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Symbiotic bacteria extracted from entomopathogenic nematodes: a
new frontier in biocontrol

Sara Amoriello’?

IDepartment of Life Sciences, University of Siena, Siena, Italy; °CREA-DC, Research Centre
for Plant Protection, Florence, Italy

s.amoriello@student.unisi.it

Keywords: Heterorhabditis bacteriophora, pest management, Photorhabdus
luminescens, Popillia japonica

Abstract: Entomopathogenic nematodes (EPNs) represent an established tool in
terrestrial pest control programs. The virulence of EPNs against arthropods is closely
associated with the action of symbiotic bacteria living in their gut. This ancient
mutualistic symbiosis is between nematodes of the genera Heterorhabditis and
Steinernema and bacteria belonging to the genera Photorhabdus and Xenorhabdus,
respectively. Nowadays the increasing interest in the use of symbiotic bacteria and
their metabolites as biocides is high, due to the pressing need to develop sustainable
and environmentally friendly biocontrol measures.

In this context, the Euphresco MOMAPQO]JA project aims to develop methods for the
management of Popillia japonica, one of the quarantine organisms considered a
priority by the European Union, present in Italy since 2014. Recent studies have
explored the potential use of entomopathogenic nematodes and fungi to control the
Japanese beetle. In particular, an indigenous strain of Heterorhabditis bacteriophora
has been isolated in Italy; this nematode has proven effective in controlling
populations of the invasive beetle. Currently, the symbiotic bacterium Photorhabdus
luminescens, associated with H. bacteriophora, is undergoing characterization, and its
efficacy against both larvae and adults of P. japonica will be evaluated. The use of
symbiotic bacteria and their metabolites open up promising scenarios not only in
agricultural entomology, but also in other areas of plant protection.
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Root for Root: Valorization of Agro-Industrial Waste for Sustainable
Vertical Farming Substrates

Andrea Bellini
Department of Life Sciences, University of Siena, Siena, Italy
andre.bellini@student.unisi.it

Keywords: vertical farming, sustainable substrates, circular economy, waste
valorization

Abstract: The choice of substrate is a key factor for the sustainability of agricultural
systems, particularly in vertical farming. Currently, the most widely used industrial
material is rockwool, which, despite ensuring good technical performance, presents
significant environmental and health-related drawbacks.

This study explores the development of alternative substrates, designed according to
the principles of circular economy and biocompatibility, with the aim of reducing
environmental impact while improving crop performance. Three preliminary
research strategies were investigated: (i) valorization of lignocellulosic residues from
licorice root processing, (ii) reuse of root biomass from hydroponic systems, and (iii)
production of myco-materials through fungal mycelium growth on plant by-products
(hemp, mallow, licorice roots).

Preliminary observations indicate that the reuse of hydroponic roots appears to be
the most promising approach, as it reduces waste generation and maximizes the
value of the produced biomass. Nevertheless, further studies are required to optimize
the processes, standardize protocols, and validate the agronomic performance of the
developed substrates.

Overall, these preliminary results highlight the potential of circular strategies in
substrate innovation and provide a concrete pathway towards more sustainable and
competitive alternatives to conventional materials.
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Enhancement of arable land through white truffle cultivation
compared to controlled and natural trufferies

Letizia Conti
Department of Life Sciences, University of Siena, Siena, Italy
l.contil3@student.unisi.it
Keywords: Tuber magnatum Picco, location, treatments, mycelium growth, plants

Abstract: “True tuffles” are hypogeous ectomycorrhizal ascomycetes belonging to
the order Pezizales and the Tuberaceae family, naturally principally restricted to the
Northern Hemisphere. Among them, the Italian white truffle (Tuber magnatum Picco)
produces fruiting bodies that are one of the most appreciated foods, offered on the
menus of the most famous restaurants in the world and also one of the most expensive
reflecting the low availability on the market.

Truffle cultivation allows the exploitation of land otherwise unsuitable for other
crops and is a low-impact agricultural product that does not require the use of
fungicides or fertilizers. Furthermore, it increases the area's biodiversity, generating
an important economic resource.

In Tuscany, some areas of arable land in the plain of valleys results no longer suitable
for agricultural activities due to new characteristics of the companies that manage
the land or because not easily integrated into its cultivation systems. Truffle
cultivation could therefore represent an interesting diversification of the crop
system, increasing the biodiversity of the area and the sequestration of carbon
dioxide operated by tree cultivation. Moreover, this kind of cultivation is ecologically
sustainable.

The main objective of this research is 1. to study cultivated truffle fields in arable land
in 3 different tuscan areas after 2 years from planting mycorrhized oaks that
underwent different treatments, 2. to highlight any differences with controlled and
natural white truffle fields in different areas at different altitudes such as 0-200. 200-
600, above 600 meters, 3. to evaluate the effectiveness of some agronomic planting
techniques and management, 4. to evaluate the role of companion plants.

As far as the first point is concerned, up to day it was seen that the factor treatment is
more important than factor location for mycelium growth, while plant growth is
influenced by both the area and the treatment.

UNIVERSITA | #
DI SIENA PhD Day 2025 N J
1240 Department of Life Sciences ) T~ A




UNIVERSITA |
DI SIENA PhD Day 2025 Al
1240 Department of Life Sciences T T N~

Immunological analysis of emerging pandemic influenza viruses
Valentina Costa
Department of Life Sciences, University of Siena, Siena Italy
v.costa@student.unisi.it

Keywords: pandemic influenza viruses, immunogenicity, micro-neutralization
assay

Abstract: The current historical context has heightened global awareness of the
importance of identifying the main characteristics of emerging pandemic viruses, in
order to reduce the damages caused by infectious diseases and protect global health.
Immunological analysis of emerging pandemic viruses is essential for understanding
the characteristics of the human immune response, developing effective prevention
strategies, and guiding the design of vaccines and therapies. An integrated approach
to the immunological assessment of these viruses enables more effective anticipation
and control of pathogen spread, thereby contributing to global public health and
preparedness against future epidemiological threats. This work aims to analyze the
fundamental features of two experimental methodologies used to assess the relative
immunogenicity of pandemic viruses: Elisa-based Micro-Neutralization assay (EMN)
and Micro-Neutralization CPE-based assay (MN). The micro-neutralization assay (MN) is a
highly sensitive and specific test used to determine the presence of neutralizing
antibodies in human or animal serum. This method provides an accurate assessment
of an individual's ability to possess antibodies capable of neutralizing a specific viral
strain. The procedure involves serial dilution of the serum, which is pre-incubated
with a standardized amount of virus. Subsequently, target cells are added, and the
mixture is incubated for approximately 3-4 days. After incubation, the presence of
cytopathic effects (CPE) caused by the virus is observed under an optical microscope.
The evaluation consists of identifying the highest serum dilution capable of
inhibiting the cytopathic effects, i.e., the dilution at which the virus is effectively
neutralized. Wells exhibiting CPE are considered positive, indicating that the virus
has infected the cells and that the serum has failed to neutralize the infection.
Conversely, wells lacking CPE—where the cells remain intact—are classified as
“negative,” demonstrating that the serum has neutralized the viral activity and
protected the cells from infection. The Micro-Neutralization assay based on ELISA (EMN)
is a laboratory method used to determine the presence and quantity of neutralizing
antibodies against a virus or pathogenic agent in a subject's blood sample. This
method combines the ability to assess viral neutralization with the sensitivity and
specificity of ELISA for detecting viruses or their antigens, thereby providing a
precise and reliable means of measuring neutralizing antibodies in a biological
sample. The principle is based on the assumption that neutralizing antibodies present
in the serum, which target viral proteins such as Hemagglutinin (HA), Nucleoprotein
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(NP), or Neuraminidase (NA) of the influenza virus, inhibit viral infection of cells. To
perform the test, sera are serially diluted and pre-incubated with a standardized
amount of virus. Subsequently, MDCK (Madine-Darby Canine Kidney) cells are
added. After an overnight incubation, the cells are fixed, and the presence of
influenza virus within infected cells is detected via an ELISA assay that targets the
viral NP protein.

This approach allows for the quantitative evaluation of the capacity of antibodies in
the serum to neutralize the virus, providing valuable information on an individual's
immune protection or the efficacy of a vaccine.




Differences in nectar chemistry and pollinator communities between
populations of non-obligate serpentinophytic Onosma spp.
(Boraginaceae: Lithospermeae)

Matteo Dal Cin
Department of Life Sciences, University of Siena, Siena, Italy

m.dalcin@student.unisi.it
Keywords: Nectar, plant-pollinator interactions, metal accumulation, serpentine soil

Abstract: Serpentine soils are chemically stressful environments for plant growth
and reproduction, since they contain low nutrient concentrations and high levels of
heavy metals such as nickel, chromium and cobalt, known to be potentially
phytotoxic. Despite these harsh conditions, serpentine soils can support specialized
plant species which are tolerant to (or even hyperaccumulate) heavy metals; these
species may be restricted to serpentine substrates or occur also in other edaphic
conditions. It is known that these specialized species can translocate heavy metals
from soil to their vegetative tissue, and recent studies under controlled greenhouse
conditions have shown that metals can be transported also to floral nectar !. Since
floral nectar and pollen are the main food sources for pollinators, and exposure to
metal concentrations can affect cognitive performance and foraging behaviour and
even lead to elevated mortality in bees %, a deeper understanding of the relationships
between heavy metal translocation, pollinator visitation and plant fitness is required.
The aim of this study is therefore to understand if heavy metal translocation from
serpentine soil to nectar occurs under natural conditions (through ICP-MS analysis),
to highlight if the stressful conditions of serpentine soil could affect nectar quality in
terms of sugar, amino acid and biogenic ammine concentrations (through HPLC
analysis), and to analyse potential consequences in the pollinator community
(through standardized observations of plant-pollinator interactions). Plants of the
genus Onosma (Boraginaceae: Lithospermeae) are suitable for this study since some
of its species are serpentine tolerant, and populations growing on serpentine and
non-serpentine substrates can be found in quite proximity. They also produce a
considerable amount of nectar and are pollinated both by generalists and specialized
wild bees. Comparing populations of plants growing on serpentine and non-
serpentine soils in terms of nectar chemistry and pollinator communities could shed
some light on this matter.

References:

1. Meindl, G. A., Bain, D.]J., & Ashman, T. L. (2014). Variation in nickel accumulation
in leaves, reproductive organs and floral rewards in two hyperaccumulating
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Rice straw management practices and GHGs emission

Cinzia De Benedictis®?

Institute for BioEconomy, National Research Council (IBE CNR), Firenze, Italy;
?Department of Life Sciences, University of Siena, Siena, Italy

c.debenedictisl@student.unisi.it

Keywords: rice field, rice straw management, GHGs emission, eddy covariance,
VOC

Abstract: The global warming potential (GWP) of rice (Oryza sativa L.) farming is
approximately four times greater than wheat or maize cultivation. Rice paddy mainly
contributes to methane (CH,) emission due to the anaerobic conditions of flooded
fields but also releases nitrous oxide (N,O) during draining cycles and nitrogen
fertilization.

