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Cell-free transcription biosensors reporting systems are reliant on single-site biomolecular
recognition which imposes an intrinsic limitation on the biosensor’s dynamic range that spans
approximately 81-fold." Here, we present rational strategies to tune, extend, and narrow the
dynamic range of cell-free transcription biosensing platforms. To do so, we engineered a set
of optically labelled stem-loop DNA reporters whose dynamic range for detecting a specific
RNA output can be precisely controlled by adjusting their switching equilibrium constant (Ks).
This straightforward approach enables the dynamic range of a model cell-free transcription
biosensor to be programmed across more than 4 orders of magnitude. By combining DNA-
based reporters with differing affinities, we further expanded the dynamic range of a cell-free
transcription biosensor well beyond the conventional two orders of magnitude, achieving up
to 104-fold coverage. We also demonstrate the creation of two-step dynamic responses by
mixing hairpin reporters with highly distinct affinities. Finally, integration of signaling and non-
signaling stem-loop reporters allowed us to compress the dynamic range of this biosensor to
as little as 3-fold, enabling heightened sensitivity for precise measurements. Overall, this
modular framework enables the customization of cell-free transcription biosensor sensitivity
and response profiles, overcoming key limitations inherent to single-site transcriptional
reporter designs.
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Text

DNA is constantly exposed to mutagenic agents that can damage its structure, posing
significant health risks. Among the most common oxidative lesions is 8-ox0-7,8-
dihydroguanine (8-oxoG), which often leads to G:C—T:A transversion mutations. When 8-
oxoG pairs correctly with cytosine, the OGG1 glycosylase recognizes and removes it, initiating
the BER pathway. If OGGH1 fails to act, or if the lesion arises during replication, 8-oxoG can
mispair with adenine, generating an 8-oxoG:A mismatch. This error is specifically recognized
by the MUTYH glycosylase, which excises adenine to prevent mutagenesis. Mutations in the
MUTYH gene cause MUTYH-associated polyposis (MAP), a hereditary cancer syndrome that
markedly increases the risk of colorectal and other cancers. Current methods for assessing
DNA repair activities are mostly indirect, often slow, with limited sensitivity and clinical
applicability’. Only a few strategies enable direct monitoring of MUTYH activity, typically based
on fluorescent DNA probes?, but these require complex synthesis and offer restricted
sensitivity. Here we propose a synthetic biology toolkit for real-time analysis of MUTYH activity
using programmable nucleic acids that convert glycosylase action into CRISPR-based
ultrasensitive detection. The system relies on a rationally designed “DNA activator module,” a
probe whose structural switch is controlled by glycosylase activity. Only in its ON state does
the module activate Cas12a, producing a fluorescent signal.
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Biomolecular condensates - dynamic, biomolecule-enriched droplets which arise owing to
Liquid-Liquid Phase Separation (LLPS)- have been recently described to be implicated in
many key vital processes within cells [1,2]. Although intracellular LLPS is extremely complex,
the use of nucleic acids’ high programmability, governed by Watson—Crick—Franklin base-
pairing, offers a straightforward mechanism to form predictable artificial condensates [2].
Specifically, DNA nanotechnology provides a powerful platform for the engineering of
condensates with tuneable structures and functions [3,4].

Herein, we report on the partitioning of mesoporous silica nanoparticles (SiNPs) into DNA-
based condensates. Our strategy leverages DNA nanostars which are rationally designed to
include an anchoring single-stranded DNA (ssDNA) overhang for the recruitment of SiNPs
functionalized with complementary DNA sequences. To explore the parameters governing
nanoparticle partitioning, we constructed a toolbox of SiNPs varying in size (from 90 to 700
nm) and surface chemistry (DBCO-modified and carboxylated), allowing us to investigate the
combined effects of particle size, surface properties, and sequence-specific hybridization on
partitioning behaviour within the condensate. Our findings indicate that there is no strict size
threshold limiting SiNP partitioning into DNA condensates and provide insights into how
biomolecular condensates mediate selective client loading and molecular interactions.
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Many biochemical signal-processing pathways rely on families of proteins that competitively
dimerize in diverse combinations. Such competitive dimerization networks enable complex
input-output computations and context-specific adaptability by varying component expression
levels.! Inspired by this biological occurring paradigm and introducing the predictability and
sequence specificity of DNA hybridization, we propose the development of a synthetic DNA-
based dimerization network capable of sophisticated computational ability.?

Our system employs DNA monomers functionalized with reactive groups that covalently
bond to form dimer outputs in an all-to-all or many-to-many fashion. Inputs can selectively
bind and sequester specific monomers, preventing them from participating in the dimerization
process and thus controlling the network’s outputs. This design enables highly
programmable input-output computation, offering control over the synthesis of a selected
dimer output. Furthermore, we demonstrate that the network’s size and complexity can be
readily scaled, significantly expanding its computational capacity. Notably, DNA-based
dimerization networks can regulate the yield of functional dimers outputs to drive
downstream reactions, such as the controlled assembly or disassembly of synthetic DNA
nanostructures.® Building on these capabilities, we want to integrate enzyme-responsive
modules, creating an additional regulatory layer that can dynamically control networks
behavior.
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The growth of epitaxial YBa>CusO--y (YBCO) films via chemical solution routes represents a
promising path toward scalable, high-quality superconducting layers [1-7]. In particular, low-
fluorine metal-organic decomposition (LF-MOD) has demonstrated the capability to yield
high-performance YBCO films, minimizing fluoride content while preserving superconducting
properties [4-6]. However, the final film quality appears to be critically dependent on
interfacial adhesion and the atomic-scale stability at the precursor/substrate interface factors
essential for controlled nucleation, epitaxial registry, and minimization of defects [5-7].

