prevents the reduction of Cu(ll) to
Cu(l) in vitro, and that cysteines are involved in this redox process. Mutation of Cys residues
also decreases or prevents the reduction of Cu(ll) to Cu(l). The double mutation C1085C110S
prevents reduction to Cu(l), since no Cu(l) species are observed by XAS and there is no
decrease in spin quantification by EPR, confirming the involvement of Cys108 and Cys110 in
the redox process. C18 also participates in the formation of Cu(l) species, since the C18S
mutation avoids the Cu(ll) to Cu(l) reduction and decreases the spin quantification by half.
Figure 1. EPR spectra of A) HyD WT at 0.5, 1.0, 1.5, 2.0, and 3.0 eq of Cu(ll), B) HyD GSH
at 1.0 and 2.0 eq of Cu(ll) and C) HyD C18SH22Q and HyD C108SC110S at 1.0, 1.5 and 2.0 eq
of Cu(ll). D) XAS spectra of HyD WT at 1.0, 2.0 and 3.0 eq of Cu(ll); E) HyD GSH at 1.0 and 2.0
eq of Cu(ll), and F) HyD C18SH22Q at 1.0 and HyD C108SC110S at 1.0 and 2.0 eq of Cu(ll). No

76



June 10th 3024

n Thermodynamics of ——

y Meta, CompIeXes
Cu(l) species are observed in the glutathionylated protein and C185H22Q and C108SC110S
mutants.
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MCT1 is a membrane protein responsible for the transport of lactate normally expressed
in healthy tissues. However, in some cancer lines its expression results dysregulated and allows
the establishment of the “Warburg effect”. This mechanism explains the aggressive character
of specific tumoral types and allows MCT1 to be a potential target for theranostic applications
in oncology [1]. To date, only few molecules acting as inhibitors for MCT1 are known [2], and
the interaction of some of them with MCT1’s pocket has been elucidated by Xray crystal data
[1]. Some of these are Diclofenac and 7ACC2, a Coumarin derivative. Coumarins are natural
phyto-compounds known since the 19th century, their scaffold has attracted the attention of
synthetic and medicinal chemists for decades and showed a large variety of biological activities
[3]. One of the recently developed MCT1 inhibitor (7ACC2), that reached clinical trials, is a
coumarin derivative [2]. Starting with preliminary docking calculations, the structure of 3-
carboxy,7-hydroxycoumarin and Diclofenac was modified to retain a high affinity for the
protein structure and to insert an additional specific moiety that allows the radiolabelling with
Fluorine-18. '8F is “the working horse” in the everyday clinical PET, however, being F a pure
positron emitter, its applications are limited to diagnosis. Inserting a bifunctional chelator
(BFC) to the targeting structure opens up to theranostics if a proper element is choosen, such
as copper that has a variety of isotopes useful for both diagnosis and therapy (¥'Cu, ®*Cu, 5’Cu).
The selected bifunctional polyazamacrocycle no3py [4] was conjugated on the targeting vector
using a PEG chain long enough to reduce the impact of the metal complex on MCT.
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Two Ir(lll) biscyclometallated complexes, [Ir1]Cl and [Ir2]Cl, with the formula
[Ir(CAN)2(N~N)]CI, where CAN = 2-phenylpyridinate and NAN = L1 or L2, were synthesized and
characterized (Fig. 1). The imidazophenanthroline ligands differ in the substituent on the
imidazole N atom (N-R), with L1 containing N-H and L2 containing N-Ph. The presence of an
acidic proton in [Ir1]Cl leads to different
protonation states in the cellular pH range
compared to [Ir2]Cl, which not only affects
their photophysical properties but also
their intracellular compartmentalization.
Consequently, their potential as
photosensitizers for cancer photodynamic
therapy and as binders of G-quadruplexes
is strongly affected.

[Ir1]Cl exhibits pH-sensitive emission due to deprotonation of its N-H group, while
[Ir2]Cl is less affected by pH due to the absence of acidic protons. The complexes display
large Stokes shifts and long excited state lifetimes indicative of phosphorescence. Both
complexes exhibit self-aggregation properties in aqueous solution, which enhance their
emission intensity, demonstrating the phenomenon of aggregation-induced emission
enhancement (AIEE), a desired property for bioimaging and therasnostic fluorescent probes

[1].

[ricl, R=H
[r2)CI, R =Ph

Fig. 1: Molecular structure of [Ir1]Cl and [Ir2]Cl.

At physiological pH, [Ir1]Cl adopts its neutral form due to the loss of the N-H proton,
whereas [Ir2]Cl preserves its monocationic character. Photocytotoxicity tests on A549 cells
show that in the dark, the cytotoxicity of [Ir1]Cl is low, while the cytotoxic activity of [Ir2]Cl is
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very high. Upon irradiation with blue light, both complexes show photo-induced activation,
with Pl values > 14 and 3, respectively. Evaluation of singlet oxygen (*0,) production indicates
that [Ir1]Cl is a more efficient photosensitizer than [Ir2]Cl, correlating with their respective
photo-indexes.

Regarding their mechanism of action, we have shown that [Ir1]Cl and [Ir2]Cl are
successfully internalized by A549 cancer cells and exhibit differential intracellular distribution
patterns, with [Ir1]Cl selectively accumulating in lysosomes and [Ir2]Cl showing a less
specific localization, mainly in mitochondria. Their intracellular localization can also be
related to the different protonation states of these derivatives at the cellular pH range.
Indeed, we postulate that the diffusion and accumulation of [Ir1]* into lysosomes are
favoured by a change in its protonation state from the neutral form, [Irl], predominant at
the neutral pH of the cytoplasm (pH = 7.2-7.4), to the cationic form, [Ir1]’, prevailing at the
acidic pH of lysosomes (pH = 4.5-5.5) [2].

Moreover, both complexes effectively stabilize G-quadruplex structures, particularly
those with antiparallel topology. In fact, [Ir2]Cl induces a higher thermal stabilization of the
mitochondrial G4 sequence mt9438 compared to [Ir1]Cl. Thus, we hypothesize that [Ir2]Cl
could exert its cytotoxic activity by causing mitochondrial dysfunction, whereas [Ir1]Cl affects
lysosomal integrity.
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Zinc(ll), Gallium(l1l) and Indium(lll) pyridinecarboxylates -
composition, speciation in aqueous solution and potential
biotherapy
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The world of microorganisms surrounds us every day, while many of them help us and contrary
many harm. Even those that help us can seriously endanger our health after their proliferation.
Therefore, it is generally known that maintaining the balance of all physiological processes in
organisms is essential for their life. However, it is a real fact that this balance is very fragile and often
disturbed. People (but also animals and plants) are either attacked by pathogens or beneficial
microorganisms’ proliferation. Similarly, the internal body imbalance involves abnormal cells
proliferation (the otherwise healthy cells) and they gradually become harmful to the body. As already
mentioned many times, the most common diseases of civilization (after cardiovascular diseases) are
precisely infections and cancers. That is the reason why it is necessary to support the investigation
and research of these diseases and look for ways to treat them. In addition to many drugs based on
organic compounds, one possible and promising approach is to include metal ions in potential drugs.
This procedure has already been used successfully several times [1, 2] and therefore new
combinations are still being sought. In addition to known coordination compounds of ions Ag, Cu, Zn,
Pt, Ru, Pd, etc recently, compounds based on Ga, Gallium(lll) maltolate (GaM) and tris(8-
quinolinolato)Ga(lll)(KP46) [3] have been successfully moved into clinical studies. This discovery
naturally aroused the interest of scientists to apply In(lll) compounds as potential antimicrobial and
cytotoxic drugs. In the contribution, we will present the results obtained by solution experiments,
solid phase methods and bioevaluation [4].
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Lycorine (LYC) is an active alkaloid initially extracted from Narcissus pseudonarcissus
and commonly found in various Amaryllidaceae plants. It belongs to the same family as
galantamine, which is the active component of a drug used for the early stages of
Alzheimer’s disease. Like galantamine, LYC exhibits the capability to alleviate induced amyloid
B (AB) toxicity in differentiated SH-SY5Y cell lines [1]. Additionally, we have demonstrated
weak electrostatic interaction between LYC and the N-terminal region of AB [1]. This region
of AB is also implicated in binding with Cu(ll)/Cu(l), forming complexes pivotal in reactive
oxygen species (ROS) production [2-4].

This investigation delved into the interaction between AB and LYC, both in the presence
and absence of copper ions, utilizing the N-terminal AR peptide comprising the initial 16
residues. NMR analysis unveiled that AB can simultaneously engage with Cu(ll) and LYC, as
previously observed with other molecules [5, 6]. While the binding mode of Cu(ll) remains
unaltered in the presence of LYC, LYC association is favored upon the formation of an Ap—
Cu(ll) complex. Furthermore, UV-VIS studies showcased LYC's capacity to disrupt the catalytic
activities of AB—Cu(ll) complexes [6].

Acknowledgements: Financial support by MIUR-PRIN 2022RCRWE5 and CIRMMP is gratefully
acknowledged.
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Creatinine (crea) is a planar five-membered heterocyclic bioligand, first elucidated in a
review by M. Mitewa [1]. As a ligand, crea provides solely its N-heterocyclic donor atom.
Furthermore, the adjacent O-keto and a —NH, exocyclic groups can cooperate with the metal-
N(crea) bond through interligand hydrogen bonding interactions. Only eight Cu(ll)-crea
complexes have been documented [2-4]. In mixed-ligand metal molecules, the Cu-N(crea)
bond is reinforced by one or two interligand hydrogen bonds.

This work delves into the molecular recognition of ‘copper(ll) chelate-crea’ looking at
eleven novel [Cu(N-(R)-iminodiacetate)(crea)] molecules, featuring a variety of non-
coordinating R groups. As tridentate chelators, iminodiacetates offer two terminal O-(metal
bonded carboxylate) atoms as suitable H-acceptors.

All eleven newly synthesized compounds conform to the general formula [Cu(N-(R)-
IDA)(crea)(H,0]-nH,0 (n = 0.5-3) wherein (a) the Cu(ll) consistently adopts a distorted
square-pyramidal coordination geometry (type 4+1), (b) the O-aqua atom acts as distal
donor, and (c) the molecular recognition Cu(N-(R)-IDA)-creatinine entails a highly effective
cooperation involving the Cu-N(crea) coordination bond along with an interligand H-bonding
interaction. These H-bonds can manifest as either (crea)N-H:--O(carboxylate, IDA-like) for
family 1 or (crea)N-H---O(aqua, distal) for families 2 and 3. Such structural revelations prompt
us to inquire about the origin of these three families, focusing our attention in the distinct a
= P(1)/P(crea) values. In family 1 (comprising four compounds, N-benzyl-IDAs- see Figure 1),
there are a ranges from 37° to 40°. The most illustrative example is shown in the figure
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below. In clear contrast, family 2 (consisting of three compounds, N-phenethyl-IDAs, a = 73°-
78°) and family 3 (comprising three compounds, N-alkyl-IDAs, a = 81°-89°) progressively
approach a P(1)/P(crea) dihedral angle indicative of perpendicularity (a = 90°).

H28B g

080 p =
04 282

Figure 1. Mean planes to estimate a = 39.9°in (1).

To ascertain the decisive influence of the non-coordinating N-(R)-IDA arms on a
dihedral angle values, we ‘designed’ the compound [Cu(alida)(crea)(H,0)]-2H,0, where alida
= N-allyl-IDA or N-(H,C=CH-CH,)-IDA). In this particular instance, the partial unsaturation of
the N-allyl-IDA arm results in o = 60.7° (a value intermediate to those of family 1 and of
families 2 and 3). Notably, in this compound, the interligand H-bond (crea)N-H---O(aqua,
distal) aligns with those included in families 2 and 3, but not in family 1 (which exhibit a
(crea)N-H---O(carboxylate, proximal) interligand H-bond).

In conclusion: Based in all novel structural results, we conclude that the non-
coordinating (benzyl, phenethyl or alkyl) R-arm of the N-(R)-IDA chelators, within the studied
copper(ll) complex molecules, delineate three distinct structural families. These delineations
establish boundaries within which the development of newly designed compounds is also
feasible.
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Metalloproteins promote several among the most complex biomolecular processes in
Nature. The expanding demand for synthetic catalysts displaying enzyme-like activity is
moving toward the development of ARTificial metalloenZYMES (ARTZYMES).[1] Protein
redesign and de novo design are the two major strategies for the development of Artzymes,
both having potentiality and drawbacks concerning the introduction of metal binding sites in
a construct. Within the redesign approach, the so called ‘Trojan horse’ strategy involves the
covalent or supramolecular grafting of a metal complex to a biomolecule,[2] to obtain the
introduction of a metal ion into a known protein scaffold.