A proper straw management, such as incorporation into soil, increases soil organic
matter content and improves soil fertility, but may enhance CH, emissions due to
increased fermentation of organic matter in flooding condition. On the contrary,
burning crop residues is considered to have a high environmental impact by
producing air pollutants (e.g. particulate matter (PM) and volatile organic
compounds (VOQ)).

The aim of the present study is to compare the CO,, CH, and N,O flux exchanges of
two different rice straw management practices - straw incorporation versus straw
burning - in the Po valley and to assess the emission of air pollutants from crop
residues burning by sampling and identifying volatile organic compounds (VOC).
Gas measurements will be performed using the following methods:

1) CO, and CH, fluxes will be monitored at ecosystem level using the Eddy Covariance
(EC) methodology, a standard micrometeorological method for the direct
measurement of CO,, CH,, water vapor and heat fluxes over a large area and at a high
temporal resolution.

2) NO; emissions from soil will be measured in real time using a dynamic chamber
coupled to an infrared gas detector (LICOR 7820).

3) VOC composition from burning straw will be determined with GC-MS analysis.
The knowledge gathered in the present project will contribute to the development
and implementation of good agricultural practices in rice cultivation. In addition, the
data collected will represent an important contribution to the Italian GHGs emissions
inventory.
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Wood distillate as a sustainable strategy to mitigate salt stress on
crop

Sara Desideri
BioAgry Lab, Department of Life Sciences, University of Siena, Siena, Italy
s.desideri2@student.unisi.it
Keywords: biostimulants, climate change, salinity, sustainable agriculture

Abstract: Salt stress is the second most significant abiotic constraint on plant growth
1, inducing osmotic stress and oxidative damage that reduce yield and fruit quality.
In this scenario, biostimulants offer a sustainable strategy for enhancing plant
resilience, and among them, wood distillate (WD), a by-product of the pyrolysis of
woody material, containing >300 bioactive compounds, showed ability in promoting
stress tolerance 2. This study evaluated the capacity of WD to mitigate salt stress in
strawberry (Fragaria ananassa (Weston) Rozier), focusing on biochemical and
biometric traits of fruits. Plants were grown under controlled conditions and
irrigated with NacCl (4 levels: 0, 1, 2, and 4 dS/m). Each level was subjected to three
different treatments: (i) plants untreated (UTC), (ii) plants treated with foliar
application of WD at 0.2% (v/v) (WD,), and (iii) plants treated with fertigation with WD
at 0.5% (v/v) (WD.). WD was applied once per week for both treatments, for a total of
8 weeks.

Preliminary results show that total flavonoid content (TFC), total polyphenols
content (TPC) and total tannins content (TTC) increased in WD; at 0 dS/m and in WD,
at 1 dS/m (TFC: +42%,+29%; TPC: +30%,+20%; TTC: +23%,+14%, respectively);
conversely, it was observed a decrease in WD; and in WD, at 4 dS/m (TFC:-29%,-21%,
TPC: -28%,-19%, TTC: -19%,-17%, respectively). Based on the biometric traits
(diameter, shape-defects, white-zones) we categorized the marketable-fruits in 3
different quality classes: extra category (EX), category I (I), and category II (II). EX
fruits were collected mainly by WD, at 0, 1 and 4 dS/m, I fruits by WD;at 0, 1 and 2
dS/m and by WD, at 4 dS/m, the II fruits by UTC at 0, 1 and 2 dS/m and from WD, at 4
dS/m. Overall, WD-treatments enhanced the proportion of fruits in the EX and I
categories compared to UTC, highlighting their positive effect on marketable quality.
These preliminary results underscore the potential of WD in mitigating NaCl stress,
although further investigations are currently underway.

References:

1. Mosa, K. A. et al. (2017). Introduction to plant stresses. In Plant stress tolerance:
an integrated omics approach (pp. 1-19). Cham: Springer International
Publishing.
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Piperidine as a versatile scaffold for the design of reversible MAGL
inhibitors

Eva Landucci'?

IDepartment of Pharmacy, University of Pisa, Pisa, Italy; 2Department of Life Sciences,
University of Siena, Siena, Italy

e.landuccil@student.unisi.it

Keywords: monoacylglycerol lipase, @ MAGL, MAGL inhibitors, 2-
arachidonoylglycerol

Abstract: Monoacylglycerol lipase (MAGL) is a key serine hydrolase involved in lipid
metabolism, primarily responsible for the hydrolysis of 2-arachidonoylglycerol (2-
AG) into arachidonic acid (AA) and glycerol. MAGL regulates pathophysiological
processes such as neuroprotection, pain modulation, inflammation, cancer
progression and addiction '. Recent studies have highlighted the therapeutic
potential of MAGL inhibitors as anti-nociceptive, anti-inflammatory, and anti-tumor
agents. Notably, MAGL inhibition has been shown to impair tumor growth,
metastasis, and inflammation-driven mechanisms.! Since most MAGL inhibitors
reported to date are irreversible and consequently associated with undesirable side
effects ?, there is a growing interest in developing reversible MAGL inhibitors with
improved safety profiles. In this context, we designed and synthesized a focused
library of novel derivatives, starting from a benzylpiperidine scaffold with MAGL
inhibitory activity (ICs, = 24.3 uM) °. Computational studies on this scaffold provided
insights into its binding mode and guided the rational design of derivatives 3.
Structural modifications included the introduction of polar substituents on the amide
moiety and lipophilic groups on the opposing side, while preserving the central
benzyl- or phenyl-piperidine core. In addition, selected phenol bioisosteres were
incorporated to improve interactions with the MAGL active site. This new series of
compounds was synthesized following an optimized procedure. Three key synthetic
steps were identified: the bromination of the aromatic ring, a cross-coupling reaction,
and an amide coupling reaction. Several of the newly synthesized compounds
exhibited potent MAGL inhibition, with IC;, values in the nanomolar range. Pre-
incubation assays confirmed their reversible binding mechanism. These results,
recently presented at the ESMEC 2025 (Urbino) international meeting and the
NMMC29 (Parma) national meeting, underscore the relevance of our approach and
provide a solid foundation for further investigations *°. Future work will aim to
optimize the scaffold by exploring additional phenol bioisosteres and introducing
new substituents on its aromatic portion to further enhance MAGL inhibitory
potency.
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Lichen biomonitoring of airborne microplastics in Brescia

Mirko Legnaro Diamanti

Department of Life Sciences, University of Siena, Siena, Italy
m.legnarodiamanti@student.unisi.it
Keywords: microplastics, biomonitoring, Pseudevernia furfuracea

Abstract: The aim of this study was to use the lichen Pseudevernia furfuracea (L.) Zopf
to evaluate the deposition of airborne microplastics (MPs) in the city of Brescia. To
this purpose, triplicate lichen samples, collected from a remote area (46°10'7.22"N
10°10'14.20"E), were exposed in bags for 3 months at 14 sites selected following a
systematic randomized sampling design. Five samples were left unexposed as
control. After the exposure, samples were digested using the wet peroxide method,
filtered and MPs tested with the hot needle method. Each round of digestion included
a blank as a quality control of the tests. The final results were corrected for unexposed
samples.

A total of 166 MPs was found, mostly microfibers, with variable counts (1-33)
depending on the station, and an average of 10+4 MPs per site. On a mass basis, the
results showed an average concentration of 18.1+6.6 MP/g, over a range of 1.7-43.5
MP/g. These results are comparable with other urban environments.

13

1240 Department of Life Sciences T e



mailto:roberta.vanni@student.unisi.it

UNIVERSITA |
DI SIENA PhD Day 2025 Al

1240 Department of Life Sciences I

Combined effects of wolf, red deer and temperature on the

spatio-temporal behaviour of Alpine chamois
Lucrezia Lorenzetti'?

IDepartment of Life Sciences, University of Siena, Siena, Italy; 2ERSAF-Stelvio National
Park, Bormio, Italy

l.lorenzetti2@student.unisi.it

Keywords: Alpine chamois, predator-prey interactions, interspecific competition,
camera trapping, spatio-temporal behaviour

Abstract: Red deer (Cervus elaphus) and Alpine chamois (Rupicapra rupicapra
rupicapra) coexist in the Stelvio National Park (Central Italian Alps), where
interspecific interactions, predation, and climate act as key drivers of population
dynamics. Following its natural recolonization after local extinction in the 1970s, the
red deer population increased steadily until the early 2000s, coinciding with a marked
decline of chamois, likely driven by trophic competition and behavioral interference.
The recent return of the wolf (Canis lupus), which primarily preys on red deer in this
area, has introduced an additional ecological driver. Wolf presence has been shown
to influence red deer habitat selection and activity rhythms, but its indirect effects
on chamois remain poorly understood.

This study aims to investigate how chamois modulate their spatial and temporal
behavior along a gradient of wolf presence, while accounting for red deer behavior
and temperature variation. Specifically, we ask whether competition or thermal
stress has a stronger influence on chamois behavior, and whether these effects are
expressed predominantly in space or time.

To address these questions, we will deploy 100 camera traps across the municipalities
of Valfurva (SO) and Ponte di Legno (BS) within the Stelvio National Park, distributed
according to a random tessellation sampling design, covering an altitudinal range
between 1,200 and 3,000 m a.s.l. Ambient temperature will be continuously recorded
using Tinytag data loggers installed near each camera station. Camera trap data will
be used to model spatio-temporal activity patterns of chamois and red deer, while
wolf presence will be quantified based on the year of colonization of each area.
Mixed-effects models will allow disentangling the relative contribution of
competition, predator presence, and temperature on chamois spatio-temporal
behavior.
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U373 glioma cell line releases perforin-1 positive proteinaceous
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Abstract: Glioblastoma (GBM) is the most aggressive and therapy-resistant brain
tumor in adults. GBM heterogeneity and incomplete understanding of the tumor
microenvironment (TME) poses significant challenges in developing effective
treatments. Within the TME, GMB cells communicate with macrophages, microglia,
endothelial cells, astrocytes and immune cells through direct cell-cell contact and
the release of soluble factors including metabolites, chemokines, cytokines, and
extracellular particles (EPs), to sustain tumor growth. However, the underlying
mechanisms remain poorly understood. We found that U373 cells express perforin-1,
a component of cytotoxic supramolecular attack particles (SMAPs) from T cells,
leading us to investigate the activity of U373 EPs.