In this work, we emphasize the essential role of adhesion energy (W) of the interface on the
epitaxial growth of chemically derived YBCO thin films on single crystal perovskite substrates
LaAIOs (LAO) and SrTiOs (STO). DFT calculations are used to compute interfacial energetics
and adhesion energies for YBCO/LAO and YBCO/STO systems, demonstrating a more
favorable interfacial stability for YBCO on LAO than on STO. Complementary, high-resolution
structural analyses (TEM and EELS) are proposed to experimentally determine the actual
atomic terminations and crystallographic orientation of YBCO on both substrates, enabling a
direct correlation between theoretical predictions and real interfacial structure. This combined
theoretical-experimental approach aims to provide a robust framework for optimizing LF-
MOD growth processes of YBCO on commercial substrates.

References

[1] X. Obradors et al, Supercond. Sci. Technol., 2012, 25, 123001.

[2] X. Obradors et al, Physica C: Superconductivity and its Applications, 2012, 482, 58.
[3] V. F. Solovyov et al, Supercond. Sci. Technol., 2005, 18, 239.

[4] V. Pinto et al, IEEE Trans. Appl. Supercond., 2018, 28, 7500505.

[5] V. Pinto et al, Supercond. Sci. Technol., 2020, 33, 115006.

[6] M. De Angelis and M. Tomellini, J. of Physics D: Applied Physics, 2024, 57, 465301.
[7] M. De Angelis et al, J. of Physics D: Applied Physics, 2025, 58, 115302.



eXpanding CHEMistry: implementing excellence in research and teaching
X-CHEM lll year Meeting
December 18t Department of Chemical Science and Technologies

Silica nanohelices coated with porphyrins as hybrid materials for detecting volatile
enantiomers

llaria Di Filippo!, Zakaria Anfar?, Reiko Oda?, Gabriele Magna', Donato Monti, Corrado Di
Natale?, Roberto Paolesse!, Manuela Stefanelli’

'Department of Chemical Science and Technologies University of Rome Tor Vergata, Rome,
Italy
2University of Bordeaux, CNRS, Bordeaux INP, CBMN, UMR 5248, 33600 Pessac France
3Department of Chemistry, University of Rome La Sapienza, Rome, Italy,
4Department of Electronic Engineering, University of Rome Tor Vergata, Rome, Italy

Email presenting author: ilaria.di.filippo@uniroma2.it

Chiral recognition is a key challenge in diverse fields, including agrochemicals, environmental
science, and health monitoring. In this study, we applied the electronic nose (e-nose) approach
for chiral recognition by employing hybrid chiral materials composed of silica nanohelices
covalently functionalized with chiral porphyrins ((D)/(L)-ZnP) and an achiral porphyrin
(ZnPCTTP). The materials were characterized using FTIR, UV-Vis, and CD spectroscopies
and TEM microscopy. The Circular Dichroism (CD) spectroscopy demonstrated that the overall
chirality is mainly related to helices handedness. The suspensions of the materials were
deposited on Quartz Microbalance (QMB) surfaces to create an e-nose array consisting of six
chiral sensors and an achiral one, used as a reference. This array was tested toward vapors
of five pairs of pure enantiomers at various concentrations. Linear Discriminant Analysis (LDA)
was employed to assess the classification performance in two scenarios: an "achiral" task with
5 classes where enantiomers were grouped together, and a chiral recognition task with 10
classes where each enantiomer was treated as a distinct class. The results demonstrated

almost perfect performance in identifying both the compounds and their enantiomers [1].
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Text

The widespread use of CRISPR in diagnostics stems from the discovery that Cas12 and Cas13
exhibit collateral, non-specific cleavage upon binding DNA or RNA targets. [1] Cas12, an RNA-
guided nuclease, can recognize both single- and double-stranded DNA and simultaneously
amplify signals through this collateral activity, which is commonly exploited using fluorophore—
quencher DNA probes. [2] In this work, we present a molecular strategy that enables
programmable activation of the CRISPR-Cas12a system in response to triplex DNA formation
triggered by single-stranded DNA (ssDNA) or RNA inputs. Our triplex-controlled Cas12a assay
leverages the high specificity of clamp-like triplex structures to control a toehold-based strand
displacement reaction within a rationally designed DNA hairpin (PAM-Switch). Upon
displacement and PAM complementation, the Cas12a ribonucleoprotein (RNP) is activated,
initiating trans-cleavage and producing a concentration-dependent fluorescent signal. By
separating target recognition (via triplex formation) from direct Cas12a—crBNA binding, the
assay removes the need for target-specific crRNAs and enables multiple target detection within
a single reaction mix. The use of triplex-based clamps provides high specificity for single-
nucleotide variants and allows sensitive detection of ssDNA and RNA targets 10-20 nt long,
overcoming key limitations of current Cas12 diagnostics.
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Abstract

Nanozymes are nanomaterials with enzyme-like catalytic activity and are increasingly used in
sensing due to their high stability, reusability, low cost, and resistance to harsh conditions!*.
Gold nanoparticles (AuNPs) show excellent peroxidase-like activity, making them attractive for
sensing applications?®, However, conventional AuNP synthesis methods often require
reducing and stabilizing agents that can reduce -catalytic efficiency, motivating the
development of alternative strategies.