We present here the original incorporation of a transition-metal binding site specifically
designed on a small peptide component (SpyTag), onto a Spy-protein construct, thereby
providing the Spy protein with a selective binding site for metal ions (Scheme 1).

ATCUN site

H,N-GSHIVMVD...
H,N-DAHIVMVD...

SC ST SC-ST

Scheme 1. Representation of the SpyCatcher (SC)-SpyTag (ST) construct, with ATCUN metal
binding sites introduced in the ST sequence.
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The Spy protein, redesigned by Howarth and colleagues,[3] comprises two
components: a small beta-sandwich SpyCatcher (SC) protein component (ca. 110 residue),
and the SpyTag (ST) peptide (13-16 residues). SC and ST incubated together in buffered
aqueous solutions at neutral pH interact rapidly and selectively to form an isopeptide bond
between a Lys (SC) and an Asp residue (ST).

We redesigned the ST sequence by introducing an ATCUN sequence onto the Tag
peptides. The ATCUN (Amino Terminal Cu and Ni binding site) fragment, characterized by a
H,N-Xxx-Xxx-His sequence at the N-terminus, is known for its ability to bind Cu(ll) and Ni(ll)
ions.[4] Additionally, the SC sequence was modified mutating two His residues into Gin to
reduce the possibility of copper binding while preserving hydrogen bond interactions
between residues.

We were able to demonstrate that three different SpyTag-ATCUN peptides exhibit
high binding affinity for Cu(ll). Additionally, we confirm that the specific binding of Cu(ll) at
the ATCUN site of the ST sequence occurs in the presence of one equivalent of copper when
SC is bound to ST. We observed this behaviour both with short ST peptides and when the ST
sequence is expressed at the N-terminus of a natural protein, such as Thioredoxin. This
engineered construct serves as an interesting proof-of-concept for novel metalloproteins,
wherein the SpyTag peptide establishes the initial metal coordination sphere, while the
SpyCatcher protein potentially contributes to the second coordination sphere.

Starting from these results, this solid SC-ST metal binding construct could be employed

studying its reactivity with different metals, as well as different metal binding groups with
both natural and unnatural amino acids, introduced in the ST sequence via solid-phase
peptide synthesis.
Project ART2HYDROGEN “Artificial enzymes for the photocatalytic production of hydrogen in
photosynthetic bacteria” funded under the National Recovery and Resilience Plan (NRRP),
Mission 2 Component 2 Investment 3.5 - Call for tender No. 4 of March 23, 2022 of Italian
Ministry of Ecologic Transition funded by the European Union — NextGenerationEU. Project
code RSH2A_000009, Concession Decree 445 of December 29, 2022 adopted by the Italian
Ministry of Environment and Energy Security.
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Peptide frameworks constitute a very attractive and versatile platform for the
development of metal catalysts because they can provide multiple donor atoms in a single
molecule and in a chiral environment. In addition, they have structural and chemical diversity
(possibility of using both proteinogenic and non-proteinogenic amino acids and peptide
backbone modifications), accessible chemical synthesis by well-established solid-phase
methodologies and water solubility.

Inspired by copper-containing enzymes that participate in a variety of O,-processing
reactions acting either as oxygenases or as oxidases,[1] we have been developing a family of
His-containing peptides capable of coordinating copper(Il)[2-3] and fine-tuning its properties
for different chemical transformations. We have shown how the introduction of different
degrees of conformational constrains in the peptide backbone and recently, amide
methylation,[3] have a drastic effect on the formation, speciation and properties of the
copper(ll) species. In this communication, we will present these data and the oxidation
catalytic properties of these complexes with special emphasis on sulfoxidation, an important
oxidation reaction in the high-value added chemical industry. We will show how amide
methylation not only fine-tuned speciation but also positively impacted the catalytic
behaviour of the copper(ll) peptide complexes.
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Our group has long been working on bis-maltol polyamines, developing different
compounds that possess both antineoplastic activity and peculiar coordination properties
towards metal cations in aqueous solution. So far, the most effective compounds of the bis-
maltol polyamines series are Malten (N,N’-bis((3-hydroxy-4-pyron-2-yl)methyl)-N,N’-
dimethylethylendiamine, L1) and Maltonis (4,10-bis[(3-hydroxy-4-pyron-2-yl)methyl]-1,7-
dimethyl-1,4,7,10-tetraazacyclododecane, L2), both possessing two maltol units symmetrically
spaced by either a linear or macrocyclic polyamine, respectively (Fig. 1). [1-4] They both have
a molecular mechanism of action that may involve the interference with the chromatin
structure, causing a dose-dependent reduction in cell survival in the neoplastic models studied
associated with activation of cell cycle arrest and apoptosis.

They were also studied for their ability to bind transition metal ions involving in the
coordination both the maltol and polyamine fragments, resulting in preorganized structures
when suitable cations are used (Cu?* for Malten, Co?* for Maltonis). These preorganized
complexes behave as metallo-receptors in aqueous solution towards hard species, such as
alkali, alkaline-earth and rare earth metal ions, that are notably promptly lodged in the oxygen-
rich area formed by the convergence of maltol moieties. [5-6]

Here, the binding properties of the two ligands towards Pd?* metal ion was investigated
both in aqueous solution and in the solid-state (Fig. 1). The ability of the Pd-complexes to act
as host towards hard metal cations was investigated as well as their evaluation as efficient
biological agents.
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Figure 1: Schematic representation of the [L1Pd] and [L2Pd]** complexes formation.
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Sorbent materials as carriers of key nutrients for soil amendment
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Adsorption is a surface phenomenon of passive capture of a certain solute. The process
itself can be described in terms of equilibrium between a solid dispersed in a solution
interacting with species dissolved in that solution [1-3].

Adsorption has been described in numerous articles as a valid technique to be used in
decontamination processes taking into account the mechanism of action described above.
However, it does not have to be considered simply as a decontamination technique. As it is
an equilibrium process where a species in solution is retained on the surface of a solid, it is
possible to select adsorbent materials that are capable of interacting and retaining significant
amounts of key elements in the development of plants, in such a way that these adsorbent
materials, once loaded with these key elements, can be used as soil amendments where the
sorbent materials progressively release these nutrients so that they can be used by plants.
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Figure 1. On the left-hand side pH dependence of Fe sorption by clean Ulva ohnoi
biomass (@) and clean Gracilaria cornea biomass (m). On the right-hand side q vs C, for
Fe(II) adsorption by biomass of U. ohnoi (®) and G. cornea
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We present the study carried out using two types of biomass from marine algae that
have been used in a first step to retain Fe(ll) on their surface. Once the material has been
loaded with iron, the adsorption process was completed simultaneously retaining phosphate.
Both adsorption processes have been studied by analysing critical parameters such as the pH
of the medium, the contact time and the concentration of the adsorbate used.
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Figure 2. On the left, pH dependence of P sorption by U-NF (V) G-NF (¢), clean U. ohnoi
biomass (®) and clean G. cornea biomass (m). On the right, q vs C, for P adsorption by U-NF
and G-NF

These sorbents loaded with both iron and phosphate are being tested to show their
effect upon plants growth.
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Among the 20 amino acids involved in protein synthesis, OH
tryptophan (Trp) is one of the essential mammalian amino acids. It

is well-known that Trp metabolism plays a vital role in the healthy o .
function of the nervous and immune systems and the mechanisms N7
linked to the gut-brain axis. At least 95% of human-ingested Trp is o

Scheme 1. Chemical structure of

metabolized via the kynurenine pathway to a series of neuroactive Kynurenic acid (KynA).

metabolites, among which quinolinic acid and kynurenic acid (KynA)
have been widely studied due to their association with inflammation and diverse inflammatory
diseases. Furthermore, Trp metabolites (TrpMs) are closely related to neurodegenerative
disorders, such as Alzheimer’s Disease, depression, and schizophrenia, but also cancers, mainly
colorectal cancer. Most of these diseases result from the fact that gut microbiota can also
regulate the kynurenine pathway, leading to its abnormal activation and, thus, alternations of
the balance between TrpMs [1,2]. Moreover, metal homeostasis is crucial in the good quality
of the intestine microbial community since it is known that dietary metal ions have the
potential to change the distribution and function of the microbiota [3]. Our recent work was
focused on chemical speciation studies of TrpMs in aqueous solution, in particular, of 8-
hydroxyquinoline-2-carboxylic acid (8-HQA) [4,5], recently reported as a regulator on bacterial
abundance and diversity in the midgut of S. littoralis larvae, mainly due to its iron chelation
properties [6]. For that purpose, we performed a detailed characterization of its protonation
processes in human blood plasma conditions as well as of its coordination properties towards
several biologically relevant metal ions, such as Fe2*/3*, Mo04% and even Ga** [4,7].
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Considering the other important TrpMs already mentioned, the KynA, despite its
potential relation with neurodegenerative diseases due to its ROS scavenging ability and Fe3*
complex formation, a complete understanding of its chemical speciation is still lacking. As such,
we present herein the study of the binding ability of KynA towards Fe3* and Ga*. Each
KynA/M3* system was investigated separately in KClaq at / = 0.2 mol-dm= and T=298.15 K by
UV-Vis spectrophotometric titrations. The results obtained suggest the formation of mainly
one metal complex for both studied systems, i.e. [M(KynA);H]~, containing a protonated
hydroxyl group in the investigated pH range (2.3 — 9.0). Based on the stoichiometry of the
formed complex, it seems that KynA mainly acts as a bidentate ligand, with the hydroxyl group
in 4 position not being involved in complexation and, thus, remaining in its protonated form
even during complex formation. Lastly, the relative stabilities of formed metal complexes were
compared with those formed by its isomer, i.e., 8-HQA, in terms of the influence of the
hydroxyl group position on its activity. As expected, the different position of the hydroxylate
in KynA vs 8-HQA determines a different coordination behaviour of the two ligands, as well as
a different nature and stability of formed complexes.

Acknowledgements:

The authors would like to thank the financial support from the National Science Centre (NCN), Poland, under the
research project number 2020/39/B/ST4/03060. DM acknowledges financial support under the National
Recovery and Resilience Plan (NRRP), Mission 4, Component 2, Investment 1.1, Call for tender No. 1409 published
on 14.9.2022 by the Italian Ministry of University and Research (MUR), funded by the European Union —
NextGenerationEU— Project Title Efficient Sequestration of Metal lons from Aqueous Systems for Green and
Sustainable Applications - AquaGreen — CUP J53D23014430001- Grant Assignment Decree No. 1409 adopted on
14/09/2022 by the Italian Ministry of University and Research (MUR).

References:

[1] H-l. Zhang, A-h. Zhang, J.-h. Miao, H. Sun, G.-. Yan, F-f. Wu, X.-j. Wang, RSC Advances 2019, 9, 3072-3080.

[2] M. Platten, E.A.A. Nollen, U.F. Rohrig, F. Fallarino, C.A. Opitz, Nat Rev Drug Discov. 2019, 18, 379-401.

[3] C.A. Lopez, E.P. Skaar. Cell Host & Microbe 2018, 23, 737-748.

[4] S. Gama, M. Frontauria, N. Ueberschaar, G. Brancato, D. Milea, S. Sammartano, W. Plass, New J. Chem.
2018, 45, 8062-8073.

[5] A. Barytka, A. Baginska-Krakéwka, L. Zuccarello, F. Mancuso, G. Gattuso, G. Lando, C. Sgarlata, C. De
Stefano, B. Godlewska-Zytkiewicz, D. Milea, S. Gama, Thermochim. Acta 2023, 730, 179615.

[6] T. Mazumdar., S. Hanniger, S. P. Shukla, A. Murali, S. Bartram, D. G. Heckel, W. Boland, Front. Microbiol
2023, 14, 1-10.

[7] K. Arena, G. Brancato, F. Cacciola, F. Crea, S. Cataldo, C. De Stefano, S. Gama, G. Lando, D. Milea, L.
Mondello, A. Pettignano, W. Plass, S. Sammartano, RSC Advances 2019, 9, 3072-3080.

97



Chemical mechanisms in radioecology : cesium and uranium accumulation in
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Nawel BELKESSA @), Ana PLASAJEC @, Maria Rosa BECCIA 2, Gaélle CREFF 2, Jean AUPIAIS
b Marguerite MONFORT ), Pier Lorenzo SOLARI 9, Christophe DEN AUWER ?

