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AT THE CROSSROADS OF THREE REALMS

The 2025 Cutting Edge Conference took place on 15% September 2025 at the
Faculty of Chemistry and Chemical Technology, University of Ljubljana. This
year’s theme, At the Crossroads of Three Realms, showcased scientific
research at the intersection of academia, industry, and public institutions.

Through a rich program of lectures spanning chemistry, biochemistry,
pharmacy, materials science, and related disciplines, the conference aimed
to bring science closer to its participants while supporting them in shaping
their current and future career paths.

The event welcomed over 100 participants from Slovenia and abroad,
representing diverse fields of research. Among them, 71 researchers presented
their work within three thematic sessions: Science Behind the Living,
Materials of the Future, and Technologies for the Earth and Environment.

For the second time in Cutting Edge’s history, a special session titled
Young Minds? was organized for secondary school students. A total of 32 young
participants had the opportunity to present the outcomes of their school
research projects and actively engage in the conference.

The program began at 8:30 a.m. with opening remarks by prof. dr. Marko
Novinec, the next Dean of the Faculty, and Ines Babnik, President of the
Cutting Edge Society. The opening was followed by a series of lectures and
poster presentations. The one-day conference concluded with an awards
ceremony, where prizes were presented for the best poster and the best oral
presentation. After the formal program, participants were invited to an
afternoon networking session, offering opportunities to connect with sponsors
and fellow researchers.

We would like to express our sincere gratitude to the scientific committee
members: doc. dr. Jakob Kljun, UroS RapusS, Jernej Imperl, Tilen Zorko and
Benjamin Poljanc, as well as the many students from the Faculty who
contributed to the success of the event. Special thanks also go to our
collaborators and sponsors, particularly the Faculty of Chemistry and
Chemical Technology, University of Ljubljana, for their outstanding
cooperation and unwavering support.

The Cutting Edge Organizing Committee is deeply grateful to all presenters
and participants for their thought-provoking contributions. May critical
thinking, a willingness to embrace diverse perspectives, and boundless
curiosity continue to guide you.

We look forward to seeing you all again at the Cutting Edge Conference 2027!

- Cutting Edge Organizing Team
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8:00 Registration and poster installment
Opening ceremony
8:30 . .
Ines Babnik, prof. dr. Marko Novinec
LabCore
8:45 Where there’s a will, there’s a way: Start-up in the pharmaceutical
and chemical industry
dr. Iva Hafner Bratkovi¢c
9:15 Curiosity-driven immunology research inspires novel treatment
strategies
doc. dr. Luka Lezaic
9:35 From bench to bedside - clinical translation of radiopharmaceuticals
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Cold Plasma-activated Water (PAW):
Reactive Oxygen and Nitrogen Species (RONS) Among Key Factors
Contributing to PAW Antimicrobial Activity

Ana Gotvajn™', Helena Prosen?, Breda Jakovac Strajn', Stefan Pintari¢'

! Veterinary Faculty, University of Ljubljana, Gerbigeva ulica 60, SI-1000 Ljubljana, Slovenija
2 Faculty of Chemistry and Chemical Technology, University of Ljubljana, Ve¢na pot 113, SI-1000 Ljubljana, Slovenija

PAW is a new type of disinfectant that differs from
most commonly used chemical disinfectants in that it does
not contain any added chemical substances that would
form degradation products of themselves after the
antimicrobial effect, which could pollute the environment
and pose a health risk. PAW is created when water is
treated with plasma. Plasma is often defined as the fourth
state of matter and is an ionised gas. When plasma
interacts with water, chemical reactions take place that
lead to the formation of RONS.

The RONS formed, which are known to contribute to
the antimicrobial activity of PAW, can be divided into
short-lived and long-lived species. The former, such as
hydroxyl radicals (*OH), nitric oxide (NO) and
peroxynitrite (ONOOQO"), usually have a half-life of
nanoseconds to a few seconds and then tend to react and
form more stable molecules. Long-lived species, such as
hydrogen peroxide (H>0,), ozone (O3), nitrite (NO,") and
nitrate (NOj3’), have a half-life of minutes to days.
Physical damage to the vital cellular structures and the
induction of oxidative stress in the bacterial cell are two
fundamental principles of the antimicrobial effect of
RONS.

In the preliminary studies the efficacy of the
antimicrobial activity of PAW generated with a plasma jet
device using filtered air was tested on Staphylococcus
aureus according to modified standard ISO 4833-1:2013.
(Scheme 1, Table 1).

Table 1: Logarithmic reduction of S. aureus after 15-
minute treatment with 0.1 mL of prepared solutions
(*Saline-corrected values)

Solutions Log1o Logio
reduction reduction*
NaCl (0.9%) 1.05
PAW 4.53 3.49
PAW + NaCl (2:1) 3.83 2.78
PAW + NaCl (1:1) 3.79 2.74
PAW + NaCl (1:9) 1.98 0.93

Counting colonies
of S. aureus after
treatment

- s —_— N\

Generating PAW Treating S. aureus

with solutions

Scheme 1: Visual summary of preliminary studies
(Created in https://BioRender.com)

It is known that the presence of impurities can reduce
the effectiveness of the disinfectants used. Therefore,
future research will focus on the efficacy of the
antimicrobial activity of PAW in the presence of organic
matter, which is in line with chosen standards for testing
the efficacy of chemical disinfectants. At the same time,
we will monitor the pH, ORP and concentration of
selected RONS, thus contributing to a more
comprehensive understanding of the role of key factors in
the antimicrobial activity of PAW. Identifying potentially
newly formed compounds after disinfection in the
presence of impurities will contribute to evaluating the
safety of this mode of disinfection for human, animal and
environmental health.
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Lecithin Analysis: Determination of Phospholipids

Ana Sijanec,! Matevz Pompe*,!

! Faculty of Chemistry and Chemical Technology, University of Ljubljana, Veéna pot 113, S/-1000 Ljubljana, Slovenia

Phospholipids (Figure 1) are amphiphilic molecules
with different polar head groups and non-polar fatty acid
tails that differ in length and saturation. As essential
components of cell membranes, they form bilayers in all
living organisms. Their unique structural properties
enable applications such as natural emulsifiers and
encapsulating agents in pharmaceutical, food and
cosmetic formulations, where they facilitate the formation
of micelles and liposomes to improve the stability,
bioavailability and delivery of active ingredients'. A
common natural source of phospholipids in the industry
is lecithin. The performance of lecithin in different
formulations is highly dependent on its phospholipid
composition. Differences in head group type and fatty
acid saturation affect the type of structures lecithin can
form and its emulsifying behavior. Therefore,
characterizing the phospholipid profile of lecithin is
essential to ensure the stability and functionality of the
final product?.

lo} L [o) /
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Figure 1: Phospholipid structure

The analysis of phospholipids is usually based on
commercial reference standards. However, the high
structural diversity of phospholipids requires numerous
standards to cover all possible variants in complex
mixtures such as lecithin. Given the cost, limited
availability and time required for extensive comparisons,
this approach is often inefficient and impractical®.

In this study, we developed and optimized a
qualitative method for the determination of phospholipids

in lecithin without the use of reference standards.
Reversed-phase high-performance liquid
chromatography was coupled with high-resolution mass
spectrometry to separate and detect the phospholipid
species. Molecular ions were recorded in full scan mode
and analyzed using a custom Python script that generated
a list of possible phospholipid structures for each m/z
value. The identification was confirmed by matching the
MS/MS fragmentation patterns with the theoretical
predictions.

The proposed method provides a reliable, cost-
effective alternative for phospholipid profiling in
complex lipid matrices and demonstrates that standard-
free identification is possible using high-resolution
analytical tools in combination with computational
support.
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Role of Surface Pretreatment in Film Formation and Corrosion

Protection of AZ-Series Magnesium Alloys

Nina Kova¢,'? Andrej Bogataj,' Ingrid MiloSev,! Peter Rodic*,!

! Department of Physical and Organic Chemistry, Jozef Stefan Institute, Jamova cesta 39, SI-1000 Ljubljana, Slovenia
2 Jozef Stefan International Postgraduate School, Jamova cesta 39, SI-1000 Ljubljana, Slovenia

Lightweight and biocompatible, the AZ-series
magnesium alloys, specifically, AZ31, AZ61, and AZ91,
have significant potential for biomedical and structural
applications.!” However, their practical use remains
limited by high corrosion susceptibility, particularly in
chloride-rich environments. The corrosion behaviour of
magnesium is strongly influenced by (i) its composition
(content of aluminium and zinc) and (ii) the stability of its
surface oxide layer. Therefore, the surface conditions are
essential to enhance corrosion resistance.> This study
examines the impact of mechanical surface pretreatment
and thermal oxidation on the formation of oxide films and
the corrosion performance of AZ31, AZ61, and AZ91
alloys.

The experimental workflow is outlined in Scheme 1.
Each alloy underwent three surface pretreatments:
(1) ground (e.g., AZ31 G, AZ61 G, AZ91 QG),
(i) ground and polished (e.g., AZ31 P, AZ61 P,
AZ91 P), (iii) ground, polished, and thermally oxidised
at 200C (e.g., AZ31 TO, AZ61 TO, AZ91 TO).

Surface pretreatment

l 1000, 2400, and 4000 SiC

l 3 pm and 1 pm diamond paste

Polishing

<>

200 T1h

|
|

Scheme 1: Experimental workflow for AZ series
magnesium alloys with varying aluminium content
(X =3, 6,9 wt.%) and constant zinc content (1 wt.%).

The surface morphology and chemical composition
were characterised using scanning electron microscopy
coupled with energy-dispersive X-ray spectroscopy
(SEM/EDS), both pre- and post-exposure to a corrosive
medium. Potentiodynamic polarization was used to assess
corrosion behaviour, and it was evaluated in 0.1 M NaCl
solution.

Potentiodynamic measurements revealed a lower
corrosion current density and a more positive pitting
potential for the thermally oxidised sample, which was
supported by an improved surface morphology after
immersion. These findings highlight the critical role of
surface condition in passive film formation and
demonstrate that both thermal oxidation and increasing
aluminium content in the alloy series (from AZ31 to
AZ91) contribute to enhanced corrosion resistance in
chloride environments.

Future work could focus on investigating how
different surface pretreatments influence the adhesion of
protective  surface coatings, enabling improved
performance in diverse application environments.
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Photodegradation of pharmaceuticals using lignin carbon quantum

dots based hybrid photocatalyst under visible light solar simulator

Azmat Ullah,' Jan Hogevar,' Bostjan Zener, ! Iskra, Jernej, ' Urska Lavrenéi¢ Stangar, ! Jelena Papan
Djanig*, !

! Faculty of Chemistry and Chemical Technology, University of Ljubljana, Ve¢na pot 113, S/-1000 Ljubljana, Slovenia
2 Centre of Excellence for Photoconversion, Vinéa Institute of Nuclear Sciences, National Institute of the Republic of

Serbia, University of Belgrade, 11351 Belgrade, Serbia

Pharmaceuticals detected in water environments are
posing a serious environmental concern for aquatic life
and human beings!. Different methods are used for
removal or degradation of pharmaceuticals from water
including adsorption, membrane filtration, reverse
osmosis and advance oxidation processes or
photodegradation?. Among these methods,
photodegradation is more promising because it requires
only light sources to break down a range of complex
pharmaceutical structures®. The photocatalysts have
major problems with electron hole recombination and
wide band gaps of available efficient photocatalysts.
Lignin derived CQDs as a green candidate for
photocatalysis are extensively explored due to their high
surface area and photoluminescence properties®. These
CQDs can be synergistically coupled with the other
photocatalysts to lower their band gap and reduce electron
hole recombination like titanium dioxide (TiO,). TiO; is
used as a reference photocatalyst due to high efficiency,
low cost and toxicity. But TiO; is active in UV light
source due to wide band gap and electron hole
recombination also affects its efficiency.

In this study, lignin based CQDs were synthesized
through hydrothermal method. The synthesized CQDs
were used to prepare a hybrid with TiO,. In one study,
tetracycline used as a broad-spectrum antibiotic, was
photodegraded with TiO, and CQDs/TiO, hybrid under
visible light using solar simulator. The hybrid showed
better photodegradation of tetracycline as compared with
bare TiO; proving the synergistic effect of CQDs on TiO,.

After successful photodegradation of tetracycline
under visible light, a five pharmaceuticals mixture was
also photodegraded with bare TiO, and CQDs/TiO»
hybrid as shown in Figure 1. The results showed that
increasing the CQDs percentage in CQDs/TiO; improves
its  photocatalytic =~ performance. This improved
photocatalytic performance indicates the synergistic
effect of CQDs on CQDs/TiOx.
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Figure 1: a) CQDs/TiO, photocatalyst and b)
photodegradation of five pharmaceuticals mixture with
CQDs/TiO»
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Synthesis and characterization of copper(l) complexes with chelating 2-

(methylthio)pyrimidines

Blaz Antonin,' Uro$ Rapus,' Jakob Kljun*,!

! Faculty of Chemistry and Chemical Technology, University of Ljubljana, Veéna pot 113, S/-1000 Ljubljana, Slovenia

Copper(I) complexes with 2,2°-bipyridine or
structurally related N,N-ligands have attracted significant
attention due to their promising cytotoxicity useful in
cancer treatment, as well as interesting optical and
electrochemical properties'. As copper(I) in most cases
exhibits tetrahedral geometry, stoichiometric ratio
between metal and bidentate chelating ligand can be
either 1:1 or 1:2. In the former case, additional co-ligands
must also be present and can provide a way to improve
certain properties. One of them is solubility. Nonpolar
groups can increase lipophilicity and thus increase
bioavailability of compound, for which phosphine ligands
are often used?>.

In this work, copper(I) complexes were prepared
using  4-heteroaryl-2-(methylthio)pyrimidines, ~where
heteroaryl groups were different heterocycles with
nitrogen at position 2’, which provides a coordination
mode analogous to 2,2’-bipyridine.

Five new complexes from two sets, using six
bipyridine-like  ligands, were synthesized and
characterized by NMR, IR and UV-VIS spectroscopy,
mass spectrometry and CHN elemental analysis. Crystal
structures of five of them were determined by X-ray
diffraction on single crystal.

To prepare the first series of compounds, cuprous
chloride was reacted with the N,N-ligand and
triphenylphosphine in stoichiometric ratio 1:1:1. The
resulting complex was prepared and characterized with
one ligand, but the reaction was not as successful with
other ligands. Single crystals of one additional complex
were obtained but the low yield of the synthesis did not
allow us a  comprehensive  physicochemical
characterization. Synthesis of complexes with other
ligands was also unsuccessfully attempted. The main
issue is, except in the first case, the preferential formation
of the insoluble binuclear complex of cuprous chloride
and triphenylphosphine [CuxCly(PPhs)s].

In the second set of compounds ligands are bound to
central ion in stochiometric ration 2:1. This can be

achieved by using a salt with non-coordinating anion,
such as PFs . Crystal structures of some complexes were
determined and the geometries of the complexes
synthesized were shown to be deformed tetrahedral.

PPhy

Cu

Cu PFy

cl *, ) ‘

Figure 1: Schemes, picture of the product and and an

example of a crystal structure of prepared complex in

stoichiometric ratio 1:1 (left) and 1:2 (right). Thermal
ellipsoids were drawn at 50% probability level.
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Intensification of the Carbonization Process Using Microbubbles
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The intensification of gas—liquid contact processes
plays a central role in the development of sustainable
technologies for carbon capture and utilization (CCU).
One promising approach is the use of microbubbles to
enhance the interfacial area for gas—liquid reactions,
thereby improving mass transfer efficiency and reactor
performance. In this study, we investigated the formation
and stability of air microbubbles in a microchannel as a
simplified model for future application in CO: absorption
and utilization processes. '

A Carmin D2 water-powered injector was used to
generate a two-phase bulk mixture of air and water in a
mixing chamber. Due to the internal design of the
injector, air was passively drawn into the flow under a
pressure of ~5 bar, forming bubbles with diameters in the
range of 30-70 um. The two-phase mixture was then fed
into a polymethyl methacrylate (PMMA) microchannel
with dimensions of 2cm X 0.5cm x 500 um, where
bubble flow characteristics were monitored under a
microscope. A key part of the study was evaluating
bubble stability, size distribution, residence time, and the
influence of surfactant addition. Tween 20
(polyoxyethylene sorbitan monolaurate) was used in
concentrations ranging from 0.1 to 3% w/w to assess its
impact on bubble integrity and persistence over time.

Microbubble dynamics were recorded and analyzed
using Image] software, where threshold-based image
segmentation allowed for the quantification of maximum,
minimum, and average bubble diameters, as well as the
number of bubbles per frame. The residence time of
bubbles was estimated from time-lapse video, and their
deformation or coalescence was tracked during transit.
Without surfactant, bubbles were prone to rapid merging
or disappearance, particularly at higher flow rates. In
contrast, with Tween 20, the system achieved a distinct,
stable bubbly flow regime, and microbubbles retained
their structure for extended durations—a promising
observation for CO2 mass transfer applications.

Although air was used as a model gas, the setup and
methodology are directly transferrable to CO: systems,
where the dissolution and reaction rates are even more
relevant. The microreactor concept demonstrated here

provides a controllable environment to study gas—liquid
interactions at the microscale and shows significant
potential for integration into compact, modular CCU
devices. This study lays the groundwork for further
experiments using CO- under similar conditions, where
enhanced gas—liquid mass transfer can be quantified using

the same framework.

Figure 1: Visualization of air microbubbles flowing
through a 0.5 cm-wide microchannel. Conditions: 1%
Tween 20, 3000 pL/min total flow rate. Bubbles remain
stable and evenly dispersed, with an average diameter of
46.2 pm
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Secovlje salterns have a long history of producing sea
salt. Although the harvests nowadays are typically small
and strongly affected by climate and seasonal weather,
salt in SecCovlje is still produced using a traditional
method that dates back to the 14" century .

Petola, a mineralized microbial substrate, plays a
vital role in traditional salt production, serving as a
foundation in salt crystallization ponds. Unfortunately,
petola is not immune to pests. Insects such as brine flies
(Ephydra) and non-biting midges (Chironomidae) are
known to infest pefola with their larvae, leading to
degradation of pefola and, consequently, a reduction in
both the quantity and quality of the harvested salt 2.

In a previous study, the identity of the non-biting
midges found in the Secovlje salterns could not be
determined beyond the family level "> In this study, an
effort was made to determine the genus of the specimens
through DNA barcoding.

A total of 13 specimens, comprising insects of both
sexes, were selected for analysis. After the isolation of
genomic DNA, a specific region of the cytochrome
oxidase I gene (COI) was amplified using PCR. This
region is widely used as a barcode for species
identification in animals. The resulting DNA fragment
was inserted into the pJET vector, which was then cloned
in Escherichia coli. After the plasmid isolation, the inserts
were sequenced, and the obtained sequences were
analyzed using NCBI BLAST and BOLD databases.
Genetic distances between the sequences were calculated
with MEGA software.

All of the sequences we obtained showed a high
percentage of similarity to a reference sequence assigned
to members of the genus Chironomus (Table 1). In all
cases, the identity was higher than 98%, which allowed us
to conclude that all the specimens indeed belong to the
genus Chironomus. Additionally, three sequences
exhibited strong similarity to the reference sequence of
Chironomus salinarius. Genetic distances between all of
the obtained sequences were within the range of normal
interspecific distances for the genus Chironomus,
suggesting that all analyzed specimens could belong to
Chironomus salinarius.

The results indicate that the non-biting midges
infesting petola in the SeCovlje salterns likely belong to
the genus Chironomus (Table 1). Given that this species
is known to inhabit environments with higher salinity?, it
is plausible that all of the analyzed specimens belong to
Chironomus salinarius. However, the data do not allow
us to conclude with complete certainty that all midges in
the Secovlje salterns belong to this species.

Table 2: Sequence analysis using BLAST and BOLD
databases. The sex of the specimens, determined based on
insects morphology, is indicated in the second column.
The results of the BLAST search are presented in the third
column. The fourth column shows the percentage of
identity between the query sequence and the BLAST
barcode match. The results of the BOLD search are
presented in the fifth column. The sixth column shows the
percentage of identity between the query sequence and the
BOLD barcode match.

SPECIMEN | SEX BLAST MATCH |IDENTITY| BOLD MATCH |IDENTITY
o1 E Chironomuis sp. 99.70% Chironomuts sp. 99.70%
02 M Chironomus sp. 99,70% Chironomus sp. 99,70%
03 M Chironomus sp. 99.39% Chironomuts sp. 99.39%
04 M Chirononnus sp. 99.55% Chironomus sp. 99.55%
05 M Chironomus sp. 99.70% Chironomus sp. 99.70%
06 F | Chironomus salinarius| 98,94% |Chironomus salinarius| 99,09%
o7 M | Chironomus salinarius| 99,10% | Chironomus salinarius| 99.10%
08 E | Chironomus salinarius| 98,79% | Chironomus salinavius| 98,94%
09 F Chironomus sp. 99.85% Chironomus sp. 99.85%
o1o0 F Chironomus sp. 99.39% Chironomus sp. 99,39%
o11 M Chironomus sp. 99.70% Chironomuts sp. 99.70%
012 M Chirononnus sp. 99.70% Chironomus sp. 99.70%
013 M Chironomus sp. 99.85% Chironomus sp. 99.85%
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Boron neutron capture therapy (BNCT) is a binary
cancer treatment based on the 'B(n, o)’Li nuclear
reaction. Non-toxic boron-10 and non-ionizing thermal
neutron beam have no therapeutic effect individually, but
together they produce high-energy alpha particles and
lithium ions that travel only slightly less than a cell's
diameter, thus allowing for highly selective energy
deposition and targeted tumor destruction.! Currently,
sodium mercapto-undecahydro-closo-dodecaborate
(BSH) and L-4-(dihydroxyboryl)phenylalanine (BPA) are
the primary boron delivery agents used in clinical BNCT
applications. These however suffer from non-ideal tumor
uptake and retention.’
interesting, since the tumor uptake is usually high; on the
other hand, the boron load is generally low.?

Boronated amino acids are

Incorporation of closo-carborane constituents into
biomolecules such as peptides and antibodies is an
attractive alternative for greater boron delivery; however,
problems with lipophilicity and protein aggregation arise
when boron load is too high.*

Borylation of small molecules can be achieved
through halogenation of aromatic systems followed by
transition-metal-catalyzed or organometallic substitution
reactions. Using this general strategy, we envisioned the
synthesis of a polyborylated phenylalanine derivative as
an analogue of BPA. The iodination step was successfully
completed, while the subsequent introduction of boronyl
groups has proven more challenging. Several reaction
systems, including Miyaura and Grignard conditions,
have been explored, and the overall synthesis is currently
undergoing further optimization.
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Figure 1: Synthetic principle for development of high
boron load molecules with borylation.

In addition, bioconjugation reagents based on closo-
1,7-dicarbadodecaborane  (m-carborane) are being
developed. The reactivity necessary for conjugation with
biomolecules can be reached by functionalizing the
carborane cage with a suitable activating groups. There is
potential for further tuning of reagent properties by
introduction of substituents at the non-functionalized
carbon. Synthesised reagents will be tested for
conjugation with selected biomolecular targets.
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Figure 2: Synthetic principle for development of high
boron load biomolecules containing carboranes.
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Succinic anhydride (Scheme 1, 2) is a cyclic
anhydride derived from succinic acid. It is industrially
produced by catalytic hydrogenation of maleic anhydride.
It plays an important role in organic chemistry as it easily
reacts with nucelophiles and partcipates in reactions such
as hydration, amidation and esterification. Succinic
anhydride is of great importance in various industrial
processes, serving as a precursor in the production of
surfactants, cosmetics, pharmaceuticals, and pigments'-.