In this work, gold-decorated nanodiamonds (AuNP-NDs) are proposed as a novel hybrid
platform for electrochemical sensors and surface-enhanced Raman spectroscopy (SERS).
The AuNP-ND system exhibits enhanced catalytic performance, confirmed by UV—-vis analysis,
and a significant SERS response. The hybrid material combines strong peroxidase-like activity
with improved operational stability. For electrochemical applications, AuNP-NDs were
deposited onto graphite working electrodes of screen-printed electrodes on PET substrates.
Probe-free electrochemical detection was carried out by continuous chronoamperometry for
hydrogen peroxide sensing, confirming the suitability of the material for the quantitative
determination of H,0O,. In addition, probe-free SERS detection of hydrogen peroxide was
performed, allowing its direct identification without molecular reporters and clearly confirming
the SERS activity of the hybrid material for sensing applications.
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Poly(vinyl alcohol) (PVA) is a synthetic, water-soluble, and biocompatible polymer suitable for a wide range of
applications, particularly in the biomedical field. PVA-based hydrogels, which consist of cross-linked three-
dimensional polymer networks, exhibit a strong capacity for water absorption and possess good mechanical
properties. These features enable their use in different applications, including drug delivery, wound dressings, self-
healing materials, and tissue engineering [1]. Smart hydrogels are capable of responding to external stimuli, such
as temperature, magnetic fields, and pH, and return to their initial state once the stimulus is terminated [2]. More
specifically, Poly(N-isopropylacrylamide) (p(NipAAm))-based hydrogels undergo thermal transition near
physiological temperature, making them highly attractive for drug delivery and other biomedical applications [3].
Collagen is the most abundant protein in animals and a crucial component of the extracellular matrix (ECM), a
complex structural network that anchors neighboring cells, provides mechanical support to tissues and organs, and
regulates cellular activities [4]. Semi-interpenetrating (semi-IPN) networks are polymeric materials that are made of
at least two types of polymer: one forms a cross-linked network, and the other (or others) is a linear or branched
polymer physically entrapped within that network [5]. In this study, the PVA backbone was grafted with glycidyl
methacrylate (GMA) to obtain photocurable hydrogels [6, 7]. Furthermore, we obtained a smart polymeric network
through the copolymerization of N-isopropylacrylamide (NipAAm) monomer into the PVA-MA backbone [8, 9]. The
thermo-responsivity at 35.2 + 0.5 °C was assessed by DSC and rheology. Finally, semi-IPN bioactive hydrogels
were designed by entrapping collagen within the network, and their protein-release profile as well as their

mechanical properties were evaluated.
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Corroles represent a versatile group of compounds that exhibit remarkable coordination
flexibility, enabling the incorporation of various metals.[1] Their distinctive reactivity and
photophysical properties enable their application as sensing materials in chemical sensors
for optical, electrochemical, and conductometric transducers.[2] The catalytic activity has
also been investigated and reported in several publications; iron corroles are more selective
catalysts than porphyrin analogues for the aziridination of olefins,[3] and specific
functionalizations on their meso positions can be explored for applications in
electrocatalysis.[4] Furthermore, the use of metallocorroles resulted in a very powerful
cooperative catalytic system for CO- fixation with epoxides.[5] In this work, we studied the
catalytic activity of meso-arylcorrole complexes and their N-methyl analogues. We used the
N-substituted macrocycles to introduce an interesting dimension, considering their relatively
unexplored chirality in catalysis. We aim to investigate their performance in two types of
catalytic strategies for the synthesis of chiral fine chemicals, starting from prochiral
compounds: CO- insertion reactions with aziridines, for oxazolidinones synthesis, and the
insertion of diazo compounds, into N-H bonds of amines for amino ester synthesis, could
provide valuable insights into their potential as enantioselective catalysts and contribute to
the development of greener synthetic methodologies.
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Text

The development of Ge-Sb-Te phase change materials is of growing interest for non-volatile
memory devices, as they allow a fast and reversible switch from the amorphous and crystalline
phases, involving a resistivity contrast for digital encoding. Both the integration of transition
metal dichalcogenides [1] and the use of multilayer chalcogenide architectures [2] have been
shown to improve the thermal stability, influence crystallization dynamics, and enable
enhanced functionality in phase-change memory devices. To explore these advantages, in this
work thin films of MoSe, were grown by RF-sputtering at room temperature and integrated into
MoSe,/Ge,Sb,Tes (GST225) phase-change heterostructures to evaluate their effectiveness
as confinement layers for heat and interdiffusion. The structural and morphological properties
of the films were examined using temperature-dependent X-Ray Diffraction (XRD), Atomic
Force Microscopy and Scanning Electron Microscopy. The grown MoSe, single-layers
exhibited a uniform morphology at the nanoscale, and their crystallization was observed
between 250 °C and 300 °C. Multilayers composed of alternating GST225 and thin MoSe,
layers were then fabricated and annealed. The diffraction peaks in the XRD patterns showed
no shift, indicating that MoSe, and GST225 maintain their structural integrity without
intermixing. These results demonstrate the structural stability of sputtered MoSe, and highlight
the potential of MoSe,/GST225 heterostructures for advanced phase-change memory
devices.
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KuQuinones have recently emerged as a structurally distinctive and remarkable sub class of
quinones. These compounds exhibit noteworthy electrochemical and absorption features,
which reflect their sensitivity to the chemical environment. Their excellent photostability,
combined with a high excited-state reduction potential (+2.12 to +2.16 V vs.NHE), makes them
particularly appealing for light-driven oxidative processes'. Quinacridone’s limited solubility
has restricted its use in functional applications. Structural modifications have enabled the
development of soluble derivatives with enhanced optical and electronic features. These dyes
display broad visible absorption and a bimodal redox profile, making them promising for light-
driven transformations?. In this work, the synthesis of new KuQs as well as QA derivatives has
been pursued. Photo(electro)-chemical studies were also carried out to assess the
performance of selected KuQs as photoanodes.
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Scheme 1 General Synthesis of KuQ and QA derivatives
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Text