) Université Cote d’Azur, CNRS, Institut de Chimie de Nice, 06108 Nice, France
b CEA, DAM, DIF, 91680 Bruyéres-le-Chdtel, France
<) Synchrotron SOLEIL, 91192 Gif-sur-Yvette, France.

belkessanawel@gmail.com
ana.plasajec@univ-cotedazur.fr

Of all the environmental compartments that serve as outlets for various metal
contaminants, the oceans can be considered the ultimate receptacle for rivers and watersheds.
Therefore, the oceans may act as a long-term reservoir (i.e., source) for pollution such as
metals and radionuclides. Indeed, the marine environment has often been monitored as a
marker of pollution. In the specific case of metal trace radionuclides, such as cesium and
uranium, their origin in seawater is essentially anthropogenic (atmospheric nuclear testing,
waste management, mining activities, accidental releases, etc.). Most radioecological studies
in marine ecosystems have aimed at mapping and inventorying ultra-trace radionuclides, their
propagation and accumulation areas in specific compartments (e.g. water and marine
organisms). It is also known that the transfer of pollutants to living organisms is strongly
dependent on their bioavailability. In the marine system, mollusks, especially mussels, are
widely used to better understand radioactive pollution because of their ability to filter large
volumes of seawater and for their sedentary nature. Main goal is to understand cesium(l)
and uranium(VI)!¥' accumulation, distribution and speciation® in mussels Mytilus
galloprovincialis using a model ecosystem. This methodology can also be used to understand
the interaction of cesium and uranium with the biomolecules of the target organs. From a
broader point of view, this research will provide basic information on U and Cs transfer
constants to living organisms and ecotoxicity.
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Enzymes offer numerous advantages as catalysts, such as selectivity and stereocontrol.
However, their practical use is constrained by various limitations, including low thermal
stability, low tolerance to diverse experimental conditions, and expensive processes of
preparation and purification. To address these challenges, the development of enzyme mimics
aims to mitigate these weaknesses.

Enzyme mimics (EMs) are typically developed to replicate the binding and catalytic
functions of natural enzymes, employing two primary methods: either mimicking enzyme
activity through metal complexes with comparable properties, or reproducing the structure of
the enzyme active site by means of suitable functional groups, such as oligopeptides [1,2].

Our approach in designing novel enzyme mimics integrates both strategies and relies on
synthetic branched peptides to generate a previously unexplored category of EMs. A
biocompatible central scaffold serves as the core of the EM structure, to which various
oligopeptides can be attached (one for each maleimide chain, Figure 1) [3,4].

In this work we aimed at replicating the catalytic sites of metalloenzymes by introducing
specific amino acid sequences capable of binding active metal ions. For instance, various
surrogates of Cu/Zn-SOD, Fe/Mn-SOD, and Ni-SOD can be synthesized. Thermodynamic,
spectroscopic and structural studies of single peptides and/or tetrabranched systems and their
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metal complexes (e.g. Cu, Mn, Ni) will be carried out, together with the investigation of their
redox behaviour and catalytic activity.

e}

Figure 1. Schematic representation of the designed EMs scaffold.
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A critical evaluation of the software actually available for the analysis of potentiometric
data was conducted, in order to identify the strengths and weaknesses of each of program
and to use this knowledge for the development of the new IT products. With this aim, five
software HYPERQUAD [1], SUPERQUAD [2], BSTAC [3], ReactLab™ pH PRO [4], and KEV [5],
have been considered. An artificial dataset composed of six different titration curves,
simulated by the PyES program [6], for a hypothetical hexaprotic acid, was processed with
the aim of optimizing the six protonation constants. Moreover, the data analysis was carried
out including some errors in the input data from different sources, as some calibration
parameters, the total analytical concentration of reagents and ionic strength variations
during titrations, in order to stress their impact on the refined parameters. The protonation
constants were determined and the obtained results were analysed and discussed.
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The investigation showed that the differences on the protonation constants estimated
by the different software are not significant, although the minimisation approach used by the
different software are not the same. The tested software presents several differences, such
as the type of interface and the refinement possibilities. Only few software allow for a
complete treatment of input data, i.e., optimization of calibration parameters, introduction
of constrains between the total concentrations to be refined, management of the ionic
strength variations that occur during the titration. The analysis of the perturbed dataset was
useful to quantify the impact of some common errors on the protonation constant values. In
particular, the effect of ionic strength fluctuation was discussed. It has a not negligible
impact, especially for chemical systems involving highly charged metal cations and/or
polyelectrolyte ligands when investigated at rather low ionic strengths. Nevertheless, among
the evaluated software, the management of the ionic strength fluctuations is only
implemented in two programs, the freeware but not widely spread BSTAC and the
commercially available ReactLab™ pH PRO package. It should be noted that the approach
proposed by the two software for the definition of the activity coefficients is quite different.
The process of ionic strength correction into the general minimization algorithm needs
further work to be improved in order to make the software able to properly manage the
variation of the ionic strength during each titration. This possibility would open new
perspectives in the field of solution complexation thermodynamics and might profoundly
change some firmly established experimental practices.
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Recovery of critical metals from exhausted batteries.
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The rapid growth in demand for lithium-ion batteries (LIBs) is posing challenges in the
management of end-of-life (EoL) systems and the supply of critical raw materials (CRMs),
especially Li, Ni, Co and Mn. Such challenges can be addressed by collecting and recycling spent
LIBs through economically and environmentally sustainable processes and by enabling the
transition to a circular economy vision based on the use of secondary raw materials [1]. These
processes involve the metallurgic approaches to recover the critical metals. The state-of-the-
art recovery methods employed for metal extraction are chemical in nature: pyrometallurgy
(using high-temperature furnaces to reduce the metal oxide components to metal alloys), and
hydrometallurgy. The latter approach is based on the treatment of the black powder coming
from the mechanical treatment of the dismantled batteries to recover metals by leaching with
mineral acids and reducing agents and subsequent precipitation in the salt form [2]. However,
these processes are highly energy-consuming, exploiting harsh conditions and producing toxic
materials, so resulting in drastic environmental drawbacks [3]. New, greener routes need to be
explored to return such critical raw materials into a more sustainable circular economy [2].
Among them, the application of organic acids is gaining even more attention due to the
combination of good recovery efficiency, low cost, environmental benefit and reduced energy
demand [4].

A preliminary screening on systems such as citric, oxalic and formic acid, in combination with
reducing agents, demonstrated their suitability as greener alternatives to classical inorganic
acids, even at low process temperatures, for the hydrometallurgical recycling of lithium-ion
batteries.

The results obtained during the first year of the PhD project of A. Bianchi's PhD project
demonstrated that, for instance, a quantitative recovery of all the metal ions, including Co(ll),
is achieved with an optimized procedure applied to xxx mg of oxide material in xx mL of xxx
acid higher after xx min of shaking a T=xx C, with no effect of the oxidising agent.

(data covered by a patent)
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The conditions, i.e. ligand concentration higher than 1M, while rather common in
hydrometallurgy, are definitively far away from the typical domain of equilibrium chemistry.
Nevertheless, many questions were raised in this early stage step that, in one way or another,
all deal with the typical items of equilibrium chemistry. What is the role of the organic acid
nature? Is the complexing properties of these acids the real driving force of dissolution? The
cooperative effect of an oxidizing agent seems important only at lower T.

To try to rationalize at least some of these challenging findings, we proposed a pilot attempt
to provide a method to explore the equilibrium chemistry. As a model system, we started with
citric acid (HsCit), and Co(ll) and Ni(ll) as metal ions. In detail, two sets of potentiometric
titrations have been performed, the first in canonical experimental conditions (at millimolar
level) and the second mimicking the conditions of the hydrometallurgical process (HsCit ~ 1
mol dm3; Co(ll) ~ 0.2 mol dm™3). In both measurement sets, no background salt was added
into the measurement cell, causing a relevant ionic strength variation upon NaOH addition,
causing deprotonation of citric acid. Calibration of the electrode system (glass half-cell with
double junction reference electrode) was tested both in internal and external conditions. The
results of the analysis of potentiometric measurements at low ionic strength were used to
validate our results by comparison with reference literature data [5] and have a reference for
data analysis at high concentrations. Data analysis of the latter measurements was very
challenging and was done taking advantage of the feature of BSTAC4 software to analyse data,
also considering the variation of activity coefficients during measurements.
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The use of metal complexes as anticancer drugs became a priority sector of research
since the discovery in 1965 of the cytotoxic properties of cis-platinum. Many compounds
based on platinum and other metals have been synthesized since then in search of better-
performing drugs. In this regard, palladium, a transition metal belonging to the same group
as platinum, represents a promising candidate for new anti-tumour drugs [1]. Indenyl and
allyl palladate complexes bearing N-heterocyclic carbene ligands were synthesised using a
mechanochemical process; they showed excellent cytotoxicity towards ovarian cancer cell
lines, anticancer activity in high-grade serous ovarian cancer (HGSOC), and inhibition of the
antioxidant enzyme thioredoxin reductase (TrxR) [2]. Here, we studied the reactivity of one
of these species, the indenyl palladium complex called IP-2 (Figure 1).

We have analysed the interaction between

:l N/_:_,\N IP-2 and biosubstrates such as nucleic acids

j/@ (natural DNA and synthetic RNA) and proteins

/H\ (bovine  serum  albumin)  using  mainly

Cl\Pd-Cl spectrophotometric  and  spectrofluorimetric

Q experiments. We will discuss the results and

8 comment on possible selectivity, strength and

binding type. These studies enable us to gain

Figure 1 — The indenyl Pd(ll) complex =~ Mechanistic information on the mode of action of
studied in this work this class of palladium metal complexes.

References:
[1] R. Czarnomysy, D. Radomska, O.K. Szewczyk, P. Roszczenko, K. Bielawsk, International Journal of

Molecular Sciences, 2021, 22(15), 8271
[2] T. Scattolin, |. Pessotto, E. Cavarzerani, V. Canzonieri, L. Orian, N. Demitri, C. Schmidt, A. Casini, E.

Bortolamiol, F. Visentin, F. Rizzolio, S.P. Nolan, European Journal of Inorganic Chemistry 2022, e20220.

106



Eu(lll)-activated luminescent biosubstrates for enhanced fluorescence
microscopy

Mattia FAUSTI, Lorenzo ARRICO, Francesco ZINNA, Tarita BIVER, Lorenzo DI BARI

Department of Chemistry and Industrial Chemistry, University of Pisa, Via G. Moruzzi 13,
56124, Pisa, Italy
tarita.biver@unipi. it

Luminescent lanthanide complexes have attracted considerable interest in recent years
across various fields ranging from materials science to biomedical applications [1]. In this
study, Europium(lll) complexes with ligands containing the chromophoric core of TTA
(thenoyltrifluoroacetone) were employed for fluorescence labelling of both proteins and
nucleic acid delivery devices within cells based on cyclodextrin sponge nanoparticles. TTA
derivatives effectively coordinate Eu(lll) ions and stimulate their emission in the visible
spectrum at wavelengths exceeding 600 nm. Moreover, the excited state lifetimes of Eu(lll)
ions are much longer than those of organic fluorescent molecules present within the cellular
environment, such as aromatic residues of proteins and coenzymes like NADH and FADH2.
This spectroscopic characteristic enables time-gated fluorescence microscopy experiments,
effectively eliminating cell auto-fluorescence background and thereby enhancing technique
sensitivity.

Here, regarding protein labelling, bioconjugation to the free amino residues of proteins
was utilized by reacting with the chlorosulfonic derivative of TTA. Subsequently, an excess of
Eu** was added, resulting in the appearance of a pink-red fluorescence upon irradiation with
a UV lamp at 365 nm (Figure 1).
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Figure 1 — The process of protein luminescent labelling using TTA derivatives able to coordinate Eu(lll)
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In the context of cyclodextrin nanosponges, the reaction between the same
chlorosulfonic derivative of TTA and 1-adamantanamine was performed to obtain the
corresponding sulfonamide derivative. This derivative forms fluorescent complexes with
Eu(lll) in a 1:1 stoichiometry. Subsequently, the inclusion of these adamantane derivatives
within B-cyclodextrin and corresponding nanosponges was studied. Nucleic acid transport
systems labelled with these complexes were developed by loading cyclodextrin nanosponges
with 1-adamantanamine and a small amount of sulfonamide conjugate complexed with
Eu(lll). At physiological pH, the free amine groups of the included amine are protonated to
form a polycationic system, which serves as a potential vehicle for nucleic acids (polyanionic
systems) across the lipid bilayer [2]. In this context, fluorescent labelling with the Eu(lll)
complex allows observation, through time-gated fluorescence microscopy, of the actual entry
of DNA into the cell.
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Figure 2 — Nucleic acid labelling strategy by the adamantanamine-cyclodextrin-TTA-Eu(lll)
luminescent system

In both cases, the luminescent systems were characterized by recording fluorescence
emission spectra of the bound Eu(lll) form. Additionally, the chiral environments offered by
proteins and cyclodextrins were exploited to obtain circularly polarized luminescence (CPL)
spectra.
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A class of metalloprotein mimetic is constituted by simple metal complex able to
reproduce, at least in part, the structure, properties, or function of the active centre of given
enzymes. The superoxide dismutase (SOD)* family of enzymes is the first biological line of
defense against reactive oxygen species (ROS) produced as result of imbalances in oxygen
metabolism. However, catalase enzymes are the ones finishing the cell detoxification
process.