In our study, we identified SMAP-like EPs in the secretome of the glioblastoma U373
cell line that were enriched using ultracentrifugation and wheat germ agglutinin
affinity chromatography followed by immunoblot, nanoFCM and dSTORM analysis.
These entities are similar in size to extracellular vesicles (~100 nm), include pore
forming protein perforin-1 and SMAP shell protein thrombospondin-1. The particles
were not cytotoxic but gained cytotoxic activity following transfection of U373 cells
with granzyme B, which led to formation of SMAPs containing perforin-1 and
granzyme B. Native U373 EPs have a protein composition enriched in metabolism and
motility related gene ontology terms and displayed autocrine acceleration of wound
closure in U373 monolayers. These findings provide new insights into the attack of
glioblastoma cells against adjacent normal tissues and highlight SMAP-like particles
as potential targets for innovative therapeutic approaches.
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Detection of olive tree chlorophyll content under different
management practices integrating Sentinel-2 and a hybrid
ANN-PROSAIL model
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Abstract: Olive tree cultivation (Olea europaea L.) plays a pivotal role in
Mediterranean agriculture by bolstering farmers' income in marginal areas and
providing essential ecosystem services such as preventing land erosion, increasing
biodiversity, and mitigating climate change through carbon sequestration in soil and
woody compartments. Monitoring over time functional traits of olive trees such as
leaf chlorophyll content (Ca) is crucial for understanding the system's response to
climate conditions and management practices, especially in the Mediterranean
region, where climate change is intensifying both mean climate conditions and
extremes.

In this context, remote sensing (RS) can be considered a suitable tool, particularly
when integrated with modelling approaches. The ability of machine learning (ML)
algorithms to handle large datasets, combined with advanced radiative transfer
models (RTMs) like PROSAIL, which simulates the contribution of various functional
traits on continuous canopy reflectance spectra using a physics-based approach, is
enhancing the retrieval of functional traits. This study aimed to monitor monthly
changes of Ca, in two differently managed olive orchards (i.e., extensive vs intensive)
for the period 2017-2024 coupling two Sentinel-2 datasets and a hybrid Artificial
Neural Network (ANN)-PROSAIL model using the ToolsRTM R package.

The results showed that time-series of C., were consistent with olive tree phenological
stages, achieving the highest value of Ca during winter and the lowest during
summer period. This variability was especially evident in the extensive orchard,
where the mean C,, varied from 52.3 (ug cm™) in winter to 12.4 (ug cm™) in summer,
while in the intensive orchards it only varied from 40.3 to 30.7 (ug cm™). These results
validate the suitability of the hybrid ANN-PROSAIL model for Cu, retrievals in olive
orchards across seasons, as well as its capability for identifying management
strategies.
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Valorisation of artichoke waste: biochemical enhancement through
wood distillate application
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Abstract: Artichoke (Cynara cardunculus L.) is widely recognized for its nutritional
value, due to its high content of bioactive compounds. The industrial processing of
artichokes for commercial sale generates large amounts of waste, mainly represented
by external bracts, leaves, and stems, whose valorisation could contribute to both
environmental sustainability and economic gain. In this project, artichoke matrices
[external bracts (EB), core (C), leaves (L), and stems (S)] were analysed untreated and
after weekly foliar treatment with 0.2% (v/v) wood distillate (WD). WD, obtained by
the pyrolysis of plant biomass, is a biostimulant rich in bioactive molecules that
enhances plant metabolism and phytochemical profiles *.

Biochemical analyses included total phenolic content (TPC), total flavonoid content
(TFC), tannins, ascorbic acid, antioxidant activity, starch, chlorophylls, amino acids,
proteins, as well as macro- and micronutrients (P, S, K, Ca, Mn, Fe, Cu, Zn). Treatment
with WD enhanced the bioactive compounds in EB and C, while decreases were
observed in L and S. In EB, increases were found for TPC (+10%), TFC (+12%), ascorbic
acid (+35%), starch (+23%), and total chlorophylls (+11%). The same tendency was
observed for macro- and micronutrients, with increases reported for Ca (+31%) and
Zn (+47%). Antioxidant activity increased in all matrices, with the strongest effect in
EB (+62%). These findings highlight the potential of WD to enhance the nutritional
value of artichoke waste, supporting its exploitation as a source of functional
compounds. Future analyses will include HPLC-ESI-MS for phytochemicals
identification and NMR spectroscopy for metabolite structural elucidation and
quantification.
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Refining Serological Assays for Influenza: Addressing
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Abstract: Emerging and re-emerging infectious diseases highlight the need for
robust, standardized assays, capable of reliably monitoring immune responses.
Influenza is one of the most rapidly evolving pathogens, demanding ready-to-use
platforms to support vaccine development and pandemic preparedness. Among non-
functional assays, haemagglutination inhibition (HAI) remains the gold standard for
quantifying anti-influenza antibodies. This method relies on the ability of specific
antibodies to block the interaction between the viral haemagglutinin HA protein and
sialic acids on red blood cells (RBCs). Firstly, affinity of different influenza strains for
RBCs from multiple animal sources (turkey, horse) at different concentrations was
evaluated. We further investigated virus-serum interaction by ranging the incubation
time from 15 to 60 minutes, followed by virus-RBCs interaction ranging from 30 to 70
minutes. These experiments allowed us to establish standardized conditions that
improved both sensitivity and reproducibility.

The second objective addressed the fact that, unlike animal-derived antisera
commonly used for assay set-up and validation, human serum often contains
endogenous substances that can influence antigen-antibody interactions, even after
pre-treatment with cholera toxin-derived receptor-destroying enzyme (RDE) to
reduce non-specific binding. To evaluate this, we spiked three identical aliquots of
the samples with either 10 mg/ml of lipids, 160 pg/mL of bilirubin or 2.5 mg/mL of
haemoglobin (obtained by haemolysing human RBCs) while a fourth aliquot received
DPBS as a control. Results suggested that such concentrations of haemoglobin and
bilirubin yielded GMR values that did not compare with the DPBS reference.
Consequently, a second experiment with reduced concentrations of bilirubin and
haemoglobin was performed, demonstrating that bilirubin and haemoglobin can be
tolerated up to a concentration of 66 pg/mL and 1.5mg/mL, respectively. By defining
these tolerance thresholds, our assay enables the pre-selection of suitable samples,
thereby minimizing false results and ensuring more reliable assay outcomes.
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Genetics and environment interplay in the Amyotrophic Lateral
Sclerosis - FrontoTemporal Dementia spectrum: a Multi-Omics
approach in Twin patients
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Abstract: Amyotrophic lateral sclerosis and frontotemporal dementia (ALS-FTD)
represent a heterogeneous spectrum with variable motor, cognitive, and behavioral
impairment. Despite recent advances in pathophysiology, disease onset,
heterogeneity, and progression remain largely unexplained. Twin studies offer a
unique opportunity to disentangle genetic from environmental contributions,
particularly when integrated with deep phenotyping and multi-omics approaches.
However, existing literature is mostly limited to case reports or retrospective
heritability studies, lacking large cohorts, longitudinal follow-up, and integration of
biological and environmental data. Our main aim is to establish the first longitudinal
cohort of Italian ALS/FTD twins, with a virtual biobank designed to: (i) identify risk
and protective factors through discordance in monozygotic pairs; (ii) detect early
disease signatures in unaffected twins as pre-/asymptomatic carriers; and (iii)
investigate post-twinning disease-related alterations, including parent-offspring
trios. Recruitment involves three Italian reference centers. At baseline, affected and
unaffected twins wundergo deep phenotyping, neuropsychological and
neurophysiological testing, multimodal imaging, and environmental exposure
assessment. Biological samples (blood, saliva, stool, skin, hair, CSF) are collected for
long-term storage and multi-omics analyses, including genomics, epigenetics,
proteomics, metabolomics, microbiome profiling, immunophenotyping, and
toxicology. Longitudinal follow-up will enable assessment of discordance and early
disease signatures. To date, 30 families (63 subjects) have been recruited, with
expected expansion to 41 families (85 subjects) in the next months (11 scheduled
enrollments). We established standard operating procedures (SOPs) for sample
collection, biobanking, and shipment. We collected and stored initial biological
samples and optimized experimental protocols for immunological and lipidomic
analyses. We performed immunophenotyping of circulating T lymphocytes in 12
patients; processed fecal samples for SCFA/MCFA/LCFA and cytokine analyses;
extracted DNA from fecal and salivary samples for shotgun sequencing; and extracted
RNA from blood for Nanostring nCounter assays. These efforts consolidate our
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workflows and provide a solid foundation for subsequent integrative analyses aimed
at unraveling ALS-FTD pathogenesis.
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Abstract: Norbormide (NRB) is a Rattus-selective toxicant, discovered in 1964 and
marketed until 2003 as an environmentally friendly rodenticide. However, its usage
declined due to inconsistent effectiveness and the advent of second-generation
anticoagulant rodenticides. The lethal effect of NRB involves irreversible
vasoconstriction of rat peripheral arteries, potentially resulting in cardiac damage.
However, the exact sequence of events and the target organs remain unclear.
Elucidating NRB’s mechanism of action is essential for developing species-selective
toxicants as alternatives to broad-spectrum agents currently in use (1). This study
investigated NRB cardiovascular effects at functional and morphological levels (2-4).
In spontaneously beating Langendorff-perfused rat heart, NRB reduced the left
ventricular pressure and increased the coronary perfusion pressure with ICs, values
of 0,91 and 0,34 pM, respectively. At 5 uM, NRB reduced the heart rate by 23% and
prolonged the atrioventricular conduction. Sinus arrhythmia, atrioventricular block,
ventricular tachycardia, fibrillation and, occasionally, cardiac standstill occurred at
this concentration.

Histological analysis of hematoxylin and eosin-stained hearts revealed
morphometric changes consistent with functional effects, including increased
coronary artery wall thickness—particularly pronounced in small vessels—
endothelial folding indicative of contraction, and cytoplasmic vacuolization in
smooth muscle and endothelial cells. The effect of NRB was also evaluated in HOC2
cell line derived from ventricular myoblasts of embryonic BD1X rat hearts, using
viability and cell cycle assays. After 24 hours of NRB treatment, both MTT and Trypan
Blue assays revealed a reduction in viability, of approximately 40% at 100 pM.
Overall, these data provide new insights into the cardiovascular toxicity of NRB and
highlight its effects on both cardiac function and cellular integrity.
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Al based classification of erythrocytes morphology from scanning
electron microscopy images as a hiomarker candidate for autism
spectrum disorder
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Abstract: Changes in the morphology of red blood cells (RBCs) are associated with
multiple dysfunctions and pathological states. Notably, atypical RBC shapes have
been identified in patients with autism spectrum disorder (ASD),
neurodevelopmental conditions involving social and behavioural impairments’. The
project aims to assess the potential of RBC morphology as a candidate biomarker for
early ASD diagnosis. In collaboration with a team of neuropsychiatrists from USL
Umbria 2, we are recruiting paediatric ASD patients and age-matched controls to
conduct comparative morphometric analyses of RBCs using scanning electron
microscopy (SEM). Blood micro-samples are obtained through a minimally invasive
collection protocol (fingertip prick) developed by our research group.? Statistical
analysis revealed a significant difference between the ASD samples and the negative
controls. Furthermore, in partnership with QuestIT (S.r.l.), we have developed an
artificial intelligence (AI) based software for the semi-automatic detection and
classification of erythrocytes in SEM micrographs, designed to improve both the
speed and reproducibility of RBC analysis. Preliminary results are encouraging, with
the AI model achieving accuracy rates of 92.29% for classification and 98% for
detection. These findings suggest that our approach may provide a reliable tool for
advancing both diagnostic applications and hematologic research. In recognition of
its potential impact and novelty, the method is currently undergoing the patenting
process.
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Inflammation and Muscle Damage in Gastrointestinal Diseases

Francesco Ceil?