Cell-free transcription systems provide a versatile platform to study and implement
genetic circuits’?. Temporal regulation of gene expression in living systems has
inspired synthetic circuits with similar dynamics, yet their architectures are often
complex and hard to tune% .We report here the design of orthogonal, enzyme-driven
DNA transcriptional timers that enable precise programming of time delays in cell-free
in vitro transcription. These timers utilize blocker strands that transiently bind to the
promoter domain, preventing transcription onset. Selective enzymatic cleavage of the
blocker strands triggers their removal, allowing input DNA strands to bind and initiate
transcription. By tuning the kinetics of enzymatic blocker degradation - through varying
enzyme or blocker strand concentrations - we achieve fine temporal control over
transcription half-life (t1,2) from 0.48 £ 0.02 h up to 8.4 + 0.1 h. Using three different
blocker-degrading enzymes (RNase H, UDG, Fpg) we also demonstrate orthogonal
temporal control of multiple transcription templates in a single solution. Finally, we
show the programmed termination control and downstream regulation of Cas12a
enzymatic collateral cleavage activity through such transcription timers. Together,
these orthogonal DNA transcriptional timers establish a generalizable and
straightforward framework for programming time-resolved transcription and gene
expression in cell-free synthetic biology.
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Text

Biochar, a carbon-rich material derived from biomass pyrolysis, is attracting interest for
electrochemical sensors due to its low cost, good electrochemical performance and
availability of functional groups for biomolecule immobilization'. However, its heterogeneous
surface often causes random bioreceptor orientation, poor reproducibility and nonspecific
fouling, limiting performance in complex matrices?.

Herein, we present a multistep chemical approach to introduce a flexible molecular spacer
onto spent coffee ground—derived biochar via covalent attachment using azide—alkyne click
chemistry. Each functionalization step was characterized by spectroscopic and
electrochemical techniques, confirming successful modification. The resulting interface is
stable and reproducible and provides improved spatial control of biorecognition elements,
projecting them into the solution phase while reducing adsorption of large proteins?3.

As a proof of concept, an alkaline phosphatase—based biosensor was evaluated using a
model substrate. Compared to pristine biochar, the functionalized material exhibited
enhanced analytical performance, showing a 38% increase in maximum catalytic current and
a 2.3-fold increase in the apparent Michaelis—Menten constant, indicating improved enzyme
accessibility and faster substrate turnover. Electrochemical impedance spectroscopy further
confirmed antifouling behavior, with a 39% reduction in nonspecific adsorption.
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Here we report a two-step CRISPR-based immunoassay, named MAIGRET (Molecular Assay
based on antibody-Induced Guide-RNA Enzymatic Transcription), which enables the sensitive
and versatile detection of antibodies and other proteins by integrating the advantages of
CRISPR based sensing with cell-free transcription systems.” The assay is based on the use
of a responsive synthetic DNA template that trigger the cell-free in vitro transcription of a guide
RNA strand only upon recognition of a specific target antibody. Such transcribed guide RNA is
then used to activate the Cas12 enzyme, which can lead the cleavage of a
fluorophore/quencher-labelled reporter and thus resulting in an increase in the measured
fluorescence signal. MAIGRET achieves highly sensitive (detection limits in the low picomolar
range), specific (no signal in the presence of non-target antibodies), and selective (effective
even in complex samples) detection of target proteins. Thanks to its programmable design, the
platform can be tailored for different targets, either in direct or competitive assay formats, and
supports multiplexed detection using orthogonal CRISPR enzymes (e.g., Cas13), each
coupled with a distinct, antibody-responsive transcriptional template. Considering the
versatility of MAIGRET, we are currently developing an adaptation with a colorimetric readout
by employing the collateral cleavage of a horseradish peroxidase (HRP)-DNA strand anchored
on the magnetic beads as reporter system.
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Text