In this work we purpose the design, synthesis and characterization of three [1+1]
azacyclophane macrocycles using 1H-pyrazole as the aromatic spacer and three polyamines
with different chain lengths, the pentaamine 1,5,8,11,15-pentaazadecane (L1) and the
hexaamines 1,5,8,12,15,19-hexaazanonadecane (L2) and 1,5,9,13,17,21-hexaazaheneicosane
(L3). We study the SOD and catalase behaviour using the McCord-Fridovich? enzymatic assay
and the xylenol orange method.> We observed that L2 and L3 binuclear cooper complexes
have one on the highest antioxidant activities so far reported.*
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Figure 1: Ligand drawing.
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Designing artificial catalytic copper proteins based on the Spy technology.
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Metalloproteins promote several of the most complex biomolecular processes in
Nature. The design of new metalloproteins is therefore of interest in the field of the
development of new efficient biocatalysts. De novo design and protein redesign can be
combined together to generate new artificial metalloproteins.[1] With this approach, a new
metalloprotein (SpyComplex, ST/SC) has been engineered The Spy Complex is an artificial
protein system in which a peptide (SpyTag, ST) binds to a protein (SpyCatcher, SC) through a
spontaneous isopeptide bond.[2] Metal sites can be designed on the SpyTag peptide and, by
recombination with SpyCatcher, an artificial metalloprotein can be obtained. Here we
present a new copper protein designed using the SpyCatcher/SpyTag construct bearing a
catalytic His-His site. The SC thus functionalized introduce a new specific metal site in the
close proximity of a protein (SC) (which otherwise would not have it), thanks to the
irreversible SpyCatcher-SpyTag recombination, in a Trojan horse approach.[2]

,-‘/Rééion negatively
charged

Figure 1: Left: Representation of the SC (dark grey) / ST (light gray) complex (ST/SC);
Right: Representation of the SC with three key regions are highlighted: the hydrophobic
pocket (where isopeptide bond is formed), the negatively charged region (where positively
charged C-terminus of ST interacts with SC) and the loop

The His-His SpyTag peptide can bind copper ions in both +1 and +2 oxidation states. Cu(l/Il)
adducts with (His), on the SpyTag peptide exhibit pseudocatecholase activity (Figure 2).
These results have prompted us to try to achieve stereoselective oxidation of L/D-DOPA. We
will present the outcomes of our efforts, along with full characterization (UV-Vis,
Fluorescence, Circular Dichroism and Potentiometry) of the Cu-ST adducts.
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Figure 2: Schematic representation of how Cu(l/Il)-SpyTag can catalyze catechol oxidation at
pH 7.4.

To boost stereoselectivity in this oxidation, SpyTag-SpyCatcher adduct has been also
investigate. However, despite the presence of a consensus sequence in the peptide known
for its role in Spy Complex formation, we were unable to achieve SpyComplex (ST/SC)
formation. Taking a step back, we will be proving that it is essential to also have charge
complementary in the terminal region and we will show how this impacts stereo- and/or
enantioselectivity of oxidation.
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The effect of metal-porphyrins on the self-assembly of amyloid-B and amylin
peptides
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Alzheimer’s disease (AD) and T2 diabetes (T2D) are key amyloid-related diseases with huge
health and societal fallouts. The two diseases share a common feature, an accumulation of
amyloid-B (AB) for AD and of amylin, also known as human islet amyloid polypeptide (hIAPP),
for T2D, which are linked to the aetiology of the diseases [1]. Previous works have
demonstrated that porphyrins can interact with the self-assembly of amyloid peptides such
as AB [2], amylin [3, 4] and insulin [5]. In the present work, we will show that anionic and
cationic porphyrins have a different impact on these two peptides self-assembly. The data
include ThT fluorescence assays, UV-visible, NMR, transmission electron microscopy (TEM),
atomic force microscopy (AFM) and circular dichroism (CD) analysis. We will show evidences
that multi-cationic porphyrins (but not anionic) modulate AB self-assembly and that,
conversely, multi-anionic porphyrins (but not cationic) modulate amylin self-assembly [6].
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Analysis of microplastics in marine sediment samples
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Microplastics are small particles of plastic material generally measuring few millimeters or
micrometers. This very small waste can enter the environment and food, resulting dangerous
for ecosystems and human health. Moreover, microplastics can enter the food chain of fauna
and reach the food on our table. The presence of microplastic is associate to environmental
pollution by human’s activities. Microplastics persist in the environment in large quantities,
especially in marine and aquatic ecosystems [1-3]. For all these reasons there is an urgent
need to develop low-cost, fast, green and accurate extraction and analysis methods in
samples characterized by various matrices. We set-up an analytical method to study the
content of microplastics in sea and lagoon sediments by using a direct immersion ultrasonic
extractor. Thanks to this equipment the solvent volume, sonication time and energy
consumption are reduced, as well as the acoustic pollution. Gas chromatography coupled
with mass spectrometry was used for the identification and quantitation of the analytes.
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Figure 1. Chromatogram of the extract of a sea sediment sample (GC-MS).
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The Oxygen Reduction Reaction (ORR) is one of the most important reactions both in life
processes and in artificial energy conversion systems, for example fuel cells [1,2]. This reaction
is characterized by a very slow kinetics, so that the use of a catalyst is fundamental to make
the reaction profitable, and Pt-based electrocatalysts have the best catalytic performance to
date, Pd-ones being a close second [3,4]. Unfortunately, the scarcity and the high price of Pt,
and of so-called Platinum Group Metals (PGM), prevents the widespread use of PGM-catalyst
in daily human activities that require an energy supply. Nonetheless, the importance of fuel
cells, which are a green substitute for the internal combustion engine, pushes us to find
different ways to overcome the previously mentioned problem. To replace platinum and other
PGM s of similar cost, different strategies have already been implemented, for example the use
of different non-noble metals or the use of non-metal or atomically precise electrodes.
Atomically precise electrocatalysts are of special interest due to their high atomic utilization
efficiency, special electronic structure and homogeneous distribution of active centres [5]. We
reported that the atomically precise catalyst based on the Pd(ll) complex of the ligand L1
(Figure 1) effectively promotes the ORR reaction in alkaline media with performance similar to
that of commercial Pt electrodes [6]. L1 consists of a cyclen structure (cyclen = 1,4,7,10-
tetraaza-cyclododecane) functionalized with lateral arms bearing electron poor pyrimidine
groups. The cyclen structure ensures stable coordination of the catalytic metal centre (Pd(l1))
while the pyrimidine groups are used to anchor the complex on MWCNTs via spontaneous
adsorption under environmentally friendly conditions (water, room temperature, unprotected
atmosphere). Based on these results, we synthesized two new ligands (L2 and L3, Figure 1)
that are similar to L1 but contain one or two oxygen donors, instead of nitrogen donors, to
explore new selectivity patterns toward metal ion coordination and for the construction of
atomically precise catalysts for ORR. We report here preliminary results on the coordination
properties of L2 and L3.
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Figure 1. The ligands of this study.
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The development of innovative photosensitizers (PSs) that can target tumorous and
bacterial afflictions with high specificity has become a major focus in the quest for more
precise and controlled methods of photodynamic therapy (PDT). Among these, Ru(ll)-
polypyridyl complexes (RPCs) have emerged as promising candidates due to their diverse
chemical-physical properties that make them ideal for PDT. The adaptable chemistry of these
coordination compounds allows for fine-tuning their essential photophysical properties,
maximizing their effectiveness as PSs.

This communication explores the impact influence of strategic ligand design on the
photochemical and photobiological performance of RPCs, emphasising the potential for
enhanced control over drug activation.

The study begins by examining bis-heteroleptic RPCs with extensive aromatic polypyridyl
ligands, such as the popular benzo[i]dipyrido[3,2-a:2’,3’-c]phenazine (dppn) ligand. In this
arrangement, the m-expansive chelate ligands can facilitate the population of the intraligand
3L states from the 3MLCT, thereby increasing the efficiency of cytotoxic oxygen species
generation. [1]

Furthermore, we explored the effect of directly conjugating an organic chromophore
onto Ru(ll)-scaffolds to create bichromophoric systems. This arrangement generates an excited
state energy reservoir on the long-lived 3IL states of the organic chromophore, which plays a
pivotal role in augmenting the generation of singlet oxygen up to 92%. [2]

Finally, this communication even introduces the approach of the photoactivated
chemotherapy (PACT) to antibacterial treatment, expanding beyond traditional photodynamic
therapy applications. The unique photophysical properties of RPCs are utilized to trigger the
controlled release of Metronidazole-derivatives, offering a strategic method to combat
antibiotic resistance by selectively activating the drug in desired locations. This approach is
referred to as Photorelease Antimicrobial Therapy — PAT. [3, 4]

Overall, the study highlights the crucial role of ligand architecture in determining the
efficiency and versatility of RPCs as PSs. This research advances the understanding of these
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mechanisms, paving the way for the development of next-generation phototherapeutic agents
that can address the complexities of tumor and bacterial diseases with enhanced precision
and efficacy.

Figure 1: Ruthenium(ll)-complexes as photoactivated bioactive compouds.
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Gallium is widely employed in plenty of fields, being crucial in many industrial and
technological, as well as medical, applications [1,2]. This widespread use, together with its
limited availability, concurred to include Ga(lll) in the list of the Technologically Critical
Elements (TCEs) [1]. As such, its recovery is important for the reutilization in all these
applications. Many Ga properties and applications, as well as some recovery processes, take
place in aqueous solutions, in which it is present as trivalent Ga species. Being Ga*>* a hard
Lewis acid, it undergoes strong hydrolysis in aqueous solution, which deeply affects its
chemico-physical parameters and reactivity. Consequently, its speciation is dominated by the
formation of several hydrolytic species, both mononuclear and polynuclear, with different
stability. The most common species in literature are the mononuclear Ga(OH)*, Ga(OH),",
Ga(OH)z(aq) and Ga(OH)4 ', while few other polynuclear species are reported by single authors.
Collected literature values were critically analyzed in this work, evidencing that hydrolysis
constants and solubility products are determined in a wide range of temperature, medium
and ionic strength conditions. However, significant discrepancies were found concerning
both the nature and the stability of hydrolytic species of Ga*'. Furthermore, reported data at
different temperatures are usually obtained in single media and ionic strengths, and vice
versa, highlighting the necessity to perform further dedicated experiments, in order to define
a correct speciation model as a function of different conditions [3-7]. As such, a reliable,
simultaneous modeling of medium, ionic strength and temperature dependence of literature
data on Ga** hydrolysis constants is hampered. However, considering the wide number of
aqueous solution studies involving this cation, an attempt of rationalization of available data
is necessary. For this reason, being most of literature hydrolysis constants of Ga** reported at
T =298.15 K in various media (e.g., CIO4, NO3’, CI', Br’) and ionic strengths (0 < I/mol dm?3<
1.5), these data were used for the modeling of the dependence on medium and ionic
strength, and results are reported in this contribution. An Extended Debye-Huickel (EDH) type
equation (Eq. 1) has been used,
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according to the “pure water model” [8,9], in which perchlorate is considered as “non
interacting” with Ga**, while the dependence on medium is taken into account on the basis
of weak complex formation between this cation and the anions of the supporting
electrolytes (e.g., NOs’, CI', Br’).

Overall, obtained results allow the modeling of the mononuclear hydrolysis constants of Ga**
at T = 298.15 K in a wide range of ionic strength and medium conditions, including any
possible mixture of the considered anions.