!Department of Life Sciences, University of Siena, Siena Italy, 2Department of Experimental
and Clinical Medicine (DMSC), University of Florence, Florence

f.ceil@student.unisi.it

Keywords: Microbiota-immune axis, Functional foods, Short-chain fatty acids
(SCFAs), Inflammatory bowel disease (IBD), Muscle function

Abstract: Functional foods are promising modulators of the gut microbiota-immune
axis in the peri-operative setting of gastrointestinal (GI) surgery. GI procedures elicit
an inflammatory response that supports tissue repair and homeostasis. However, in
patients with GI cancers (esophagus, stomach, colorectal) or inflammatory bowel
disease (Crohn’s disease, CD) pre-existing dysbiosis combined with surgical stress
may drive excessive systemic inflammation, with elevated pro-inflammatory
cytokines, endothelial dysfunction and neutrophil activation that can harm tissues,
including skeletal muscle, and increase risks of anastomotic leak, surgical-site
infection and mortality. Hospitalised surgical patients are also at high risk of
malnutrition due to increased metabolic demands, inadequate intake and peri-
operative losses. We are conducting an interventional study in surgical patients who
receive a probiotic- and prebiotic-enriched bar developed by Synbiotec, and an
observational study in patients receiving standard nutritional counselling during
prehabilitation. The aim is to evaluate whether targeted dietary interventions
modulate the gut microbiota-immune-muscle axis and improve peri-operative
outcomes. Faecal microbiota composition and diversity will be profiled by 16S rRNA
sequencing. Short-chain fatty acids (SCFA) in faecal and serum samples will be
quantified by gas chromatography-mass spectrometry to link microbial metabolism
with host physiology. Immune tone will be characterised through multiplex cytokine
panels (Luminex, ELISA, Ella). Muscle status will be assessed longitudinally by
handgrip dynamometry, 6-minute walk and chair-rise tests, musculoskeletal
ultrasound and electromyography, alongside blood biomarkers of damage, including
creatine kinase. Integrated analyses across microbiology, immunology and nutrition
will evaluate intervention effectiveness and define microbe-metabolite-immunity-
muscle relationships. Primary outcomes include changes in systemic inflammatory
markers; secondary outcomes include SCFAs, microbial diversity, muscle function
and post-operative complications. Findings are expected to inform personalised peri-
operative dietary strategies that complement standard care and guide patient
stratification for subsequent trials aimed at durable, clinically meaningful
improvements in recovery and quality of life.
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Abstract: Adequate maternal-fetal circulation is established during early placental
development through the action of extravillous trophoblasts (EVTs), cells that are
essential for mediating maternal decidual invasion and spiral artery remodeling.
Using the HTR-8/SVneo cell line as a model, this study investigated how a known
pollutant, atmospheric particulate matter (PM <4 pum), affects the viability and
functionality of these cells. While PM exposure did not compromise cell viability, it
induced marked oxidative stress, as evidenced by a rise in intracellular reactive
oxygen species (ROS) at concentrations as low as 50 ng/mL. Evidence of structural
damage was also observed: transmission electron microscopy revealed
mitochondrial ultrastructural alterations, and Western blot analysis confirmed an
increase in PARP, a marker of DNA damage. Additionally, the expression of nutrient
transport proteins was altered. Functional assays demonstrated that the migratory
and invasive capacities of EVTs were significantly impaired. Collectively, these
findings indicate that low-dose atmospheric PM causes both oxidative and structural
stress, ultimately compromising the cells' invasive capacity and nutrient transport.
The disruption of these key placental processes may contribute to pregnancy
complications such as preeclampsia and intrauterine growth restriction. This study
therefore highlights air pollution as a modifiable environmental factor with
important implications for reproductive health.
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Abstract: Recent in vitro advances have allowed the vaccine industry to move away
from in vivo Rabbit Pyrogen Test. There is currently a scarcity of well-established in
vitro tests, apart from the Monocyte Activation Test (MAT), to assess vaccine-related
pyrogenicity or to predict vaccine reactogenicity and local toxicity. The GSK Vaccines
Institute for Global Health (GVGH) is developing an integrated in vitro platform
designed to analyze and predict the balance between reactogenicity and
immunogenicity in response to a candidate vaccine. This platform aims to help
predict human toxicity versus beneficial reactogenicity, focusing on the assessment
of chemokine expression that connects innate and adaptive immune responses
versus cytokines linked to reactogenicity. To accomplish this, we expanded the MAT
setup to evaluate various cytokines, creating a detailed in vitro immune profile for
Generalised Modules for Membrane Antigens (GMMA), an exosome-based vaccine
technology being developed at GSK. We identified in vitro immune-profiles
characterized by a high presence of proinflammatory molecules like IL-8, MCP-1 and
MIP-1a, linked to immune stimulation and only few inflammatory cytokines like IL-
6. Currently we are corroborating these results with cytokine readout from 3D
epithelial/endothelial tissues including morphological and histochemical
assessments. Additionally, using the GMMA technology, we have identified that IL-6
has a good correlation with the febrile response in pyrogenicity tests in rabbits.
Furthermore, a validated integrated in vitro platform, which compares findings with
in vivo studies for reliability, can potentially reduce risks in the clinical development
of future vaccines, enhance the predictive value of preclinical studies, and
simultaneously decrease the reliance on animal models.
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PLK1 controls cytotoxic T lymphocyte motility by orchestrating
cytoskeletal dynamics and LFA-1 trafficking
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Abstract: Cytotoxic T lymphocytes (CTLs) play a key role in the elimination of
aberrant, tumorigenic or infected cells by recognizing specific antigens and
assembling immune synapses (IS) with their targets. The IS acts as a signaling and
secretory domain through which CTLs release lytic granules to mediate target cell
killing. Effective CTL function requires not only IS assembly, but also efficient
migration across tissues to interact with target cells. Migration enables CTLs to move
through peripheral tissues, infiltrate tumors, and reach infection sites, ensuring a
rapid and effective immune response.

We have recently implicated Polo-like kinase 1 (PLK1), a well-known mitotic
regulator, in IS assembly. PLK1 promotes transient CTL polarization by regulating the
reorientation of the centrosome and microtubule cytoskeleton toward the IS, a
process required for lytic granule release. Given its established role in cell migration
in other cell types, we investigated whether PLK1 also regulates CTL motility. We
demonstrated that PLK1 inhibition impairs CTL migration induced by the C-X-C motif
chemokine ligand 12 (CXCL12). PLK1 is phosphorylated on serine 137 upon CXCL12
stimulation and is required for chemokine-induced CTL polarization. Treatment with
the PLK1-specific pharmacological inhibitor BI2536 alters both actin and microtubule
cytoskeleton dynamics, further supporting its role in CTL migration. Interestingly,
we found that PLK1 is critically involved in lymphocyte adhesion, a critical initiating
event in the migratory process. We observed that PLK1 activity is required for the
surface expression of lymphocyte function-associated antigen 1 (LFA-1), the integrin
that serves as the receptor for ICAM-1 and is crucial for CTL adhesion and migration,
by regulating its intracellular trafficking.

These results demonstrate that PLK1 is critical for CTL migration and indicate that
PLK1 inhibition may compromise immune surveillance, potentially facilitating
tumor progression and infection persistence.
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chronic lymphocytic leukemia cells in a contact-independent fashion
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Abstract: Supramolecular Attack Particles (SMAPs) are a new, non-conventional type
of cytotoxic particle released by cytotoxic T lymphocytes (CTLs) ! and natural killer
(NK) 2 cells that contribute to target cell killing. SMAPs are characterized by a
cytotoxic core enriched in granzymes and perforin surrounded by a proteinaceous
shell that is enriched in thrombospondin (TSP)-1. TSP-4 was also detected in a mass
spectrometry analysis of SMAPs released by CTLs; however, its interrelationship and
interplay with TSP-1 in SMAPs have not been investigated.

We had previously confirmed that TSP-4 is expressed in CTLs with an oppositive
expression pattern compared to TSP-1 during CTL differentiation and showed that it
co-localizes with TSP-1 in lytic granules (LG). Here we investigated the relevance of
TSP-4, and TSP-1, for CTL- and SMAP-mediated killing. We also hypothesized that
LG/SMAP components might be targeted by cancer cells as a new mechanism for
immune evasion. To test this hypothesis, we differentiated CD8* T cells purified from
healthy donors to CTLs in the presence of culture supernatants from chronic
lymphocytic leukemia (CLL) cells and assessed CTL- and SMAP-mediated killing as
well as the expression of LG/SMAP components in CLL-conditioned CTLs.

Our results demonstrated that both CTL- and SMAP-mediated cytotoxicity rely on
TSP-4 and TSP-1. Importantly, killing was rescued when TSP-4 and TSP-1 expression
was restored in TSP-4 and TSP-1 knockdown CTLs, respectively. In agreement with
our previous report?, CTLs generated in CLL-conditioned media showed an impaired
killing activity. We now provided the first evidence that CLL cells produce soluble
factors that reduce TSP-4 expression and compromise the killing activity of SMAPs.
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Abstract: In the second year of my PhD, I extended my research to investigate the
nutraceutical properties of processing wastes. In particular, I focused my attention
on artichoke waste (AW), composed of external leaves, which represents a valuable
source of bioactive compounds. HPLC analyses were performed and revealed a
complex polyphenolic profile with significant antioxidant capacity. AW extract was
evaluated for its role in neuroinflammation processes using human neuroblastoma
SH-SY5Y cells, where it significantly improved cell viability and reduced oxidative
stress. Furthermore, antioxidant and anti-inflammatory activities were
demonstrated in THP-1 monocytes and macrophages, highlighting its potential for
neuroprotective applications *. In addition, I investigated l-acetoxypinoresinol (1-
AP), a scarcely explored lignan found in extra virgin olive oil (EVOO) 2, continuing
previous research developed within the group where I am conducting my PhD. An
efficient protocol was developed for its extraction from Taggiasca cultivar EVOO,
combining liquid-liquid extraction with semi-preparative HPLC, which yielded 1-AP
at 97% purity. Given the recognized anti-inflammatory potential of lignans, the effect
of 1-AP in inflammatory disorders such as psoriasis was investigated. Biological
evaluation in TNFa-stimulated HaCaT keratinocytes, an in vitro psoriasis model,
revealed that 1-AP reduced proliferation, promoted apoptosis, and downregulated
inflammatory markers **. Finally, I dedicated part of my work to the development of
3D-printed hydrogel patches incorporating basil extract for biomedical applications,
particularly in wound healing and scar prevention. The extract was obtained through
microwave-assisted extraction, and its polyphenol content was quantified by HPLC
analysis. The results showed that basil extract was rich in polyphenols, especially
rosmarinic acid. Additionally, the radical scavenging activity of the extract was
assessed using the DPPH assay, revealing significant antioxidant activity.
Subsequently, the release profile of polyphenols from the patch formulations was
evaluated at specific time intervals in phosphate-buffered saline (PBS) to simulate
physiological conditions, using HPLC analysis °.
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Abstract: Recent evidence on chrono-nutrition suggests that aligning dietary
patterns with an individual's circadian rhythms, known as “chronotype”, can
optimise metabolic processes. The aim of this randomized controlled trial was to
explore the effects of a 4-month period of a chronotype-adapted diet, compared with
a diet with a conventional calorie distribution, on body composition and
cardiometabolic health.