Esterification with succinic anhydride is a promising
approach in polymer and materials science. For example,
Leszczyniska et al.> showed that surface modification of
cellulose nanocrystals with succinic anhydride pruduces
thermally stable succinylated cellulose nanocrystals that
may be used as reinforcing agents in polymer composites.

Additionally, Cai et al.* prepared a polyethylene
glycol (PEG) prepolymer by reacting PEG with succinic
anhydride, followed by coupling with a prepolymer of
bi(o-carboxyphenyl)adipate and salicylic acid (SA). The
functionalized PEG polymer showed desirable properties
as a drug delivery system, such as high SA loading
efficiency and slow release rate of SA in gastrointestinal
conditions.

In this work, we explored the esterification of
succinic anhydride (2) with a PEG-derived alcohol, tert-
butyl(2-(2-hydroxyethoxy)ethyl)carbamate (1), to
prepare an ester (3) with potential applications in
materials science. The reaction scheme is shown in
Scheme 1. Triethylamine served both as a base and a
solvent for this reaction. The reaction mixture was stirred
overnight at room temperature. Afterwards, it was
extracted with dichloromethane, and the organic layer
was washed with 1 M hydrochloric acid and distilled
water. The organic phase was dried over anhydrous
sodium sulfate, and excess solvent was removed under
reduced pressure using a rotary evaporator. In this way,
the pure 2,2-dimethyl-4,12-dioxo-3,8,11-trioxa-5-
azapentadecan-15-oic acid (3) was isolated. Its structure
and purity were confirmed by 'H and *C NMR
spectroscopy, IR spectrometry, as well as Electrospray
Ionization High-Resolution Mass Spectrometry.

The successful synthesis and characterization of 2,2-
dimethyl-4,12-dioxo-3,8,11-trioxa-5-azapentadecan-15-

oic acid (3) demonstrate that this approach is suitable for
esterification of PEG-derived alcohols with succinic
anhydride. The obtained compund shows potential for
further applications in materials chemistry.
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Scheme 1: Esterification of PEG-derived alcohol (1)
with succinic anhydride (2).
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The growing concerns over climate change and
environmental degradation caused by carbon dioxide
emissions highlight the urgent need to transition toward
sustainable energy sources. Among the promising
alternatives to fossil fuels, hydrogen stands out due to its
high energy density per mass and the fact that its use
results in zero emissions. !

Efficient electrocatalysts are required for hydrogen
production via electrolysis. Under laboratory conditions,
catalytic activity is typically studied using a rotating disk
electrode (RDE), which enables controlled environments
and straightforward material comparison. However, RDE
has a significant limitation, poor mass transport of
gaseous reactants to the catalytic site, which restricts the
maximum attainable current densities and deviates from
the conditions typical of industrial systems.?

As an alternative, gas diffusion electrode (GDE)
systems are gaining prominence. These systems enable
the direct diffusion of the gaseous phase through a porous
layer to the catalyst, maintaining a high local
concentration of the reactant and significantly improving
mass transport. GDE setups allow for higher current
densities, comparable to those in industrial systems, while
preserving experimental simplicity. Additionally, GDE
cells incorporate a membrane, facilitating the formation
of a three-phase boundary between gas, electrolyte, and
catalyst, reminiscent of membrane electrode assemblies
(MEA).> The stability of this interface is critical for
reproducibility and long-term performance. However, it
often presents a challenge, as the formation of gaseous
products results in membrane detachment from the
catalyst layers affecting the reproducibility of the results.

The aim of this study was to develop a GDE system
that enables reliable and reproducible evaluation of the
electrocatalytic activity of materials for the hydrogen
evolution reaction (HER) under conditions comparable to
those in real electrolyzes. In this context, we employed
the GDE configuration to investigate nickel-based
electrocatalysts as a cost-effective and environmentally
sustainable catalyst for HER in alkaline conditions,
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focusing on its efficiency, stability and repeatability as

can be seen on the figure below. 4
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Figure 1: Repeatability of Electrocatalytic Activity for
HER under Identical Conditions
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Bisphenols are a group of organic compounds that
play a crucial role in the industrial development of
polycarbonates and (epoxy) resins as well as many
consumer products (e.g. thermal paper).! On the other
hand, they also represent a group of emerging pollutants
in (micro)plastics that have several adverse effects on the
human body as they are endocrine disruptors. In addition
to human health risks, they also pose a challenge when it
comes to maintaining healthy aquatic ecosystems. Their
effects have been noted to play a role in fertility issues,
various developmental and metabolic disorders as well as
numerous other health issues.?

Our research was therefore dedicated to the
development and optimisation of a solid-phase extraction
method for bisphenol A (BPA) and bisphenol S (BPS).
The former was the most problematic bisphenol, hence
why it had been systematically replaced by BPS over the
past years. Unfortunately, it has since been discovered
that the latter is no less harmful to humans.3

We studied the influence of different extraction
parameters in order to achieve the highest possible yields.
The influence of six parameters was tested, namely the
suitability of the sorbent, choice and volume of elution
solvent, varying pH values and ionic strength as well as
whether the change in volume of MQ water (during the
intermediate wash-out phase) affects the extraction yield.

Furthermore, the breakthrough volume for both
compounds and the method’s repeatability were
determined.

First, conditioning of the SPE columns was

performed with 5 mL of both methanol and MQ water,
before applying 20 mL of sample solution (4x5 mL). This
was followed by an intermediate wash-out phase with MQ
water and a 10-minute drying step. Analytes were then
eluted with 5 mL of 100% acetonitrile. The eluate was
analysed with pre-optimised HPLC-DAD method.

The most suitable sorbent was LC-8 (Supelco), and
the highest extraction yields were achieved using 5 mL of
100% acetonitrile. Salting-out did not affect the yields,
nor did the variance in pH (the experiments were
continued with the original sample pH of 5.60). The
change in volume of MQ water during wash-out step also
had no effect on the yield.

The breakthrough volumes were more than 250 mL
for BPA and around 75 mL for BPS (Figure 1) and the
repeatability was excellent for both compounds as
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the coefficients of variations were 1.12% for BPA and
1.21% for BPS. The average extraction yields were 98.0%
for BPA and 92.4% for BPS (Figure 2).
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Figure 1: Determination of breakthrough volumes for
both compounds
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Figure 2: Determination of method’s repeatability
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Pancreatic cancer is one of the most lethal
malignancies, with a mortality rate nearing 95%. In a
significant proportion of cases, tumors arise in the
pancreatic ducts, classifying the disease as pancreatic
ductal adenocarcinoma (PDAC). Due to the
asymptomatic nature of early-stage PDAC and the lack of
effective screening methods, diagnosis often occurs at
advanced stages, limiting treatment options and
contributing to poor patient outcomes'. A deeper
understanding of the metabolic alterations associated with
pancreatic cancer is crucial for elucidating disease
progression. In this study, we utilized RNA
transcriptomic data from PDAC patients to construct
context-specific genome-scale metabolic models (GEMs)
using the fast task-driven integrative network inference
for tissues (ftINIT) algorithm?. We systematically applied
ftINIT to multiple input combinations to identify the
optimal parameters for generating biologically relevant
metabolic models. Furthermore, we investigated the
metabolic impact of melanoma associated antigen A3
(MAGE-A3) overexpression in pancreatic cancer cells.
MAGE-A3 is known to contribute to tumorigenesis and is
associated with poor clinical outcomes®; however, its role
in cancer cell metabolism remains largely unexplored. By
characterizing the metabolic consequences of MAGE-A3
upregulation, we aimed to provide novel insights into its
potential functional impact on pancreatic cancer
metabolism, paving the way for further research into its
role in disease progression.
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Figure 1: Principle component analysis (PCA) results of
constructed context-specific GEMs using the determined
optimal parameters
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Currently, industries such as the chemical and
pharmaceutical sectors are irreplaceable components of
the modern economy. However, certain production
strategies, for example the use of conventional metal
catalysts, are gradually becoming obsolete and/or
incompatible with the goals of establishing a more
sustainable economy due to the depletion of limited
natural resources. Therefore, there is an increasing
emphasis on adopting more environmentally friendly
solutions, for example bioprocesses that utilize enzymes
also known as biocatalysts'. Nevertheless, there is
significant potential for improvement of bioprocesses,
particularly in the downstream processes (DSPs),
considering many production processes currently exhibit
inefficiencies in separation and purification steps, which
also tend to consume a substantial portion of the overall
material and financial resources.

One of the separation techniques applicable within
DSPs for (bio)chemical processes is pervaporation. This
membrane-based method enables the separation of multi-
component mixtures and operates under relatively mild
conditions, which can lead to reduced energy
consumption compared to other methods such as
distillation’.

Described phenomena can also be enhanced through
the use of microfluidics, a valuable tool for process
intensification that has gained significant recognition
since the late 20th century?. This technology enables
precise manipulation of small fluid volumes within
channels ranging from micrometers to hundreds of
micrometers in size, contributing to more efficient, safer
and environmentally friendly process designs?.

In our research, we developed and utilized a
pervaporation-based
microfluidic device, enabling in situ removal of model

continuous separation in a
molecules — specifically, acetone and acetophenone,
common volatile organic compounds (VOCs) and
industrial by-products — that may interfere with
(bio)processes. Therefore, systematic removal of these
compounds can significantly enhance
efficiency. The effect of various operating parameters —
including retention time, pressure, initial concentration,
and the presence of a deep eutectic solvent (DES) — was
examined using a laboratory-scale microfluidic setup.

operational
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Additionally, a mathematical model was developed to
better understand and describe the separation process.

Figure 1: Molecular-level schematic of pervaporation in
a microfluidic device
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Pyrazolone-based  heterocycles are  valuable
structural motifs in medicinal chemistry, agrochemicals,
and functional materials. Due to their potent biological
activity, they have been implemented as antimicrobial,
antidiabetic,  anticancer, anti-inflammatory,  and
antifungal agents.! Among pyrazolone-based
heterocycles, bicyclic pyrazolonepyridazinone systems
have emerged as promising enzyme inhibitors, for
example as phosphodiesterase 4 (PDE4) inhibitors for the
treatment of inflammatory disorders.?

Despite their biological some
pyrazolopyridazinone derivatives remain challenging to
synthesize, especially those of the [1,2]-type. While
pyrazolo[1,2-b]phtalaiznes’ and pyrazolo[1,2-
a]pyridazine-5,8-diones*  are accessed via

value,

easily
multicomponent reactions, pyrazolo[1,2-a]pyridazinones
are more difficult to prepare. This is due to the

susceptibility of tetrahydropyridazinones to ring
contraction under various conditions.®
In this work, we present a novel one-pot

methodology for the synthesis of pyrazolo[l1,2-
a]pyridazinones under mild conditions and with excellent
atom economy. The one-pot procedure enables efficient
synthesis of desired compounds from easily accessible
starting materials, while bypassing the problems of ring-
contraction issues.

The products were further explored as substrates for
photochemical transformations. By simply adjusting the
reaction parameters, we achieved diverse structural
modifications. These light-driven processes are rapid and
do not require the use of external photocatalysts, making
them highly atom-economical. Various sterically
demanding pyridazinone frameworks can be accessed,
which are otherwise challenging to obtain using
conventional synthetic approaches.

The  developed  synthetic  pathways  are
environmentally friendly, compatible with a wide range
of functional groups, and offer an efficient route to novel
pyridazinone derivatives.
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Figure 1: a: pyrazolo[1,2-b]phtalazines, b: pyrazolo[1,2-
b]pyridazine-5,8-diones, ¢: pyrazolo[1,2-
a]pyridazinones.
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Spinel ferrites (SF) are metal oxides with the general
formula AB:O4, where metal cations A and B occupy
tetrahedral and octahedral sites within the crystal
structure. They have attracted significant attention due to
their wide range of applications, including biomedicine,
water treatment, and electronic devices .

Compared to their bulk counterparts, nanomaterials
(particles <100 nm), including SF, exhibit superior
properties due to their small size and high surface-to-
volume ratio, which enhances their reactivity, thermal
stability, mechanical strength, and magnetic behaviour 2.
However, data on their safety and potential risks to human
health remain limited.

In this study, we evaluated the potential cyto- and
genotoxic effects of three spinel ferrite nanoparticles (SF
NP): yFe,03, Zng 7Fe; 304, and Mng 4Fe; ¢04. Toxicity was
assessed in vitro using a 3D cell model (spheroids)
derived from the HepG2 human liver cancer cell line. Cell
viability was measured with the CellTiter-Glo assay,
while DNA damage was evaluated using the Comet assay.
In addition, reactive oxygen species (ROS) levels were
detected with the DCFH-DA fluorescence probe, and
changes in gene expression related to DNA damage
(CDKNla, GADD454, TP53, MYC, and OGGI) and
oxidative stress responses (SODI, CAT, GPXI, GCLC,
and GSR) were analysed using qPCR.

Three-day-old HepG2 spheroids were exposed to
graded concentrations of the tested nanoparticles (up to
250 pg/mL) for 2, 4, 24, and/or 96 hours, depending on
the assay. The results showed that Zng;Fe>304 and
Mnyg 4Fe» 604 induced greater cytotoxicity than yFe,Os at
both 24- and 96-hour exposure points. The Comet assay
indicated minimal or no significant DNA damage after 24
hours of exposure (5-50 pg/mL). In contrast, a
considerable, dose-dependent increase in DNA damage
was observed after 96 hours. Additionally, a significant
dose-dependent increase in ROS generation was detected
only for yFe,Os; after 4 hours of exposure. At the
transcriptome level, no clear deregulation was observed
for the analysed genes, except for MYC, which was
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consistently downregulated across all samples after 24
hours.

These findings contribute to a better understanding of
the (geno)toxic potential of SF NPs and highlight the need
for further investigation into their safety.

Figure 1: TEM micrographs of SF NP: (A) yFe,Os, (B)
Zno7Fe2304, (C) Mng.4Fe;604.
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High-entropy oxides (HEOs) are a recently
discovered group of high-entropy materials (HEMs)'.
These one-phase crystalline materials consist of five or
more different metal components?. HEOs are structurally
complex and can have a variety of useful and unique
properties. Due to high tunability, rich magnetic
properties, electrical properties and more?, they have
attracted significant interest in fields such as energetics,
electro-catalysis and  catalysis'?,  although their
capabilities as new materials need to be studied further.
Therfore, the main idea of the work was to implement
HEOs into the Fenton process with the intention of
improving it. The Fenton process itself is a type of
advanced oxidation process (AOP)®. That means it
generates radicals which are wused for
wastewater treatment. This is achieved by adding

hydroxyl

peroxide (H20) and iron ions (Fe*") into the wastewater
with acidic pH?>.

The HEO we used for the experiments was
synthesised using combustion synthesis and had a
composition of (Mgo2C002Nig2CuorZnp2)0. As a
wastewater substitute we decided to use a 300 mL
solution of Methylene blue (MB) with concentration of 10
mg L. Firstly, the adsorption properties of HEO were
studied. Through various experiments it was concluded,
that the best results were achieved in a narrow beaker with
an anchor type mixer at 160 rpm (removal percentage of
15% with 1 mg of HEO).

Subsequently, many different Fenton process
experiments followed. The beaker, mixer, mixing speed
and the MB concentration have remained the same, while
many different initial HEO, peroxide and iron additions
and ratios have been tested as well as various initial pHs,
different combinations of reagents and various orders of
adding them. The results so far have shown that selected
HEO cannot be used as a replacement for the Fe?" ions.
enchancing Fe?
catalytic activity. Results for an experiment at pH=2, (10
mg of HEO, 0.025 mL of H,0; (30 % w/w -8,25 mg) and
0.025 mL of Fe?" (0.5 mol L*")) are presented in Figure 1.
99% removal efficiency was achieved after 30 minutes
using Fe?*, HEO and peroxide (Figure 2).

However it has shown promise in
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Figure 1: MB solution before (left) and after (right) the
Fenton process involving HEO, Fe and H>O,.
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Figure 2: Removal efficiencies for experiments with and
without added HEO at pH=2.
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Lignin is a complex, aromatic biopolymer found in
plant cell walls, where it provides structural support,
water resistance and protection against decay. As the
second most abundant natural polymer after cellulose, it
is an important by-product of the pulp and paper industry,
but unfortunately most of it is thrown away.! Globally,
around 50,000,000 tonnes of lignin are produced annually
and this is expected to increase to 225,000,000 tonnes by
2030. However, less than 2 % of the total lignin produced
is actually utilised. Due to its richness in phenolic
structures, lignin offers great potential as a renewable
source for the production of valuable molecules, such as
azobenzenes.

Azobenzenes are organic compounds that have an
azo group (-N=N-) linking two benzene rings. Their
unique properties are due to a conjugated m-electron
system, which significantly influences their optical,
electronic and structural behaviour. Of particular interest
is their reversible trans—cis photoisomerisation, which
makes them useful as photosensitive materials.? It is
because of their unique properties that we consider
azobenzenes not only as dyes, but also in everyday
applications, in particular in molecular electronic and
photonic  devices, medicinal chemistry, photo-
pharmacology, drug delivery, etc.

Hydroxyazobenzenes are organic compounds in
which both hydroxyl (-OH) and azo functions (-N=N-)
are bound to benzene rings. The position of the hydroxyl
group significantly influences their properties. Various
synthesis strategies have been developed for phenolic
azobenzenes, which offer different advantages in terms of
selectivity, efficiency and tolerance to functional groups.
Common methods include azo coupling, the Mills and
Wallach reaction, oxidative conversions of anilines and
the reduction of nitroaromatic precursors.®> While the
synthesis of symmetrically substituted azobenzenes is
well established, the efficient production of non-
symmetrical analogues remains a major challenge.*

In this study, aromatic compounds derived from
lignin were used as building blocks for azobenzene
synthesis. These precursors were first converted into nitro
or aniline derivatives and then converted into
azobenzenes using various synthetic approaches. The
resulting azobenzene compounds were thoroughly
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characterised and their antimicrobial activity against
various G+ and G- bacterial strains was investigated
(Scheme 1).
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Scheme 1: The pathway from lignin-based aromatics
and their conversion to azobenzenes and their
antimicrobial efficacy.
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The SARS-CoV-2 main protease (MP™, or 3CLP) is
a cysteine protease responsible for cleaving viral
polyproteins into individual, functional proteins required
for viral replication. MP™ is active only as a homodimer,
making dimerization an essential prerequisite for its
enzymatic function. Because its structure and function are
highly conserved among coronaviruses, MP" has emerged
as a promising target for antiviral drug development.
Traditional inhibition strategies have focused on active
site binding, but targeting dimerization offers an
alternative approach that may increase specificity and
limit resistance!.

To address this, we explored the use of affibody
molecules, small engineered proteins derived from the
Z-domain of Staphylococcal protein A. This domain is
naturally involved in binding immunoglobulins, and
through protein engineering, it has been repurposed into a
versatile scaffold capable of high-affinity binding to a
wide range of target proteins. Affibodies are highly stable,
non-immunoglobulin binders that are easily produced in
bacterial systems, making them ideal candidates for
interfering with protein—protein interactions such as MP™
dimerization.

We developed and optimized the LexKan selection
system in Escherichia coli to identify affibody binders
that disrupt MP™ dimer formation. The system is based on
a fusion of MP™ to the bacterial repressor LexA. In its
dimeric form, LexA represses transcription of the
kanamycin gene (KanR). When MP®
dimerization is inhibited, LexA repression is relieved,
allowing KanR expression and bacterial growth on
kanamycin-containing media (Figure 1). The concept is
adapted from a prior bacterial selection system designed
to detect protein—protein interactions, modified here to
suit viral protease inhibition’.

resistance

From this selection, a set of affibody candidates was
successfully obtained and expressed. These molecules
represent promising leads for further studies aimed at
assessing their ability to modulate MP™ dimerization. The
work demonstrates the potential of the LexKan system as
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a versatile platform for discovering molecular binders,
providing a foundation for the development of targeted
antiviral strategies.
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Figure 1: (4) Schematic
experimental workflow. A diverse affibody library is
expressed in E. coli and subjected to selection on medium
containing kanamycin using the LexKan system. Selected
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representation of the

clones are expressed, purified by Ni** affinity
chromatography, and analyzed for the interaction with
Mpr_ (B) Principle of the LexKan selection system. In the
absence of a specific affibody, MP™ dimerization enables
LexA-mediated repression of the kanamycin resistance
gene, preventing bacterial growth. When a specific
affibody disrupts MP™ dimerization, repression is
relieved, allowing transcription of the resistance gene and
bacterial survival on kanamycin-containing medium.
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The Ni(II)/Ni(IIl) redox couple has long been studied
within the framework of the Bode scheme, which maps
the electrochemical behavior of nickel hydroxides and
oxyhydroxides through formation of o-Ni(OH)x/y-
NiOOH B-Ni(OH)./B-NiOOH phases [1,2]. This redox
system gained attention for its reversible charge storage
properties, making it a key component in Ni-based
batteries (e.g., Ni-Cd and Ni-MH) and electrochromic
(EC) devices. EC devices, composed of two transition
oxide films and electrolyte, show distinct color change
upon oxidation/reduction [1]. More recently, interest has
shifted toward the role of the Ni(II)/Ni(Ill) transition in
electrocatalysis, particularly for the oxygen evolution
reaction (OER) in alkaline media [2]. Modern studies
explore how structural transformations and phase
evolution in the Bode scheme affect catalytic OER
activity and stability, also through incorporation of
additional elements like Fe, Co, Mn etc. in Ni-based
samples.

Concurrently, we leaned on the sol-gel synthesis of
a-Ni(OH): electrochromic films which showed improved
cyclovoltammetric cycling stability after the addition of
lanthanum [1]. The films were deposited on FTO glass
using the dip coating technique from sols that were
synthesized from nickel(Il) sulphate heptahydrate. Films
were thermally treated at 300 °C for 20 min and, in
addition, powders were also prepared from dried sols.
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Graph 3: CV of Ni-oxide thin film with 10 % La and its
transmittance measured during the potential step.

The UV-visible absorbance
spectroelectrochemical measurements were made in 0.1

in-situ
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M KOH in a custom-made glass cell with quartz
windows. The potential range employed (0.8 to 1.8 V vs.
RHE) scanned the Ni(II)/Ni(IIl) redox transformation, as
well also the OER region. Measurements were performed
for pure a-Ni(OH): film and for those with intercalated
lanthanum (2, 5 and 10 mol.% La) (Graph 1). The
behavior of powders was also examined using evolved
gas analysis (EGA) and Raman spectroscopy.
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20 min @ 300“CJ J20 min @ 300°C

UV-Vis spectro
electrochemistry AFM XRD
SEM-EDS

Raman

Scheme 1: Graphical abstract of synthesis and
characterization of the La-doped Ni-oxides
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An identical-location STEM (Scanning transmission
electron microscopy) approach was used to track
individual Pt—Co/C nanoparticles before and after
electrochemical activation. Nanoparticles in the same
field of view were segmented and then paired between the
initial and post-activation images using the Hungarian
assignment  algorithm?,  yielding a  one-to-one
correspondence for each particle (Figure 1). Each
matched (or unmatched) nanoparticle between images
was defined as an event, representing a specific outcome
of degradation or stability'.