Living systems offer multiple examples of how fundamental functions can emerge from the
interaction of molecular networks. [1]. One such example is given by the competitive protein
dimerization networks, in which monomers of proteins can interact to each other to form a wide
library of possible output dimers. The upregulation of certain dimers can play a critical role in
the activation of specific dowstream bilogical pathways [2]. Our aim is to synthetically recreate
those naturally occurring networks by using DNA as a material. In this work we build a
competitive DNA dimerization network composed by DNA monomers functionalized with
reactive groups that can covalently bonds to each other and create a combinatorial library of
DNA dimer outputs [3]. By introducing specific DNA input that selectively sequester monomers,
we can drive the formation of a desired DNA dimer, which activates a specific in-vitro
transcription system. This method is highly versatile, allowing for precise modulation of
transcriptional output by tuning the size of the network and the composition of input strands.
Moreover, the programmability of the DNA-based dimerization networks facilitates orthogonal
transcription of multiple fluorogenic aptamers by also using different enzymes. We were able
to control complicated pathways and to mimic a sort of enzymatic cascade. These DNA
networks provide a platform for performing complex input-output computations in a highly
predictable and programmable manner.
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Photon-Enhanced Thermionic Emission (PETE)! has emerged as a promising mechanism for
concentrated solar energy conversion due to its ability to efficiently utilize both photon energy
and thermal energy, thereby overcoming the limitations of traditional photovoltaic and
thermionic devices. Our work explores the role of nanostructured silicon-diamond structures?
as cathodes in PETE converters.

We employed microwave plasma-assisted chemical vapor deposition (MWPA-CVD) to grow
diamond films on silicon wafers, examining both intrinsic and nitrogen-doped diamond.
Initially, we conducted a study of the evolution and etching of detonation nanodiamond
(DND) seeds to optimize the MWPA-CVD parameters for diamond growth3. The temporal
evolution of DND seeds during the initial diamond growth phase was analyzed to maintain
sufficient seed density, thereby achieving continuous diamond films as thin as 40 nm+.

Diamond layer optimization was achieved by assessing the influence of film thickness and
comparing the properties of intrinsic versus nitrogen-doped diamond. The introduction of
nitrogen doping enhanced electron emission, possibly due to the improvement in band
alignment between silicon and diamond.

Femtosecond laser nanostructuring was applied to the silicon surface, to improve light
management, creating uniform nanostructures and resulting in a tenfold increase in current
density of the overall photocathode under concentrated solar illumination.
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DNA condensates have garnered increasing interest as synthetic analogs of living cells or
membraneless compartments, offering potential applications in various fields [1].
While membraneless organelles in cells typically form through complex protein—protein or
protein—nucleic acid interactions [2], synthetic DNA condensates are generally formed by
specific DNA-DNA interactions [3] or non-specific interactions [4]. To mimic the diversity of
biomolecular interactions involved in the cellular microenvironment, we present here the
combined use of specific DNA-DNA and antibody-antigen interactions to induce the formation
of antibody-DNA hybrid condensates. To do this, we modified a four-arm DNA nanostar by
replacing one sticky-end with one antigen. Only in the presence of the specific bivalent
antibody, such nanostars phase-separate to form hybrid condensates. To demonstrate the
versatility of the system, we employed multiple antigen-conjugated nanostars and their
respective antibodies, achieving orthogonal and specific molecular recognition. The antibody—
DNA hybrid condensates are also reversible and can be cyclically formed/dissolved by the
cyclic degradation/addition of the specific antibody. This system might be used as an approach
for applications in sensing and drug delivery.
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Text

Concentrated Solar Power (CSP) is one of the most promising green technologies for
achieving net-zero targets by 2050. It can harness solar energy to generate electricity
through thermal conversion cycles, produce high-temperature heat for industrial processes,
and store large amounts of thermal energy that can be used in a variety of valuable
applications.

Currently, one of the major challenges for the widespread adoption of CSP technologies is
the concept of dispatchability, which refers to the ability to modulate electricity production
based on demand. In this context, solar fuel generation, delivering high-quality energy in the
form of electricity, has the advantage of solving the problem with temporal variations in
supply as the final fuels are easy to store, and are compatible with the present transport
sector. One of the most widely studied solar fuels is H,, viewed as an alternative source of
energy for replacing fossil fuels especially where storage is essential. However, research is
trying to investigate new alternatives that solve some H, characteristic issues, as storability
and transportability.

Several methods have been investigated regarding H. production, studying thermochemical
cycles and electrolytical processes. Also, a specific study of Sulfur is being carried out as
alternative solar fuel, thanks to its good transportability compared to Ha.
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Organ-on-a-chip (OoC) technology has emerged as a powerful tool in biomedical research,
offering clear advantages over traditional in vitro and in vivo models. These microfluidic
systems aim to recreate key physiological and mechanical features of human organs and
tissues, to provide physiologically relevant platforms for studying human biology, especially
in drug treatment evaluation. [1] However, conventional OoCs can face challenges including
air-bubble formation, limited real-time sensing, and complex fabrication. PHOENIX-OoC
proposes a fully paper-based origami platform for OoC design, aiming at overcoming these
limitations. Paper’s flexibility, low cost, and unique fluidic properties enable cell co-cultures,
integrated (bio)sensing, and controlled microfluidics. As a crucial monitoring element,
PHOENIX-OoC aims to integrate in the device a paper-based electrochemical sensor array
for continuous monitoring of relevant biomarkers, enabling real-time assessment of cells’
status. Among them, sensors for pH, nitrate, and glucose were developed on wax-patterned
paper, tailoring working electrodes with pH-sensitive film, nanomaterials, nitrate-selective
membrane and glucose oxidase. The sensors were tested in standard solutions and yielded
linear responses: y = (-0.048+0.002)x + (0.359+0.004) (R?=0.981) for nitrate; y = (-
0.0831£0.001)x + (0.763+0.007) (R*=0.998) for pH, and y = (-0.12+0.01)x - (0.7+0.1)
(R2=0.960) for glucose. As OoC technologies advance, they are expected to transform drug

development, reduce animal testing, and support personalized medicine.
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In the 21st century, technological innovation and materials design are driven by the unique
properties of nanostructured materials. Interest in nanoscience—due to its potential to
improve human well-being—has intensified the focus on engineering advanced
nanomaterials and on developing precise, scalable synthesis routes [1]. Traditional methods
often show batch variability and limited scalability, whereas microfluidics offers improved
control, reproducibility, and efficiency [2]. Cerium oxide nanoparticles are notable for redox
activity, antioxidant behaviour, and biofilm inhibition. Acting as multifunctional nanozymes,
they display both redox-dependent and redox-independent catalytic properties [3]. These
features make them attractive for environmental, agricultural, and biomedical uses, including
cancer therapy, antimicrobial treatments, biosurfactants, and biosensors [4].