Cl

- 0_ x
log g =log B z* 051 ( (Eq. 1)

Figure 1. Distribution diagram of Ga*" hydrolytic species at T =298.15 K and / = 1 mol dm™ in NaClO,,
(Ceaz+ = 1x 10° mol dm'3).
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Transition metal ions are essential elements for many pathogens. These nutrients are
required in significant structural and catalytic roles in many biological processes. The
increasing interest in metallophores—metal chelating molecules which are excreted outside
the pathogen in order to efficiently bind a given metal ion and in their interactions with
appropriate metals is one of the results of the dramatic increase of antimicrobial resistance
[1].

To survive in the host and succeed in competing with commensal microbes,
pathogenic bacteria must maintain a steady state of zinc usage by controlling zinc
distribution with zinc transporters. Bacterial cells regulate the uptake, distribution and
excretion of zinc through several systems, including the Zn(ll)-specific uptake system
(ZnuABCD) [2-3]. For Zn(ll) binding sites, histidine residues constitute the main anchoring
donors forming loop structures when bound to Zn(ll). The His-rich loop, present in ZnuA and
ZnuD protein respectively, has a role in the capture of zinc(ll), acting as a ‘fishing net’, which
is then further delivered into other regions of the protein. Moreover, ZnuD-Cu(ll) binding
induces a conformational change of metal binding site to a polyproline Il-like helix. To the
best of our knowledge, this is the first evidence of a copper(ll)-induced formation of a
polyproline Il-like structure in a sequence that does not contain proline residues [3].

Nickel is an essential cofactor for some pathogen virulence factors. Due to its low
availability in hosts, pathogens must efficiently transport the metal and then balance its
ready intracellular availability for enzyme maturation with metal toxicity concerns. HypB is
one of the chaperones required for proper nickel insertion into [NiFe]-hydrogenase. E. coli
HypB has two potential Ni(ll) and Zn(ll) binding sites - the N-terminal one and the so-called
GTPase one. We showed that the N-terminal region binds metal ions with higher affinity than
the G-domain. Moreover, the N-terminal HypB region is also more effective in Ni(ll) binding
than the previously studied SlyD metal binding regions [4].

The very few studies on Cu transport in bacteria have mainly focused on Cu export (in
order to detoxify the microbial cell), while the mechanisms of Cu import across the outer
membrane of Gram-negative bacteria and the bacterial cytoplasmic membrane have been
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examined in only a few cases. A number of questions related to the structure of copper
trafficking proteins remain unanswered. These questions concern both Cu(l) coordination
properties and chaperone-transporter interactions. For several key players in the copper
transport pathways, the identities of coordinating ligands, coordination geometries, and
thermodynamic parameters remain ambiguous. Bacterial Cu transporting systems in general
are far more diverse than in eukaryotes and some mechanisms of Cu uptake are limited to
one group of bacteria, or even to one species. OprC is an outer membrane transporter which
mediates acquisition of both reduced and oxidised ionic copper. It binds copper via an
unprecedented CxxxM-HxM metal binding site, discovered recently. The interaction
between novel metal binding site of OprC and its putative metallophore CopM was
extensively studied.

Effective acquisition of metal ions is crucial for the survival and virulence of many
pathogens, thus maintaining metal homeostasis is a critical process that must be precisely
coordinated by them. To achieve this, bacteria need to use numerous of diverse metal uptake
and efflux systems controlled by metalloregulatory proteins. Understanding a novel metal-
acquisition mechanisms in microbes will make a significant contribution to the development
and design of new therapeutics against resistant pathogens, which could be a good
alternative for commonly used drugs.

Acknowledgments: The work was supported by the National Science Centre (Grant UMO-
2017/26/A/ST5/00363). A.H. is supported by the Polish National Agency for Academic Exchange
(Grant BPN/BKK/2022/1/00005) and Excellence Initiative — Research University Grant
BPIDUB.13.2024.

References:

[1] H. Kozlowski, K. Piasta, A. Hecel, M. Rowinska-Zyrek, E. Gumienna-Kontecka, Metallophores: How do
human pathogens withdraw metal ions from the colonized host. In Comprehensive Inorganic Chemistry
Ill, Elsevier, 2023, pp. 553-574 .

[2] A. Hecel, A. Kola, D. Valensin, H. Kozlowski, M. Rowinska-Zyrek, Inorg. Chem. 2020, 59, 1947-1958.

[3] A. Hecel, M. Rowinska-Zyrek, H. Kozlowski, Inorg. Chem., 2019, 58, 5932-5942.

[4] A. Hecel, A. Kola, D. Valensin, H. Kozlowski, M. Rowinska-Zyrek, Dalton Trans. 2021, 50, 12635-12647.

122



Pyclen-based ligands for the complexation of gallium(lll)

Maél Le Ménédeu,a"” Nicolas Lepareur,c) Olivier Fougére,b’ Olivier Rousseaux,b) Maryline
Beyler,?) Raphaél Tripier®

9 Univ. Brest, UMR-CNRS 6521 CEMCA, 6 avenue Victor le Gorgeu, 29238 BREST, France
b Guerbet Group, Aulnay-sous-Bois Research Center , BP 57400, 95943 Roissy CdG Cedex,
France
o Comprehensive Cancer Center Eugéne Marquis, Av. de la Bataille Flandres-Dunkerque CS
44229, 35000 Rennes, France
mael.lemenedeu@univ-brest.fr

The rising cancer rates necessitate innovative detection and treatment methods. The
diverse properties of metal ions play a pivotal role in numerous modalities, particularly in
nuclear medicine (PET imaging and radiotherapy). Consequently, the development of
effective chelators is an integral part of the development of new metal-containing drugs, to
ensure safe injections by avoiding the release of free toxic metals. Polyazamacrocycles, due
to their exceptional complexation properties toward a wide range of cations, are increasingly
employed as chelators. The B* emitter ®®Ga [1] is valuable for PET imaging due to its short
half-life (t1/, = 68 min), offering minimal radiation exposure. Additionally, its production via a
8Ge/*%Ga generator offers a convenient supply.

Our group investigated the association of the pyclen macrocycle with various
coordinating pendants arms to design a series of mono-N-functionalized pyclen derivatives
(figure 1) [2].
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Figure 1: Series of mono-N-functionalized pyclen studied for the complexation of Ga**
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Noteworthy that two regioisomers, having each its peculiar properties, were
systematically prepared and studied. Gallium(lll) complexes were obtained and analyzed,
confirming distinct behaviors influenced both by the ligand's structure and the nature of the
coordinating arm. Thermodynamic constants were determined through potentiometric
studies and kinetic inertness in acidic and basic conditions was evaluated. The most
promising ligand, H3-pclpa, was further studied for the radiolabeling with ®Ga®* where the
corresponding radiocomplex was formed with quantitative yield and exhibits good stability in
serum.
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In 2021, 537 million people worldwide suffer from diabetes. This chronic disease occurs
when the pancreas does not produce enough insulin (type 1 diabetes), or when the body does
not properly use the insulin which is produced (type 2 diabetes).[!l The cells involved in insulin
production are called beta cells, and when they are defective, this leads to a reduction in the
beta cells mass (BCM) contributing to diabetes.!?! It therefore seems important to be able to
detect and quantify this BCM. To date, there is no diagnostic tools to monitor BCM qualitatively
or quantitatively.

In this work, we aim to design nano-capsules specifically targeting beta cells and
containing Mn2* complexes for the non-invasive quantification of BCM by magnetic resonance
imaging (MRI).

As diabetic patients can present complications such as damage to the renal system, we
turned towards the use of Mn?* rather than Gd3*. In addition, our team has developed an
excellent chelator for Mn?*, a bispidine-type ligand which demonstrates excellent kinetic
inertness.B! This complex is trapped at the surface between the oil phase and the hydrophilic
polyethylene glycol moieties of lipid nanocapsules to increase the local concentration of Mn?*
and hence enabling high contrast. To specifically target beta cells, nanocapsules will be
functionalized with a vector directed against beta cell surface antigens.

Our preliminary results showed that our new Mn?" functionalized nano-capsules
(Mn@LNC25) exhibited high proton relaxivity versus the gold standard Dotarem® (8.31 and
4.7 mM1s? respectively at 60 MHz and 25°C, Fig 1.A.).[ In addition, these nano-capsules
were not toxic for insulin producing INS-1E cells (Fig 1.B.), indicating that the formulation is
promising as innovative and safe carrier for Mn?* to beta cells.
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Figure 1 : A) NMRD profiles of Mn@LNC25 in water at 298K and 310K. B) Effect of MNn@LNC25 on the
viability of insulin producing INS-1E cells.
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Vineyards have historically depended on copper-based fungicides to control fungal
diseases, such as Downy Mildew. The intensive use of these fungicides for more than a
century has contributed to the accumulation of copper (and concomitantly zinc) in soil,
water, vegetation, and winery waste, causing a serious environmental and agro-industrial
problem. Lack of alternatives to fully replace Cu compounds requires the promotion of
sustainable practices to reduce the environmental impact [1].

In this sense, one of the biggest challenges of sustainable agriculture in vineyards is to
recycle the waste generated at the end of the winemaking process, the winery sludge (WS).
This WS contains a significant amount of nutrients and organic matter which are in high
demand for soil fertilisation and regeneration, however, its high Cu and Zn content hinders
its application in soils.

The aim of this study is to explore winery sludge (WS) as a potential agricultural
resource, focusing on its physicochemical parameters, heavy metal content and distribution
throughout the WS matrix, and metal extraction approach for remediation purposes. Risk
assessment was performed by employing sequential extractions schemes which revealed
distinct patterns of heavy metal association within the WS matrix [2].

Metal content analysis via FP-XRF and ICP-MS methods revealed levels of copper and
zinc above 100 mg/kg. More than 70% of Cu exhibited a high affinity for organic matter
(OM), forming stable complexes that reduce its bioavailability and restrict its short-term
mobility. In contrast, Zn showed a 26% to be bound to the iron and manganese oxides phases
and 50% complexed to OM, making it more easily released to the environment.

The most effective conditions for metal extraction were achieved by using sulfuric acid
(0.5 mol-L"), establishing an appropriate sludge-to-acid ratio to facilitate selective metal
removal. Copper extraction reached 80%, while zinc extraction exceeded 95%.

WS matrix has been characterised through ATR-FTIR and DRX after each extraction
step. Residual OM analysis in the remaining WS post-extraction revealed negligible
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alteration, crucial for maintaining nutrient-rich but metal-free compositions for effective soil
fertilization.

Aknowledgements:

European Union’s Horizon 2020 research and innovation programme under the Marie Sktodowska-Curie
(GA: 801342, Tecniospring INDUSTRY) proposed by the Catalan Agency for Business and Competitiveness
(ACCIO), Fl-Joan Oré scholarship from the Catalonian Government and the Ministry of Science and Innovation,
Spain (P1D2021-1240840B-100) are kindly acknowledged.

References:

[1] E.F.S. Authority, Conclusion on the peer review of the pesticide risk assessment of the active substance
disodium phosphonate, EFSA Journal 11 (2013) 3213.
https://doi.org/https://doi.org/10.2903/j.efsa.2013.3213.

[2] ). Wang, X. Wang, G. Li, J. Ding, Y. Shen, D. Liu, H. Cheng, Y. Zhang, R. Li, Speciation Analysis Method of
Heavy Metals in Organic Fertilizers: A Review, Sustainability 14 (2022).
https://doi.org/10.3390/su142416789.

128



plexes

Improved Adsorption of Trace Cisplatin via Thiol-Functionalized Sponges
Facilitated by Pt—-S Complexation

Dong HAN,? Margarita Edelia VILLANUEVA-TAGLE, ® Mirella PENA-ICART,  Manuel
VALIENTE,” Montserrat LOPEZ-MESAS,?

% GTS-UAB Research Group, Department of Chemistry, Faculty of Science, Universitat
Autonoma de Barcelona, Bellaterra, (Cerdanyola del Vallés), 08193 Barcelona, Spain
b Faculty of Chemistry, University of Havana, Havana 10400, Cuba
9 Institute of Materials Science and Technology, University of Havana, Havana 10400, Cuba
montserrat.lopez.mesas@uab.cat

Cisplatin is a widely employed platinum-based cytostatic drug (Pt-CDs) in cancer
therapy. After administration, 10-40% of the compound is excreted through urine of patients
in 24 h, reaching the ecosystem, via the release of hospital or household wastewaters, where
the compound can be found in trace amounts [1]. To effectively eliminate the trace amounts
of cisplatin from aqueous solutions, a strategy involving the functionalization of a
commercial cellulosic sponge has been employed.