Events were categorized via a decision-tree scheme
(Figure 2) that considered the number of particle masks in
an event (e.g., a single mask if a particle disappeared or
appeared, multiple masks if particles merged) as well as
changes in particle size (equivalent diameter) and shape
(circularity)®. Based on these criteria, each event was
assigned to a degradation mechanism category (or marked
as no significant change). Degradation modes such as
dissolution, detachment, attachment, agglomeration, and
Ostwald ripening were thereby distinguished. Particle
properties like diameter and circularity were extracted
from the IL-STEM images to quantify morphological
changes for every event.

The IL-STEM analysis tracked 209 nanoparticle
events, enabling quantification of their fates. Dissolution
was the most frequent pathway, accounting for roughly
half of all events, while about 22% of particles remained
unchanged. Detachment events (loss of particles from the
support) made up ~10% and predominantly involved the
smallest nanoparticles. Attachments (appearance of new
small particles) and agglomerations (particle coalescence)
were less common (only a few percent each), with
Ostwald ripening events being very scarce in this dataset.
This dataset-driven analysis allowed direct quantification
of particle size/shape changes and revealed the most
prevalent degradation pathways, with dissolution
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emerging as the dominant mechanism under the tested
conditions'.

Figure 1: Matched Pt-Co Nanoparticles Before and
After Catalytic Treatment
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Figure 2: A decision tree showing how events are
classified into degradation mechanisms.
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Hydrogels based on alginate and TEMPO-oxidized
cellulose have gained increasing attention due to their
biocompatibility and tunable mechanical properties'?.
Alginate, a naturally occurring polysaccharide, forms
ionically crosslinked networks in the presence of divalent
cations such as Ca?', providing a versatile matrix for
biomedical applications®. The addition of TEMPO-
oxidized cellulose nanofibers (TOCNF) has been shown
to influence the structure and stiffness of these materials
through  hydrogen
interactions'2,

bonding and  electrostatic

This study investigates the mechanical and biological
properties of hydrogels composed of alginate and 3%
TEMPO-oxidized cellulose nanofibers (TOCNF),
combined in various ratios. Hydrogels were prepared by
mixing alginate gels of different concentrations with
TOCNF gels at a fixed 3% loading, followed by
crosslinking with calcium ions (Ca?"). Mechanical
properties were evaluated via tensile testing, revealing a
nonlinear relationship between the alginate-to-TOCNF
ratio and tensile strength (Figure 1). Optimal mechanical
performance was observed at intermediate compositions.
Consistent with previous findings*®, the inclusion of
TOCNF improved the elastic modulus and reinforced the
network structure, particularly at higher alginate content.

Cellular responses were investigated using HaCaT
keratinocytes and skin fibroblasts, employing Alamar
Blue and Live/Dead viability assays. Preliminary
observations suggest that HaCaT metabolic activity may
be influenced by hydrogel stiffness, whereas fibroblasts
appeared to favor softer, less crosslinked hydrogels.
While these trends are not yet conclusive, they point
toward possible cell-type-specific  responses to
mechanical cues in the hydrogel microenvironment®*>,

To support formulation design, a computational tool
was developed to predict mechanical behavior based on
experimental data. While preliminary, this tool
demonstrates potential for optimizing hydrogel
compositions to achieve target properties.

These findings contribute to the growing body of
knowledge on hybrid hydrogels?, emphasizing the need to
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tailor mechanical characteristics for specific cell types
and applications in regenerative medicine and tissue
scaffolding.
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Figure 1: Tensile strength of 7.5% alginate and 3%
TEMPO-oxidized cellulose hydrogels across different
mixing ratios.
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Disruption of metal ion homeostasis can lead to
oxidative stress, which promotes protein misfolding and
aggregation linked to several pathological conditions .
The aim of our research was to investigate the influence
of copper (Cu?') ions on the binding of N-Acetyl-D-
lactosamine (LacNAc) to hen egg white lysozyme
(HEWL).

Fluorescence spectroscopy was used to monitor
changes in intrinsic tryptophan fluorescence of HEWL
induced by the interaction between LacNAc, Cu®" ions
and HEWL. The effect of copper ions on the secondary
structure and the thermostability of HEWL were assessed
using dichroism (CD) spectroscopy and
differential scanning calorimetry (DSC), respectively.
The location of the binding site of LacNAc and the types
of interactions present were studied using molecular
docking.

The binding of LacNAc caused an increase in
fluorescence intensity and a shift of the emission
maximum toward smaller wavelengths, while the addition

circular

of Cu?" ions decreased the fluorescence intensity and did
not cause any significant shift of the maximum. CD
spectra analysis showed that Cu?" ions do not cause
substantial changes in the protein’s secondary structure
under the conditions studied. DSC experiments show only
minor decrease in melting temperature (Tw) of HEWL
upon addition of Cu?* ions at a concentration proportional
to that used in the spectroscopic measurements, which
suggests that Cu®* ions do not significantly destabilize
HEWL at that concentration. Molecular docking predicts
that LacNAc binds in the active site cleft of HEWL. The
observed binding of LacNAc to HEWL was mainly
driven by hydrophobic, van der Waals, and H-bond
interactions formed by the residues in the active site cleft.
The electrostatic potential map for HEWL shows an area
with negative potential within the active site cleft, which
could be a possible binding site for Cu?" ions, which is
consistent with a previous study that showed potential
Cu?" ion binding sites within the same cleft 2.

Since Cu?* ions do not induce significant changes in
the protein’s secondary structure and their binding site
overlaps with that of LacNAc, we suggest that Cu?* ions
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modulate the binding of LacNAc by competing for a
common binding site.
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Figure 1: Fluorescence emission spectra (Aexe = 295 nm)
of HEWL in the presence or absence of LacNAc and
Cu*" ions.

Figure 2: Electrostatic potential (ESP) map of HEWL
with docked LacNAc 3.
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Alzheimer’s disease (AD) is a neurodegenerative
disorder, characterized primarily by cognitive decline and
dementia. Despite intensive research, there remains a lack
of effective therapeutic options and, critically, no widely
accessible, non-invasive, and reliable diagnostic methods
for early detection and monitoring of disease progression.
The development of such a diagnostic tool would
represent a paradigm shift, enabling identification of at-
risk yet asymptomatic individuals and offering the
possibility of earlier intervention with existing or future
therapeutics. Furthermore, early and precise diagnosis
would significantly accelerate the discovery and clinical
validation of new treatment strategies. !

The Kosmrlj research group is addressing this unmet
need through the design and synthesis of novel
fluorescent molecular probes for the ex vivo detection of
AD-related proteins, particularly amyloid § (AP) and tau.
These probes comprising three essential components: (a)
an electron-donating group (EDG), (b) a m-conjugated
aromatic linker, and (c) an electron-withdrawing group
(EWG) (Table 1). This push—pull configuration
facilitates intramolecular charge transfer (ICT), resulting
in distinct and tunable photophysical properties.
Importantly, the probes should exhibit optical changes —
specifically, in absorption, excitation, and emission
wavelengths as well as quantum yields — upon binding to
their target proteins.?

A total of 21 rod-shaped fluorophores
synthesized via a modular synthetic strategy, allowing for
rapid diversification of substituent patterns and mt-system
extension. Structures and purity were confirmed by NMR
spectroscopy, HRMS, and HPLC analysis.? One dye,
namely 1Ae, especially stood out as it exhibited
exceptionally large Stokes shifts (138—213 nm) across
various solvents, effectively minimizing self-absorption.
Its high quantum yield ratio (. DCM/p_MeOH = 104)

were
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further ensures low background fluorescence in aqueous
environments, enabling high sensitivity for target
detection.

Looking forward, by integrating rational molecular
design this work lays the groundwork for the development
of a next-generation “smart molecular probe” for AD
diagnosis — an essential step toward improved patient

outcomes and therapeutic development.

Table 4: Structural motifs of an electron-donating group
(EDG), a m-conjugated aromatic linker (HC), and an
electron-withdrawing group (EWG) of prepared
fluorescent molecular probes.”
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For centuries, humans have battled microbial
infections, initially employing metal-based treatments
such as silver, arsenic, and mercury salts, with varying
degree of effectiveness. The discovery of antibiotics by
Alexander Fleming in the early 20th century changed the
medical paradigm and thus helped save millions of lives.
However, the widespread and sometimes inappropriate
use of antibiotics and other antimicrobials has driven the
emergence of antimicrobial resistance—a major public
health identified by the World Health
Organization. To counter this, efforts are focusing on
smarter use of antibiotics, improving existing drugs,
searching for new potential terapeutics and exploring
innovative solutions such as metal-based compounds.!

In 1959, a new compound with great potential was

concern

discovered while studying an extract of Streptomyces
caerules. The researchers noticed that something in this
extract inhibited the growth of various filamentous fungi,
yeasts and even some bacteria. After closer inspection of
the exstract and subsiquent isolation and characterization,
they discovered a novel asymmetric 2,2°-bipyridine. They
named this new compound caerulomycin (Cae), later after
the discovery of some derivatives they renamed it to
caerulomycin A (CasA) (Figure 1).? Further research has
shown that these compounds not only have antifungal and
antibacterial activity, but also exhibit good anticancer,
immunoregulatory and other
properties.>™

The first synthesis of CacA was achieved in 1969.
Later, in 1998, a route to produce CaeE, a precursor
convertible to CaeA, was developed.® We succeeded in
optimizing and improving the yield of this synthesis on a
gram scale in combination with newer published
procedures.® With the synthesized CaeE, we have
successfully prepared the first rhenium(I) complex
containing CacE as a ligand to our knowledge.

potential therapeutic
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Figure 1: Structure of two Caerulomycins
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Per- and polyfluoroalkyl substances (PFAS) are a
large class of synthetic compounds known for their
chemical stability and persistence in the environment.
Their widespread use and toxicity have made them a
growing concern for environmental science. Among
them, fluorinated alcohols can serve as valuable model
systems for studying the effects of fluorination on
molecular structure and dynamics. In this study, we
investigate a series of fluorinated butanol derivatives to
determine how variations in fluorine content and
substitution patterns affect the organisation of molecules
in the liquid phase. We use molecular dynamics (MD)
simulations the OPLS-AA force field in
combination with small and wide-angle X-ray scattering
(SWAXS) scattering
intensities were calculated from the MD trajectories using
the complemented system approach.'?

The force field model was validated by
comparing the simulated SWAXS with
experimental data. A good agreement was found for both
the peak positions and the overall shape. This confirms
that the OPLS-based models reliably capture the most
important structural features of the systems. With

using

measurements.  Theoretical

curves

increasing fluorination, we observe a consistent shift of
the main scattering peak to lower ¢ values, indicating that
the length-scales of the correlations within the local
hydrophobic environment increase.’ Hydrogen bonding is
also significantly affected, especially when fluorination
occurs on the carbon close to the hydroxyl group. Radial
and spatial distribution functions show that these changes
lead to fewer hydrogen bonds per molecule, altered
hydrogen bond geometries and smaller hydrogen-bonded
aggregate structures. The dynamic properties derived
from MD — such as viscosity and self-diffusion — also
vary within the series, with the more fluorinated
compounds generally exhibiting higher viscosity and
slower diffusion.

Our results show how even small molecular
modifications can lead to significant changes in liquid
structure and dynamic properties. These results improve
our understanding of fluorinated alcohols and the
physicochemical behaviour of PFAS molecules.
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Figure 1: Experimental and calculated SWAXS
intensities from MD simulation results for 4,4,4-
trifluorobutan-1-ol (TFB), 4,4,4,3,3-pentafluorobutan-1-
ol (PFB), 4,4,4,3,3-pentafluorobutan-2-ol (PFSB),
4,4,4.3,2 2-hexafluorobutan-1-ol (HxFB), 4,4,4,3,3,2,2-
heptafluorobutan-1-ol (HFB) and nonafluorotert-butanol
(NFTB). The theoretical data were numerically smeared
to allow direct comparison with the experimental data.
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Fluorine is the most electronegative atom with a large
inductive effect!. !°F is a % spin nucleus, which occurs at
100 % natural abundance?. Because of its spin, it can be
used in magnetic resonance techniques (NMR, MRI,
MRS)?2. '“F has NMR sensitivity that is similar to that of
the 'H. Unlike 'H, '°F is absent in water and biological
molecules, which makes it a particularly sensitive probe
because of the absence of background or competing
signals from solvent or from other molecules °.

Most amino acids used as NMR probes are
monofluorinated or have a trifluoromethyl group in their
structure. In order to improve the signal sensitivity,
perfluoro-tert-butyl group can be introduced to natural
amino acids. The perfluoro-fert-butyl group introduces
nine chemically equivalent fluorine atoms that, because
they are not coupled to adjacent protons, result in a sharp
singlet. The best approach to install a perfluoro-tert-butyl
group on an OH-bearing side chain, is to use Mitsunobu
reaction with perfluoro-tert-butanol®.

Mitsunobu reaction is a method for the dehydrative
coupling of alcohols with acids or pronucleophiles by
using a combination of an oxidizing azo reagent (DIAD,
DEAD, etc.) and a reducing phosphine reagent (PPhs, n-
BusP, etc.) under mild conditions?.

The main focus of this study was to expand and
improve procedures for the synthesis of perfluoro-zert-
butyl-L-homoserine. First part of the study focused on the
synthesis of appropriately protected L-homoserine.
Synthesis of protected L-homoserine reported in literature
has its drawbacks: low yields and formation of side
products, as well as use of toxic reagents (e.g.
diazomethane).

PPh; (1,5 eq.)
HO COOX DIAD (2eq) F, €O CooX
F;C
NHBoc M ™ CF, NHBoc
Anhydrous THF
X=Me/Bn X=Me/Bn

0°Ctort, 18 h

Scheme 1: Synthesis of perfluoro-fert-butyl-L-
homoserine derivative using optimized Mitsunobu
conditions.

In this study, I tested several procedures for the
synthesis  of  N-(tert-butoxycarbonyl)-L-homoserine
methyl and benzyl esters. After successful synthesis,
these compounds were subjected to the Mitsunobu
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reaction in the presence of fluorinated alcohols (primarily
perfluoro-tert-butanol).

A further aim of this study was to prepare an N-
Fmoc-protected building block for subsequent use in
solid-phase peptide synthesis. For this reason, I
exchanged the protective groups of the fluorinated
derivative of protected L-homoserine, affording N-Fmoc-
O-(perfluoro-tert-butyl)-L-homoserinate.

H, (1 atm)

F.C_ 0O COOBn  Pd-C (10 wt %) e y
. F,C_0O COOH
1:%('>|‘/, Y = 2 Y
* CFy NHBoc MeOH. 0.5 h, 1t 3 CF, NHBoc
1) TFA (5 % in DCM)
'_‘('>r0 COOH 0°Ctort,3h F.C. O COOH
F,c7l, . 3
CF; NHBoe  5yppocosu(lieq)  FCCF, NHFmoe
sat. NaHCO,/THF = 1:1
0°C to rt, overnight

Scheme 2: Removal of the benzyl protecting group and
exchange of the Boc group for Fmoc.
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Aluminium alloy (AA)2024-T3 is widely used in the
aerospace industry due to its low weight, high mechanical
strength, and cost-effectiveness. Despite  these
advantages, its susceptibility to corrosion in chloride-rich
environments, primarily due to the presence of alloying
elements (such as Cu, Fe, and Mn), remains a significant
drawback. Traditionally, corrosion protection has relied
on chromium(VI)-based compounds; however, their use
is increasingly restricted worldwide due to their harmful
impact on human health and the environment. As a safer
and more sustainable alternative, poly(methyl
methacrylate PMMA -siloxane silica sol-gel coatings have
gained attention. >3

In this study, the corrosion resistance of AA2024-T3
protected with a siloxane-silica sol-gel coating was
evaluated. The sol-gel system was synthesised using
tetracthyl orthosilicate (TEOS), methyl methacrylate
(MMA), 3-(trimethoxysilyl)propyl methacrylate
(MAPTMS), and 2,22-trifluoroethyl methacrylate
(FEMA), as schematically presented in Scheme 1.

(0]
o OMe +
+
~ MEO\I/\/\O)‘\K O _-CFs
o} o
MMA

OMe
MAPTMS FEMA

Radical itiator

THF
EtOH I\
H,0/H"

PMMA-siloxane silica solution

|

Deposition: dip-coating

~4 um thick
PMMA-siloxane
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Scheme 1: Stepwise procedure of PMMA siloxane-silica
synthesis. The prepared solution was then deposited on
the AA2024-T3 surface.

The preparation reactions of the coatings were
monitored by real-time Fourier transform infrared (FTIR)
spectroscopy. Following deposition onto AA2024-T3
substrates, the coatings were analysed using a scanning
electron microscope equipped with an energy-dispersive
spectrometer (SEM/EDS) to assess their surface
morphology, topography, elemental composition, and
thickness. Corrosion performance was evaluated in a
0.1 M NacCl solution using electrochemical impedance
spectroscopy (EIS). Additionally, the salt spray testing
was performed in accordance with the ASTM B117-07A
standard. The findings confirmed the formation of a
uniform coating layer, several micrometers thick,
providing continuous coverage of the alloy surface. These
coatings exhibited long-lasting barrier properties against
corrosion, as indicated by stable EIS responses
maintained more than 3 months.
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Educational psychology shows that authentic,
real-life contexts can significantly increase students’
motivation to learn'. Situational interest triggered by
appealing content can, under the right conditions, develop
into a lasting individual interest>. Problem-based learning
builds on this principle by confronting students with
complex and realistic problems, fostering deeper
understanding, problem-solving skills, collaboration and
intrinsic motivation.

In secondary school, scientific concepts such as
polymers, wettability, hydrophobicity and surface tension
are often presented in abstract terms, making it difficult
for students to recognize their practical significance.

This study presents a problem-orientated learning
module that embeds these topics in the authentic example
of firefighters' protective clothing. These multi-layer
garments, with an outer layer typically made of high-
performance aramid fibres such as Nomex® and Kevlar,
provide fire resistance and ballistic protection. To
enhance protective properties, the surface is treated with
fluorinated finishes that provide water repellency, fire
resistance or antimicrobial performance. Such surface
treatments can create superhydrophobic properties by
lowering the surface free energy. As a result, water
contact angles of more than 150° are achieved, similar to
those found on lotus leaves. However, in real operational
use these finishes are not permanent. Repeated cleaning
cycles, especially under harsh conditions, can gradually
degrade or remove the low-energy coating, exposing the
underlying fibres and reducing water repellency *.

The module was conducted with 4th grade high
school students. The module was designed to engage
students at all three levels of science concepts: the
macroscopic level, the submicroscopic level, and the
symbolic level. Activities included measuring contact
angles with a goniometer, analysing the effects of solvent
polarity and pH on contact angles and estimating surface
tension. Pre- and post- lesson questionnaires assessed
situational and individual interest.

Results showed increased engagement and improved
conceptual understanding when learning took place using
a realistic, interdisciplinary problem scenario.
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The analysis of textbooks revealed that applied
polymer science related to personal protective equipment
is largely absent from Slovenian secondary education.
This work suggests that contextualised PBL can enrich
learning by linking theory to safety, materials science and
environmental responsibility.

In the future, the model could also be extended to
lower grades and different fields (e.g., technical or non-
technical oriented schools).

Complexity
of chemistry

H0(1)

Symbolic |
level /

. reality

( )represemalions of reality
=

Scheme 1: Model representing interdependence of three
levels of chemistry concepts®.
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Metal-Organic Frameworks (MOFs) are a versatile
class of porous crystalline materials characterized by
unique chemical and physical properties, making them
suitable for a broad range of applications. In recent years,
MOFs have gained considerable attention as promising
candidates for selective CO, capture and separation'. One
of the most compelling features of MOFs lies in their
tunable synthesis. Their highly ordered structures, large
surface areas, and adjustable porosity allow for precise
tailoring to enhance CO, affinity>. A widely adopted
strategy to improve CO, uptake involves functionalizing
the framework by introducing additional functional
groups into the organic linkers. For example, the
incorporation of amino groups has been shown to
significantly increase CO; adsorption capacity?.

This enhancement has been demonstrated in a series
of functionalized triazolate-based MOFs, including
CALF-20, CALF-15, and NICS-24* The introduction of
an extra amine group in NICS-24 resulted in superior CO,
capture performance compared to CALF-15, with both
materials outperforming CALF-20 under low CO»
concentration conditions.

To further enhance the performance of NICS-24, we
propose functionalizing the framework with linkers
exhibiting greater hydrophobicity (Figure 1). This
modification aims to systematically tune the pore
properties, such as size, shape, and volume — as well as
host-guest interactions (i.e., surface chemistry), thereby
optimizing the material for CO, capture.
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Figure 1: Illustration of the fine-tuning approach
applied to the NICS-24 structure.
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Amyotrophic lateral sclerosis (ALS) is a progressive
neurodegenerative disease primarily affecting motor
neurons. Initial symptoms typically present as muscle
weakness, often starting in distal limbs and progressing
with disease advancement. The average survival time
post-onset is approximately three years, with respiratory
failure being the most common cause of death. Around
50 % of patients also exhibit non-motor symptoms, with
10-15% diagnosed with frontotemporal dementia (FTD),
and an additional 35-45 % showing mild cognitive and/or
behavioral changes'.

To date, more than 20 genes have been associated
with ALS. The most frequent genetic causes include
hexanucleotide repeat expansions in C9orf72 and
mutations in SODI, TARDBP, FUS, and TBKI. A key
neuropathological hallmark of ALS is the accumulation
of cytoplasmic aggregates of the TDP-43 protein, which
are also found in patients with FTD and other
neurodegenerative diseases'?. TDP-43 is an essential
DNA/RNA-binding protein from the heterogeneous
nuclear ribonucleoprotein (hnRNP) family, involved in
RNA metabolism, mRNA transport, stress granule
formation, and central nervous system development.
Mislocalization of TDP-43 to the cytoplasm is closely
linked to both gain- and loss-of-function pathogenic
mechanisms®,

The primary aim of our work was to validate TDP-43
protein interaction partners, which were previously
detected using the APEX method. We evaluated these
interactions using stable cell lines expressing wild-type
TDP-43 and TDP-43dNLS. Analyses included NaDS-
PAGE, western blotting, and immunodetection of
selected interactors. Localization and expression of fusion
proteins were examined via immunocytochemistry and
fluorescence microscopy. We have identified SFPQ,
NUP93, hnRNPK, and ATXN2L as interaction partners
of TDP-43 in both pathological conditions and normal
cellular function.

30

Protein outside of ” it =g [ J
Iabeling radious @ P N PS
N\
% @  Protein within \
/ labeling radious A
/
Biotin-phenol /

a‘?‘ 'y '\\ y :c’ ,'l

\
\ /
/
\ @ ;
> 4
-

+ H20, I \

Cell lysis ' '
:

Streptavidin affinity
purification

Y%

-

NaDS-PAGE = =
western blot - —
Immunocitochemistry

Scheme 1: Overview of the experiments using ascorbate
peroxidase for labelling protein interactors of TDP-43.