Participants randomized to the intervention group (IG) received a low-calorie diet
with a caloric distribution adapted to the individual chronotype (morning or
evening), defined through the Morningness-Eveningness Questionnaire. The control
group (CG) followed a standardized low-calorie eating plan. Anthropometric
measurements, body composition and blood samples were obtained from each
participant at the beginning and the end of the study.

One hundred and seventeen overweight/obese subjects completed the study (mean
age: 49+12 years, IG=57 and CG=60). Both diets showed a significant effect on weight
loss (p<0.05), with evening chronotypes exhibiting a greater reduction, compared to
morning chronotypes and controls (-3.7 kg vs -3.2 kg vs -2.5 kg, respectively).
However, only the IG showed a significant (p<0.05) reduction of fat mass (- 2.8% in
evening and -1.6% in morning chronotypes). Only morning chronotypes exhibited a
significant glucose decrease (-2.9 mg/dL). No differences emerged between the two
groups in terms of other biochemical parameters.

The present randomized controlled clinical trial shows a slight but significant
efficacy of a chronotype-adapted diet to improve body composition and metabolic
risk profile in overweight/obese subjects.
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Abstract: Floral nectar is a challenging environment, composed primarily of water
and highly concentrated sugars. Each flower represents an island-like ecological
niche. Nectar-inhabiting microorganisms, such as yeasts and bacteria, can alter
nectar chemistry through their metabolic activities !'. Transmitted mainly by
pollinators, these microorganisms can tolerate high osmotic pressures and occur
both in nectar and on pollinator mouthparts **. Despite their ubiquity, their role in
plant-pollinator interactions remain largely unexplored.

This study aims to characterise yeast diversity using a combination of metagenomic
analysis, isolation, and identification of cultivable strains. Plants of the genus Onosma
(Boraginaceae:Lithospermeae) were chosen as model species because they produce
large amounts of nectar that is protected from dilution by rainfall due to their floral
morphology. Profiling nectar chemistry using HPLC, together with data on nectar-
associated microorganisms, will provide novel insights into the interactions among
plants, pollinators, and microorganisms. First data confirms the strict connection
between pollinators interaction and yeast concentration in nectar with low
phylogenetic diversity.
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Abstract: Chronic psychological stress disrupts the gut-brain axis, activating the
hypothalamic-pituitary-adrenal (HPA) axis and leading to mucosal inflammation,
oxidative stress, and microbiota dysbiosis in the colon ! This hostile
microenvironment compromises the survival and colonization of orally
administered probiotics, limiting their therapeutic efficacy 2. To address these
challenges, this work develops a colon-targeted delivery system enabling sequential
release of anti-inflammatory agents and probiotics through firm adhesion to
damaged mucosa.

The platform comprises a polycaprolactone (PCL) microcontainer equipped with
mucoadhesive, pH-responsive alginate microneedles loaded with antioxidant and
anti-inflammatory nanoparticles, designed to promote rapid local inflammation
resolution. The inner cavity houses electrospun sodium alginate/corn starch fibers as
a prebiotic carrier for sustained probiotic release, timed to occur after the initial anti-
inflammatory phase to support long-term microbiota restoration. Multiple
microcontainers are encapsulated within an Eudragit® S100 capsule for colon-specific
deployment.

Electrospinning produced continuous alginate/starch fibers with high probiotic
loading and preserved bacterial viability post-processing. Nanoparticles displayed
potent antioxidant activity, efficient encapsulation, and sustained release over 72
hours from a stable alginate hydrogel under simulated colon conditions.

These results validate the feasibility of a two-phase therapeutic strategy in which
early inflammation resolution is followed by sustained probiotic release. This
approach directly addresses the challenges posed by the stress-altered colon niche,
and offers a promising therapeutic platform for treating chronic inflammatory
disorders associated with systemic stress.
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Inter-Laboratory Technology Transfer and Validation of a
Microneutralization ELISA-based assay for Pandemic Emergency
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Abstract: The emergence of novel pathogens with pandemic potential, such as avian
influenza viruses, flaviviruses and monkeypox represents an increasing threat to
global public health. Harmonized serological assays are an essential tool for
epidemiological surveillance and for evaluating new vaccine and monoclonal
antibody effectiveness. In this context, the Coalition for Epidemic Preparedness
Innovations (CEPI) has established an international network of laboratories to
strengthen preparedness and response capacity against future unknown possible
pandemics. A pandemic emergency simulation was conducted to assess the
feasibility of a technology transfer of a Microneutralization ELISA-based assay for the
serological detection and measurement of anti-A/Astrakhan/3212/2020 (H5NS)
functional antibodies. The technology transfer was implemented by Vismederi to a
partner laboratory located in Australia, with a maximum implementation time of six
weeks. The workflow included a GAP analysis to identify critical reagents and
equipment, assay optimization, cell line expansion and working cell bank
preparation, growth of the Influenza Virus in cell culture, and the selection of a
representative serum panel. All materials and documentation (working instructions,
blinded serum panel, titrated virus, reference antibodies) were transferred to the
receiving laboratory, which performed the assays under blinded conditions
according to the working instructions provided by Vismederi. Statistical comparison
of the data generated by the two laboratories revealed a high degree of concordance,
confirmed by correlation and regression analyses, thus demonstrating the
robustness of the protocol and the effectiveness of the technology transfer. The entire
process was completed within the predefined timeframe, proving the feasibility of
rapidly implementing standardized diagnostic assays in emergency scenarios. This
study highlights the importance of harmonized and transferable serological assays to
support global pandemic preparedness, in accordance with the Good Clinical
Laboratory Practices, EMA and FDA guidelines for influenza vaccine evaluation.
Future developments will include the implementation of hemagglutination
inhibition (HAI) and single radial hemolysis (SRH) assays, for which CEPI has
designated VisMederi as the central reference laboratory. This experience provides a
practical model for coordinated responses to emerging pandemic threats.
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Rejuvenation of intestinal microbiota via microbiota transfer in aged
mice: effects on local expression of proteins and function
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Abstract: We investigated the impact of intestinal microbiota rejuvenation through
microbial transfer from young donors into aged recipient mice, focusing on protein
expression and function. Aged (20-month) mice were colonized with microbiota from
young (3-4-month) syngeneic donors, and colonic protein expression was assessed
by a proteomic approach, enabling the analysis of 2.453 proteins. We observed that
24 proteins were upregulated and 14 were downregulated, and these proteins were
associated with multiple signaling pathways including Integrin-linked Kinase (ILK),
Integrin, Leukocyte extravasation, and IL-1 pathways and others with an overall anti-
inflammatory effect. Rejuvenation of the microbiota also led to a significant increase
in bacterial species such as Lachnospiraceae and Ruminococcaceae, which are
involved in short-chain fatty acid (SCFA) production, the decline of which is
considered detrimental during aging. Histological analyses further showed that
aspects of innate immunity were affected: aged recipients displayed increased
expression and production of angiogenin IV, a key mediator of pathogen defense
produced by Goblet cells. Colonization of the aging gut with “young-like” microbiota
also induced morphological changes, including significant alterations in the number
of mucus-producing cells, a critical component of intestinal barrier integrity.
Currently, the effects of microbiota rejuvenation on innate immunity (e.g., IgA
responses to orally and nasally delivered antigens) are under evaluation. Taken
together, these findings suggest that maintaining a young-like microbiota later in life
may contribute to healthy aging.
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Taginostat, a new quinolone-based HDAC6 inhibitor, promotes
apoptosis of chronic lymphocytic leukemia cells by activating STAT4:
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Abstract: Chronic lymphocytic leukemia (CLL) is a hematological malignancy
characterized by the accumulation of mature CD5" B cells, largely due to defective
apoptosis. Prolonged leukemic-cell survival has been linked to down-regulation of
the pro-apoptotic adaptor p66Shc and its transcription factor STAT4, both typically
reduced in patients with poor prognosis 2. To date, a clear mechanistic explanation
for the STAT4 deficiency in CLL has not been provided.