The functionalization process was conducted via esterification with 3-
mercaptopropionic acid, followed by reduction with Na,S:9H,0 or SnCl,:2H,0 [2-4]. This
resulted in the production of thiol-functionalized sponges (TFSs), denoted as TFS_1 and
TFS_2, respectively, which exhibited enhanced capabilities for trace cisplatin removal
compared to the non-functionalized. The maximum removal efficiencies achieved were
95.5+0.8% for TFS_1 and 99.5+0.1% for TFS_2, highlighting the efficacy of the
functionalization process.

Characterization studies using FTIR, elemental analysis, SEM-EDS, and XPS confirmed
the successful grafting of thiol groups onto the sponge surfaces, facilitating Pt-S
complexation during adsorption. The aqua-derivatives of cisplatin, formed through
hydration, were found to complex with the thiol sites via ligand displacement. Furthermore,
the presence of a Sn/Sn0, coating on TFS_2 contributed to an enhanced adsorption process.

The adsorption kinetics followed a pseudo-second-order model, indicating a rapid
process involving both diffusion and chemisorption, and showing that the adsorption is
primarily controlled by the chemical bonding interactions occurring between cisplatin and
thiol groups. While the Langmuir isotherm model generally described the monolayer
adsorption behavior of cisplatin, the introduction of surface heterogeneity through the
aggregation of Sn/Sn0O, onto TFS_2 at 343 K resulted in a better fit with the Freundlich
model. The evaluation of mean free energy, derived from the Dubinin-Radushkevich
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isotherm model, suggested that physisorption, including electrostatic attraction,
predominated for TFS_1, while chemisorption was the dominant mechanism for TFS_2.

Form the thermodynamic parameters, the adsorption of cisplatin onto both TFS_1 and
TFS_2 showed to be spontaneous. Increasing the temperature further enhanced the
adsorption of cisplatin onto TFSs, as the chemisorption predominantly governed by Pt-S
complexation has been proved to be an endothermic process. However, the results at 343 K,
showed aggregation on the surface coverage of Sn/SnO, in TFS_2, decreasing the adsorption
of cisplatin.

In comparison with adsorbents reported in the literature, TFSs exhibit advantages in
terms of adsorption performance, adsorption kinetic characteristics, and cost-effectiveness.
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Water pollution represents a significant challenge for the scientific community,
especially in the case of heavy metals, aromatic molecules and dyes contamination. [1]
Focusing on the first class of pollutants, i.e. heavy metals, this sort of contamination is typical
of industrial wastewaters [2] and adsorption is nowadays the most common approach
researchers are opting for to remove these pollutants from industrial effluents before their
discharge in groundwaters; among all the alternatives, natural polymers are undoubtedly the
most interesting materials for this application, ranging from polysaccharides to chitosan,
zeolites, cellulose or lignin-based materials. [1-3]

The reasons behind such a widespread diffusion of natural polymers for heavy metal
sorption can be rapidly listed: (i) natural polymers are generally cheap and ensure higher
biocompatibility and biodegradability than synthetic compounds, [4] (ii) several plant or
animal-derived monomers show intrinsic binding affinity towards metal ions [1,3] and, last but
not least, (iii) multicomponent biomaterials’ properties can be appropriately tuned by
changing the type and ratios of starting materials. [5] On the other side, all that glitters in not
gold and it must be underlined that films made of natural polymers suffer from poor chemical
and mechanical properties and high solubility, thus strongly limiting their actual applicability
in real cases. [5]

In this scenario, we put in place our knowledges on chemometric tools for multivariate
optimization aiming at tuning the properties of starch/glycerol/CMC films, obtained by casting
deposition, to improve their chemical and mechanical properties and to achieve the goal
requirements for their actual applicability. We identified the suitable range of starch, glycerol
and CMC percentages, as shown in Figure 1a, in which films enough resistant to be handled
and tested but exhibiting much different properties were always achieved. [5] Then, according
to Mixture Design methodology, [6] the relevant compositions to be synthesized to model
films’ features were identified, highlighted as circles in Figure 1a, synthesized according to the
optimized procedure [5] and characterized. [7,8]
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Figure 1: Suitable range of rice starch, glycerol and CMC percentages for suitable films by casting
deposition (a) and example of swelling trend modelled within the identified domain (b)

Characterization measurements allowed to determine several features of the samples, mainly
mechanical properties, swelling, water vapour absorption and solubility, together with thermal
behaviour. [5,7,8] Each feature was then separately modelled according to Mixture Design
methodology to describe and predict the trend of the property of interest in the range of main
components previously defined. An example is reported in Figure 1b in the case of swelling. Finally,
correlations between the modelled features were identified by means of Principal Component Analysis
[9] to identify the ideal composition for heavy metal sorption in real samples.
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The carbon exchange with the atmosphere is controlled by the oceanic carbonate
system. The ocean acts a vast reservoir storing CO, at depths in both organic and inorganic
forms. The interrelationships between chemical, biological and physical processes play a
major role in the capacity of the ocean to uptake and store atmospheric CO,. Dissolved
organic matter (DOM) is one of the key parameters of the oceanic carbonate system and acts
as a bioactive carbon reservoir [1]. Besides its contribution to the storage of atmospheric CO,
in the ocean, DOM sustains ecosystems and influences metal cycles, that are essential for
primary production and agriculture. Moreover, the transport, behaviour, and fate of
pollutants in the environment may also be influenced by DOM. DOM comprises a broad
range of structurally complex organic compounds with a size range <0.2/0.7 um. The
diversity on the chemical composition of DOM has large implications on its accumulation,
fate, physicochemical properties, and binding behaviour. Despite the heterogeneous nature
of marine DOM, carboxylic acids and phenolic compounds are two of its main structural
components [2, 3].

In this study the physicochemical characteristics of DOM extracted from riverine and
estuarine water have been evaluated by potentiometric titrations. The proton binding
capabilities of DOM extracted from Mero and Ebro Rivers (NW and NE Spain) were assessed.
Several sampling locations (Figure 1) were selected to examine the changes of DOM from the
source of the rivers to their outflow into the ocean (Atlantic Ocean and Mediterranean Sea,
respectively).

Seasonality of DOM and its ancillary parameters in the selected study sites was also
studied. The effect of ionic strength on DOM binding properties were analysed by fitting the
data to the NICA-Donan model (Figure 2).
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The design and synthesis of transition metal complexes as model compounds for
metalloenzymes with oxidase activity is of increasing interest to researchers. Therefore, we
have used direct synthesis to obtain a Cu(ll) complex
(labelled 1) with a pyrazole derivative as a potential
biomimetic of catechol oxidase activity.

The molecular structure of new copper cluster 1
consists of a twelve-nuclear (dodecanuclear) Cu(ll)
metallic centers. The structure of multicopper
complex 1 can be represented as a double cluster
core consisting of two hexanuclear {Cug(ps-O)(us-

O)2(k-KkN,kN-Ly)6(p-kO,k0-DMF)(KO-DMF)(p-N3) (N3)}
fragments connected by a p-kN,kN-5,5-bitetrazole
dianion (L,). Additionally, all six Cu(ll) ions in the core
are hold peripherally by p-kN,kN-pyrazol anion
bridges (L;). In addition, the central copper(ll) ions are
connected by 4 oxygen bridges (Fig. 1).

Preliminary spectroscopic and magnetic studies
Figure 1. Copper(ll) coordination ar€ also presented. The ability of the synthesised
spheres in the hexanuclear core of complex 1 to catalyse the oxidation of 3,5-di-
cluster 1 with polyhedra. tertbutylcatechol (3,5-DTBC) to 3,5-di-

tertbutylquinone (3,5-DTBQ) was investigated.
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In the last two decades, lonic liquids (ILs) have progressively emerged as a promising
alternative to conventional volatile organic solvents (VOCs) in the liquid-liquid extraction
processes of metal ions from waste streams. This interest is related to several advantages of
ILs over VOCs: negligible vapor pressure, good thermal and electrochemical stability, high
conductivity [1]. ILs are salts formed by a bulky organic cations and an organic or inorganic
anions which are in the liquid state at temperatures below 100 °C. Their low melting points
of ILs are mostly due to the large size of the ions and strong charge delocalization, which
causes a damping of the coulombic interaction [2].

Among the different classes of hydrophobic ILs, that based on the quaternary
phosphonium trihexyl(tetradecyl)phosphonium ([Pegs14]’) cation has shown potential in
metal ion recovery[3] (Fig. 1). The interest in this family of ILs was due to their lower cost
with respect to other popular hydrophobic ILs (e.g. the alkyl imidazolium ones) and also to
the fact that being the cation highly hydrophobic due to the long alkyl chains simple and
cheap anions can be used. In this way, the release of the organic cation is prevented in
extraction of metals occurring through ion-exchange mechanism [3].

In this study, the [Pess14]* decanoate ([Dec]” IL is tested in the extraction of Eu(lll) from
aqueous environment. The decanoate anion can be considered as a model for a fatty acid,
and thus for ILs made of biomass-derived building blocks. Eu(lll) extraction up to 100% was
obtained from moderately acidic solutions containing 10mM of the starting salt with 10 mins
contact time. On the contrary, no extraction occurred from concentrated HCI and HNO3
solutions. This is explained by the fact that, when in contact with strongly acidic solutions,
the decanoate anion is protonated ad thus unavailable for the coordination of the metal ion.
Stripping experiments using a 0.5M HNO3 solution showed a 100% recovery of Eu(lll) within
3 cycles.
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Luminescence spectroscopy was employed to monitor the extraction the coordination
of Eu(Ill) in [Pees14][Dec] and obtain the average number of coordinated water molecules (q ~
0.5 * 0.3). Also, extraction experiments carried out using diluted ILs solutions in toluene as
receiving phases allowed to estimate an average number of ~3 coordinated [Dec]™ anions
(2.98 £ 0.26) to the Eu(lll) cation (Fig. 1).

Density functional theory (DFT) calculations and molecular dynamics (MD) simulations
allowed to obtain further structural insights on the coordination environment of Eu(lll) in
[Psss14][Dec] in dry conditions and in presence of water.

y =2.98x+2.08

A SN
s

108 €peq

Fig. 1. Dependence of the distribution factor (logD) upon anion concentration (logCpe-) in the
organic phase.
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Colorectal cancer is the third most common cancer type worldwide [1]. Although there
are highly developed surgical techniques for tumor removal and/or chemotherapeutics, it is
still the second leading cause of cancer-related deaths [1]. There is a strong need to develop
a highly effective and less toxic chemotherapeutic drug that acts through a different action
mechanism from conventional compounds.

Colorectal cancer is frequently associated with the disorder of tryptophan metabolism
and modified microbiota [2]. It is highly probable that microbiota and tryptophan
metabolites (TrpMs) affect colorectal cancer, as TrpMs have various biological effects on the
human body [3]. E. coli bacteria in the microbiota can also produce one of the TrpMs
(kynurenic acid (KynA)) in order to control the growth of other bacteria [3].

In this study, those tryptophan metabolites are included, which can form high stability
chelates with essential metal ions, namely KynA and xanthurenic acid (XA) (Scheme 1). As a
continuation of our recent publication [4], 8-hydroxyquinoline-2-carboxylic acid (8-HQA) is
also involved in these studies, as it is a structurally similar metabolite discovered in high
concentration in Noctuid larvae, through which the larvae’s gut microbiome is controlled
[5,6]. Moreover, both KynA and 8-HQA showed antimigratory and antiproliferative effects on
melanoma and colon cancer cells [7,8]. Previous studies showed that dietary metal ion
supplements have the potential to change the composition of the microbiota [9], and the
combination with bioactive metabolites may enhance this effect. For example, the
antibacterial activity of 8-hydroxyquinolines on M. tuberculosis could be modulated by the
addition of metal ions [10].