References:
1. Masrori, P.; Van Damme, P. Amyotrophic Lateral

Sclerosis: A Clinical Review. Eur. J. Neurol. 2020, 27
(10), 1918-1929.

2. de Boer, E. M. J.; Orie, V. K.; Williams, T.; Baker, M.
R.; De Oliveira, H. M.; Polvikoski, T.; Silsby, M.;
Menon, P.; van den Bos, M.; Halliday, G. M.; van den
Berg, L. H.; Van Den Bosch, L.; van Damme, P.;
Kiernan, M.; van Es, M. A.; Vucic, S. TDP-43
Proteinopathies: A New Wave of Neurodegenerative
Diseases. J. Neurol. Neurosurg. Psychiatry 2021, 92
(1), 86-95.

3. Suk, T.R.; Rousseaux, M. W. C. The Role of TDP-43
Mislocalization in Amyotrophic Lateral Sclerosis.
Mol. Neurodegener. 2020, 15, 45.


mailto:boris.rogelj@ijs.si

Synthesis and characterization of niobium-doped titania photocatalysts

Klara Urankar,' Andrijana Sever Skapin,>* Urska Lavren¢i¢ Stangar*,'

! Faculty of Chemistry and Chemical Technology, University of Ljubljana, Ve¢na pot 113, 1000 Ljubljana, Slovenia
2 Slovenian National Building and Civil Engineering Institute, Dimi¢eva ulica 12, 1000 Ljubljana, Slovenia
3 Faculty of Polymer Technology, Ozare 19, 2380 Slovenj Gradec, Slovenia

Water pollution is a global problem that affects
ecosystems, the economy and human health. The most
common pollutants include microplastics, persistent
organic compounds, heavy metals and other compounds
that enter water systems through domestic and industrial
wastewater. These compounds are difficult to degrade in
the environment, and some of them are not even
degradable by conventional water treatment methods.
One of the methods for degradation of persistent
micropollutants is heterogeneous photocatalysis, in which
irradiation and suitable catalysts (usually metal oxides)
are used to convert poorly degradable compounds into
smaller and less harmful compounds!. Titanium(IV)
oxide (TiO;) is a commonly used catalyst due to its good
photocatalytic properties. Its modifications, such as
doping with different metal ions, can enhance its
efficiency?.

The purpose of this work was to synthesize TiO-
modified with various amounts of niobium (Nb) dopants
using the sol-gel method and then to characterize them?.
The characterization involved nitrogen physisorption
analysis, X-ray powder diffraction, UV-Vis diffuse
reflection spectroscopy, Fourier transform infrared
spectroscopy and scanning electron microscopy. In order
to determine the catalytic activity, the degradation
reaction of the water pollutant phenytoin, a representative
of very poorly degradable pharmaceuticals, was carried
out using UV-A light. BET adsorption isotherms showed
that the TigooNbg 1002 and TiggsNbo.1502 catalysts had a
larger specific surface area than the other prepared
samples (Figure 1). These two samples emerged as the
most active catalysts, degrading 42 % of phenytoin in
solution (Table 1).
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Figure 1: Nitrogen adsorption-desorption isotherms of
the analyzed catalysts

Table 5: Phenytoin degradation (%) after 3 hours of

reaction
Phenytoin
Catalyst degradation [%)]
TiO, 33
Tio.95Nbo.0s02 34
Tio.90Nbo.1002 42
Tio.85Nbo.1502 42
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Analysis of next-generation sequencing (NGS)
requires comprehensive bioinformatic analysis to derive
meaningful results. Genome analysis toolkit (GATK)' has
long been the standard for variant calling, but deep
learning tools like DeepVariant? are increasingly used for
their strong performance.

Since each tool utilises different algorithms, their
outputs can differ significantly. While previous studies
have compared GATK and DeepVariant on trio exome
sequencing (ES)? and whole genome sequencing (GS)*
datasets, the critical challenge remains the accurate
identification of pathogenic variants that enable precise
genetic diagnoses in the clinical setting.

We compared GATK and DeepVariant on 782
exomes and 69 genomes from patients without previously
identified pathogenic variants. In addition to comparing
variant count, we searched for clinically relevant variants
that might explain the patients’ phenotypes.

As shown in Figure 1, GATK and DeepVariant
identified a similar total number of variants in the GS
datasets, with a large overlap between the two. However,
each tool also detected a distinct subset of variants, with
GATK identifying a higher proportion of unique calls
than DeepVariant (8.19 % and 3.79 % of algorithm-
specific variants respectively). All observed differences
were statistically significant (p < 0.001).

In the ES datasets GATK again reported a higher
percentage of algorithm-specific calls than DeepVariant
(14.67% and 2.63%, respectively). DeepVariant,
therefore, showed greater concordance with shared
variants than GATK.

To assess potential artefacts among variants, we
compared variant calls to the dbSNP database (Single
Nucleotide Polymorphism database). GATK showed a
higher rate of non-dbSNP variants (2.21%) than
DeepVariant (1.15%), suggesting more possible artefacts.

DeepVariant also identified 37 additional potentially
pathogenic variants not found by GATK. Later they were
ruled out as disease-causing due to high population
frequency or lack of phenotype association.

Both GATK and DeepVariant detect substantial
amount of algorithm-specific variants. While GATK
reports higher number of total variants, DeepVariant’s
lower artefact rate suggests greater precision and
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potentially reduced interpretation workload. Notably,
DeepVariant did not identify any new pathogenic variants
in our cohort, indicating comparable clinical sensitivity.
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Figure 1: Comparison of discovered variants (GATK =
Genome analysis toolkit, DV = DeepVariant)

References:
1. McKenna, A.; Hanna, M.; Banks, E.; Sivachenko, A.;

Cibulskis, K.; Kernytsky, A.; Garimella, K.
Altshuler, D.; Gabriel, S.; Daly, M.; DePristo, M. A.
The Genome Analysis Toolkit: A MapReduce
Framework for Analyzing next-Generation DNA
Sequencing Data. Genome Res. 2010, 20 (9), 1297—
1303.

2. Poplin, R.; Chang, P.-C.; Alexander, D.; Schwartz, S.;
Colthurst, T.; Ku, A.; Newburger, D.; Dijamco, J.;
Nguyen, N.; Afshar, P. T.; Gross, S. S.; Dorfman, L.;
McLean, C. Y.; DePristo, M. A. A Universal SNP and
Small-Indel Variant Caller Using Deep Neural
Networks. Nat. Biotechnol. 2018, 36 (10), 983-987.

3. Lin, Y.-L.; Chang, P.-C.; Hsu, C.; Hung, M.-Z;
Chien, Y.-H.; Hwu, W.-L.; Lai, F.; Lee, N.-C.
Comparison of GATK and DeepVariant by Trio
Sequencing. Sci. Rep. 2022, 12 (1), 1809.

4. Supernat, A.; Vidarsson, O. V.; Steen, V. M,
Stokowy, T. Comparison of Three Variant Callers for
Human Whole Genome Sequencing. Sci. Rep. 2018,
8, 17851.

Funding information: This research received no

external funding.


mailto:kk80756@student.uni-lj.si

Comparison of mechanical properties of alkali-activated materials made

of different alternative alkali activators

Kaja Zupanci¢,' Liam Manevski,! Majda Pavlin*,?

! Faculty of Chemistry and Chemical Technology, University of Ljubljana, Veéna pot 113, S/-1000 Ljubljana, Slovenia
2 Slovenian National Building and Civil Engineering Institute, Dimi¢eva ulica 12, SI-1000 Ljubljana, Slovenia

The construction industry is recognized as one of the
most significant contributors to global greenhouse gas
emissions, and within this sector, the cement industry
alone is responsible for approximately 8% of global
carbon dioxide (CO2) emissions. The production process
of ordinary Portland cement is highly carbon-intensive:
for every tone of cement produced, approximately 0.7 to
1 tone of CO: is emitted into the atmosphere. In response
to growing about climate change and
environmental degradation, researchers and engineers
have been actively seeking more sustainable alternatives.
One such promising alternative is the use of alkali-
activated materials (AAMs)', which are emerging as
potential low-carbon binders to replace traditional
cement.

concerns

AAMs require an alkali solution (activator) to initiate
the chemical reaction that leads to hardening and strength
development. In commercial applications, this activator is
often a solution of potassium or sodium silicate. However,
the production of these commercial alkali activators is
also associated with high carbon emissions. For example,
producing just one kilogram of sodium silicate can
generate approximately 1.5 kilograms of CO»?, which
undermines some of the environmental benefits of using
AAMs. To address this issue, researchers have begun
exploring the use of alternative alkaline activators
(AAAs). These are synthesized from industrial waste
materials that are rich in amorphous silicon, such as waste
glass, mineral wool, rice husk, microsilika etc. which
must undergo thermal or chemical treatment to be
activated.

In our study, AAAs were prepared using two
different approaches: (1) hydrothermal synthesis with
continuous mixing/no mixing (modified method used in
previous studies®*), (2) and microwave digestion
(extraction). The raw materials included waste glass
(WG), glass wool (GW), stone wool (SW) and microsilica
(MS). These were alkali-activated using 5SM and 10M
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sodium and potassium hydroxide solutions. The resulting
AAAs were used to prepare various AAM mixtures, using
metallurgical slag and metakaolin as precursors. These
materials were then tested for early compressive strength
after three days. Additionally, FTIR (Fourier-transform
infrared) spectroscopy was used to analyze the structural
features of the hardened AAMs. For comparison,
reference samples were also prepared using commercial
activators (Geosil and Silvez) and standard sodium and
potassium hydroxide solutions.

Figure 1: Alkali activated materials prepared of
different alternative activators.
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The synthesis of deuterium-labeled organic
compounds typically follows two principal strategies.
One involves indirect methods, such as total synthesis
using deuterated substrates or reagents. The other
employs direct techniques, including hydrogen/deuterium
(H/D) exchange or deutero-defunctionalization within the
target molecule. Among these, direct H/D exchange is
often more efficient and cost-effective, particularly when
introducing deuterium into complex molecules like
pharmaceutical compounds.'?

In both direct and indirect methods, catalysts based
on precious metals are commonly employed, with iridium
being among the most prevalent due to its high activity in
hydrogen isotope exchange reactions.’
homogeneous iridium catalysts pose challenges in
recovery and reuse, as they are difficult to separate from

However,

reaction mixtures and can deactivate through aggregation.

Immobilizing homogeneous catalysts onto solid
supports (e.g., polymers or silica) offers a sustainable
approach to catalysis by enhancing recyclability and
simplifying purification.? This strategy tackles challenges
like catalyst recovery, aggregation, and deactivation.
Immobilized catalysts are easily separated, often by
filtration, and reused with minimal activity loss, reducing
precious metal use and aligning with green chemistry
principles. It also limits leaching and product
contamination, crucial in pharmaceutical synthesis, while
combining the performance of homogeneous catalysts
with the practicality of heterogeneous ones.*

With this in mind, we are exploring strategies to
develop immobilized catalysts for the synthesis of
deuterium-labeled organic compounds, building on
established catalytic systems (Figure 1). In this
presentation, we will demonstrate the immobilization of a
Kerr-type Iridium(I) catalyst onto polystyrene beads. The
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resulting heterogeneous catalyst was employed in the

deuteration of a range of substrates previously
investigated using the corresponding homogeneous
counterpart. We will discuss the comparative

performance of the homogenecous and heterogeneous
systems, including recyclability and overall potential for
practical applications.
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Figure 1: General scheme for H/D exchange with
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immobilised catalysts.
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Concrete, with over 4.1 billion tonnes produced in
2023, is an essential construction material for modern
infrastructure including transport, energy, and urban
development, and there is no material that can replace it
in the near future. Concrete is a mixture of binder (pure
cement or cement with supplementary cementitious
materials-SCMs) aggregate, water, and chemical
admixtures.! It is usually reinforced to compensate for its
low tensile strength and ductility. Among the various
mechanisms affecting concrete durability, the alkali-silica
reaction (ASR) is recognized as one of the most critical
due to its expansive nature and long-term progression.
ASR is a chemical reaction between reactive silica in
aggregates and alkalis (Na*, K*) in concrete pore solution,
forming crystalline or amorphous gel products that
expand and cause micro- and later macrocracks in
concrete."? The later act as physical catalysts for further
degradation processes. Reactivity of silica depend on the
silica type — it is — high in amorphous forms (e.g. opal,
volcanic glass), in cryptocrystalline or
microcrystalline quartz, and lower in deformed quartz
found in metamorphic rocks. In Slovenian aggregate,
microcrystalline and deformed quartz are prevalent.
Geology in Slovenia is predominantly carbonate-based
(limestone, dolomite), but in the northeast (Pohorje, Mura
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and Drava basins), silicate-rich igneous, metamorphic,
and alluvial deposits are common, with silicate content
ranging from 40-60% in the Drava Basin, whereas the
Mura Basin entirely consists of silicate-rich sediments.
Aggregates from these regions, containing quartz,
quartzite, gneiss, siltstone, and sandstone, are potentially
alkali-silica reactive. Potentially reactive are also certain
carbonate sources with silica-rich impurities like chert.?
ASR in new concrete is mostly mitigated by incorporating
sufficient quantity of SCMs, which lower pore solution
alkalinity, bind alkalis, and reduce permeability of
concrete through pozzolanic reactions.* Other methods
include limiting alkali content or using lithium
admixtures, though these are less practical due to material
limitations and cost. Although ASR has long been
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neglected in Slovenia, recent degradation of high-
performance concretes has highlighted its relevance and
the urgent need for systematic assessment. In
collaboration with Alpacem Cement we will aim to
develop innovative concrete mixes using silicate
aggregates and appropriate cement-SCM combinations
that will effectively mitigate ASR without compromising
its durability and long-term performance.

OH K" OH"
Na’ K*

=0OH

OH" N3

Scheme 1: Simplified presentation of ASR (modified
from Thomas et. al. 2011).

References:

1. Mehta, P. K.; Monteiro, P. J. M. Concrete:
Microstructure, Properties, and Materials, 3rd ed.;
McGraw-Hill: New York, 2006, pp 168—-176.

2. Sims, 1.; Poole, A. Alkali-Aggregate Reaction in
Concrete: A World Review, 1st ed.; CRC Press: Boca
Raton, FL, USA, 2017.

3. Mladenovi¢, A.; Pristavec, M.; Oprckal, P.
Alkalijsko-silikatna reakcija v betonu - manifestacija
in preprecevanje. Gradbenik 2025, 3, 35-37.

4. Thomas, M. D. A. The Effect of Supplementary
Cementing Materials on Alkali—Silica Reaction: A
Review. Cem. Concr. Res. 2011, 41, 209-216.



Determination of Liquid Products from Electrochemical CO; Reduction
using GC-MS

Maja Svete,! Blaz Tomc*,'> Dusan Strm¢énik,! Nejc Hodnik!'->?

! Laboratory for Electrocatalysis, Department of Materials Chemistry, National Institute of Chemistry, 1000 Ljubljana,

Slovenia

2 University of Nova Gorica, 5000 Nova Gorica, Slovenia

3 Institute of Metals and Technology, 1000 Ljubljana, Slovenia

CO, is a major greenhouse gas, whose rising
concentration in the atmosphere is the primary driver of
today’s climate change.! Reducing CO, emissions and
producing valuable chemicals are key goals for
sustainable  development.>  Electrochemical ~ CO»
reduction (CO,RR) offers a promising route to reduce
CO»
products such as ethanol. Accurate quantification of
liquid products formed during this process is essential.!

Typically techniques for this determination are
nuclear magnetic resonance (NMR), high performance
liquid chromatography (HPLC), and gas chromatography
coupled with mass spectrometry (GC-MS).! NMR is
widely used due to its high sensitivity and ability to detect
unknown products, however, it has limitations when it
comes to detecting products at very low concentrations.
HPLC, on the other hand, has limited sensitivity for
volatile aldehydes and alcohols, which are the primary
products. '

In this work, we explore the capabilities of headspace
GC-MS, a well-established method that is less commonly
used in CO2RR, for the detection of volatile products with
lower detection limits.> We found that alcohols,
aldehydes, and ketones are clearly identifiable with the

concentrations while producing value-added

analysis, while carboxylic acids such as formic and acetic
are poorly detected due to their low volatility. To address
this, we explore derivatization of the acids to its
corresponding ester, aiming to improve their detection by
HS-GC-MS.
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Figure 1: Chromatogram of liquid products from
CO;RR using GC-MS
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Pyrazole-based compounds are gaining prominence
in pharmaceutical research due to their notable
antimicrobial effects. The synthesis of new pyrazole
derivatives offers promising ways for the development of
novel antibiotics'. An example of such a compound is 4-
(2-aminoethyl)-1-(pyridine-2-yl)-1H-pyrazole-5-ol (I1),
which was found to inhibit the growth of Escherichia coli
and the activity of L-threonine dehydrogenase (TDH).
This enzyme is crucial for amino acid metabolism and
biofilm production. As TDH is absent in human cells and
lacks a human homologue, inhibitors like Il present a
valuable starting point for future drug discovery?.

This study focused on evaluating four types of
pyrazole derivatives for their ability to inhibit TDH and
influence biofilm formation. Enzyme activity was
monitored through a fluorometric method, based on the
conversion of NAD* to NADH, which allows for real time
activity tracking®. Among the tested molecules, 11 proved
to be the most effective inhibitor. A second compound,
12, showed comparable inhibition but could not be
extensively analysed due to limited solubility at higher
concentrations®,

Further experiments demonstrated that all tested
derivatives reduced biofilm formation. However, only 11
and 12 were shown to exert a direct effect on TDH
activity. These results support a potential association
between TDH inhibition and impaired biofilm formation,
though additional research is needed to confirm this
relationship and fully assess the pharmacological
potential of these compounds.
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Figure 1: Effect of compound I1 concentration on
reaction rates. The blue curve is 100 uM of L-Thr,
orange curve is 250 uM of L-Thr and the green curve is
500 uM of L-Thr
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Figure 2: Effect of compound 12 concentration on
reaction rates. The blue curve is 100 uM of L-Thr,

orange curve is 250 uM of L-Thr and the green curve is
500 uM of L-Thr
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The actin cytoskeleton plays an important role in cell
structure, adhesion and mobility!. Consequently, actin is
one of the earliest evolved proteins, dating back to the
common ancestor of life. It is also one of the most
abundant proteins in many cells, accounting for up to
10 % of protein mass in most cells?.

Alpha-actinin is an actin-binding protein of the
spectrin family, and likely also its originator. It consists
of three major domains: an actin-binding domain (ABD),
a calcium-binding calmodulin-like domain consisting of
two EF-hand motifs (CaM-like domain) and a rod domain
which connects the two?. It dimerizes in an anti-parallel
fashion, with the CaM-like domain of one monomer
regulating the ABD of the other. There are four human
isoforms of alpha-actinin, two of which are calcium-
sensitive (isoforms 1 and 4) and can be found in most
cells,
(isoforms 2 and 3) and can be found only in muscle cells,

localized to the Z-disc of the sarcomeres®.

while the other two are calcium-insensitive

As there is currently no accurate model of the
conformational changes responsible for loss of actin-
bundling activity upon calcium binding in non-muscle
isoforms of alpha actinin, we have set to identify
mutations which would conformationally lock parts of the
structure, and measure its actin-bundling activity in the
presence and absence of calcium, allowing us to
determine in which region the conformational change
responsible for the loss of actin-bundling activity occurs.
For that purpose, we have introduced disulfide-bond
forming cysteine pairs into the rod domain at selected
locations, informed by previous experiments, structure
models and crystal structure of related protein alpha-
actinin-2 (Figure 1). A mutant with aspartate residues
replacing glutamate residues in the 278 and 285 positions
was also designed, as aspartate residues are absolutely
conserved in calcium-insensitive human isoforms in those
positions, while glutamate residues take their place in
calcium-sensitive isoforms.

The mutations were introduced via the QuickChange
method for site-directed mutagenesis and sequenced for
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verification. The protein was then expressed in £. coli and
purified via nickel-affinity, ion-exchange and size-
exclusion chromatography. SDS-PAGE of the mutants
under reducing vs. non-reducing conditions was then used
to check for the formation of cross-chain disulfide bonds.
Formation of such bonds was confirmed in one of the
mutants, while actin-bundling activity tests are ongoing.
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Figure 1: A model of a special "half-dimer form" of
human actinin 1 in a calcium-bound state. The ABD and
SR 1 and 2 domains would belong to one chain in a
typical dimer, while the EF and SR 3 and 4 domains
would belong to the other chain.
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This study investigates one-dimensional photonic
crystal (1D-PC) structures fabricated on silicon
substrates, specifically focusing on a Fabry-Pérot
microcavity (MC) designed for enhanced light emission
at selected wavelengths within the white to green spectral
range. The microcavity was constructed using alternating
layers of titania and lanthanide (Ln)-doped
aluminosilicate glass, synthesized via sol-gel (SG)
processing. The aluminosilicate sols were tri-doped with
Tm?**/Er**/Yb** in a 0.5/0.5/5.0 mol% ratio', serving as the
low-refractive-index (n=1.48) component, while titania
sol provided the high-refractive-index counterpart. The
MC structure consists of five Bragg mirror pairs on each
side of a defect layer (composed of a double layer of Ln-
doped? aluminosilicate). Cross-sectional SEM images of
the FP MC is shown in the Figure 1 and Figure 2 is shows
the UV-Vis Reflectance data of the MC sample designed
with defect layer targeting 525 nm for 0° angle.

In alignment with green chemistry principles, we
further explored low-temperature processing methods by
introducing zinc oxide (ZnO)? as an alternative high-
refractive-index thin-film material. The influence of heat
treatment temperature on ZnO’s crystalline structure was
systematically examined. In this  work
demonstrates the successful integration of ZnO films with
Ln-doped aluminosilicate sols to fabricate optimized
microcavity structures, offering a sustainable approach to
photonic device fabrication.

summary,
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Figure 1: SEM image of Fabry-Pérot microcavity (MC).
It shows five Bragg mirror pairs on each side of the
defect layer
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Figure 2: Reflectance data of MC sample showing the
defect layer position measured at different angles
targeting 525nm defect position.
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Distillation is one of the oldest and most frequently
used separation processes, based on the different boiling
points of components in miscible liquid mixtures. Due to
its simplicity, high efficiency for various mixtures and the
possibility of continuous separation, this method is
widely applied in numerous industrial sectors, such as the
pharmaceutical, petroleum, food and chemical industries.
Despite its many advantages, distillation also has certain
limitations. It is an energy-intensive process, which
conflicts with sustainable development guidelines. The
equipment required to ensure adequate productivity is
large, meaning the process also demands significant
operational space. Additionally, distillation systems are
stationary, reagent consumption is relatively high even in
pilot laboratories, and as a result, distillation is a relatively
expensive process'.

It is possible to improve the distillation process with
miniaturization, which is a promising approach for
process intensification. Micro-structured systems are
characterized by large specific surface areas (high
surface-to-volume ratio), that enhances heat and mass
transfer within the system, enabling faster separation,
easier temperature regulation and, most importantly,
greater energy efficiency. Firstly, due to smaller reaction
volumes, the consumption of chemicals and energy is
reduced, along with waste production and environmental
impact. Secondly, in micro-distillation productivity can
be easily increased by numbering-up
Microdistillation units can also be integrated with other
(micro)reactors or analysers, creating a so-called "end-to-
end processing" system for seamless production or

the units.

analysis?.