This study presents a continuous-flow microfluidic method to synthesize cerium oxide
nanoparticles starting from cerium nitrate and using N,N,N',N'-tetramethyl ethylenediamine
and Pluronic F127 as a precipitating and templating agent, respectively. A custom chip with
three inlets, a spiral channel, and a serpentine section was designed to improve control over
reaction parameters and to enhance mixing. The resulting nanoparticles were thoroughly
analysed by Dynamic Light Scattering, Transmission Electron Microscopy, and Scanning
Electron Microscopy.

This work highlights microfluidics as a scalable and precise strategy for producing high-
quality cerium oxide nanoparticles with increased product consistency.
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Solid oxide fuel cells (SOFCs) are a well-established technology for energy storage
and conversion. The current state-of-the-art fuel electrode materials are cermets based on
nickel and yttria-stabilized zirconia (Ni-YSZ). However, these materials are prone to
degradation due to coking, as well as nickel coarsening and agglomeration, particularly in
carbon-rich environments. According to the literature, the primary strategy to mitigate these
issues involves replacing Ni-YSZ cermets with nickel-doped fluorite and/or perovskite-
structured materials as alternative fuel electrodes [1].

This study investigates two composite fuel electrodes. The first comprises an A-site-
deficient perovskite, Lap4Cao4TiO3s (LCT), combined with Ni-doped gadolinium-doped ceria
(NiGDC), a fluorite-structured material. The second consists of a Ni-doped perovskite
titanate, Laop4Cao4TioesNio0sO3 (LCTN), combined with GDC. Among perovskite oxides,
titanates are favored due to their structural stability in reducing atmospheres [2]. A-site
deficiency facilitates the formation of oxygen vacancies, thereby enhancing ionic
conductivity. Ni doping improves electrocatalytic performance via exsolution [3]. An
innovative synthetic approach is developed for LCT and LCTN, enabling a substantial
reduction in the calcination temperature to 700°C, a significant decrease from the 1400°C
reported in the literature [4].

Electrolyte-supported SOFC tests assess the fuel electrode performance of the
developed materials.
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Text

Dye-sensitized solar cells (DSSCs) are a promising alternative to silicon-based panels
thanks to their low cost, simple fabrication, and good performance under low-light conditions.
Among the photosensitizers used in DSSCs, ruthenium bipyridine complexes are widely
studied for their high photochemical stability, broad absorption spectrum, and efficient
electron transfer properties[1]. Helical peptides also play an important role in charge-transfer
processes[2] due to their defined secondary structures and their ability to support
mechanisms such as superexchange and hopping, making them attractive for improving
DSSC efficiency and stability[3][4]. In our experimental work, we investigated the DSSC
application of a new ruthenium bipyridine dye modified with a thymine unit on one bipyridine
group, designed to exploit the natural hydrogen bonding between thymine and adenine to
form a supramolecular SAM on a flat gold surface. The SAM consisted of three layers: a lipo-
adenine and a helical peptide functionalized with thymine and adenine, enabling conjugation
with [T-Ru(bpy)z]**. The ruthenium complex was first characterized spectroscopically in
solution to assess its photophysical behaviour. Subsequently, the film was assembled on a
gold and FTO-TiO. electrode to examine photocurrent generation under different excitation
wavelengths. Preliminary photocurrent responses confirm that the assembly was
successfully achieved and reveal efficient interfacial charge transfer within the peptide—dye
conjugated architecture.
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Text

Proton-Conducting Fuel Cells (PCFCs) offer a clean and efficient way to convert H. into
electricity at intermediate temperatures (400-700 °C) overcoming limitations of high-
temperature fuel cells (e.g. traditional SOFCs) and becoming a key technology within the Ho
value chain. In the PCFC manufacturing, the fabrication of homogeneous, crystalline, and
dense electrolytes as well as cell components integration is still challenging. Several issues
may be encountered (especially during high temperatures sintering processes) which are
detrimental on electrolyte stability and conductivity [1]. Further efforts have to be made to
develop manufacturing techniques that allow optimal electrolyte deposition and components
integration. Pulsed Electron Deposition (PED) is an innovative technique for homogeneous
thin film deposition with controlled thickness, while maintaining same target stoichiometry.
Key advantages of PED, over other physical deposition techniques, include lower equipment
cost and higher energy efficiency [2][3]. This PhD program aim to create the first PCFC
manufacturing line in ENEA Casaccia from the synthesis of proton conducting electrolytes to
the full cell integration. At first, the research focused on the production and characterization
of Baj,1Ceo6Zro2Mo203.5 (M = Y, Gd) dense ceramic electrolytes by investigating different
synthesis and sintering routes. Subsequently, PED technique was explored by carrying out
first electrolyte deposition tests on commercial anodes.
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Abstract