The interaction between these compounds and biomacromolecules (proteins and DNA)
may explain the differences in the biological effects. During the transport of TrpMs and their
metal complexes in the blood, the interaction with human serum albumin (HSA) is inevitable
since it is the most abundant transporter protein in the blood. On the other hand, DNA is a
classic target of anticancer drugs.
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Scheme 1 The structures of ligands involved in this study

The interaction of ligands with HSA and DNA was studied using spectrofluorometric
techniques supported by spectrophotometry. The studies show that only minor differences
exist between the binding constants of the chosen ligands. The competition between HSA
and 8-HQA/XA resulted in the dissociation of the Cu** complexes, which can be explained by
the high affinity of HSA to Cu®* ions. In the case of DNA, the small planar aromatic TrpMs are
most probably intercalating between the DNA bases. To prove this, ethidium bromide
displacement studies were performed in the presence and absence of metal ions.
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Gallium is being extensively used in technological applications. Increasing emissions
to the environment classify it as an emerging contaminant. Speciation of gallium is
fundamental for understanding/predicting its bioavailability and potential toxicity to biota.
According to the Free lon Activity Model and the Biotic Ligand Model, the potential toxicity
of metals in water may be more correlated to their free form than to the total concentration.
Continuous advances in analytical methods are needed to quantify the free fraction of Ga
[1]. The electroanalytical technique AGNES (Absence of Gradients and Nernstian Equilibrium
Stripping) provides direct access to the free metal ion concentration in solution via two
stages: i) deposition, where a potential is applied to preconcentrate the metal inside the
working electrode until the redox couple reaches Nernstian equilibrium; ii) stripping, where
the concentration of the reduced metal is quantified. Free Sn, In, Zn, Cd and Pb
concentrations have been measured in a variety of matrices including river, sea and estuarine
waters, in wine, in systems containing humic acids or nanoparticles and soil extracts have
been successfully [2-4].

The presentation will show how the electrodic irreversibility of the couple Ga0/Ga(lll)
can be overcome with a suitable calibration strategy. For the implementation of AGNES, the
attainment of equilibrium has to be confirmed from a plateau in a "trajectory" (stabilized
charges vs. deposition time) and by checking the suitable Nernstian proportionality between
stabilized charges from more than one deposition potential. The speciation capability of
AGNES for Ga will be assessed with the ligand phthalate and results will be compared with
predicted concentrations from existing complexation models.
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Sn has important applications in food and electronic industries. Understanding the
behaviour and fate of inorganic tin species is relevant in environmental studies because of
their potential toxicity. There is a scarcity of works on inorganic tin speciation [1], due to the
strong hydrolysis of Sn(ll) and its easy oxidation to Sn(IV) [2].

The quantification of the Sn(ll) free concentration in natural waters is important to the
Free lon Activity Model (FIAM), which is hegemonic in ecotoxicology. Currently, there is no
commercial ion selective electrode to measure [Sn2+]. Furthermore, the available methods
described in the literature for the determination of low concentrations, as
spectrophotometry, absorption or emission spectrometry, are considered time demanding or
too expensive for most laboratories [3]. Consequently, alternative techniques such as AGNES
(Absence of Gradients and Nernstian Equilibrium Stripping) can be helpful. AGNES consists of
two steps: deposition, where the metal ion in solution is reduced and amalgamated into the
Hg electrode until equilibrium is reached; and stripping, where the quantification of the
accumulated reduced analyte is performed. AGNES has been successful in determining Zn,
Cd, Pb, In, Ga free ion concentrations in a variety of matrices ranging from wine to seawater
and nanoparticle dispersions [4-5].

The presentation will show how the influence of oxidation was overcome in the
implementation of the different variants of AGNES to quantify the Sn(ll) free fraction. The
hydrolysis impact will be discussed. The results from AGNES for mixtures of Sn and EDTA will
be compared with concentrations predicted by existing complexation models.
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Non-canonical nucleic acid structures have attracted considerable attention in many
science fields, including chemistry, biology, physics, materials and nanotechnology. They
include triplexes, i-motifs, three/four-way junctions or G-quadruplexes (G4). G4 structures are
formed in guanine-rich sequences, in which four guanine bases are held together by
Hoogsteen hydrogen bonds to form a coplanar G-quartet, and then two or more G-quartets
stack to form the G-quadruplex structure retaining sodium or potassium ions in a central core
channel [1,2]. Strikingly, a large number of putative G-quadruplex forming sequences have
been identified in the genomes of human and viruses, and evidences suggest their pivotal role
in key biological processes such as ageing, neurodegenerative diseases and cancer [1].
Therefore, these G4 structures have been proposed as potential targets by small molecules for
therapeutic intervention.

Herein, we show the synthesis of tridentate ligands containing a phenanthroline moiety
and the corresponding metal complex with Zn, Cu, Ni, Mn, Pt and Pd. Some of the metal
complexes adopt a square-planar geometry, which allows an efficient binding to G-quadruplex
DNA structures [3]. We have studied the coordination of different metals with the ligands by
mass spectrometry and UV-Vis/fluorescence spectroscopies and we are currently investigating
the interaction of the metal complexes with a panel of G4s by means of FRET melting.
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Figure 1. Metal complexes (left panel) and G-quadruplex structure (right panel).
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The unusual N(proximal),O(distal),0’(distal)-pyridine-2,6-dicarboxylate (pdc)
conformation in [Cu(pdc)(crea)(H,0),]-H,0 is mainly induced by the
(primary amino, crea)N-H---O(carboxylate, pdc) interligand interaction.
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Delve into the interligand interactions within mixed-ligand complexes featuring
bioligands, the synthesis, molecular and/or crystal structures, and DFT calculations of the
'inner-sphere' [Cu(pdc)(crea)(H,0),]:H,0 (1) and the ‘'outer-sphere' (Hcrea),[Cu(pdc),]
complex are reported. Particular emphasis is placed on compound 1, where an
unconventional pdc chelating mode for Cu(ll) is observed. Both pdc and crea are rigid-planar
ligands. In 1 (see figure), the Cu(ll) center exhibits an asymmetrically elongated octahedral
coordination, type 4+1+1, where N-crea, both trans-O-aqua atoms, and the N-pdc atom act
as proximal donors (giving bonds of ~2.00 A). Hence, two O-carboxylate pdc donors occupy
unequal trans-distal sites (Cul-021 2.289(2) < Cul-011 2.431(2) A). Within this intricate
molecule, the dihedral angle a, defined by P1 (the mean plane of four closest donors) and
P(crea), is 68.4°(see figure).

Figure. Dihedral angle a in the complex molecule of [Cu(pdc)(crea)(H,0),]-H,0 (1).
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The intra-molecular H-bond (crea)N2-H2B--021(pdc, distal) [N2--021 of 2.731(3) A
and N2-H2B---021 angle of 152.7°] results in unequal bond lengths Cu-021 < Cu-O11. The
lack of coplanarity between the pdc and crea mean planes (dihedral angle B 20.4°) is further
influenced by the intermolecular interaction N2-H2A.-02#3 (2.801(3) A, 157.4°, #3 =
x,y+1,z). These phenomena are commonly attributed to “crystal packing”, which, in turn,
elucidates how the complex molecule(s) form the most stable crystal lattice (also involving
the water molecule). In fact, available DFT calculations provide additional quantified insights.

Discussion: To better understand the unusual role of pdc in compound 1, selected
mixed-ligands Cu(ll)-pdc-imidazole(s) complexes will be considered. Imidazole (Him) or 2-
ethyl-imidazole (H2Etim), without intra-molecular interligand N-H--O(pdc) interaction, are
involved in closely related compounds such as [Cu(pdc)(Him)] (square planar, a 1.91°, B
0.09°) [1], [Cu(pdc)(Him)(MeOH)] (square base pyramidal 4+1, a 58.97°, B 60.17°) [2] and
[Cu(pdc)(H2Etim] (H2Etim = 2-ethylimidazole, square planar, o 72.89°, B 72.38°) [3].
Imidazole ligands as well as crea are typical borderline Pearson’s bases suitable to bind Cu(ll)
centers (borderline Pearson’s acid, also influenced by Jahn-Teller 3d° distortions) thus
occupying proximal coordination sites. Interestingly, in [Cu(pdc)(H2Etim)s]-H,0 (2) [4], the
Cu(ll) center displays a distorted octahedral coordination, type 2+2+2, where the two trans-
shortest bonds are Cu-N(pdc) (2.002 A) and Cu-N(H2Etim-A) (2.006 A). A competition for the
remaining two intermediate bond distances could be anticipated from the other two
imidazole ligands (H2Etim-B H2Etim-C) or from two O-carboxylate pdc donors. In this
struggle, once again, Pearson's criteria become relevant. Consequently, these trans positions
are occupied by the two N-imidazole donors (with Cu-N bonds of 2.123 and 2.153 A). Thus,
the remaining and longest trans-distal sites are occupied by two O-pdc donors (hard
Pearson's bases) giving Cu(ll)-O(carboxylate) distances of 2.233 and 2.252 A. Once more,
HSAB Pearson's criteria come into play.

Conclusion: In 1 and 2 [4], the pdc chelator adopts the unusual conformation pdc-
N(proximal)+ O(distal)+0O’(distal), albeit for different reasons. In 1, the molecular recognition
Cu(pdc)-crea involves an efficient cooperation between the Cu-N(crea) bond and a (crea)N-
H---O(pdc) interligand interaction. That cannot be achieved in compound 2.
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Although far less studied than iron or zinc, manganese has attracted considerable attention
in recent years due to its role in almost all forms of life, especially in pathogens and in the host
immune system. There is now an increasing amount of emerging evidence that the invading
microbe utilizes Mn as a key micronutrient to resist the effect of host-mediated oxidative stress
[1, 2]. Mn(ll) plays a significant role in adaptation of pathogenic bacteria to the human host.
It is obvious, host and pathogens compete for Mn(ll) during infection, and genetic inactivation
of Mn(ll) homeostatic mechanisms decreases the ability of many bacterial species
to successfully colonize and cause disease within multiple hosts. Although structural and
biophysical studies provide general support for a simple competition model in which the
extracellular chelator calprotectin (CP) and Mn(ll)-specific uptake systems compete for the
same metal on the basis of their respective affinities, there is much more to be learned about
Mn(Il) coordination chemistry to fully understand this process [3, 4]. In addition, there is also
some evidence that Zn(ll) and Fe(ll) can influence Mn(ll) acquisition. It is obvious that metal
competitiveness is roughly governed by the intrinsic chelate thermodynamic stability - one
metal can displace another metal from a metal binding site in biologically relevant proteins.
The main constrains on the way to understand the Mn(ll) and Fe(ll) homeostasis from
bioinorganic chemist point of view is a negligible number of papers concerning coordination,
structure, stability, and mode of action of Mn(ll)-peptide complexes.

Inspired by the unusual hexahistidine coordination site of Mn(ll)-CP complex, as well
as coordination spheres of most biological Mn(ll) binding proteins, we have designed model
Mn(ll) ligands based on polyhistydyl sequences, and their alanine and aspartic and glutamic
acid derivatives. Our recent results focus on the thermodynamic and structural analysis of
Mn(Il) complexes with model peptide ligands as well as comparison of the stability of Mn(ll)
complexes with Fe(ll) and Zn(ll) complexes, which could possibly occupy the same binding
sites.
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The research of new chemosensors able to selectively bind and signal the presence of
specific metal ions in samples of biological and environmental relevance is an always growing
field. Metal cations such as Mg?*, Ca?* and Zn?* play crucial roles in the human physiology [1-
5]. The development of simple and fast systems for the selective detection of metal cations in
different matrices is therefore highly desirable and fluorescent chemosensors represent a
suitable approach to this task, due to simplicity, reliability, velocity and low-cost [6].
For this reason a new series of ligands containing the 2-(2-hydroxy-3-naphthyl)-4-
methylbenzoxazole (HNBO) fluorophore linked to polyamine scaffolds was synthesized and
investigated. This fluorophore has been linked to three different amine scaffolds obtaining
three fluorescent chemosensors (L1-L3, Figure 1). The ESIPT (excited-state intramolecular
proton transfer) behavior was investigated in ACN and DMSO by UV-Vis spectrophotometric
and spectrofluorimetric measurements, revealing the occurrence of an ESIPT process only in
ACN, in the case of L1 and L2, and in both aprotic solvents, besides protic solvents (water and
EtOH-water mixture), in the case of L3. The emission of L1-L3 is related to the deprotonated
form of the ligand. The binding properties of L1-L3 towards Alkali, Alkaline-earth and some
transition metal ions were investigated in different solvents by UV-Vis absorption,
fluorescence emission and NMR spectroscopies. The fluorescence switches-ON in the
presence of selected metal ions, always showing a mechanism different from ESIPT. All L1-L3
show a selectivity for Mg?* in DMSO, while in ACN the selectivity of L1 and L2 shifts towards
Zn?* and Cd?*. L3 is also able to respond to Mg?* in other aprotic solvents (THF and dioxane).
L1 and L3 also showed the ability to signal the presence of metal ions on a paper support (L1:
Zn?*; 13: Zn?*, Cd?* and Mg?*). Therefore, L3 revealed able to signal the presence of Mg?* both
in solution, in different solvents, as well as on a paper support.
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Figure 1: Molecular structures of compounds HNBO, L1, L2 and L3
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Withania somnifera (L.) Dunal, belonging to the Solanaceae family and commonly
known as Ashwagandha, is a perennial herb integral to Ayurvedic medicine, India's
traditional healthcare system. It is renowned for its adaptogenic, anticancer, and anti-
inflammatory properties [1,2]. Originally native to India, this species has now spread globally
and was recently identified in Sardinia, where it is considered an introduced species. Our
study aims to perform a comparative analysis of the chemical profiles of Withania somnifera
specimens found in Sardinia with other known chemotypes.