In our research a model-based design (MBD) was
used for development of a microfluidic distillation unit.
In MBD of a microdistillation unit it is essential that after
problem description, transport mechanisms definition,
and determining the physico-chemical
properties of the feed mixture, a model is created that
mathematically describes and predicts the behaviour of
the mixture within the device. After solving the model, a
process simulation is carried out, allowing for a deeper
understanding of the device's operation and an analysis of
the impact of different variables on system performance.
This enables the optimization of the process unit before
its fabrication, which is one of the key advantages of the

and other
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MBD approach. Model optimization is economically
more efficient and faster than empirical testing of
manufactured prototypes>.

Within this research, microfluidic distillation device
shown in Figure 1 was developed, and a corresponding
mathematical model was created to describe the process.
This was followed by numerical model solving and
optimization of the distillation process to improve
separation efficiency, reduce energy consumption, and
enable system scale-up.

liquid
mixture
food

Figure 1: Schematic of the capillary force driven
microfluidic distillation unit and illustration of its
operational principle
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Neonicotinoids are a class of insecticides that have
been in use since the end of the 20. century. Their use has
increased rapidly, particularly in Africa and Asia due to
their high efficiency and target specificity. However,
widespread application has led to major imbalances in
ecosystems, especially in insect and pollinator
populations. In Europe their use has already been
restricted and further restrictions are expected for the
Us.13

Thiacloprid and acetamiprid important
representatives of this group of pesticides, but their poor
electroactivity due to the absence of a NO, group® makes
direct electrochemical detection methods inapplicable for
their determination. In our work, several molecularly
imprinted polymers (MIPs) for thiacloprid and
acetamiprid have been synthesised and further evaluated
for electrochemical detection. The specific binding

arc

efficiencies of the polymers for the target analytes have
been screened and quantified by calculating the
imprinting factor (IF). The polymer with the highest IF
for each analyte was applied to the working electrode of
the screen-printed electrode via drop-casting.

Analysis  of  cyclic  voltammograms  of
hexacyanoferrate redox probe at the i) untreated
electrode, ii) modified electrode without the molecularly
imprinted polymer, and iii) modified electrode with the
corresponding molecularly imprinted polymer before and
after accumulation in the solution of acetamiprid and
thiacloprid was carried out.

The MIP-modified electrode was the only one
showing  decreased  voltammetric  signal  of
hexacyanoferrate, which could be the evidence of the
specificity of binding of the analyte to the molecularly
imprinted polymer, demonstrating the potential for
further development and application to the working
electrode for neonicotinoid sensing.
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Figure 1: Cyclic voltammograms recorded by working
electrodes before and after accumulation in 0.1 M
acetamiprid solution (E1 — untreated electrode, E4 —
modified electrode without MIP, E5 — modified
electrode with MIP).
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Environmental chemistry examines the chemical
composition, transformations, and fate of substances in
the natural environment, with atmospheric chemistry
forming a critical branch that investigates pollutant
generation, transport, and removal. Air quality research is
central to this field, as atmospheric pollutants undergo
complex chemical reactions affecting both human health
and climate. Between July 27 and August 9, 2025, we
conducted a comparative study of atmospheric pollutants
at two Slovenian weather stations: Ljubljana Bezigrad
(urban)  and Murska  Sobota (less  urban/rural).
Concentrations of PMio, PM2.s, NO2, and Os were
measured alongside meteorological parameters such as
temperature, wind, and precipitation. Ljubljana exhibited
higher mean concentrations of PMio, PMa.s, and NOsx,
attributable to more intense anthropogenic emissions
from traffic and heating systems.

In contrast, Murska Sobota consistently displayed
higher ozone (Os) concentrations, illustrating the “ozone
paradox” where urban areas with elevated nitrogen oxide
(NO) emissions promote Os depletion through the
titration reaction NO + Os — NO2 + Oz.!

Rural areas, with fewer NO sources, have less ozone
destruction, allowing photochemically generated ozone to
persist. During the study period, anticyclonic conditions
with high solar irradiance enhanced the photolysis of NO-
(NOz + hv — NO + O) and subsequent reaction of atomic
oxygen with molecular oxygen
(O + O2 — Os). Limited vertical mixing and weak winds
further allowed pollutant accumulation.

Temporal analysis revealed of data shown in Figure
1 reveals short-term peaks in PM and NO: linked to traffic

to form ozone

surges, temperature inversions, and stagnant air masses,
while rain and wind generally reduced concentrations
through wet and dry deposition. Weekday pollutant levels
exceeded weekend values due to commuting and
industrial schedules. These findings underscore the
importance of understanding the chemical kinetics of
pollutant formation and removal in both urban and rural
contexts. Elevated rural ozone, as observed in Murska
Sobota, highlights that regional air quality policies must
address not only primary emissions but also secondary
pollutants formed through
chemistry.

complex atmospheric
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Figure 1: Variation of Air Pollutants in Ljubljana
Bezigrad and Murska Sobota (July—August 2025).
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Efficient, carrier-free immobilization is pivotal for
building robust biocatalysts that can be reused and
operated continuously. Cross-linked enzyme aggregates
(CLEAs) are attractive because they combine high
volumetric activity with simple, low-cost preparation via
precipitation followed by intra-aggregate crosslinking,
while typically enhancing stability and enabling catalyst
recycling!.  However,  conventional  batch-scale
precipitation and crosslinking that requests centrifugation
for CLEAs separation from the reaction mixture often
suffer from poorly controlled mixing and agglomeration,
leading to highly polydisperse particle populations,
variable recovered activity, and mass-transfer limitations
that hamper reproducibility and scale-up. Microfluidic
platforms mitigate these issues by imposing well-defined
residence times and rapid micromixing, which narrow
particle improve transport,
seamlessly interface with continuous-flow operation.

Leveraging these advantages, we aimed to optimize
the immobilization of horseradish peroxidase (HRP) into
CLEAs within a microfluidic platform, generating highly
uniform, high-activity, and reusable nanoparticles
suitable for cost-effective biocatalytic
processes. Immobilization in this setup not only enhances

size distributions, and

continuous

operational stability and catalyst reuse but also enables
precise control over particle formation and supports
seamless integration into continuous-flow oxidation
reactions®.
Process optimization involved screening
precipitation  solvents, adjusting  glutaraldehyde
concentrations, and determining residence times for both
precipitation and crosslinking. Dynamic light scattering
was used to determine particle size distribution. The
objective was to maximize the recovered activity of the
enzyme, i.e. the activity after immobilization compared to
that of the free enzyme, determined via the model reaction
of 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)
(ABTS) oxidation by hydrogen peroxide, monitored
spectrophotometrically at 405 nm. The best recovered
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activity of 99 % was achieved at a retention time of 0.34
min with acetone and glutaraldehyde concentrations of 90
% (v/v) and 1 mM, respectively. The resulting CLEA-
HRPs exhibited an average particle radius of 150 nm,
determined using dynamic light scattering.

The optimized CLEA-HRP preparation provides a
robust, reusable biocatalyst suitable for future continuous
oxidation reactions. These findings demonstrate the
potential of microfluidics-assisted CLEA generation for
creating high-activity immobilized enzymes tailored for
advanced biocatalytic applications.
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Figure 1: Set-up for a continuous CLEA-HRP
generation in a microfluidic system.
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Plastic pollution is a global problem and has a major
impact on the environment. While plastic materials
improve everyday life and are widely used across
industries due to their resilience and durability, these
properties also contribute to their persistence in the
environment for centuries. Humans are exposed to micro-
and nanoplastics through tap and bottled water, personal
care products and contaminated marine organisms that
have ingested plastic particles present in aquatic
environments. Marine-based sources of plastic pollution
include recreational cruises, oil extraction, product
transportation and fishing activities!. Nanoplastics in
water can interact with naturally occurring polyphenolic
compounds, such as lignin. In this study, we focused on
the synthesis and characterization of lignin nanoparticles
(LNPs) and nanoplastics (NPs) to establish a model
system for studying their potential interactions.

Lignin was isolated from milled straw biomass using
an organosolv extraction method. Biomass was mixed
with ethyl acetate and hydrochloric acid and heated at
130°C for 3 hours. After cooling, the mixture was
filtered, and the solvent was removed using a rotary
evaporator. The resulting residue was treated with
acetone and distilled water to precipitate lignin, which
was then filtered and dried. Lignin nanoparticles (LNPs)
were prepared via a hydrotropic synthesis method
reported in 2.

Nanoplastics (NPs) were synthesized by dissolving
polystyrene foam in ethyl acetate and stirring the mixture
at 80°C for 2 hours. The solution was dripped using a
glass Pasteur pipette into stirred ethanol. The dispersion
was centrifuged, and the particles were washed three
times with Milli-Q water. The product was stored at 4°C
3

For characterization, FTIR, SEM, DLS, NMR and
zeta potential measurements were performed to
determine the chemical structure, morphology, particle
size distribution and surface charge of the synthesized
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nanoparticles. Representative SEM images of lignin
nanoparticles and nanoplastics are shown in Figure 1.
Interactions will be studied using zeta potential
measurements and DLS at various pH values. This study
is a starting point for future research on the interaction
between lignin nanoparticles and nanoplastics. A better
understanding of these interactions could help reduce
environmental pollution.

Figure 1: Representative SEM images of : a) Lignin
nanoparticles from organosolv lignin, b) nanoplastic
particles
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Zinc(I) plays a crucial biological role, acting as an
essential cofactor in over 300 enzymes, enabling proper
functioning of protein synthesis, nucleic acid metabolism,
and cellular signaling etc. Additionally, zinc(Il)
contributes to the structural stability of proteins, which is
vital for precise regulation of gene expression and the
maintenance of functionality in various biological
systems'.

3-Cyanopyridine (3-PyCN) is a solid, colorless
organic compound with the molecular formula C¢H4No.
The molecule consists of a pyridine ring with a cyano
group (—CN) attached at the third position.

N

X

F
CN

Scheme 1: Structural formula of 3-cyanopyridine
(3-PyCN).

3-Cyanopyridine can bind to transition metal ions in a
monodentate manner through the ring nitrogen or, less
commonly, also through the cyano group in a bridging
manner. Surprisingly, the coordination chemistry of
zinc(Il) with 3-cyanopyridine
explored. Therefore, our goal was to prepare new zinc(II)
coordination compounds with this ligand.

The reactions of zinc(II) acetate dihydrate with
3-cyanopyridine resulted in two new crystalline
products, [Zn;0(CH3COO);o(3-PyCN),] (1) and
[Zn70(CH3CO0)10(3-PyCN),]-4CH3CN  (2).  Their
compositions were determined by X-ray structure
analysis on single-crystal. Both compounds contain the
heptanuclear core where bridging oxides and acetates link
zinc(Il) ions. The structure of the novel heptanuclear
zinc(II) complex is shown in Figure 1.

is relatively poorly
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Figure 1: ORTEP drawing of the heptanuclear complex
molecule [Zn70,(CH3COO)0(3-PyCN):], as found in 1.

Analogous heptanuclear zinc(I) complexes with
acetate and nitrogen donor ligands such as
1-methylimidazole or pyrazine were prepared before?3.

Herein, we will present the crystal structures of both
compounds, along with the infrared and '"H NMR spectra,
as well as the TG-DSC and elemental analysis of
compound 1.
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Cyclic anhydrides are commonly 5- or 6-member
ring molecules, conventionally derived from
corresponding dicarboxylic acids by an intramolecular
dehydration reaction. Normally, the use of toxic
dehydration reagents and harsh conditions is required,
though recently new procedures have been developed
which employ Lewis acids as catalysts' or allow
dicarboxylic acids to be directly transformed into cyclic
anhydrides via electrolysis?.

Cyclic anhydrides act as electrophiles and are able to
react with nucleophilic compounds, such as amines and
alcohols to form amides and esters, respectively. Due to
facile activation of one carbonyl group in anhydride bond,
reaction can proceed under mild conditions and without
the presence of coupling reagents, which makes cyclic
anhydrides valuable tools in organic and bioconjugate
chemistry!.

They are used for polymer
functionalization, hydrogel formation and in some cases
polymer synthesis. Protein modifications with cyclic

commonly

anhydrides lead to increased protein solubility and can
reverse the total charge of the biomolecule. Their pH-
sensitivity is exploited in drug delivery systems to
selectively target low pH tissues. In addition, cyclic
anhydrides are often used as cross-linkers between
various molecules'.

Alongside aforementioned, cyclic anhydrides have
also been utilized in surface functionalization of
nanoparticles. Bloemen et al.3, for instance, used succinic
anhydride to end-cap a polyethylene glycol derivative,
which was further linked to iron oxide nanoparticles via a
siloxane group. Carboxylic acid end group served as an
accessible functional group and introduced various
coupling possibilities in biomedical
including coupling to antibodies.

In our research we used the simplest cyclic
anhydride, anhydride, to perform an

applications,

succinic
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esterification reaction with a derivative of diethylene
glycol to yield an elongated carboxyl derivative (Figure
1). For a successful reaction procedure an excess of
triethylamine was added, which served as a base as well
as a solvent. This procedure resulted in a successful
synthesis of the desired compound (2,2-dimethyl-4,15-
dioxo-3,8,11,14-tetraoxa-5-azaoctadecan-18-oic acid, (1)
with little side products, which were easily removed by
dissolving the reaction mixture in dichloromethane and
washing it with 1 M HCl solution and brine. Synthesized
molecule exhibits potential use as a linking element and
in nanoparticle surface functionalization.

0O

@]
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@]
1

Figure 1: Synthesized compound 2,2-dimethyl-4,15-
dioxo-3,8,11,14-tetraoxa-5-azaoctadecan-18-oic acid (1).
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Per- and polyfluoroalkyl substances (PFAS) are
compounds with strong carbon—fluorine (C-F) bonds that
cause their exceptional stability and resistance to
degradation. Therefore, they are widely used in industrial
applications.  However, their  persistence  and
bioaccumulation have raised significant concerns due to
their adverse effects on human health and the
environment.! Determination of PFAS typically involves
extraction and preconcentration, followed by analysis
using techniques liquid
chromatography—tandem mass spectrometry (LC-
MS/MS).? One of the most common extraction techniques
is solid-phase extraction (SPE), which was also used in
this work for the extraction of five PFAS (C4-C8) from
water samples. The method was optimized by evaluating
sorbent type (Fig. 1), elution solvent, and extraction

sensitive such as

conditions (pH and salt concentration). The final method
consisted of sample pH and salt content adjusted to 2-3
and 3.5 %, respectively. Cartridges with WAX sorbent
were used with 5% NH;3 in methanol as the elution
solvent. The breakthrough volume exceeded 500 mL and
extraction recoveries were above 95% for all analytes. A
seawater sample was analysed, revealing the presence of
PFAS at concentrations below the limit of quantification,
approximately 5-6 ng/L.
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Figure 1: Comparison of normalized recoveries for
different SPE cartridges
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Amide bond formation is a central transformation in
pharmaceutical synthesis, representing up to 16 % of all
reactions in medicinal chemistry. Conventional
approaches typically rely on stoichiometric activation of
carboxylic acids with coupling reagents, which often
results in poor atom economy and the generation of
hazardous by-products!. In contrast, enzymatic methods
operating in aqueous media without toxic reagents offer a
greener and more sustainable alternative?. Among these,
ATP-dependent amide bond synthetases (ABS) have
emerged as promising catalysts, capable of performing
both acid adenylation and subsequent amidation within a
single active site, requiring only a small excess of the
amine partner'.

Here, we describe process development for the ATP-
dependent coupling of trans-cinnamic acid with 1,2-
phenylenedimethanamine catalyzed by an ABS from
Streptomyces TR1341 in the presence of inorganic
pyrophosphatase (PPase). The reaction proceeds through

an acyl-AMP  intermediate, which  undergoes
nucleophilic attack by the amine to form the amide
product.

Higher temperatures increased activity but also diamide
formation; 30 °C was chosen to balance both. The enzyme
was most active at pH 7.50-7.82. At 30 % (v/v) co-
solvent, DMSO severely inhibited activity (10.13 %
residual), while glycerol retained 47.12 %. Gas sparging
showed bubble oxidation,
deactivation: O2 and N2 reduced activity to ~57 % after 2
h, with complete loss by 3 h.

Kinetic studies with isolated acyl-AMP showed that
AMP-to-amine ratios control selectivity—excess amine
boosted amide yield but increased diamide via competing
nucleophilic attack. Higher ratios improved yield, while
lower absolute concentrations (10 mM amine, 5 mM acid)

exposure, not caused

enhanced selectivity by limiting side reactions and
improving solubility.

Overall, these results demonstrate that ABS-catalyzed
amidation can benefit greatly from implementation in
microflow systems, where precise control of residence
time and reactant concentrations, along with reduced
bubble formation, can minimize interfacial deactivation
and improve product selectivity. This approach offers a
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clear route toward intensified and scalable biocatalytic
processes®.

Figure 1: Reaction scheme of ABS-catalyzed amide
synthesis  from acid and 1,2-
phenylenedimethanamine.

trans-cinnamic
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This abstract summarizes research investigating the
optimisation of the extrusion process for paraffin-based
rodent bait using rheological analysis as a tool for
systematic process improvement. The study is grounded
in industrial practice and aims to address specific issues
in the manufacturing process—namely, mechanical stress
on the extruder, inhomogeneity, and
unnecessarily high production costs—while preserving
product functionality and mechanical integrity.

Rheological measurements were carried out using a

mixture

plate—plate geometry on a rotational rheometer under
controlled strain amplitude. The bait, being a viscoelastic
solid, required careful sample preparation to ensure
consistent results. A customized steel mold and hydraulic
press were used to produce test specimens, and an optimal
compaction pressure was determined through statistical
evaluation of measurement repeatability. Key rheological
parameters such as the elastic modulus (G'), viscous
modulus (G"), and tan(d) were used to quantify the
response small-strain  oscillatory
conditions, with tan(d) serving as the principal metric for

material's under
distinguishing the viscoelastic properties of various
polymers'.

A Plackett—-Burman design of experiments (DoE)
was employed to screen nine variables: seven formulation
components, extrusion temperature, and shear rate®>.
Through statistical analysis including multiple linear
regression and ANOVA, the study identified the most
influential factors on the viscoelastic response of the
mixture’’. These findings were used to develop a
regression-based model that accurately predicts the
product’s rheological behavior under varying process
conditions. Figure 1 illustrates the validation of this
model!.

The usefulness of this approach is multifold. First, it
allows for predictive control of product texture and
mechanical integrity based on measurable inputs—
without relying on trial-and-error methods or costly
commercial software. Second, it provides a low-cost
strategy for optimising formulation and processing
open-source tools. Third, it

decision-making in industrial

parameters  using
enables data-driven
settings where product reproducibility and equipment
reliability are essential'.

The outcome includes a set of optimised parameters
and a validated model capable of guiding formulation and

process changes while maintaining equivalent rheological
behavior to the current product standard. The optimised
formulation not only matches the mechanical and
functional requirements but also results in reduced

cost and greater process robustness. Examples of cost
reduction with fixed tan(8) are shown in Table 1.
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Figure 1: Comparison of regression model predictions
and experimental results for rheological parameters'

Table 6: Relative deviations of predicted rheological
parameters from experimental values for selected
formulations (R1, R3, R5)!
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R1 R3 RS
f;\’l -10,30 % 2,89 % 17,06 %
é\”l -10,30 % 2,89 % 17,06 %
tan(d); 0,00 % 0,00 % 0,00 %
Cost reduction 7,23 % 6,59 % 5,07 %
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Magnesium (Mg) is a critical metal with applications
in the automotive, acrospace, electronics, chemical and
pharmaceutical industries.! It is currently the third most
highly produced metal globally? and demand is likely to
increase as it is one of the most promising metals for the
development of more sustainable batteries.?> Sources of
Mg range from seawater to many minerals, of which
dolomite (CaMg(COs3),;) is among the most suitable.
Around 90 % of the world Mg supply is produced in
China from dolomite, using the energy intensive and
polluting Pidgeon process.>*

The aim of our to develop a
hydrometallurgical procedure for the selective extraction
of Mg from Slovenian dolomite. The emphasis was on

work was

high efficiency and selectivity for Mg over Ca, while
other impurities were only monitored.

The dolomite sample, identified as dolomite rock,
was collected from a Slovenian quarry and prepared by
grinding to a fine powder (performed by the Geological
Survey of Slovenia). The elemental composition of the
sample was then determined using microwave digestion
and ICP-OES analysis. The sample was close to ideal
dolomite with metal impurities of less than 0.15 % by
weight and the molar ratio Mg : Ca of 0.93 : 1.

Mg extraction from dolomite was performed by
selective leaching and selective precipitation at room
temperature on an orbital shaker. Mg was selectively
leached from 1 g of the sample by sulfuric (VI) (H2SOs),
oxalic (H2C>04) and tartaric (C4HeOs) acids with 50 %,
105 % and 150 % equivalent relative to the amount of Ca
+Mgin 1 g of ideal dolomite. Four different sulfuric acid
volumes (5 mL — 20 mL) were tried, whereas the
minimum volume of oxalic and tartaric acid was limited
by solubility. Selective precipitation was performed with
sodium hydroxide (NaOH) from the solution obtained by
the optimal leaching procedure. The amount of NaOH
needed was precisely calculated for precipitation with
10 mL and 20 mL of solution.

Solutions produced by the procedures were analyzed
by ICP-OES and Mg leaching and precipitation yields
were calculated. Selectivity for Mg was determined by
calculating the molar ratio Mg : Ca in the leachate
(precipitate). The overall optimal procedure was selective
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Mg leaching with 7.5 mL and 105 % equivalent of H,SO4
followed by selective Mg precipitation with 20 mL of
NaOH. It achieved an overall Mg yield of 98.3 % and a
molar ratio of 155 : 1. Selective leaching with 30 mL and
105 % equivalent of H.C,O4 was more selective with
Mg : Ca=457 : 1, but Mg yield was only 62,5 %.