However, restoring STAT4 expression or activating its residual function could
represent an attractive therapeutic strategy. In T lymphocytes, histone deacetylase 6
(HDACS6) directly deacetylates and suppresses STAT4, suggesting that a similar
mechanism may operate in CLL cells 3. Here we hypothesized that HDAC6-mediated
STAT4 inhibition also occurs in CLL cells, contributing to leukemic cell survival. We
tested here the newly developed, potent preferential HDAC6 inhibitor Taginostat
(HDACS6 ICso = 7.9 nM) and found that it enhances p66Shc expression and restores
apoptosis in CLL cells. These effects were reproduced by siRNA-mediated silencing
of HDACS6. Flow-cytometric and western blot analyses showed that Taginostat boosts
residual STAT4 activity by enhancing its phosphorylation. Moreover, transient
transfection with STAT4-luciferase or STAT4-GFP constructs demonstrated that
Taginostat promotes both nuclear translocation and transcriptional activity of
STAT4. In addition, in vivo experiments carried out in the Eu-TCL1 mouse model of
CLL demonstrated that Taginostat treatment counteracts disease development,
significantly reducing leukemia burden. Collectively, these findings validate HDAC6
inhibition as a potent and selective therapeutic strategy, able to promote STAT4
activation in CLL cells and counteract disease progression.
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Abstract: Agricultural herbicides are essential for maximising yields through
effective weed control, however, their interaction with plastic residues in soil,
particularly in systems utilizing plastic mulch films, remains poorly understood.
This study investigates the absorption and persistence of trifluralin (2,6-dinitro-N,N-
dipropyl-4-(trifluoromethyl) benzenamine) in macro- (2 x 2 cm) and microplastic (63-
500 um) particles of low-density polyethylene (LDPE) and biodegradable (PLA-PBAT)
plastic, and the subsequent impact on soil nutrient dynamics and plant growth. PLA-
PBAT plastic absorbed approximately four times more “C-labelled trifluralin than
LDPE (0.4 vs. 0.1 %), highlighting its higher affinity for the herbicide. Microbial
degradation of *C-trifluralin labelled LDPE when applied to soil was low (ca. < 1 %),
with greater degradation instead observed from PLA-PBAT (ca. 4 %) after 45-days.
This suggests that biodegradable plastics may facilitate trifluralin mineralization in
soil, potentially affecting soil microbial activity. Trifluralin exposure altered soil
nutrient availability, with trifluralin-exposed treatments showing improved nitrogen
concentration and reduced C:N ratios in the plant tissue. Plant growth was also
impacted, as trifluralin-exposed treatments exhibited higher nitrogen uptake and
dramatically decreased biomass in shoots and roots, particularly in treatments with
micro-plastics. These findings highlight the potential for biodegradable plastic to
alter the fate and bioavailability of trifluralin in agricultural soils, enhancing
herbicide degradation and influencing nutrient dynamics and plant growth. This
study underscores the need for further investigation into the environmental
implications of plastic-herbicide interactions, especially as biodegradable plastics
gain traction in agricultural practices.
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Abstract: Large carnivores are recovering across Europe. Significant changes are
expected in trophic webs through restored interspecific interactions *. Although apex
predators have been generally reported to predate on ungulates and interfere with
mesocarnivores, facilitative interactions may arise through prey carcasses providing
increased foraging opportunities to scavenger species 2. Spatiotemporal responses of
prey and competitor behaviour are expected. The potential for facilitative wvs.
suppressive interactions may vary spatiotemporally, but long-term information is
scarce. I focused on the spatio-temporal and trophic relationships between the wolf
Canis lupus, its main prey (the wild boar Sus scrofa) and its main competitor (the red
fox Vulpes vulpes) in an area recently recolonised by this apex predator on a long-time
scale along with the temporal variation of predator and prey abundance. By analysing
camera trapping data (n=2619 wolf, n=26195 fox and n=4577 wild boar boar detections)
I assessed a spatiotemporal association between the predator and both the wild boar
and the red fox, ruling out major spatial avoidance. However, wild responses
diverged between classes with more pronounced diurnal activity reported for
females with offspring, suggesting some degree of antipredator avoidance. Through
diet analyses (n=2849 and n=5150 wolf and red fox scats respectively and n=1261 wild
boar faecal pellets), I assessed the contribution of wild ungulates in the diet, to
evaluate if the presence of the wolf led to increased scavenging opportunities for the
suid and the mesocarnivore. Including diet analyses of fox and wild boar collected
prior to the spontaneous recovery of wolf, we found that in presence of one pack the
red fox was tropically facilitated, but the increasing wolf number reduced the
possibility for the red fox to feed on carcasses of large prey, while the wild boar
scavenging activity increased weakly with respect to the past. Results indicate
complex interspecific dynamics primed by predator recovery.
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Abstract: Wild ungulates play crucial roles in food webs, with cascading effects
across trophic levels that can intensify at high population densities. Understanding
their ecology and behaviour, as well as the determinants of their impacts, is essential
to address effective management actions. I focused on the wild boar, a widespread
ungulate whose foraging activity, especially rooting, can markedly affect
ecosystems. By combining long-term data from camera trapping, faeces counts,
rooting estimates, and statistical modelling, I investigated the main drivers of wild
boar (i) body mass variations, (ii) diel activity rhythms, and (iii) rooting intensity. I
assessed its potential impacts on (iv) natural/seminatural habitats and (v) meso-large
mammal communities. A 16-year analysis of culled/trapped individuals showed that
body mass increased with ecotones in wild boar home range, and was reduced by
aridity and population density. Wild boar diel activity during summer was higher
near water resources and crops, decreasing in sites more visited by humans. Females
with offspring were more diurnal, likely to reduce predation risk. Three-year
seasonal surveys in EU-protected grasslands and six-year summer surveys in
heterogeneous habitats revealed that rooting peaked in autumn/winter. Rooting
intensity increased with population density, rainfall, and near woodland, and
decreased in rocky and steep terrains, heterogeneous landscapes, and far from
roads/railways. Across 21 protected areas, wild boar visitation rate did not affect the
fine-scale richness of meso-large mammal communities. Yet, species-specific reposes
emerged: Martes spp., red fox, and hare decreased their site-use likely due to resource
competition and habitat degradation by wild boar; badger and porcupine increased
their site-use, probably due to facilitated access to underground resources. Results
support targeted management actions to mitigate wild boar effects on vulnerable
habitats, such as EU-protected grasslands, and productive activities, such as crops
near woodlands, through population control actions, especially in rainy-mild years,
and enhancing landscape heterogeneity.
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Abstract: Wetlands are among the world’s most vulnerable ecosystems, and in the
Mediterranean region, farmland ponds are particularly exposed to the influence of
surrounding agricultural land use while still supporting unique biodiversity. These
small waterbodies are widely recognized as “island-like” systems; however, key
functional differences exist among them. Ponds host not only strictly aquatic plants
but also adjacent terrestrial species, and living at the land-water interface, these
species interact with aquatic environments and, as for the aquatic species, they can
be influenced by water physical and chemical properties. With this work we aimed
to: i) evaluate the effects of agricultural land-use extent and factors at different spatial
scales on the species richness and composition of plant communities; ii) test the
applicability of island biogeography principles to farmland ponds; iii) investigate the
influence of water quality on the species composition of both aquatic and adjacent
terrestrial plant communities and determine the importance of alternative processes
in structuring these communities. We studied 115 ponds located in landscapes with
varying agricultural land-use extents, surveying aquatic and riparian communities
and water parameters. We found that plant richness decreased with increasing
agricultural land use and that pond-specific features, possibly related to pond
management, play a more significant role than landscape-scale features in shaping
plant diversity. We also found high beta diversity, among ponds, mainly driven by
species turnover that makes them resemble traditional island systems. Despite this,
unique local processes and distinct dynamics fared them to true islands.
Furthermore, we found that water parameters affect both aquatic and terrestrial
species leading to specific adaptations and processes, mainly linked to species traits,
which help to completely understand the ecological dynamics of ponds plant
communities.
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Abstract: Bronchopulmonary dysplasia (BPD) is the most common long-term
respiratory complication of prematurity !. Its multifactorial aetiology involves
several pre- and post-natal insults ? that contribute to the arrest of normal lung
development 3. Given the limited availability of human samples, animal models are
essential for elucidating disease mechanisms and testing novel therapeutic
strategies. The preterm rabbit represents a good compromise between small and
large animal models *. At Chiesi’s Research Centre, a preterm rabbit model exposed
to 95% of oxygen for seven days has been set-up and validated. However, a
comprehensive histopathological characterization of this animal model is still
lacking. Therefore, the present study aimed to deeply assess the effects of
prematurity and hyperoxia on lung structure, integrating histological changes with
functional and biomolecular data.

Preterm rabbit pups were delivered on gestational day 28 and exposed to either
hyperoxia (95% 0O2) or normoxia (21% 0O2) for three and seven days. Term born pups
were included as age-matched controls for physiological postnatal development. At
the end of the experiment, lung function was measured using the FlexiVent system.
Histopathological analyses were performed through conventional morphometric
techniques and an innovative Artificial Intelligence (AI)-based software
(Visiopharm®). Ultrastructural alterations were examined by Transmission Electron
Microscopy (TEM). Lastly, the mRNA expression level of genes involved in vascular
development and inflammation was analyzed by quantitative Real Time-PCR (qRT-
PCR).

Preterm pups exposed to hyperoxia exhibited significantly impaired lung function.
Morphologically, their lungs showed hallmark features of human BPD, including
enlarged airspaces, simplified alveoli, thickened septa, infiltration of inflammatory
cells, accumulation of proteinaceous debris and disrupted elastic fiber architecture.
Morphometric analyses confirmed these findings, while the automated analysis
using Visiopharm® revealed alveolar epithelial loss and microvascular
abnormalities, that were further corroborated by ultrastructural observations by
TEM. Biomolecular analysis by gqRT-PCR demonstrated an upregulation of pro-
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inflammatory genes and a dysregulation of balance between pro- and anti-angiogenic
factors.

The preterm rabbit model exposed to hyperoxia successfully mimics functional,
structural and biomolecular features of human BPD, highlighting its translational
relevance for studying pathogenetic mechanisms contributing to the development of
the disease.
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Abstract: This project focuses on the use of proteomic profiling to evaluate the
nutritional properties, food safety, and supplementation strategies of diverse protein
sources, framed within the perspective of enhancing human health, while also
addressing the challenges of the protein transition towards more sustainable food
systems and stable supplementation.

Proteomic investigations of Triticum species and heritage varieties is particularly
relevant in this context. Genetic diversity, by characterizing the ancient species T.
monococcum and, partially, the old variety T. aestivum “Autonomia B”, provides a
useful framework for investigating how revalorized cereal species can support the
diversification of protein intake and contribute to improved food safety, thanks to
their potentially lower allergenicity and greater tolerability.

In parallel, the application of bioenhancer strategies in agronomic practices, which
we investigated through soil drenching in Cicer arietinum seeds, may lead to a
significant increase in protein content with minimal changes in the proteomic
profile. Such changes suggest no significant increase in consumer risk, as the higher
protein content does not substantially alter the profile or raise the potential allergen
load. In addition, given their nutritional and agronomic relevance, enhancing legume
protein yield supports the improvement of plant-based diets, especially in the context
of the global shift toward more sustainable and ethically responsible dietary patterns.
As a further dimension of our investigation into sustainable and health-promoting
dietary strategies, we assessed the impact of nutritionally valuable and stable
supplementation alternatives in both physiological and pathological settings. To this
end, we employed a Caenorhabditis elegans model, both with and without diet-induced
obesity, and demonstrated that its cultivation with heat-inactivated Lactobacillus
plantarum (PFA2018AU), used as a postbiotic, affected the worm proteomic-profile.
Therefore, host metabolism appears to be differentially modulated by distinct
bacterial diets.