Fungi represent an exceptionally diverse group, boasting over 150,000 formally
described species with estimates suggesting even greater diversity. Despite this abundance,
macrofungi are largely understudied and underutilized [3,4], yet they have been a source of
new compounds for pharmaceuticals, functional dietary supplements, and cosmetics. The
exploration of macrofungi offers a promising avenue for the discovery of new and valuable
natural compounds and therapeutic agents. We chose to focus on various species of
mushroom-forming fungi from distinct ecosystems in the Mediterranean area to study their
chemical compositions and biological activities.

In this work the most proper techniques for extraction (ultras-sound adssideted) and
chemical analysis (GC-MS and ESI-MS) are discussed and set-up, with a green, traceable and
validated approach.
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Figure 1. A) ESI-MS study of withania sample B) ESI-MS study of fungi sample
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This contribution presents the preliminary results obtained using waste biomasses
from the industrial food chain for the preparation of multifunctional materials possibly able
to detect, bind and extract, efficiently and selectively, rare earth metal cations from aqueous
solutions simulating real matrices. These metals belong to the list of “Critical Raw Materials”,
i.e. the group of materials whose recovery is considered strategic by the European
Community [1]. The use of food-processing industry wastes as secondary raw materials
offers a sustainable and environmentally friendly approach, that could also be useful for the
rare earth metals recovery. In particular, the adsorption of neodymium and dysprosium ions
in aqueous solution was studied at pH ~ 5 and t = 25°C using different waste biomasses,
namely Bergamot Pomace (BP), Olive Pomace (OP) and Grape Pomace (GP), chemically
pretreated at t = 30°C with H,O and HNO3; 0.10 mol dm?3 [2,3] The materials were
characterized employing different analytical techniques; through the FT-IR ATR spectroscopy
[2], it was possible to confirm the presence of functional groups capable of interacting with
the above mentioned metals. To evaluate their adsorption capacity, batch experiments were
carried out on different solutions containing the metal ions (M* = Nd*, Dy**). The
concentration of each M* was determined by ICP-OES [4]. The results obtained from
adsorption experiments show that Langmuir equation was the best isotherm fitting model
for BP, OP and GP for the rare earth metals adsorption. The adsorption equilibrium was
reached within 24 hours and the kinetic of adsorption was well described by the pseudo-
second order model. Then the recovery of the metals adsorbed on the biomasses was
carried out using HNOs, but the reused materials show lower performance than the starting
ones, exception done for BP, which showed great reutilization capacities [4].
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Figure 1: Graphical abstract of the studies performed on pomace.

Acknowledgements:

We thank MUR: PNRR - Missione 4, Componente 2, Investimento 1.1 - Bando Prin 2022 - Decreto
Direttoriale n. 104 del 02-02-2022. Project title: “Wastezilla: Recycled waste biomass for efficient
recovery of critical elements”. CUP: J53D23007540006 — project code: PRIN_2022HYH95P_001 CUP:
B53D23013740006- project code: 2022HYH95P_003

References:

[1] European Commission, https://eur-lex.europa.eu/legalcontent/EN/TXT/?uri=CELEX%3A52023PC0160,
Accessed April 2024.

[2] A. Irto, S.G.M. Raccuia et al. Microchem. J. 2023, 193, 109183

[3] A. Satira et al. Appl. Sci. 2021, 11(22), 10983.

[4] S. Cataldo et al. Environ. Sci. Pollut. Res. 2022, 29,9023.

153



plexes

Thermodynamics and Kinetics of Norbornadiene MOST Systems: Old School
Meets New Challenges

Franco CASTRO,*>¢ Gustavo SEOANE,® Juan C. RAMOS,>® Matteo SAVASTANO,®
Antonio BIANCHI,f Jorge S. GANCHEFF°

“ Area Quimica Inorgdnica, Departamento Estrella Campos, Facultad de Quimica, Universidad
de la Republica, Gral. Flores 2124, Montevideo 11800, Uruguay
b1 aboratorio de Quimica Fina, Instituto Polo Tecnoldgico de Pando, Facultad de Quimica,
Universidad de la Republica, By Pass de Rutas 8 y 101 s/n, Pando 91000, Uruguay
‘Graduate Program in Chemistry, Facultad de Quimica, Universidad de la Republica,
Montevideo 11800, Uruguay
YArea Quimica Orgdnica, Departamento de Quimica Orgdnica, Facultad de Quimica,
Universidad de la Republica, Av. Gral. Flores 2124, Montevideo 11800, Uruguay
Dipartimento di Scienze Umane e Promozione della Qualita della Vita, Universitd Telematica
San Raffaele Roma, Via di Val Cannuta 247, 00166 Roma, Italy
Y Dipartimento di Chimica “Ugo Schiff”, Universita di Firenze, via della Lastruccia 3-13, Sesto
Fiorentino, Firenze, Italy
matteo.savastano@uniromabs.it

MOST systems, i.e. MOlecular Solar Thermal systems for energy storage, are one of the
potential contemporary answers to growing needs of clean energy. Such systems work by
storing away solar energy via absorption of light at the individual molecule level, which leads
to a relatively stable photoisomer. This allows the energy to be recovered later, i.e. on
demand, as heat via chemical (e.g. catalyst addition) or physical (e.g. application of a voltage)
stimuli.

In this context Norbornadiene (ND) derivatives, with their possibility of
photoisomerization to Quadricyclane (QC) had previously attracted attention. A major
practical limitation of this chemistry is that most of these systems were originally
demonstrated in non-aqueous solvents. Another important factor to consider is the overlap
between absorption spectrum of the ND derivative and solar spectrum: this simple element
makes the unsubstituted ND essentially unsuitable for applications, thus demanding for
attention in the functionalization of the ND core.

Our recent interest in the topic addresses both above points.

The first manifest linking point to ISMEC general interest rests in the nature of the
employed catalyst: a Co(ll)-porphyrin-type complex (Co-TPPC, i.e. the Co(ll) complex of
5,10,15,20-tetrakis(p-carboxyphenyl)porphyrin, Figure 1).

154



On a second thought, it is worth noticing that both the proposition and any practical
usage of this kind of systems raises a few interesting questions. A non-exhaustive relevant set
of them could be: what is the speciation of the ND/QC derivative in water (assuming it has
displaceable protons)? How long is the photoisomer stable? How much energy can be
accumulated? If a catalyst is added, how long do we have to wait to get the stored energy
back as heat?

The answers to these key questions are manifestly thermodynamic or kinetic in nature,
allowing us to revisit some of the dearest themes of the conference under such an unusual
light.

We will present results with a ND/QC system (Figure 1) including protonation constants
(UV-Vis), conversion kinetics (*H NMR), energy storage in solution (ITC), paving the way to
further developments aimed at further ameliorating target chemico-physical properties of
synthetic QC/ND couples.

. -
L & v
Figure 1. Our starting ND/QC MOST system, its basic working scheme and the Co-TPPC catalyst on a

background suggesting potential applications. Note that a MOST-based technology would arguably
better work at the individual household system level.
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Roma University.
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Saliva serves as the primary defense mechanism against pathogenic microbes within
the oral cavity. This bodily fluid harbors a unique arsenal of antimicrobial peptides (AMPs),
including histatins, defensins, mucins, cathelicidins, and chemokines, which effectively
combat pathogens [1]. AMPs employ diverse mechanisms to interact with pathogens, often
relying on crucial interactions with metal ions for their activity [2-5]. Despite their potent
antimicrobial properties, a significant drawback of antimicrobial peptides is their poor
biological stability. Addressing this challenge necessitates the development of antimicrobial
peptide-based peptidomimetics that are metabolically stable, non-toxic, and enhanced with
metal ions.

Our recent research has focused on characterizing the coordination chemistry and
biological activity of Zn(Il) and Cu(ll) complexes with naturally occurring salivary AMPs, as
well as their D-amino acid peptidomimetics (see Table 1). Literature data show that the
incorporation of D-amino acids or the replacement of L- with D-amino acids in the peptide
sequence improves metabolic stability and increases antimicrobial activity [6].

Table 1. Salivary antimicrobial peptides and their peptidomimetics containing D-amino acids under investigation (small
letters correspond to D-amino acids).

Name Native sequence Peptidomimetic

muc7 FPNPHQPPKHPDK Ffiﬂz:(?::::::f

Muc7 KSHFELPHYPGL E;;EL"IZ}’EE;

mMuc7 EGRERDHELRHRRHHHQSPK EGRERDHELRHRrhHHQSPK

Hst5 DSHAKRHHGYKRKFHEKHHSHRGY DSdHQZT::hGg:/t:th:eEkf\iE:?gsGY
C-t-CCL-28 | HRKKHHGKRNSNRAHQGKHETYGHKTPY hrkkhhgkrnsnrahqggkhetyghktpy
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We show that the replacement of L-amino acids with D-amino acids (in the entire
sequence or in places most susceptible to enzymatic degradation) has a significant impact on
the antimicrobial properties in complexes with metal ions (obtained MIC values even 15
ug/ml). Moreover, such modification results in increased resistance to proteolysis of the
tested peptides. In some cases, we also noticed a different way of coordinating Cu(ll) and
Zn(ll) ions compared to the native peptide, as well as differences in the secondary structure
of the tested systems.

Our results raise hope for the potential use of these type of metal-bound
peptidomimetics in the fight against pathogenic bacteria and yeasts.
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In the last century human activities such as accidental releases, mining, and military
operations have increased the concentrations of radioactive metal ions in the environment
[1]. As recipients of discharged pollutants and covering 70% of the Earth's surface, the
oceans and their biotope emerged as a primary focus in environmental monitoring efforts.
However, the impact of radioactive metals on marine life remains poorly understood due to
their radiotoxicity and the difficulty of studying metabolic interactions.

We present here a multi-scale investigation aiming at understanding the impact of
radioactive metal accumulation in the model marine macro-alga Ascophyllum nodosum, by
describing the related uptake mechanism. We investigated the uptake and the in vivo
speciation of the uranyl ion, U0,%, and stable europium (Eu®), here used as an analogue of
americium (Am®") because of similar ionic radii, same oxidation state and because of the too
high specific activity of Am.

Contaminations experiments were performed on the A. nodosum specimens in closed
aquaria through seawater exposure, varying concentrations from macro (10° M "™U and 107
M *3Eu) to trace levels (10™ M *2Eu and ***Am). The bioaccumulation was quantified using
ICP-MS and y-spectroscopy, while elemental distribution and speciation in algal tissues were
mapped using a combination of electronic microscopy imaging (SEM), X-ray absorption
spectroscopy (XAS), and X-ray fluorescence (u-XRF).

Our results show that A. nodosum can bioaccumulate uranyl and europium, through
different active and passive mechanisms. Specificall, UO,** ion displayed a
compartmentalization ability, with higher concentrations in the receptacles (Concentration
factor: Cfreceptacles, natu = 49 * 12, Cfinaiius natu = 3.1 = 0.5). We also observed distinct speciation
depending on the compartment, the gender of the alga [2], as well as the presence of
bacteria living on algal external surface .
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To verify the Eu/Am analogy, we conducted uptake and loss kinetics experiments with
both 2 Eu and *** Am at trace levels, which revealed similar uptake and loss kinetics for the
two isotopes, suggesting chemical and biological similarities between the two. This allowed
us to extrapolate speciation studies conducted on stable europium to americium. No
evidence of elemental compartmentalization was found in this case (Cf1s3g, = 1086 £ 79). Our
analysis suggests that alginate, the main polysaccharide in algal tissue, plays a role in Eu/Am
uptake through bidentate bridging coordination.

This multiscale strategy and use of complementary spectroscopies can be useful for
predicting the risk associated with contamination of living organisms, not only in the case of
radioactive elements, but can also be extended to other toxic metals and related complexes.
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