Overall, the developed procedures are highly
efficient and selective for Mg. Moreover, only readily
available and inexpensive reagents are needed and the
energy expenditure is minimal.
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Figure 1: Mg yield and molar ratio Mg/Ca for leaching
with tartaric (T) and oxalic (O) acid. Leaching with
sulfuric (V1) (S) acid was followed by precipitation with
NaOH (OH). The first number stands for equivalent (%)
and the second for reagent volume (mL). Only the best
combination for each set of reagents is shown.
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Nanoplastics (NPs), ultrafine synthetic polymer
particles, are emerging as a concerning class of pollutants
due to their high mobility, persistence, and ability to
penetrate biological membranes and accumulate within
aquatic ecosystems'. Their nanoscale dimensions
(<1 um) and intricate interactions in water make their
detection challenging, often requiring complex analytical
procedures and sophisticated instrumentation techniques.
Their small size facilitates uptake by organisms and
integration into food webs, raising concerns over
ecological and human health impacts?. In this work, we
present a novel, integrated approach to i) remove
polystyrene nanoplastics (PSNPs) from water using
fungal biomass and ii) electrochemically monitor PSNPs
for the evaluation of their adsorption onto the biomass
surface. The mycosorption on a medicinal fungus
Trametes versicolor (TV) particles was systematically
evaluated under various operational parameters. Its
effectiveness as a sustainable and efficient biosorbent was
monitored and confirmed with the -electrochemical
sensor, based on a gold screen-printed electrode (Au-
SPE), modified with a mesoporous silica thin film via
electro-assisted deposition and subsequently
functionalized with epoxy silane and proline**, designed
to interact selectively with PSNPs. The sensing process is
driven by two key factors: the binding of PSNPs onto
immobilized amino acid groups, and the application of a
positive potential that promotes electrostatic interaction
between the negatively charged PSNPs (in 0.1 M KCI)
and the working electrode. The modification steps were
systematically tracked and characterized via cyclic
voltammetry (CV). The optimal accumulation potential
was found at +0.6V, producing the largest current
decrease. All measurements were performed in 5 mM
HCEF, serving as a redox probe. The sensor was employed
to detect 6.1 nm PSNPs based on the decrease of the
anodic current peak (ip), consistent with their ability to
penetrate the mesoporous film. In this regard, a
calibration curve for 6.1 nm PSNP was constructed in the
range of 0.02—0.8 pg/mL, resulting in 15-35% decrease
in ip, demonstrating the sensor’s sensitivity and
applicability for quantitative analysis. When 0.05 mg of

ol

TV biomass was introduced into 5.0 mL of 0.8 ug/L
PSNPs suspensions, no decrease in i, was observed,
confirming a nearly-complete adsorption and thus
removal of PSNPs from solution. This process was
observed in real time by the sensor without any
interferences of TV biomass particles, as confirmed by
additional control experiments using CV. This study
presents a portable electrochemical sensor for real-time
detection of PSNPs and their adsorption onto TV
biomass, offering a sustainable approach for on-site
monitoring and mitigation of NPs pollution in aquatic
environments.
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Figure 1: PSNPs detection via pore blocking on
functionalized Au-SPE and their removal by fungal
biomass, preserving the electrochemical signal.
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We introduced to our laboratory and adapted two
simple, robust, and rapid enzyme assays to determine
whether algae from Secoveljske soline contain substances
that inhibit enzymes linked to skin aging. The assays need
to be sensitive to low concentrations of inhibitors while
remaining resistant to interference from other algal
components.

Tyrosinase catalyzes steps in  melanin
production, including a rate-limiting one, making it a
prime  target for

two
reducing  hyperpigmentation.
Hyaluronidase breaks down hyaluronic acid, and its
increased activity with age contributes to wrinkles.
Inhibiting these two enzymes may help prevent both skin
conditions!.

For the tyrosinase inhibitory assay, we adapted a
method based on the spectrophotometric detection of the
reaction product?. In this assay, tyrosinase oxidizes
dopamine to dopamine quinone, which exhibits a
maximum absorbance at 475nm. We modified the
original assay by replacing the substrate L-tyrosine with
dopamine, which is converted to the target product in a
single step. Additionally, we optimized the
concentrations of both enzyme and substrate to maximize
the differential absorbance value. The assay was validated
using kojic acid, a well-known tyrosinase inhibitor.

For the hyaluronidase assay, we adapted the method
proposed by Sigma-Aldrich?. It relies on the aggregation
of hyaluronic acid with albumin in acidic conditions,
producing varying degrees of turbidity measurable at
600 nm. We optimized enzyme substrate
concentrations to detect low inhibitor levels. We tested
multiple known inhibitors of the enzyme: apigenin was
unsuitable due to aggregation in the test solution, and
copper ions were too weak to detect inhibition. On the
other hand, tannic acid, a plant-derived polyphenol,

and

proved to be a strong and reliable inhibitor for assay
validation.

In conclusion, we successfully established both
assays and generated inhibition curves for both enzymes
(Figures 1 and 2). Optimized assays can now be used to
evaluate the presence of inhibitors in algal samples.
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Tyrosinase inhibition curve
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Figure 1: Inhibition curve obtained by the optimized
tyrosinase assay with kojic acid at an enzyme
concentration of 60 U/ml. Data represent the mean = SD
from three independent experiments.
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Figure 2: Inhibition curve obtained by the hyaluronidase
assay with tannic acid at an enzyme concentration of
12,2 U/ml. Data represent the mean + SD from two
independent experiments.
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Epithelial Cell Adhesion Molecule (EpCAM) plays a
crucial role in epithelial ~morphogenesis and
carcinogenesis. It is one of the most utilized carcinoma
biomarkers as its overexpression is linked to poor
prognosis in various cancers. The intracellular domain of
EpCAM (EpIC: aa 289-314) interacts with FHL2 and f-
catenin, key proteins in the canonical Wnt¢ signaling
pathway. This complex induces the expression of
oncogenes (Figure 1), making it a promising target for
therapies'. Despite its functional relevance, structural
information of the complex with FHL2, B-catenin and
EpIC remains limited. We aim to elucidate the structures
using an integrative structural biology approach by
employing Cross-Linking Mass Spectrometry (XL-MS)
with BS3 and Small-Angle X-ray Scattering (SAXS).

FHL2 (32.2 kDa) is composed of four and a half LIM
domains, each containing 2 zinc fingers. p-catenin
(85.4 kDa) consists of intrinsically disordered termini and
the core region with 12 armadillo repeats (ARMs: aa 138-
664). The interface between FHL2 and [-catenin has not
been precisely defined. It was investigated by yeast two-
hybrid assay and coimmunoprecipitation. Results from
two separate studies only partly overlap. The first one
showed that the N-terminus and ARM1 within B-catenin
are crucial for binding. The second study determined that
ARMI1-9 is primarily involved, and ARM3-S8 is essential
for interaction. Both analyses concluded that deletions of
any LIM domains within FHL2 significantly reduce
affinity. An exception is the LIMO domain, which is not
essential, but still enhances the binding??.

According to our XL-MS analysis, the LIMO domain
is not included in binding, which is in agreement with
previous studies. Results show FHL2 binding mostly to
the N-terminus and ARM1 of B-catenin (Figure 2). A
combination of XL-MS and SAXS data enabled us to
structurally characterize FHL2, which will be important
for the following steps when modeling the FHL2:B-
catenin complex. Stoichiometry (FHL2:B-catenin = 2:1)
introduces challenges as XL-MS cannot distinguish
between the two molecules of FHL2.

Our work is a basis for structural characterization of
EpIC binding to the FHL2:B-catenin complex, which
would provide insights into the mechanism underlying
EpCAM’s role in the carcinogenesis signaling pathway.
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Figure 1: Schematic representation of intracellular
signaling with EpIC
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Figure 2: Cross-links between FHL2 and B-catenin
detected by XL-MS analysis.
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Wood is a porous, anisotropic material distinguished
by a complex array of natural anatomical features. In
softwoods, the main structural elements are longitudinal
tracheids, while in hardwoods, they primarily consist of
vessel elements and longitudinal fibers. The lumens of
these cells are generally large enough to permit the
infiltration of liquid adhesives, a process crucial for
forming strong and durable bonds. Despite this, adhesive
joints are often regarded as the weakest components in
wooden assemblies, as they are essential for transferring
loads across the bonding interface. This highlights the
importance of thoroughly investigating adhesive
performance and behavior in such systems. !

In this study, beech wood with two grain orientations
(radial and tangential) was bonded using polyurethane
adhesive (PUR). Specimens were prepared in accordance
with the EN 302-1? standard and subjected to natural
weathering for three months in Lisbon, Portugal.

The research aimed to evaluate both the depth and
distribution of adhesive penetration in plates with
different fiber and growth configurations.
Additionally, the study examined the effects of aging by
tracking mechanical, physical, and chemical changes in
the bonded joints over time.

ring

A comprehensive set of analytical techniques was
employed, including tensile-shear testing, Scanning
Electron Microscopy (SEM), Energy Dispersive
Spectroscopy (EDS), X-ray Diffraction (XRD), epi-
fluorescence microscopy, infrared
spectroscopy (FTIR, pFTIR), Raman microscopy, and
micro-computed tomography (WCT). The precision and
reliability of these methods in characterizing the bonded

Fourier-transform

interfaces were also assessed.
The findings revealed that effective adhesive
penetration is influenced by multiple factors, such as the

o4

presence of growth rings, application time and pressure,
and the intrinsic wood structure. Moreover, after three
months of natural aging under the given conditions, no
significant changes were observed in the physical,
chemical, or mechanical properties of the joints. This
suggests that extended aging studies are necessary to gain
deeper insights into the long-term behavior of these
bonded systems.

Jofdl - | 1 - / ‘

Figure 1: Optical microscopy (A), SEM (B), EDS (C),
and epi-fluorescence (D) image of the PUR-RT sample
after 120 minutes of pressing.
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Lead (Pb) is a naturally occurring, non-essential, and
toxic element. Contamination with it is both a persistent
global environmental and public health issue. An area in
Slovenia that has been significantly affected by Pb
pollution is the upper Meza Valley. There lies the largest
Pb and Zn ore deposit in Slovenia with a long history of
mining and ore processing. During processing, a large
amount of mine waste with high concentrations of Pb and
other potentially toxic elements (PTEs) was produced and
deposited in abandoned mine shafts and near small
streams along the upper Meza Valley. As a result, the area
was excessively polluted with Pb, Zn, and other PTEs'2.
In addition to mining, the industry for the production and
recycling of Pb-batteries has been present since 1956.

As Pb is transmitted to the body through the
inhalation and ingestion of contaminated dust particles,
food, and water, surrounding inhabitants have had high
levels of Pb in their blood. Especially at risk were young
children, so the first testing for Pb concentrations in blood
was carried out from 1974 to 1976, and the median Pb
concentration in the blood of preschool children was over
400 ug/L3. In 1990, the concentrations decreased to (41—
284) pg/L. In 2001-2002, more than one-third of tested
children still had elevated blood Pb concentrations
(> 100 pg/L), while in 2017, this was observed in one-
fifth of three-year-olds.

Furthermore, monitoring of Pb concentrations in
PMg in Zerjav, where a Pb smelter used to operate and is
now a site for secondary Pb production, has been carried
out since 1972. Even though Pb concentrations in PM
decreased dramatically from 1972 to 2007, annual
average concentrations increased from 250 ng/m’® to
700 ng/m* between 2010 and 2021. While previous
studies have focused on the distribution and
environmental burden of Pb in the upper Meza Valley, a
detailed apportionment of individual Pb
contributions remains largely unexplored.

Therefore, this study aimed to
comprehensive database of Pb

source

i) develop a
isotope ratios in
environmental and anthropogenic samples from the upper
Meza Valley, and ii) use Pb isotope ratios to identify the
primary sources of Pb in children's blood.
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Pb isotope analysis of samples from the upper Meza
Valley revealed that local samples (e.g., soil, river
sediment, ores, mine waste) have a distinct Pb isotope
composition that differs from that of anthropogenic
samples (e.g., Pb-battery components manufactured in the
area). Similar to the Pb isotope composition of PMig
samples, which showed a mix of local and anthropogenic
sources, Pb isotope ratios in children's blood also showed
mixed values (Figure 1), suggesting that inhalation of
contaminated air is a significant exposure pathway
alongside soil and dust ingestion.
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Figure 1: Pb isotope ratios in the blood of children from
the upper Meza Valley.
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Non-small cell lung cancer (NSCLC) accounts for
approximately 85 % of all lung cancer cases. It is
characterized by high aggressiveness, late detection and
difficult treatment, which often results in poor prognosis'.

Our aim was to optimize the preparation of viable
spheroids of repeatable sizes by centrifugation and to
characterize cell cultures by analyzing the expression of
cell markers.

Three-dimensional (3D) tumor models, such as
spheroids, are important for NSCLC studies, since they
better mimic tumor microenvironment in patients than
adherent cell lines’>. We established spheroids from
different numbers of cells from cell cultures LC004 and
LCO00S5, obtained from tumor biopsies of patients with
NSCLC. After optimizing the protocol, we established
spheroids from 10,000 cells and then continued their
cultivation in ClinoStar bioreactor. We monitored the
growth of 12 spheroids from each culture using light
microscopy and analyzed spheroid diameter and surface
area during cultivation. The results showed that the
overall growth of spheroids was negligible. We noticed
reduction in spheroid size (scheme 1) and significant cell
migration into the medium. Despite those results,
spheroids were of repeatable sizes. After the cultivation
in ClinoStar, we either observed a shrinkage of spheroids
or fusion into irregular clumps.

Afterwards we characterized both cell cultures and
normal fibroblast cell line MRC-5 using flow cytometry.
We analyzed the percentage of cells positive for tumor
markers cytokeratin 5, cytokeratin 7, p63 and napsin A,
the epithelial marker EpCAM, and the fibroblast marker
aSMA (scheme 2). The results showed that none of the
cell cultures was significantly positive for tumor and
epithelial markers, but both strongly expressed the aSMA
marker. These results also matched the MRC-5 cell line.

Based on flow results, we concluded that the cultures
did not contain cancer cells, but rather cancer-associated
fibroblasts (CAFs). This was also consistent with the
results of spheroid formation. The shrinkage of spheroids
and cell migration into the medium reflects the less
pronounced proliferative nature and weaker intercellular
contacts of CAFs on the account of dominant N-cadherin
which improves invasive properties of CAFs>.
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The outcome of the study highlights the problem of
CAFs overgrowth and the importance of their exclusion
from primary NSCLC cell cultures.
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Scheme 1: Average diameter of LC004 and LC005
spheroids formed from 10,000 cells over a 3-day period.
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Scheme 2: Percentage of cells positive for tumor
markers cytokeratin 5 (CKS5), cytokeratin 7 (CK7), p63,
napsin A, the epithelial marker EpCAM, and the
fibroblast marker aSMA determined by flow cytometry.
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Microplastics are widespread pollutants that can
negatively affect aquatic ecosystems by accumulating in
the organisms, disrupting physiological functions and
acting as carriers for toxic substances. While
biodegradable plastics are often marketed as
environmentally friendly alternatives, their degradation in
aquatic environments is often incomplete and slow,
allowing them to persist long enough to cause biological
effects.

Our study examined the impact of three differently
persistent  types of microplastics  polyethylene
terephthalate (PET, non-biodegradable), polylactic acid
(PLA, low biodegradable) and poly(3-hydroxybutyrate)
(P3HB, fast biodegradable), on two freshwater organisms
Daphnia  magna and Lemna minor. To mimic
environmentally more ecosystem, both
organisms were combined in one microcosm. Over a 21-
day period, the organisms exposed
concentration of 10 mg/L of microplastics with particle
size of less than 80um for all three types. The most visible
effects were found at the presence of P3HB, where the

relevant

were to a

reproduction of Daphnia magna was noticeably increased
and accelerated. P3HB also had statistically significantly
more fronds, longer root length and lower chlorophyll a
content in Lemna minor than control samples without
microplastics after 21-day period. Analysis under
scanning electron microscope (SEM) showed that P3HB
particles were not present in the organisms. On the other
hand, PLA and PET particles accumulated in Daphnia
magna, but the effects on reproduction and mortality were
less noticeable. Also, no significant trends were detected
in Lemna minor, for these two plastics. Besides the effects
on the organisms, basic water parameters such as pH,
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oxygen and nutrients were also measured. These
remained mostly stable across all groups, with only slight
variations observed in the P3HB treatment.

The results indicate that the presence of microplastics
can have effects on the aquatic ecosystems, even if they
are biodegradable. Future studies should consider long
term studies and critical evaluation of the biodegradable

materials in aquatic environments.

Figure 1: Daphnia magna under the microscope (SEM)
with PLA microplastics visible in the gut (100x).
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A key element of water management in Slovenia is
the National River Basin Management Plan, which
provides a systematic assessment of the status of water
bodies. Accordingly, surface waters are evaluated in
terms of their chemical and ecological status'.

In this study, we analysed publicly available
surveillance monitoring data (2009—2023) on pesticides
tested in the Ljubljanica River, at sampling points
downstream of treated municipal wastewater discharges
within the Ljubljana catchment, but upstream of the
confluence with the Sava River!. The dataset includes
1,994 chemical measurements of pesticides, which
represent 63.8 % of all measurements carried out for 165
different groups of pollutants.

The number of pesticides tested in the given period
was 75. They are grouped as follows: i) year of their
measurement, ii) chemical properties and application, and
iii) EU-authorised or banned!. Of these, 97.5 % of the
detected pesticides were below the limit of quantification
(LOQ). Parameters such as measured environmental
concentration (MEC) as the highest maximum annual
concentration (MAC, acute impact) and the highest
annual average concentration (AA, chronic impact) in the
period under consideration, predicted no-effect
concentration (PNEC) and LOQ were compared?. Based
on this analysis, a new proposed measuring strategy
(PNEC>LOQ/2)?, and the scientific literature® we
estimated the risk quotient (RQ=MEC/PNEC) for tested
pesticides with quantified results'. Our analysis showed
(Table 1) that: i) Tebuconazole, azoxystrobin, and
metalaxyl (RQchronic and acute<0.01) pose a negligible risk;
i) Flufenacet (0.01<RQacue>0.1) and ammonium methyl
phosphoric acid (AMPA) (0.01<RQchronic>0.1) pose a low
risk; and iii) Propiconazole (RQchronic and acute>1) and
metazachlor (RQcnronic>1) pose a high risk to the aquatic
environment and human health. Given that the PNEC3
(acute for propiconazole; chronic for metazachlor) are
less than LOQ/2, their official determination method
should be improved with reducing the LLOQ (lower limit
of quantification) by factor 1.2 for propiconazole and 1.8
for metazachlor!?3.

Table 7: Comparison of parameters MEC and LOQ with
chronic (C) and acute (A) PNEC in 2009-2023 (Note:

*AA; **MAC).
==
=2 | = E = |laZ
o aq 7w O =
w8 | N8 |Ne|RF| °
Tebuconazole | 0.010%* 1.2¢ 0.01 v ] 0.008¢
Azoxystrobin |<0.002*| 0.676 | 0.01 [  [0.0015¢
Propiconazole | 0.046** | 0.000854|0.002 | X | 54.14
AMPA 0.13* | 3.0 | 0.1 | N [0.043¢
Metalaxyl |<0.001* 6.25¢ 0.01 v 10.0001€
Metazachlor | 0.011%* | 0.0022€ | 0.008 | X 5.0¢
Flufenacet |0.048**| 4.04 0.01 v 00124
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The results contribute to a more comprehensive
understanding of the chemical status of the Ljubljanica
River and support the development of more effective
methods for monitoring and assessing water pollution.
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Pharmaceutical active compounds (PhACs) are
among the major environmental pollutants in surface
waters because they are designed to affect living things
directly.

In this study, we analysed parameters tested in the
Slovenian national surveillance monitoring used to detect
new pollutants in surface waters. The study looked at
publicly available data for the period between 2015 and
2023, focusing on sampling points downstream of treated
municipal wastewater discharges (TMWD) in the
Ljubljana catchment, before the confluence of the
Ljubljanica and Sava Rivers'. The dataset includes 148
chemical measurements of 58 substances, categorised by
chemical properties and applications. The tested PhACs
represented 35.2 % of all tested pollutants, while the
proportion of their results was only 4.73 %, which
indicates the technical complexity and cost of the
measurement methods used!. The PhACs originating
from various sources are collecting in TMWDs (Figure
1). In particular, we reviewed and compared parameters
such as limit of quantification (LOQ), predicted no effect
concentration (PNEC) and the risk quotient (RQ) >34,

Determining the relevant PNEC for a specific PhAC
is a complex protocol®. US regulatory guidance requires
new PhACs to undergo standard acute toxicity tests (fish,
Daphnia magna, and algae) if the predicted or measured
environmental concentration (PEC, MEC) of the active
ingredient is >1 pgL'. In the EU, the PEC cut-offis 0.01
ugL', and if no obvious environmental concerns, no
further testing is required®. Otherwise, the PNEC for the
aquatic compartment is extrapolated by dividing the
lowest Median Lethal Concentration or Median Effective
Concentration (LC50, EC50) from standard tests by an
assessment factor from 1 up to 1000 in the EU?. For the
aquatic environment, toxicological data from the most
sensitive species are used for PNEC-water calculation. If
the PEC/PNEC is <1, no further assessment is necessary?.
Higher PNECs are recommended for short-term
exposures (days or weeks) 2. In our analysis of the RQs,
we focussed on 13 quantified PhACs. The RQs (based on
the PNEC values from the Watch Lists and scientific
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literature>*#) indicate that diclofenac, clarithromycin,
azitromycin, venlafaxine, and O-desmethylvenlafaxine
present a high risk to the aquatic environment.

The results provide a clearer understanding of the
chemical status of the Ljubljanica River, particularly
since several PhACs covered here will be regularly
analysed under the new EU Urban Wastewater Treatment
Directive, requiring quaternary treatment with at least 80
% removal efficiency of the selected PhACs from
wastewater.
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Figure 1: Sources of Pharmaceuticals in Waters.
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The rapid expansion of the lithium-ion battery (LIB)
industry has resulted in a significant increase in sodium
sulfate (Na»,SO4) production, making it one of the most
abundant inorganic by-products across the entire battery
value chain. Na,SO4 waste production occurs at multiple
stages of the LIB life cycle. The first major source is
lithium refining, where hard-rock spodumene ores are
processed into battery-grade LiOH or Li,COs. The second
is the production of precursor cathode-active materials
(pCAM), such as Nij-x,Mn,Coy(OH), or
Nij-+Mn,Co,COs for use in NMC-type batteries. A third
significant source is LIB recycling, particularly during the
hydrometallurgical process.

Over the full cycle of an NMC battery, approximately
2.5-3.5 kg of Na,SO; is generated per kilogram of NMC
cathode material. Projections indicate that by 2030, the
LIB sector alone could produce as much as 8.8x10° metric
tons of Na,SO4 annually'. Managing this growing waste
stream through conventional methods (discharge through
rivers) will be both costly? and environmentally
unsustainable, with potential aquatic
ecosystems and plant life?.

Currently, excess Na,SO4 is mainly repurposed in
traditional sectors such as detergents, glass, textiles,
paper, and small industries like food additives. However,
these markets are limited in growth and increasingly
unable to absorb rising volumes.

threats to

To address this looming surplus, this paper identified
and gave light to two main solutions for these issues
(Figure 1). First, it explores upstream elimination
strategies that target the prevention of Na,SO4 formation
at its source, such as redesigning existing production
processes for lithium refining and pCAM synthesis to
avoid sodium-based precipitation routes. Second, it
presents downstream valorization approaches that recycle
or convert Na,SOs into high-value products, with
particular emphasis on closing the loop by reintegrating
recovered Na,SO4 into the battery production chain.

60

Together, these strategies aim to shift Na,SO4 from a
costly waste disposal problem to an opportunity for
resource recovery and circular economy integration,
creating both economic value and environmental benefits
for the rapidly growing battery industry.
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Figure 1: Schematic overview of Na,SO4 generation
across the LiB (NMC type) lifecycle and proposed
solutions to address them.
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Carbazole-based molecules have emerged as
versatile and high-performing materials for interface
engineering in optoelectronic devices, particularly as
hole-transporting self-assembled monolayers (SAMs) in
p—i—n perovskite solar cells (PSCs) (Figure 1). The
widespread use of these molecules can be attributed to the
unique combination of favorable properties, including
favorable optoelectronic characteristics, high thermal and
morphological stability as well as synthetic tunability that
allows precise modification of both electronic and
structural features.!-?