Overall, our analyses evidence the critical relevance that proteomic approaches may
have in assessing and eventually in optimizing nutritional quality, safety, and
sustainability of protein-based dietary strategies.
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Abstract: Understanding the determinants of the spatiotemporal variation in
mammalian community composition and diversity is crucial for biodiversity
conservation. While anthropogenic and environmental factors have been widely
explored, the role of interspecific interactions remains less investigated. Apex
predators can influence the activity and distribution of prey and mesocarnivores,
whereas dominant ungulates may affect habitats and resource availability, with
cascading effects on other species. However, how wolf Canis lupus and ungulate
activity jointly shape mammalian communities has rarely been assessed. This
research explores how the wolf and dominant ungulates shape the spatial and
temporal organisation of mammalian communities in Mediterranean and Alpine
ecosystems undergoing wolf recolonisation. I integrated long-term camera-trapping
with field experiments and statistical analysis. In the Maremma Regional Park, a well-
studied system where previous research reported limited spatiotemporal segregation
between wolves and other mammals, we investigated whether nocturnal light
conditions could shape the activity rhythms of carnivores and mesocarnivores *. Red
fox Vulpes vulpes increased their activity during the darkest nights, a pattern more
consistent with prey dynamics than with wolf avoidance. Then, I carried out a multi-
species field experiment (summer 2023; winter 2024) using predator-derived
olfactory cues to simulate wolf presence and assess their effects on ungulates and
mesocarnivores 2. Target species showed high temporal overlap with wolf, and
detection rates were unaffected by treatments, indicating no spatial avoidance.
However, female fallow deer Dama dama increased vigilance duration and frequency
in relation to wolf activity, with weaker evidence of heightened vigilance when
exposed to wolf scent cues. Red foxes Vulpes vulpes did not display consistent
behavioural changes, although their detection rates positively correlated with wolf
activity. Building on these findings, I am integrating long-term camera-trapping data
from the Maremma Regional Park and Gran Paradiso National Park to test how wolf
and ungulate activity drive spatial variation in mammalian diversity and community
composition.
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Abstract: Recent outbreaks of highly pathogenic human RNA viruses have
highlighted the importance of epidemic and pandemic research preparedness within
society. Due to their biological risk, authentic viruses require handling by
experienced personnel in high containment level laboratories; therefore, research
efforts for the establishment of therapeutic and prevention strategies are hindered
and slowed down. Pseudotyped viruses, which are surrogate, non-pathogenic
recombinant viral particles bearing the envelope protein of the virus of interest,
represent a safe alternative to circumvent the drawbacks highlighted by “live”
viruses. Aims of this work are threefold: provide a library of viral pseudotypes for
selected WHO priority pathogens, compare practical workflow and production yields
across the three applied packaging platforms (lentiviral two-plasmids, lentiviral
three-plasmids and VSV based systems), validate each construct through pseudotype
based neutralization assays using appropriate controls in order to support evaluation
of vaccines and antiviral agents in practice. Viral pseudotypes are produced in
HEK293T/17 cells under standardized transfection and harvest conditions. Lentiviral
systems used pNL4-3 (two-plasmid) or p8.91 with pCSFLW (three-plasmid) alongside
pathogen-specific envelopes; VSV-AG-Luc particles were generated by transient
glycoprotein expression followed by VSV-AG infection. Titration and neutralization
assays are based on luciferase readout and employ target cells that match viral entry
requirements. Three-plasmid lentiviral and VSV platforms generally out-performed
two-plasmid lentiviral system. Most pseudotypes achieved the titer threshold needed
to formulate neutralization assays’ working solutions. In case of Nipah pseudotypes,
where titers lagged, process refinements (freeze-thaw cycles and subsequent
concentration) improved performance. Neutralization behaved as expected: positive
controls neutralized pseudotypes (this was observed in suppression of luciferase
signal), whereas negative controls did not provide a protective titer. Overall, the work
delivers reproducible routes to generate functional pseudotypes as a shareable
resource that strengthens vaccine and antiviral testing for pandemic preparedness.
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Abstract: Airborne particulate matter (PM) and associated potentially toxic elements
(PTEs) pose a threat to the preservation of cultural heritage in both outdoor and
indoor settings. This research characterized the sources, composition, and spatial
distributions of airborne pollutants at heritage sites and evaluated biomonitoring for
preventive conservation purposes. A standardised chemical and magnetic
biomonitoring protocol was developed and applied to three case studies: the Peggy
Guggenheim Collection in Venice (non-vehicular traffic aquatic outdoor/indoor
urban environment), the Palatine Hill archaeological site in Rome (traffic-dominated
outdoor environment), and two museums in Buenos Aires (traffic-dominated
indoor/outdoor environment). Transplants of the lichen Evernia prunastri were
exposed for three months both indoors and outdoors, in the latter case along with the
collection of leaves of the available trees. Samples were analysed for their elemental
composition and magnetic parameters. The results showed negligible indoor
accumulation of metallic PM and PTEs in Venice and Buenos Aires. In contrast, the
outdoor lichen transplants at Buenos Aires and Palatine Hill sites exhibited high
accumulation of metallic PM and PTEs, consistently with traffic-related brake wear
and exhaust emissions. Lichens and leaves demonstrated to be complementary for
outlining the diffusion of vehicular pollutants.
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Abstract: In Europe, forests host ~80% of terrestrial biodiversity, with about one
quarter composed of saproxylic organisms (i.e., species dependent for at least one
stage of lifecycle on dead/decaying wood or on other organisms related to this
resource. Among them, saproxylic beetles is the most species-rich group, with over
2,000 species in Italy, characterised by a number of ecological strategies, and a key
sensitivity to forest structure, resulting in being excellent indicators for
understanding how forest biodiversity can be modified over time by environmental
changes, as well as by forest management. This given, my PhD project is focused on
studying saproxylic beetles, embracing both a “community” and “single-species”
level and by applying canonical and citizen science (CS) approaches.

At community level, I studied the variation of beetle assemblages among different
forest management, focusing on how beetle diversity respond to different treatments
and which forest characteristics may positively/negatively influence it. Then, I
investigated taxonomic, functional and phenological differences in beetle
assemblages in a protected area, by comparing data collected 12 years apart and
focusing on the role of increasing temperatures as potential driver of such changes.
Concerning single-species level, I worked on occurrence data collected under
different CS projects aimed at increasing the knowledge on Italian distribution of
protected insects (LIFE MIPP, InNat). Specifically, I focused on this data in terms of
species distribution, but also considering the social impact these projects had on the
involved volunteers. Finally, in these three years, I took part to the development of
the CS project “BOB: Behaviour Observation in Beetles” aimed at studying ethological
traits of Lucanus cervus Linnaeus, 1758 through the involvement of volunteers, under
which we developed an ad hoc sampling protocol (including a smartphone
application) and performed the first sampling season in 2025.
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Abstract: Influenza C (ICV) and Influenza D (IDV) viruses belong to the
Orthomyxoviridae family and are classified within the Gammainfluenzavirus and
Deltainfluenzavirus genera, respectively. ICV primarily infects humans, whereas IDV
mainly circulates in cattle, but serological evidence in humans has raised concerns
about its zoonotic potential. Both viruses express a single surface glycoprotein, the
hemagglutinin-esterase fusion (HEF), which mediates receptor binding, membrane
fusion, and esterase activity. Despite sharing ~50% of homology, structural
similarities in HEFs suggest the possibility of cross-reactivity.

In this study, pseudotyped viruses (PVs) for ICV and IDV were generated and
optimised. Swine testis cells were identified as the most permissive target cell line,
and expression of human airway trypsin protease significantly improved PV titres.
Using these optimised PVs in a pseudovirus-based microneutralisation assay, bovine
serum samples showed strong neutralisation of both ICV and IDV. To explore the
molecular basis of this phenomenon, five potential epitopes of ICV and IDV HEFs
were predicted in silico. Reciprocal residue substitutions were introduced to generate
HEF mutants. We were able to produce only IDV mutants carrying ICV epitopes, and
one of these showed enhanced neutralisation by ICV antiserum, confirming the
immunological relevance of shared epitopes.

The structural resilience of IDV HEF highlights its potential as a backbone for novel
immunogens, supporting the development of cross-protective strategies with
implications for both veterinary and human health within a One Health approach.
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Abstract: Generalized Modules for Membrane Antigens (GMMA) are outer
membrane vesicles derived from engineered Gram-negative bacteria. GMMA,
resembling bacteria outer membrane surface, provide a flexible platform for vaccine
development. Indeed, GMMA-based vaccines induced functional antibodies with a
good safety profile. Previous findings demonstrated that Shigella GMMA activate
Antigen Presenting Cells (APCs) through self-adjuvanticity potential. However, we
still have a lack of information about how GMMA interact with the immune cells as
well as additional cell subset at the injection site, influencing their function and
development. Using multi-parametric approach (high-dimension flow cytometry
combined with cytokine detection assay), we characterized the Shigella GMMA-based
vaccine Mode of Action (MoA) on human peripheral blood mononuclear cells
(hPBMCs), in vitro differentiated Monocyte-derived Dendritic Cell (MoDC) and
human Skeletal Muscle Cell (hSkMC). Moreover, we developed an in vitro Naive CD4+
T cell polarization assay to investigate the impact of GMMA-mediated APC activation
on adaptive immune response. Data from hPBMCs showed that NK cells, monocytes,
and dendritic cells (DCs) are activated upon stimulation with Shigella vaccine and
produced pro-inflammatory cytokines and chemokines (e.g. IL-6, TNFa, IL-8 and
MIP-1a). Moreover, MoDC in vitro model allowed us to demonstrate that GMMA-
based vaccine leads activation and maturation of DC by inducing cytokine production
and upregulation of activation markers (e.g. CD40, CD83). Furthermore, we showed
that GMMA induced the production of myokines on hSkMC after in vitro stimulation
suggesting that GMMA influence the activation of muscle cells at the injection site.
Finally, supernatants from GMMA-stimulated MoDC lead naive CD4 T cells toward
Th1 phenotype as showed by the up-regulation of T-bet and secretion of IFNy in the
T cell polarization system. In conclusion, our in vitro models provide a tool to define
an immune profile giving a new insight into the human response to GMMA-based
vaccines.