Orthopedic-related injuries are commonly managed through the implantation of medical
devices during arthroplasty procedures. However, this surgical practice has a substantial
impact on patient health, due to the significant risk of developing periprosthetic infections.
Bacterial proliferation and metabolic activity on the surface of orthopedic implants induce a
decrease in the pH of the surrounding synovial fluid, thereby making pH a valuable
diagnostic indicator.” Several limiting factors, namely storage constraints and insufficient
sensitivity, have prevented earlier potentiometric pH sensors from becoming scalable point-
of-care diagnostic tools. To overcome these shortcomings, here we introduced an affordable
potentiometric screen-printed pH electrode that integrates cost-effective Carbon Black (CB)
nanomaterial with chemically stable, pH-responsive Polyaniline (PANI) to enable the
detection of orthopedic infections. The CB/PANI nanocomposite dispersion was applied onto
the working electrode via a simple drop-casting step, providing an easy and reliable method
for sensor functionalization. Upon mixture optimization, the 90% CB — 10% PANI composite
was selected due to its excellent dispersibility and its optimal balance of analytical features,
including robust reproducibility, notable sensitivity, and reliable selectivity. The sensor also
demonstrated prolonged long-term stability, when dry-stored at room temperature over one
month. Lastly, validation in real synovial fluid samples revealed strong agreement with pH-
meter readings and microbiological results.
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Text

Water electrolysis is a promising strategy for sustainable hydrogen production, yet its
efficiency is hindered by the sluggish oxygen evolution reaction (OER).! Conventional noble
metal catalysts (RuO,, IrO,) exhibit high activity but suffer from high costs, scarcity, and
limited stability.? NiFe-based electrocatalysts have emerged as attractive alternatives due to
their low cost and excellent activity, though their long-term stability remains a challenge.? In
this work, we investigate the effect of the iridium (Ir) addition on the structural,
morphological, and electrochemical properties of NiFe alloys. Structural (XRD) and
morphological (SEM) analyses were performed, while electrochemical behavior was
assessed through rotating disk electrode experiments in acidic (pH 1) and alkaline (pH 13)
conditions using cyclic voltammetry (CV) and chronoamperometry (CA) The results provide
preliminary information on the role of Ir incorporation in improving the stability and catalytic
efficiency of NiFe-based materials for water splitting applications.
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Water electrolyzers powered by renewable energy offer an environmentally sustainable
approach to hydrogen production [1]. The oxygen evolution reaction (OER) is the rate
determining step of water electrolysis and expensive platinum group metal (PGM) oxides
such as RuO; and IrO; are the state-of-the-art OER electrocatalysts [2]. In alkaline water
electrolyzers [3], perovskite oxides such as LaNiOs have emerged as excellent PGM-free
electrocatalysts thanks to their stability and high activity [4].

In this work, a one-pot solution combustion route is presented as a fast and practical method
to enhance LaNiO3; OER activity descriptors. The synthesis is based on a combination of low-
cost fuels: glycine (Gly) and citric acid (CAM), which has not been previously explored for
LaNiOs to the best of our knowledge. Compared to other wet-chemistry methods, the Gly +
CAM synthesis yielded powders with superior textural properties, optimal Ni**/Ni?* ratio and
high intrinsic OER activity.
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RNA-binding proteins (RBPs) regulate post-transcriptional gene expression. HuR is a key
RBP that stabilizes mRNAs by binding AU-rich elements (AREs) in 3'UTRs. It contains three
RRMs (RRM1-3), but a full 3D structure is still unresolved. Using in silico approaches, our
lab generated a full-length HUR—-mRNA model.

Because HUR promotes tumor growth, it represents an important therapeutic target. Current
small-molecule inhibitors lack specificity, whereas RNA aptamers offer high affinity and
selectivity. Konig et al. (2007) identified five aptamer classes (A, B, C, D and orphan) that
bind HUR RRMs, providing a basis for aptamer optimization.

Aptamer sequences from Konig et al. were modelled with AlphaFold3, and
topology/coordinate files were prepared using AmberTools23. GaMD production runs were
performed with AMBER23 (500-ns replicas), and trajectories were analysed with GROMACS
2024. The top five aptamers were also fragmented, recombined, modelled, and simulated
using the same protocol.

RMSD analyses showed aptamer A4 to be the least stable, while A1, B1, B2 and D2
displayed the highest structural stability. PCA revealed restricted HuR conformational
sampling when bound to A1, A2 and B2. MM/PBSA confirmed these results, identifying A1,
A2, B2, B3 and D2 as the strongest binders.

High-affinity fragments for each RRM were combined to target RRM1-RRM2 and RRM3. MD
simulations showed overall RMSD stability, with HUR-B3-A2 being the most stable complex.
Experimental validation is ongoing.

References

[1] N. Ripin, et al., Proc. Natl. Acad. Sci., 2019, 116, 2935-2944.

[2] C.W. Schultz, et al., WIREs RNA, 2020, 11, e1581.

[3] J. Kdnig, et al., RNA, 2007, 13, 614-622.

[4] J. Abramson, J. Adler, J. Dunger, et al., Nature, 2024, 630, 493-500.
[5] R. Salomon-Ferrer, et al., WIREs Comput. Mol. Sci., 2013, 3, 198-210.
[6] J. Wang, et al., WIREs Comput. Mol. Sci., 2021, e1521.