The overall performance, efficiency, and long-term
stability of PSCs are strongly influenced by the structural
and electronic features of the SAM layer. Therefore,
precise control over molecular orientation, electronic
structure, and anchoring group design is essential for
achieving efficient hole transport, maintaining indium tin
oxide (ITO) integrity and stability while also ensuring
optimal alignment between the SAM’s highest occupied
molecular orbital (HOMO) level and the electrode work
function (WF).?3

While many previous studies have focused on
horizontal carbazole architectures,® less is known about
the impact of orientation and dipole alignment at the
molecular level. In this study, we explore structure—
property relationships of vertically aligned carbazole
SAMs. To support our molecular design strategy, we
carried out calculations of HOMO energies and molecular
dipole moments for a diverse series of functionalized
carbazole derivatives.

We will present our strategy for rational molecular
design via 90 ° carbazole orientation (Figure 1) and
analyze how parameters such as HOMO, dipole and
anchoring groups affect the properties of PSCs.
Anchoring groups including phosphonic acid, boronic
acid and carboxylic acid will be compared in terms of
work function modulation, ITO compatibility, and long-
term  stability.  This

combined computational—
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experimental approach enables the targeted optimization
of carbazole-based interfacial layers for improved
performance in PSCs, paving the way for more stable and
efficient next-generation optoelectronic technologies.

Tuning: * Anchoring
Electrode group
¢« HOMOg; * WFo

Electron Transport Layer

Perovskite

© =H, OMe, Br, CN, NO,
) = Anchoring group

PEROVSKITE

Hole transport layer,

ITO

PEROVSKITE ¢ L
_ 90 °
<ol l“l
! ! !
. IT)O . ’ IT6 g

Figure 1: Schematic representation of a p-i-n perovskite
solar cell and SAM interface tuning. Carbazole
molecules are flipped by 90 ° adopting a vertical
orientation resulting in an increased dipole moment
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Learning chemical concepts is based on the
observation of natural phenomena. For the correct
construction of mental models of chemical concepts, it is
essential that both teaching and learning involve the

simultaneous integration of the three levels of
representation (Figure 1).!
Macroscopic
Submicroscopic Symbolic

Figure 1: Johnstone’s model, the triangle of the
triple nature of the chemical concept'

It is known that students today tend to use learning
strategies that allow them to make quick decisions with
minimal cognitive effort. However, these strategies can
oversimplify the learning process and lead to
misconceptions or incomplete understanding of, for
example, the relationship between the submicroscopic
structure of a substance and its macroscopic properties.
Research shows that students who have developed
misconceptions often justify their reasoning with a
superficial of the macroscopic
misapplication of the submicroscopic level.> Motivation
and interest also play an important role in memory
performance and further knowledge acquisition. Some
studies suggest that students with a higher level of
intrinsic motivation and individual interest tend to
perform better on knowledge tests.?

use level or a

The aim of our study is to investigate the influence of
individual interest and motivation for chemistry lessons
in 9th grade primary school on students’ understanding of
the triple nature of macronutrients, including
carbohydrates, fats and proteins.

The study is based on a causal non-experimental
method in educational research using a mixed methods
approach. The random sample consisted of 79 ninth grade
students (31 girls and 48 boys; M = 1.39, SD = .49) aged
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14 years (M = 14.63, SD = .49) from a primary school in
Ljubljana in the school year 2023/2024.

Knowledge of the content of macronutrients and
possible misconceptions were measured using a paper-
and-pencil knowledge test. Students’ individual interest
in learning this content was assessed using a purposive
questionnaire, while motivation was explored through
structured interviews. We interviewed the top 10% of
students (high achievement) and the bottom 10% (low
achievement) based on their performance on the
knowledge test.

The results show that half of the students (51%)
achieved at least 50% of the total score in the knowledge
test. A t-test revealed no statistically significant difference
between the genders in the number of points achieved in
the test (#(79) =—.87, p > .05). Almost half of the students
(48%) had misconceptions in at least one question. The
analysis of variance (ANOVA) showed no statistically
significant effect of individual interest on the students'
test results, F(2, 79) = .42, p = .66, n*= .01.

The surveys showed that students who scored well
on the knowledge test generally had a stronger external
orientation to learning chemistry. Regardless of their test
scores, all students indicated that experiments were the
most motivating aspect of chemistry instruction.

This suggests that there are misconceptions among
students and that neither individual interest nor gender is
related to test performance. Most students who achieved
good test results were externally orientated.
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The ORF1 protein (ORFlp) is an essential
component of the LINE-1 retrotransposon, acting as a
high-affinity, = non-sequence-specific =~ RNA-binding
protein with nucleic acid chaperone activity. It contains
an intrinsically disordered N-terminal region (NTR), a
coiled coil domain (CC) responsible for trimerization, a
central RNA recognition motif (RRM), and a C-terminal
domain (CTD), which together mediate nucleic acid
binding'. Our aim was to express and purify recombinant
ORFlp fused to a maltose-binding protein (MBP) tag to
assess construct stability and obtain enough protein for
further studies.

We  constructed pMCSG7-MBP-ORFlp and
pMCSG7-ORF1p-MBP vectors by PCR and in vivo
assembly?. These constructs were expressed in E. coli
BL21[DE3], and the resulting MBP-ORF1p and ORF1p-
MBP fusion proteins were purified by immobilized metal
ion affinity chromatography (IMAC), exploiting the Hise-
tag, or MBP affinity chromatography targeting MBP.

After induction, both constructs showed bands near
the expected size (~83 kDa), but the C-terminal fusion
(ORF1p-MBP) also displayed a lower band at ~66 kDa,
suggesting possible proteolysis. We therefore focused on
the MBP-ORF1p construct.

To evaluate purification efficiency, we compared
isolation of MBP-ORF1p using HisTrap and MBPTrap
columns. In both cases, a substantial amount of the target
protein was recovered, although a significant portion
remained unbound. The purity of elution fractions was
similar for both methods, but neither achieved complete
isolation, and several contaminating proteins were still
present. A degradation product of approximately 40 kDa
was detected in both cases, suggesting that partial
proteolysis of MBP-ORFIp may during
purification.

In conclusion, N-terminal fusion of ORF1p to MBP

occur

proved to be more effective for expression in E. coli,
likely due to shielding of the disordered N-terminal
region, which is prone to proteolytic degradation®. While
both affinity purification approaches successfully isolated
the target protein, the presence of contaminants and
degradation products indicates that purification
conditions require further optimization. This may include
reducing purification time, adjusting buffer ionic
strength, or adding specific protease inhibitors to enhance
protein stability and purity*.
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Figure 1: Structure of LINE1 ORF1p homotrimer (PDB
ID: 6FIA, 2YKP; AlphaFold DB ID: AF-Q9UNS81-F1).
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Figure 2: Overview of the experiments.
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Polypeptides are polymers with amide bonds (-
CONH-) between a-amino acid repeating units. Synthetic
polypeptides can be efficiently, cost-effectively, and on a
large scale prepared from N-carboxyanhydride
monomers via ring-opening polymerization.! Various
functional groups can be implemented into the
polypeptide  structure to further  post-
polymerization reactions. Especially interesting are
photochemical reactions as we can control when and
where new bonds are formed. In this work, we explore a
light-induced nitrile imine mediated tetrazole-ene
cycloaddition (NITEC). In this 1,3-dipolar cycloaddition,
photoexcited tetrazoles release nitrogen to generate
reactive nitrile imines in situ, which then react with

allow

various alkenes or alkynes to form pyrazoline-based
covalent bonds.> The goal of our work was to
functionalize polypeptide chains with a tetrazole and a
maleimide group, and demonstrate linking of the two
polypeptides together via NITEC reaction.

To obtain a polymer with functional groups suitable
for NITEC, we first transformed our starting material, 3-
benzyl-L-aspartate, into  [-benzyl-L-aspartate = N-
carboxyanhydridemonomer. The 'H nuclear magnetic
resonance (NMR) spectroscopic data of the synthesized
N-carboxyanhydride are in agreement with the reported
literature data. We polymerized the N-carboxyanhydride
into poly(B-benzyl-L-aspartate) and confirmed the
identity of the product with 'H NMR spectroscopy and
matrix-assisted laser desorption/ionization time-of-flight
mass spectrometry (MALDI-TOF MS). The next step was
to functionalize the amino end-groups of the synthesized
polypeptide with a maleimide group, for which we used
N-succinimidyl 3-maleimidopropionate. Similarly, we
functionalized the amino end-groups with a tetrazole
group  using  (2-(4-methoxyphenyl)-2H-tetrazol-5-
yl)benzoic acid. We confirmed the proposed structures
with '"H NMR spectroscopy and MALDI-TOF mass
spectrometry. The NITEC photoreaction between
polypeptide-maleimide and polypeptide-tetrazole was
conducted by exposing the reaction mixture to UV
irradiation. After 11 min of irradiation, we observed
fluorescence of the reaction mixture, which indicates the
formation of photoproducts. 'H NMR
spectroscopy did not show new signals that would

However,
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correspond to the expected pyrazoline product.
Presumably, NITEC photoreaction took place and
pyrazoline initially formed but then rearomatized into
pyrazole.? This explains observed fluorescence, but the
NMR spectra had no signals for pyrazole; since the
pyrazole structure contains double bonds in positions
without hydrogen atoms, there are no corresponding
protons for NMR detection.

Our work demonstrates successful poly(pB-benzyl-L-
aspartate) functionalization with tetrazole and maleimide
groups, and shows promising results for NITEC
photoreaction between the functionalized polypeptide
chains.
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Scheme 1: Linking of two polypeptide chains via
NITEC reaction between poly(B-benzyl-L-aspartate)
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functionalized with tetrazole and maleimide groups
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Furosemide (IUPAC name: 4-chloro-2-(furan-2-
ylmethylamino)-5-sulfamoylbenzoic acid) is a loop
diuretic used to treat hypertension and edema, caused by
cardiac, renal and hepatic failure. It is a weak acid with a
pK. value of 3.8!. In addition to the carboxyl group,
furosemide molecule contains a chlorine-substituted
phenyl ring, a furan ring, a sulphonamide group and an
amine group (Figure 1). These functional groups enable
the coordination of furosemide to metal centers.
Surprisingly, only two crystal structures have been
reported in the Cambridge Structural Database? featuring
coordination compounds with furosemide anion. The
latter is coordinated either in a monodentate or bidentate
chelating manner via carboxylate oxygens.

O
N 7/

~

Figure 3: Structural formula of furosemide.

NH,

Zinc(Il), a biologically important Lewis acid,
remains relatively unexplored with this pharmaceutically
active ligand. Therefore, this study investigates zinc(II)
coordination chemistry with deprotonated furosemide.

The reaction systems consisted of zinc(II) oxide or
chloride, furosemide and aqueous ammonia solution.
Coordination complex [Zn(fur)»(NH3),] (Figure 2), where
fur represents the deprotonated furosemide, was obtained
as the main product at ambient conditions. Unfortunately,
some reactions produced mixtures with ammonium salt,
NHyfur. The salt formation proved to be suboptimal as it
consumed a significant amount of the ligand that could
otherwise participate in the coordination with the zinc(II)
ion®. Solvothermal reactions in acetonitrile or mixtures of
acetonitrile and methanol yielded an unidentified
microcrystalline solid. Compounds were characterized by
infrared (IR) and nuclear magnetic resonance (NMR)
spectroscopies, elemental (CHN),
thermogravimetric analysis (TGA) and single crystal X-

analysis
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ray diffraction analysis. The results will be presented to
shed light on the possible composition of the unidentified
compound.

Figure 4: ORTEP drawing of [Zn(fur),(NH3);]
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Biocatalysis offers a sustainable and efficient
alternative to conventional chemical synthesis, enabling
reactions with high selectivity and yield under mild,
environmentally friendly conditions'. However, the
industrial application of enzymes is often limited by their
poor operational stability, sensitivity to process
conditions, and high cost?>. Immobilization techniques,
such as the formation of cross-linked enzyme aggregates
(CLEAs), have been developed to overcome these
limitations by improving enzyme robustness, simplifying
product separation, and allowing enzyme reuse®. When
combined with microfluidic systems, CLEA synthesis
benefits from precise control over reaction parameters,
rapid mixing, and scalability for continuous-flow
operation®.

In this study, a microfluidics-based generation of
CLEAs from glucose oxidase (GOx)—a model enzyme
with broad applicability in biosensors, antimicrobial
systems, and biofuel cells>™—was optimized. Using the
Box—Behnken experimental design, the influence of
enzyme, precipitant, and cross-linker concentrations on
the properties of the resulting particles was systematically
investigated. At the optimized conditions, monodisperse
CLEA-GOx particles with an average hydrodynamic
radius of 113 £+ 1.37 nm were produced and an
immobilization yield of 100% was reached. The
recovered enzyme activity reached up to 91.39 + 1.68%,
supporting the viability of this approach for enzyme
immobilization.

Figure 1 shows a representative microscopic image
of the CLEA-GOx particles, confirming the uniformity
achieved under optimized synthesis conditions. These
results highlight the potential of microfluidics-based
CLEA generation for producing highly active and stable
biocatalysts with consistent characteristics. The
combination of high immobilization efficiency, excellent
retained activity, and reproducibility demonstrates the
suitability of this approach for scalable enzyme
immobilization, particularly in continuous bioprocessing
and flow chemistry applications where catalyst stability
and reusability are essential. These findings support the
broader application of microfluidic CLEA synthesis in
industrial biocatalysis, where consistent performance,
scalability, and sustainability are increasingly required.
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Figure 5: CLEA particles synthesized under optimal
conditions; observed by SEM at 25000x magnification.
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Catalytic C-H activation has emerged as a
groundbreaking strategy for the formation of new carbon-
carbon (C-C) bonds, particularly in the synthesis of
biaryls, which are crucial building blocks in
pharmaceuticals, agrochemicals, and materials science.
This approach offers significant advantages over classical
cross-coupling reactions, such as enhanced atom and step
economy, and reduced waste generation. While palladium
catalysts have traditionally been at the forefront of C—H
activation, cheaper and air-stable ruthenium catalysts
have become an attractive alternative, enabling access to
otherwise challenging reaction pathways. However, the
widespread application of C-H arylation still faces
challenges, including issues with regioselectivity, the
frequent requirement for specific directing groups, and
often elevated reaction temperatures that are unsuitable
for thermally labile substrates.!>3

The aim of our research was to investigate the
influence of various N-substituents of 2-phenylimidazole
on the outcome of catalytic ortho C—H arylation. We
synthesized a series of N-functionalized 2-phenyl-1H-
imidazoles (including N-methyl, N-ethyl, N-butyl, N-
benzyl, and N-pyridylmethyl derivatives) starting from
commercially  available  2-phenylimidazole  and
appropriate organic halides, following established
literature procedures. These products were then subjected
to a C—H arylation reaction with chlorobenzene, catalyzed
by [Ru(p-cymene)Cls]s.

Through systematic optimization of the reaction
conditions, we discovered that water serves as the optimal
solvent, leading to high yields selectivity.
Unexpectedly, the addition of common ligands such as
KOPiv and PPh; was found to be unnecessary, and in
some cases, even inhibited the reaction, which deviates
from general observations in the chemical literature.
Crucially, the nature of the N-substituent on the imidazole

and

ring profoundly influences the ratio between mono- and
diarylated products. Specifically, while methyl and ethyl
derivatives yielded a mixture of mono- and diarylated
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products (with mono:di ratios ranging from
approximately 2:1 to 3.7:1), the benzyl group
predominantly directed the reaction towards the

formation of the monosubstituted product. Furthermore,
for the substrate bearing a (2-pyridyl)methyl group, we
observed an intriguing additional C—H activation on the
imidazole ring itself, however most of products formed in
trace All  resulting  products
comprehensively characterized using '"H NMR, *C NMR,
IR spectroscopy, and high-resolution mass spectrometry
(HRMS).

amounts. were

[Ru(p-cymene)Cl,),

N R-X N cl 25m0|/o RN, N\NR
) +
é © water, 140 c &
K,COj; (3 ekv.)

R: Me, Et, Bu, Bn, pyridylmethyl
X: Cl, Br

Scheme 1: Two-step reaction scheme

Table 8: Ratios of mono- and diaryl products

R Mono:Di
Me 2:1
Et 3.7:1
Bu 2.8:1
Bn Mono
pyridylmethyl /
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NAC supplement development for the reduction of the health gap

Product development and business plan
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In Slovenia, only half of the low-income population
is in good health, compared to only a quarter in Lithuania.
70-80% of people with high incomes report good health.
Significant health gap can also be observed between
different levels of education. To help reduce the health
gap of the disadvantaged population, we (1) developed a
product mix to address common health issues and boost
the immune system, and (2) prepared a business idea,
targeting those people (OECD, 2025 and Eurostat, 2025).

Primary goal was to develop a scientifically backed,

price-competitive, synergetic antioxidative mix—a
product designed for daily use that boosts the immune
system and neutralizes free radicals through a carefully
selected combination of antioxidants. Secondly, we have
created a synergetic mucolytic mix that focuses on
thinning mucus and supporting respiratory health, making
breathing easier during respiratory discomfort. Lastly, we
have established a comprehensive customer support
system, including a website, chatbot, and live support, to
provide scientifically grounded information and promote
transparent communication about the products’ effects
and potential side effects in a user-friendly manner. Last,
we prepared a comprehensive business plan, studying the
customer needs, market analysis, and preparing a
production and financial plan for a start-up company.

Methodology. We reviewed scientific literature on
NAC and other ingredients, analyzed health and market
data, and interviewed experts and potential customers.
We developed evidence-based formulations, designed
recyclable packaging, and built an online platform with
an e-shop, an Al chatbot, and clear guides.

Results: We developed two scientifically backed
products, addressing main health issues of our target
population, relying on scientific literature and qualitative
analysis among experts and potential customers (Table 1).

We also prepared a business plan. The health
supplement market is growing, driven by greater health
awareness, rising purchasing power, and an aging
population (Statista, 2025). The EU and US have a
combined potential €2.8 billion; our estimated achievable
share is €2.8 million. We focus on individuals with
average or lower incomes, including retirees, with, on
average, poorer health. Key consumer preferences
include affordability, availability, clear and easy-to-
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follow instructions, and diverse sales and marketing
channels that address the price-sensitive market. The
business model targets value-driven consumers through
retail partnerships with discount stores, online sales via
our own website featuring Al chatbot support, and
strategic collaborations with local pharmacies and health
centers. Competitive pricing significantly differentiates
us. Our sales strategy initially targets Slovenia and the
EU. We expect to reach target market in 3 years.

Table 1: Developed products and supportive services
Product

NAC Protect
200 mg N-acetilcistein
(NAC)*, Koencim Q10,
Vitamin C, Vitamin E,
Vitamin B2, Selenometionin

RespiraNAC

400 mg N-acetilcistein
(NAC)*, Vitamin B3,
Vitamin A, Vitamin B7

Support for coughing up Strengthens the natural
thick mucus. Contributes  immune response. Works in
to easier both  water and fatty

environments. Restores levels
of the body's antioxidant -
glutathione
Supportive services

https://wellforall.netlify.app

Web page With Customer support (Al
chatbot and expert support) and Web-
shop

breathing

*serving size is 2 capsules
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Microplastics found in food from cutting boards
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Microplastics are all plastic particles smaller than 5
mm. Based on their shape, they are divided into six basic
groups: fragments, films, pellets, granules, filaments and
foams. The most common sources of it are plastic
containers, cutlery, straws, tea bags, plastic food
packaging and canned coatings. Traces of microplastics
are also obtained to our food through plastic cutting
boards. According to a study by the Chemical
Association, an individual is on average exposed to up to
79.4 million microplastic particles per year.

Microplastic particles can be introduced into our
body in different ways: oral (most commonly),
respiratory and topical. On average (oral and respiratory
intake) an individual ingests between 74,000 and 121,000
microplastic particles annually. It is present in water,
milk, tea bags and seafood due to plastic pollution of the
ocean. They bring physical (e.g. damage to the body when
plastic particles rub against the tissue), chemically (e.g.
consequences of chemicals contained in plastics) and
biologically (e.g. transmission of pathogens) dangers to
our body.

We found differences in the excretion of the
amount and size of microplastic particles according to the
wear and chemical composition of the plastic cutting
boards. We compared polypropylene, a mixture of
polypropylene and polyethylene, and a mixture of
polypropylene and acrylic acid. On the cutting boards of
the mentioned materials, example of soft (sausage) and
hard (potato) food was cut into smaller pieces. We then
counted the number of microplastic particles found and
observed the sliced pieces of food under a stereo
microscope. We then boiled the water with which we
rinsed the studied boards and observed the behavior of
microplastic particles during heat treatment. We planned
a control experiment on a ceramic board to demonstrate
microplastics that were absent there and starch with
methylene blue in potato samples.

We found microplastics in the study, mostly
from worn plastic boards. The quantity and shape were
also affected by the material of the cutting board, but not
by the food that was cut on it. The microplastic particles
were small enough to be absorbed into the human body
and cause potential problems.
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sausage potato sausage potato

number of particles per 50g of food

worn cutting boards new cutting boards

PP M PP+PE W PP+AA

Figurel: Average number of microplastic particles
created depending on food hardness and cutting board
wear

Table 9: Minimum, maximum and average size of
formed particles of microplastics and their standard
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deviation

PPrAA  PPAA PPAPE PPAPE PPN

N w N w
Min. size 672 70,9 66,2 744 44 951
1\:12’; 17664 16364 11199 21667 7286 3050.8
Average  so0 | 5823 5155 5313 2882 7744
S1ze
Standard o000 4346 2680 4886 2004 6824
deviation
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The increasing integration of aluminium and copper
components in electric vehicles (EVs) and battery
systems presents significant corrosion challenges arising
from galvanic coupling effects.! When two dissimilar
metals are in direct electrical contact within a conductive
electrolyte, the less noble metal (aluminium) acts as the
anode and corrodes preferentially, whereas the more
noble metal (copper) functions as the cathode and remains
largely unaffected.? Such interactions are of particular
concern in EV battery modules, busbars, cooling systems,
and structural assemblies, where weight reduction,
electrical conductivity, and thermal management are
critical to performance.! While the use of aluminium
offers substantial mass savings, its electrochemical
activity in the presence of copper poses a durability risk,
particularly in chloride-containing environments.

This study investigates galvanic corrosion between
AA6068 and Cu-ETP, both widely applied in high-
performance EV assemblies. Cylindrical specimens with
diameters of 6.8 mm, 9.4 mm, and 11.4 mm were
precision-machined and mounted in a custom 3D-printed
polymer holder (Figure 1), ensuring reproducible, flush
metallic contact at the coupling interface. The coupled
samples were exposed to salt spray testing in accordance
with ASTM B118 (5 wt.% NaClg), cabinet temperature
35 °C), replicating marine-like atmospheric conditions
relevant to EV service in coastal, humid, or winter-road
environments where road de-icing salts are present.

After 192 hours, AA6068 exhibited accelerated
surface degradation characterised by both localised
pitting and uniform material loss, while copper remained
visually intact, Figure 1. The corrosion rate increased
inversely with specimen diameter, indicating that smaller
anodic surface areas experience higher galvanic current
densities. The observed degradation patterns are
consistent with literature reports for Al-Cu galvanic
couples in NaCl electrolytes, in which copper serves as an
efficient cathode, driving sustained anodic dissolution of
aluminium.