54

1240 Department of Life Sciences T e
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Abstract: The SARS-CoV-2 pandemic marked a turning point in global public health,
reshaping priorities in diagnostics, prevention, and immunological surveillance. The
rapid spread of the virus and the lack of pre-existing immunity highlighted the urgent
need for reliable diagnostic tools. From the first cases in Wuhan in December 2019,
the outbreak evolved quickly from a local event to a global health crisis, exacerbated
by international mobility and wide clinical variability, ranging from asymptomatic
cases to severe illness with acute respiratory failure and multi-organ dysfunction.
From the outset, diagnostic challenges underscored the need to integrate molecular
and serological approaches. Molecular tests based on viral RNA detection have been
the standard for identifying active infections, although they have limitations in early
diagnosis or in detecting past infections. In contrast, serological assays enable the
detection of specific antibodies, confirmation of past infections even in
asymptomatic individuals, and monitoring of the duration and efficacy of natural or
vaccine-induced immune responses. In this context, ELISA represents the gold
standard for antibody detection, while multiplex technologies such as Luminex and
MSD allow simultaneous analysis of multiple antigenic targets, enhancing the
sensitivity and depth of immunological evaluations. This research work aims to
analyze and compare the main serological techniques employed during the COVID-
19 pandemic, with particular focus on ELISA, Luminex, and MSD, evaluating their
sensitivity, specificity, and clinical and epidemiological applications. The goal is to
highlight the central role of serological surveillance in managing health emergencies
and monitoring immunity, with potential implications for other emerging pathogens.
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Abstract: Coastal sand dune habitats support unique plant diversity and crucial
ecosystem services, but are increasingly threatened worldwide. Thus, effective
methods for prioritizing conservation efforts and monitoring habitat distribution are
urgently needed. The aim of this PhD project is to analyse spatial patterns of plant
diversity and habitats on coastal dunes integrating field-based and remote sensing
data, with the ultimate goal of supporting coastal dune conservation. First, field-
collected plant community data were analysed in terms of «, 8, and y-diversity at a
regional scale. This allowed to identify priority sites as the most compositionally
unique, both inside and outside existing protected areas. Second, the potential of
remote sensing for habitat mapping was assessed, for its capacity to provide
consistent data with broad spatial and temporal coverage. To address the challenge
posed by the small and fragmented habitat patches relative to the spatial resolution
of available imagery, two novel image classification approaches were tested: i) fuzzy
methods, which assign each pixel a probability of belonging to multiple habitats
based on spectral similarity; and ii) Convolutional Neural Networks (CNNs), which
leverage both spectral and spatial information. The study was carried out in Tuscany,
using field plant community data as ground truth. Fuzzy approaches applied to
medium-resolution satellite imagery improved the representation of vegetation
patterns (mean R = 0.38) compared with traditional crisp approaches (mean R =0.36).
CNNs achieved the highest accuracy with the highest resolution UAV data (OA =0.88),
while also producing promising results with freely available RGB satellite data (OA =
0.80), thereby supporting broader-scale applications.
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Abstract: Environmental changes are increasingly shaping wildlife behaviour.
Rising temperatures and human disturbance often shift mammalian activity toward
nocturnality, despite higher predation risk at night. Predicting population
consequences requires disentangling effects of temperature, predators, and humans,
although interactions between these stressors remain poorly understood. This
project investigates spatiotemporal variation in ungulate activity across contrasting
environments, from Mediterranean to Alpine regions, using data obtained through
camera-trapping, weather stations and data-loggers, as well as statistical modelling.
First, summer activity of roe deer Capreolus capreolus and fallow deer Dama dama
was assessed across an altitudinal gradient in protected areas in Tuscany. Both
species reduced daytime activity as temperatures rose, minimizing
thermoregulatory costs. Roe deer was more heat-sensitive and increased
nocturnality with warming. In contrast, fallow deer activity was influenced by wolf
Canis lupus presence, suggesting a trade-off between heat and predator avoidance.
Next, in an Alpine protected area, the roles of temperature, predators, humans, and
livestock on Alpine chamois Rupicapra rupicapra, roe deer, and wild boar Sus scrofa
were examined. Chamois showed strong thermoregulatory responses, reducing
daytime activity at lower elevations and increasing nocturnality during hot weather;
chamois also reduced activity in areas with higher wolf or livestock presence. Roe
deer displayed limited thermal responses but decreased activity where wolf or
livestock activity was higher, and increased nocturnality at high elevations and in
more human-disturbed areas. Wild boar responses were mild, with weak nocturnal
shifts linked to habitat type. Findings highlight species-specific strategies: chamois
prioritize heat avoidance, roe deer balance thermal and predation pressures, and
wild boar maintain behavioural flexibility. As climate warming intensifies, such
plasticity may prove essential for ungulate persistence in mountain ecosystems.
Future analyses will focus on two additional protected areas with contrasting
climates, where rising temperatures may increasingly shape ungulate behaviour,
urging management to account for heat-stress as critical factor.
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Abstract: GPR55 receptor is nowadays considered an innovative and promising
therapeutic target for neurodegenerative disease. It is highly expressed in the central
nervous system, mainly in microglia cells, and its dysregulation is strongly involved
in neuroinflammatory processes, a hallmark of neurodegenerative diseases, driving
considerable interest in GPR55 modulators as potential therapeutic agents . Our
laboratory recently developed 3-benzylquinolin-2(1H)-ones as potent GPR55 agonists
2, My PhD project aims to design, synthesize, and evaluate novel GPR55 modulators
for binding, functional activity, and neuroprotective properties. Guided by
computational studies 2, I expanded the initial set of compounds by shifting the
methoxy/hydroxy substituent on the benzyl substituent from ortho to meta or para
position. These derivatives, tested in hGPR55-CHO cells using radioligand binding
assay with [*H]CP55940, shown excellent affinities (K in the low- and sub-nanomolar
range), confirming the tolerance of such modifications within the GPR55 binding
pocket. Additionally, I synthesized three new series of derivatives: one combining
sidechain elongation with a meta-substituted benzyl group, another featuring a 7-
methyl sidechain with meta substituents, and a third in which the carbonyl oxygen of
the quinolone core is replaced by a phenyl ring, thus expanding the chemical
diversity of this kind of molecules. I tested all three series at the University of
Saskatchewan (Canada) using the above-mentioned radioligand binding assay,
obtaining promising results in terms of affinity and selectivity toward GPR55. Finally,
I re-synthesized the most active derivatives of the previous series (AR11, VS24, VS48)
and evaluated their neuroprotective effects in an in vitro Parkinson’s disease model:
VS24, featuring a 7-methyl sidechain, significantly reversed 6-hydroxydopamine- and
MPP*-induced cytotoxicity in SH-SYS5Y cells at nanomolar concentrations,
highlighting strong neuroprotective potential. This research work align with the
objectives of Mission 6C2 of PNRR.
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Abstract: The brown marmorated stink bug (Halyomorpha halys, Heteroptera:
Pentatomidae) is an invasive Asian pest now widespread in North and South America,
Europe, and North Africa. Feeding on over 300 host plants, it causes major economic
losses, while control remains difficult. Among sustainable methods for controlling
invasive species, the sterile insect technique (SIT) has emerged as a promising
strategy. SIT relies on sterilizing large numbers of insects using ionizing radiation,
followed by their release into the field to mate with wild conspecifics, thereby
reducing population fertility. A comprehensive understanding of the reproductive
biology of H. halys is essential for evaluating the potential of SIT. Ultrastructural
analyses of spermiogenesis in both irradiated and non-irradiated males revealed
morphological traits typical of hemipteran sperm cells, including bridges connecting
mitochondrial derivatives to axonemal microtubules, the absence of accessory
bodies, and the presence of two or three crystalline inclusions within the
mitochondrial derivatives. Additional features included an acrosome composed of
tightly packed tubules and an atypical, plaque-shaped microtubule-organizing center
(MTOC) in the centriolar region. Interestingly, spermatids occasionally displayed two
centrioles in the centriolar region, with one disappearing at later maturation stages,
a feature not previously described in insect spermiogenesis. In irradiated males,
cysts were not uniformly affected by radiation. Some exhibited general
disorganization of sperm arrangement, incomplete divisions of spermatids leading
to defective cytoplasmic resorption and, sometimes, the absence of axonemes.
Moreover, virus-like particles were detected in the vasa deferentia independently of
irradiation. These findings provide novel insights into the reproductive biology of H.
halys and support the evaluation of SIT as a sustainable control option for this
invasive pest.
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Abstract: The urgent need to reduce the environmental impact of pesticides in
agriculture has intensified the research to find new sustainable alternatives to
conventional chemical pesticides. In viticulture, for example, the vineyards are
among the most pesticide-intensive cropping systems in Europe, with fungicides
alone counting for over 25% of total applications !. In this area, one of the most
important plant pathogens, part of the fungi kingdom, of the ascomycetes sub-family,
is the necrotrophic fungus Botrytis cinerea. This fungus, known as the grey mould
pathogen, is capable of infecting over 200 plant species, causing severe yield and
quality losses, especially in grapevine cultivation 2. The infection process begins with
the contact of the macroconidia on the host surface, and after the first hour of
interaction, germination follows, leading to infection. These early stages of
interaction could be critical for a successful infection but remain poorly understood
despite the large efforts made by researchers ®. Considering the importance of human
alimentation, especially for environmental pollution, our study focused on the
characterisation of the early secretome, called exoproteome fraction (EPF) released
by macrospores of two B. cinerea strains: the more aggressive B05.10 and the less
aggressive T4.Proteomic analysis performed after just 1 hour of incubation revealed
a conserved set of 80 common proteins between the two strains. Further analysis
revealed, for the first time, the release of extracellular vesicles from macrospores of
B. cinerea from both strains. Subsequently, the EPF fraction was tested in vitro on the
Vitis Vinifera cv. Trincadeira using a detached leaf assay. Results show a priming
effect of the EPF from both strains over the grapevine leaves. These findings suggest
that the proteins released during the early stage of interaction with the host might be
more involved than expected in the fungus’s ability to prepare, establish and
complete the infection. Further characterisation will be necessary to understand the
role of these proteins in the course of the early infection stages.
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Abstract: Freshwater ecosystems are essential for life on our planet, in terms of
biodiversity conservation and human well-being !. Monitoring and assessing the
quality of these habitats has proven essential to preserve or restore riverine
ecosystems and to act against biodiversity loss 2. The implementation of water quality
monitoring programs, supported by legislative frameworks such as the EU Water
Framework Directive (WFD 2000/60/EC), ensures the collection of accurate,
consistent, and policy-relevant data across different spatial and temporal scales. At
the same time, monitoring water bodies is a demanding challenge for authorities due
to the extensive length of stream networks and the substantial resources required in
terms of time, labour, and finances °. Consequently, the integration of the traditional
monitoring approach with the participatory one (Citizen Science, CS) could be key to
addressing large-scale issues. In this framework, the CS project CS4RIVERS has
defined an innovative approach for monitoring riverine habitat quality to facilitate
the sustainable management of river ecosystems. The CS4RIVERS project, led by the
University of Siena, within the National Biodiversity Future Center (NBFC), is active
in the Ombrone river basin (South Tuscany), throughout different participatory
monitoring activities: chemical water quality, macroinvertebrate community and
riparian vegetation. For macroinvertebrate and riparian vegetation monitoring,
dedicated simplified protocols have been developed, and data quality verified
through comparisons with expert assessment. To integrate the data collected by
citizens, a monitoring survey with aquatic moss has also been carried out.
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Abstract: Acute Respiratory Distress Syndrome (ARDS) is characterized by severe
hypoxemia, pulmonary fibrin deposition, and overwhelming inflammation, often
requiring high concentrations of supplemental oxygen. While oxygen therapy is
essential for patient survival, it enhances oxidative stress, representing a major
limitation for inhaled protein therapeutics. Off-label inhalation of a human
plasminogen orphan medicinal product (PLG-OMP, EU/3/07/461), originally
developed as eyedrops, has been proposed as a novel fibrinolytic strategy for ARDS 1.
However, our previous investigations revealed a dramatic loss of PLG enzymatic
activity when nebulized under oxygen flow 2, highlighting the urgent need for a
stabilizing approach. This study explored the inclusion of PLG in hydroxypropyl-f-
cyclodextrin (HP-B-CD), a safe and functional excipient, to preserve protein integrity
during aerosolization. Spectroscopic analyses (UV-Vis, fluorescence) confirmed
complex formation, while FT-IR demonstrated protection against methionine
oxidation, a key degradation pathway in biopharmaceutical proteins.
Cytocompatibility was maintained in human alveolar epithelial cells (NCI-H441),
confirming the suitability of the formulation for pulmonary administration. Aerosol
characterization with a Next Generation Impactor and breathing simulator showed
excellent aerodynamic performance (Fine Particle Fraction >80%, MMAD ~2 um,
homogeneous distribution), supporting efficient deposition in the distal lung. Most
importantly, enzymatic assays demonstrated >95% retention of PLG activity after
nebulization with HP-3-CD under oxygen flow, compared to ~50% loss with PLG-OMP.
This preservation translated into fibrinolytic efficacy in two in vitro clot lysis models:
urokinase-triggered PLG activation model and inflammation-triggered PLG
activation cell model, using LPS-activated RAW 264.7 macrophages, both confirming
the biological relevance of the stabilized complex. In conclusion, complexation with
HP-B-CD effectively protects PLG from oxidative inactivation during oxygen-
supported nebulization, ensuring preserved enzymatic and fibrinolytic activity. This
hospital-friendly, extemporaneous formulation provides a promising translational
strategy for off-label inhaled plasminogen therapy in ARDS, with strong potential
impact in critical care respiratory management.
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