[8] D.A. Case, et al., J. Comput. Chem., 2005, 26, 1668—1688.

[9] M.J. Abraham, et al., SoftwareX, 2015, 1-2, 19-25.



eXpanding CHEMistry: implementing excellence in research and teaching
X-CHEM lll year Meeting, December 18" 2025
Department of Chemical Science and Technologies

FUNCTIONALIZED MATERIALS WITH ESSENTIAL OILS FOR
ECO-FRIENDLY ANTIMICROBIAL NANOCOATINGS

Elisa Recchia’, Luca Fiore’, Nathalie Totaro’, Amaia M. Goitandia’, Maialen Argaiz’, Miren
Blanco’, Fabiana Arduini’, Florigio Lista'

! Defence Institute for Biomedical Sciences, Via Santo Stefano Rotondo, 4 - 00184 Rome, Italy
’Department of Chemical Science and Technologies, University of Rome Tor Vergata, Via Della
Ricerca Scientifica 1, Rome, Italy
'Unidad de Quimica de superficies y Nanotecnologia, Fundacion Tekniker, liiaki Goenaga 5 -20600
Eibar, Spain

Email presenting author: elisa.recchia@persociv.difesa.it

Antimicrobial-resistant bacterial infections are a serious threat to human health [1, 2].

The Horizon Europe RELIANCE project addresses this challenge by developing antimicrobial
coatings based on mesoporous silica nanoparticles functionalized with metallic copper under
controlled conditions of oxidation state and essential oils, going beyond the state of the art
[3].

Within this project, we studied the antibacterial activity by testing eugenol, carvacrol, thymol,
and menthol in solution against five bacterial strains (E. coli, B. clausii, S. aureus, P.
aeruginosa and, K. pneumoniae) to select the best oil for nanoparticles functionalization. The
Minimum Inhibitory Concentration, Minimum Bactericidal Concentration, and Time Killing
Assay were evaluated for eugenol, carvacrol, thymol, and menthol against five bacterial
strains. Thymol and carvacrol showed the greatest antibacterial activity. The killing assay
confirmed the superior efficacy of these two oils by killing 99.9% of bacteria in 10’ at lower
concentrations than eugenol and menthol.

Considering also the virucidal results, nanoparticles were successfully synthetized and
functionalized with copper hydroxide and carvacrol to impart broad-spectrum antimicrobial
activity. These functionalized nanoparticles have obtained complete killing activity after 2 h of
incubation on E. coli, and 95.1% against S. aureus.

The results highlighted the effectiveness of copper nanoparticles modified with carvacrol for
application in antimicrobial coatings on high-touch surfaces.
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Metallic works of art are particularly vulnerable to corrosion processes, which can
compromise their structural integrity and historical value. A promising conservation
strategy involves the design of multifunctional polymeric coatings that combine
barrier and active corrosion inhibiting properties, while maintaining transparency,
reversibility, and long-term stability against degradative agents. [1] Waterborne
polyurethane matrices (WPU) are especially attractive thanks to their structural
tunability and the possibility of introducing intrinsic self-healing properties, which
allow coatings to restore after mechanical damage, providing long-term protection. [2]
Additionally, the use of WPU as aqueous dispersions eliminate the need of toxic
organic solvents, reducing the environmental impact associated with traditional
solvent-based coatings. [3,4] In our work, WPU formulations, previously developed
from Sichuan University, were optimized to enable self-healing at reduced
temperatures while enhancing the protection of bronze surfaces. The addition of
polyethylene glycol (PEG) increased polymer mobility, facilitating repair of surface
scratches at low temperature, compatible with metallic artworks. Furthermore,
benzotriazole was incorporated in the PEG modified WPU matrix as an active
corrosion inhibitor. Accelerated corrosion tests demonstrated that PEG-modified
coatings effectively preserved surface integrity, confirming their enhanced
anticorrosion performance compared to the unmodified WPU coatings. These results
highlight the potential of tailored WPU-based systems as environmentally friendly
self-healing coatings for the long-term conservation of metallic artworks.
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This study employs computational chemistry approaches to investigate the impact of
force-field refinements on RNA molecular dynamics (MD) simulations. We compare the
widely used OL3 force field* with its CMAP-refined variant (OL3+CMAP)* using a biologically
relevant model: the HuUR protein bound to a 27-nucleotide single-stranded RNA (ssRNA):.
Due to its intrinsic flexibility, this system serves as a valuable benchmark for assessing the
accuracy and reliability of RNA simulations.

Using extensive MD sampling (500 ns per replica), we assessed structural stability and
conformational behavior through RMSD, RMSF, PCA, and eRMSD analyses. Our results
reveal a clear trade-off: although OL3+CMAP enhances conformational diversity, it also
introduces significant drawbacks, including poor convergence, excessive terminal
fluctuations, and technical instabilities. In contrast, OL3 maintains stable trajectories and
yields a reproducible conformational ensemble.

While local interactions (stacking and pairing) remain broadly comparable between force
fields, the overall robustness of OL3 outweighs the increased heterogeneity introduced by
the CMAP correction for this class of single-stranded RNA architectures. These findings
provide practical guidance for modeling protein—-RNA complexes, highlighting OL3 as the
more reliable option pending further validation through advanced torsional analyses.
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