These results underline the urgent need for targeted
mitigation strategies in mixed-metal EV designs.
Approaches include anodising, dielectric barrier coatings,
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polymeric sealants, or mechanical design modifications to
interrupt  electrical continuity at dissimilar-metal
junctions. Among these, anodizing is particularly
promising, forming a dense, adherent oxide layer that
reduces both general corrosion and the galvanic potential
difference.

Figure 1: An example of galvanically coupled AA6082
and Cu-ETP mounted in 3D printed holder during testing
in the salt spray chamber (after 192 hours).

This research is also a restudy for developing durable
protective technologies to extend the operational lifespan
of EV energy and power systems. Future work will
include systematic evaluation of multiple surface
treatments under prolonged salt spray and cyclic
corrosion exposures, combined with electrochemical
testing.
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In our society, the use of marijuana is increasing
among the young population. To investigate the long-
term effects of marijuana on chronic users, we performed
compartment-based pharmacokinetic modelling of the
THC molecule and its metabolites THC—OH and
THC-COOH.

The THC molecule occurs naturally in various plants
of the Cannabis genus, such as Cannabis indica, Cannabis
sativa and Cannabis ruderalis. The highest concentration
of THC is found in Cannabis sativa.

Pharmacokinetics includes ingestion, metabolism
and excretion. When marijuana is smoked, the smoke is
absorbed through the alveoli directly into the
bloodstream, which means that smoked THC bypasses
first-pass metabolism (it does not pass through the liver).
It then passes directly into adipocyte tissues such as the
brain and fat!. In the brain, it affects the endocannabinoid
nervous system.

The endocannabinoid nervous system consists of
neurotransmitters, receptors and various enzymes that
synthesise and break down the neurotransmitters. A
distinction is made between endogenous (2-AG and
AEA?) and exogenous neurotransmitters THC and CBD.
These molecules bind to CB1 and CB2 receptors. When a
molecule binds to the CB1 receptor, which is most found
in the CNS and PNS, it affects memory, appetite and can
trigger schizophrenia. However, when a molecule binds
to the CB2 receptor, which is found in microglia, immune
cells, the spleen, brainstem and hippocampus, it mainly
affects inflammation and has no psychotropic properties.

THC is primarily metabolised in the liver in a two-
stage process. The first step produces the THC—OH
metabolite, which is also psychoactive and has a similar
octanol-water partition coefficient®. Due to its similarity
to THC, we have excluded it from our model. In the
second step, the THC—COOH metabolite is formed. This
metabolite is important because it has a completely
different octanol-water partition coefficient, is no longer
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psychoactive and is excreted directly via the urine. For
this reason, it is the only metabolite that we have included
in our model.

There is virtually no gradual accumulation of THC
and its metabolites THC—OH and THC—COOH in users
who smoke marijuana infrequently. In chronic marijuana
users, however, the amount of THC ingested is greater
than the number of cannabinoids metabolised and
excreted. This effect can lead to false positive results in
tests for marijuana use conducted by law enforcement and
medical personnel.
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Figure 1: Accumulation of THC and THC—OH in
adipocyte tissues
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Plastic waste 1is an increasingly
environmental problem, so the development of
biodegradable materials is necessary to reduce pollution
and the consumption of fossil resources. In the study, we
examined the possibility of preparing a biopolymer from
denatured casein, a milk protein, as a sustainable
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alternative to synthetic plastic. We determined how the
type of milk, amount and concentration of vinegar, and
milk temperature affect the utilization of casein and the
properties of the resulting solid substance.

Casein is a natural phosphoprotein that forms
colloidal micelles in milk that are sensitive to pH
changes'. At a pH reduction to the isoelectric point
(around 4.6), the micelles destabilize and precipitate. The
precipitation process was carried out using alcohol
vinegar, and the resulting precipitate was dried and
formed into blocks. We examined the mechanical
properties of the products, including strength, odor, heat
resistance, and practicality.

We used different types of milk: whole, low-fat,
protein (with higher protein content), soy milk, and
expired milk. We achieved the highest yield and most
compact biopolymer with protein milk, which we
attribute to the higher casein content and denser protein
network®. Whole milk also proved to be a good raw
material, while the product from semi-skimmed milk was
less durable. Due to the absence of casein, soy milk
produced a fragile and weak material.

Milk past its expiration date yielded lower yields, but
its use supports a sustainable strategy for reducing food
waste. The largest decrease in casein content after the
expiration date was observed in non-homogenized milk
(47.6%) and full-fat long-life milk (—36.6%). The smallest
decrease was in semi-skimmed long-life milk (only —
4.3%), indicating greater stability during storage. Protein
milk lost almost 30% of its casein, showing that even this
is not resistant to degradation at acidic pH after the
expiration date. At the same time, sensory testing of the
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squares showed that the products made from protein milk
had the best ratings in terms of strength and temperature
resistance. We also formed beads from some of the
samples, which we tested as dog toys — this allowed us to
explore additional practical applications of the
biopolymer. Overall, a reduction in the amount of
precipitated casein was observed in all types of milk,
likely due to protein degradation by proteases,
denaturation of casein and/or formation of insoluble
aggregates, and changes in the colloidal structure of milk
caused by microbiological activity.

We can conclude that protein milk has the greatest
potential for producing bioplastics based on casein.
Incorporating surplus or waste milk into the process
further enhances the environmental and economic
justification for using this material®.

Figure 1: Condition of squares made from different
types of milk after the endurance test
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Fossil fuels and their excessive use remain one of the
key problems of modern society, contributing to
environmental pollution, resource depletion, and climate
change. As an alternative, hydrogen offers a cleaner and
more sustainable energy solution, especially when used in
fuel cells, which produce only water and heat during
operation. This greatly reduces waste compared to
conventional energy sources and helps lower harmful
emissions.

In our research project, we investigated the
production of hydrogen through the electrolysis of water,
where an electric current splits water into hydrogen and
oxygen gases. We examined how different factors affect
gas production, including the type of electrolyte (sodium
hydrogen carbonate — NaHCOs vs. potassium iodide —
K1), the applied voltage and current, and the duration of
the process.

Our experiments showed that potassium iodide (KI)
is a more effective electrolyte than sodium hydrogen
carbonate, resulting in greater gas production. We also
confirmed that higher voltage and current increase the
amount of gas produced, and that gas formation is
proportional to time, following a consistent linear trend.

As a practical application, we built a simple PEM
(Proton Exchange Membrane) fuel cell using materials
available in the school laboratory. The fuel cell
successfully generated 0.14 V, demonstrating the basic

principle of converting hydrogen into electrical energy,
although the output was limited due to the simplicity of
the setup.

Overall, our project highlighted the potential of
hydrogen as a sustainable and clean energy source for the
future, though further research is needed to improve
efficiency, reduce costs, and enable large-scale
applications.
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Scheme 1: Volume of products
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Nowadays, people are increasingly exposed to
microorganisms that have various effects on our health.
Due to the increasing use of antibiotics, cleaning agents
and  other  synthetic  substances, pathogenic
microorganisms are becoming resistant. This makes it
difficult to remove them, which in turn can lead to more
and more bacterial diseases. For this reason, we decided
to study alternatives to modern cleaners in the research.
Essential oils were used in the research. We determined
the effectiveness of essential oils of lavender, ginger and
spruce tops in removing Escherichia coli bacteria and the
ability of lavender essential oil in removing biofilms. We
used 100% concentration of all extracts, and for lavender
essential oils we also used oils diluted to 50% and 25%.
In the case of lavender essential oil, we also checked the
effectiveness of these oils obtained from plants in 2022,
2023 and 2024. We first prepared an overnight culture of
E. coli bacteria on a nutritious microbiological medium,
which we later used in the experimental work. Discs
soaked with essential oils were applied to the cultures and
the antimicrobial effectiveness of each substance was
determined based on the inhibition zones. In the second
part of the experiments, we transferred the bacteria to
microtiter plates, in which we grew a biofilm, which was
treated with essential oils in the next steps. After exposing
the biofilm to essential oils, we measured the optical
density of the crystal violet dye, which was extracted from
transiently colored cells, using a microtiter plate reader,
and determined the effectiveness of the oils in removing
biofilms. For the studied essential oils, we proved their
effectiveness in destroying E. coli and removing biofilm.
The amount of active substances in plants can also be
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influenced by environmental factors, as we detected
differences between individual ethereal charcoals,
depending on the year the plants were harvested.

Figure 1: Escherichia coli
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Endocrine disruptors are substances that are foreign
to the body but, due to their structural similarity to natural
hormones, can mimic, enhance, or block their function.
When their harmful effects are proven, they are referred
to as endocrine-disrupting chemicals. Among them are
bisphenols, a group of organic compounds that are widely
used in industry, particularly in the production of plastics
and epoxy resins. Due to their properties — such as
strength, impact resistance, and transparency — bisphenols
are essential for the manufacture of everyday products,
such as plastic bottles, packaging, and children's toys.

Bisphenols are also used as an organic acid in thermal
paper, which is used to print invoices, labels, declarations,
ATM receipts, airline tickets and parking tickets. In this
form, they can be particularly problematic, as they can be
more easily absorbed into food, our bodies and the
environment as monomers.

The purpose of the present research work was to
study the presence of bisphenol S (BPS) in thermal paper,
which is often encountered in shops, restaurants,
drugstores and other everyday environments. The aim
was to determine whether BPS is present in most samples
and to check the absence of bisphenol A, which is banned
in the European Union.

Using cyclic voltammetry, we analysed 26 thermal
paper samples and prepared BPS standard solutions of
different concentrations, which enabled the calculation of
BPS concentrations in real samples. During the analysis,
we found that 62 % of the samples contained BPS, and
these samples were mostly obtained from restaurants and
grocery stores, indicating a wider presence of this
compound in everyday life. The presence of bisphenol F
(BPF) was observed in three samples, while seven
samples did not contain either BPS or BPF.

We also estimated the daily intake of BPS in the body
due to handling thermal paper. Estimates show that for the
general population, the daily value of BPS is estimated to
be 0,0000003 ng/day, while for occupationally exposed

people (OEP) such as shopkeepers and restaurant
workers, the value is greater than 0.00002 ng/day. In the
EU, the Tolerable Daily Intake (TDI) for BPS has not yet
been determined. If the TDI limit were set the same as for
BPA (0.2ng/kg body weight/day), occupationally
exposed people could exceed this limit just from contact
with thermal paper, bearing in mind that this does not
include other possible sources of exposure.
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Scheme 1: The process of preparing real samples

Table 10: Estimated TOTAL daily intake of BPS due to
contact with thermal paper

All EDI EDI(OEP) ZDI/k ED}SOE/II: )
samples [ng/day] [ng/day] [ngb‘i}]/ g [ngbvaa/ g
Overall

0,0000003 0,000022 0,004 0,31
average
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Understanding patterns of psychoactive substance
(PAS) use among youth remains a public health and
environmental challenge. In this interdisciplinary study,
we employed wastewater-based epidemiology (WBE) to
analyze wastewater samples from treatment plants in
Ljubljana and Trbovlje, Slovenia, aiming to detect the
presence of PAS and correlate them with survey-based
data collected from high school students. Solid phase
extraction was used to concentrate the wastewater
samples before applying rapid immunoassay urine tests.
We also conducted an anonymous online survey (N =
532) and analyzed the results using cluster analysis and
Al-based data mining.

Our findings confirm the presence of cocaine, THC,
and morphine in wastewater samples, particularly after
sample concentration. Initial unprocessed samples
yielded false negatives due to low analyte levels,
confirming our hypothesis. The survey revealed
significant peer influence and accessibility of PAS in
urban areas. Data mining identified four distinct user
groups differing in experience, attitudes, and risk
perception.

This study highlights the complementary nature of
chemical and social data in addressing PAS use. WBE
offers an objective snapshot of substance use trends,
while surveys provide insights into user behavior and
context. Together, they represent a powerful toolset for
schools, policymakers, and public health professionals
aiming to combat youth substance abuse.
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Figure 1: Solid-phase extraction cartridges (Oasis
MCX) used for sample concentration from wastewater
samples collected in Ljubljana and Trbovlje.
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Recycling practices have been known for thousands
of years. With the development of industry, we have
become a community that exceeds 8 million tons of waste
annually in Slovenia alone.! Despite the increasing
amount of waste, attitudes towards it have begun to
change — we have created a concept that tries to preserve
resources through production, consumption, and reuse,
without burning or otherwise endangering the health of
the ecosystem and people. We started using the term “zero
waste” for it.2

Most of the movement in Slovenia is promoted by the
organization Ekologi brez meja, which aims to guide
individuals and organizations in preventing waste
generation through awareness and networking. And one
such event where they help is the Maraton treh src.’

Maraton treh src is a sports event organized by
Sportno drustvo Tri srca since 1981. At the same time, it
is also the first running event in Slovenia with a "zero
waste" vision and the "zero waste" event title it received
in 2022. At the event itself, members of “zelena straza”
are responsible for waste management, proper sorting,
and educating visitors on proper waste sorting.*

The first research method was the observation of the
“zelena straza” on how visitors handle waste. We noticed
that a large number of visitors would have thrown away
their trash incorrectly if it weren’t for the intervention of
the “zelena straza”. Such waste was mainly plastic and
paper packaging and cans. A big problem was also the
used, i.e. dirty paper plates, which visitors wanted to
throw into the paper bin, but they belong to the biological
waste. Among the recorded observations, there were also
records of littering outside of the trash cans. The latter
was recorded several times in 2023, specifically near
areas where large crowds of people were moving at the
same time.

The second method of research was a survey. First,
we were interested in the familiarity of the visitors with
the term "zero waste". Only 63% of the surveyed visitors
knew this in 2022 and 2023. We then investigated the
knowledge of Maraton treh src as a "zero waste" event,
and it turned out that only half of the surveyed visitors
knew about it, and they learned about it at the event itself
the previous year or through social media. Visitors were
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very supportive of the marathon's "zero waste" operation
and encouraged more events like this.

DA (49%)

n= 255

NE (51%)

Scheme 1: Percentage of participants that knew that
Maraton treh src was and is a “zero waste” event

We also conducted two interviews. One was with
Marko Pintari¢, the main organizer of the marathon,
where he told us that organizing such a big event as “zero
waste” needs various adjustments and more financial
resources, since environmentally friendly materials are
often more expensive. The second interview was with
Katja Sre§, a representative of the association Ekologi
brez meja. She expressed the importance of “zelena
straza” helpers at these events are of great meaning and
that these big events, such as Maraton treh src, will always
be needed. She said that when organizing such events, it
is crucial to plan early enough for possible emerging
problems such as poorly labeled modern materials, which
still cause problems for organizers when sorting.
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Rapid technological advancements, particularly in
artificial intelligence (AI) and mixed reality (MR), offer
new opportunities to create engaging educational tools.
Our project aimed to develop an innovative card game
enhanced by mixed reality to raise awareness among
adolescents about the risks of psychoactive substances
(PAS). Each card in the game represents a creature:
penguins, symbolizing resistance strategies against PAS,
and "pasosaurs", dinosaurs alike monsters, representing
specific  psychoactive substances—designed using
generative Al to reflect the substance’s characteristics and
effects visually.

Considering the increasing popularity of tobacco and
nicotine products among youth, we conducted a survey
involving 532 students aged 14—19 from STPS Trbovlje
and Gimnazija Ledina. Our results indicated that curiosity
and peer influence are primary reasons behind
adolescents' experimentation with new nicotine products
such as vapes and nicotine pouches, surpassing traditional
cigarette usage.

The developed game integrates digital MR elements
via AR.js and p5.js libraries, enhancing interactivity and
engagement. Through gameplay, participants confront
realistic scenarios regarding substance effects, fostering
critical thinking and informed decision-making. Al tools
significantly expedited game development, enabling
rapid prototyping, image generation, and the creation of
interactive 3D models. Although the technology faced
challenges, notably in marker recognition accuracy and
Al licensing constraints, our findings demonstrate MR's
substantial educational potential and Al's effectiveness in
streamlining complex creative processes.

Our study underscores the value of merging Al and
MR technologies in educational contexts, promoting
innovative approaches to social awareness and preventive
education. The project received the prestigious Gold
Innovation Award at the Innovation Awards of the
Zasavje Chamber of Commerce and was presented at
numerous national and international conferences,
including events in Kazakhstan, India, and prominent
Slovenian international forums.
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With this study, we demonstrated that young people
can effectively engage their peers in understanding and
embracing social values. As Peter Drucker famously said,
"In times of turbulent change, the issue is not the
turbulence, but rather acting with yesterday's logic."

v . e
Figure 1: Students playing the MR-enhanced card game,

experiencing interactive learning through mixed reality
technology.
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In this study, we investigated the presence and
potential impact of micro-organisms on concrete,
focusing on their growth, metabolic properties and ability
to dissolve and form minerals. We sampled different
locations of the concrete fence on the terrace of the Joze
Ple¢nik Gymnasium and also took concrete samples at
selected sample points. When observing the growth of
micro-organisms, we found that higher microbial
diversity and abundance occur on wetter surfaces. By
analysing the concrete samples under a scanning electron
microscope (SEM), we detected biological debris and
calcium carbonate (CaCOs) deposition, with the highest
deposition detected on the sample with the higher
moisture content, which also had the highest growth and
biodiversity, indicating that the CaCOs3 is formed due to
microorganism activity.

Further analysis showed that isolated micro-
organisms can have both positive and negative effects on
concrete. Some isolates form pigments that can cause
undesirable aesthetic changes to concrete surfaces, while
others are capable of dissolving CaCO3, which can lead
to material degradation. We have also identified micro-
organisms that exhibit positive properties for concrete,
such as the ability to biomineralise, which allows the
concrete to self-harden. All fungi and two selected
bacterial isolates are urease-positive, which means that
they form minerals by the process of ureolysis. The results
of our research also suggest ways to protect concrete
heritage and support the development of the idea of
biomineralisation and self-renewable materials for
sustainable construction.
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Picture 1: Comparison of pyramidal crystals — isolate G-
3 (A) and round crystals — isolate G-1 (B), formed
through the process of biomineralisation.
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Picture 2: Overview of microbial growth on R2A, HA,
MEA + Ch, DRBC and BHI media from all sampling
sites after 144 hours of incubation.
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Nanotechnology is an interdisciplinary and fast
developing field focused on the research and creation of
materials, usually nanoparticles (NP), with distinctive
properties in the nanometer scale. The high surface-to-
volume ratio of such materials enables innovations
beyond the possibilities of conventional materials of
larger size.!

Silicon dioxide, referred to as silica, is a material
widely present in nature and everyday life — as silica gel
packets, used to adsorb moisture, and as quartz sand in
construction and glassmaking. Moreover, silica has low
toxicity and is biocompatible, which enables its use in
pharmaceutical, cosmetic and food industries. Silica
nanoparticles are widely researched for applications in
biomedical, analytical, optical, and environmental fields.?

Figure. Transmission (A) and scanning (B) electron
microscope micrographs of silica NP. Fluorescence
emission of Eu-complex (C; middle), rhodamine (C;

right), and fluoresceine-embedded silica NP (D; right).
On the left of (C) and (D) are silica NP with no dye.

In our work, we synthesized three types of
fluorescent silica NP by embedding a fluorescent dye in
the silica structure. The used dyes were fluorescein,
rhodamine, and a europium complex (Eu-complex). The

fluorescent silica NP were synthesized from TEOS in a

mixture of water, ethanol and ammonia with admixed
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individual silane-functionalized fluorescent dyes.?
Furthermore, the NP were colloidally stabilized by
attaching polyethylene (PEG) molecules on their surface.

The NP were characterized with several analytical
methods. Their dimensions were determined by electron
microscopy (Figure A and B) and their hydrodynamic
diameter was measured by dynamic light scattering. We
found that the fluorescein-embedded NP had the largest
diameter (147 nm) and rhodamine-embedded ones had
the smallest (118 nm). As expected, the attachment of
PEG to the NP surface increased the hydrodynamic
diameter (by ~10 nm). Moreover, the surface charge of
the NP was determined with zeta potential measurements.
The rhodamine-embedded NP had zeta potential of -45
mV, which was 14 mV lower than fluoresceine or Eu-
complex embedded NP (zeta around -31 mV). By
attaching PEG-molecules to the surface, the zeta potential
value did not change significantly, since PEG is
uncharged. Lastly, the NP suspensions were exposed to
UV light at 254 and 366 nm, where we qualitatively
confirmed the successful incorporation of dyes by
observing the distinctive emission of colored light from
dye-embedded silica NP samples (Figure C and D).

In our study we successfully synthesized silica NP
with embedded three different fluorescent dyes. Such NP
will be used for future studies in biomedical, optical and
sensing fields.
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The objective of the study was to modify the tertiary
structure of an enzyme in order to achieve greater stability
and increased activity. More than 35% of the proteins in
the cell are found in their oligomeric form, which has
been shown to increase thermostability!?. We
investigated whether we could achieve an increase in
stability and catalytic activity by dimerization of T7
lysozyme, an enzyme naturally found in bacteriophage
T7, whose role is to break down peptidoglycans in the cell
wall, causing cell lysis’.

After numerous attempts, we were able to create a
self-assembling dimeric enzyme by fusing T7 lysozyme
and the coiled-coil structure of protein Ssol0a*. Coiled
coils are naturally occurring protein structures composed
of two or more a-helices connected through hydrophobic
and electrostatic interactions®. The antiparallel coiled coil
found in protein Ssol0a is recognized as one of the most
stable two-stranded coiled coils known. By fusing it with
T7 lysozyme, we obtain a dimer with two active sites,
increasing the chance of a successful collision with the
substrate. Using collision theory, we can therefore predict
an increase in catalytic efficiency.

Figure 1: The schematic structure of the modified T7
lysozyme

We were able to confirm our predictions, as the
modification resulted in a 58% increase in activity. T7
lysozyme’s unique ability to lyse both Gram-positive and
Gram-negative bacteria, which sets it apart from other
enzymes, was maintained. Additionally, due to the fusion
of a-helices to the enzyme, T7 lysozyme’s ability to
inhibit T7 RNA polymerase was suppressed, which led to
a substantial increase in expression levels. These
improvements not only enhance the enzyme’s
performance but also make its large-scale production
more efficient and cost-effective.

The modification of T7 lysozyme has enabled its
production without the need for expensive filtration
methods, allowing for more efficient and cost-effective
This advancement opens
opportunities for addressing the escalating global threat

of antibiotic-resistant bacterial infections. T7 lysozyme

manufacturing. new
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exhibits broad-spectrum bacteriolytic activity against
both Gram-positive and Gram-negative bacteria, making
it a promising candidate in the development of novel
antimicrobial strategies. Given the alarming rise in
multidrug-resistant pathogens, particularly among Gram-
negative species®, T7 lysozyme offers significant
therapeutic potential. When used in combination with
existing antibiotics or treatments, it can markedly enhance
efficacy. Its unique lytic mechanism makes the
development of bacterial resistance highly unlikely,
positioning T7 lysozyme as a promising breakthrough in
the fight against antibiotic-resistant infections.
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Figure 2: The graph shows the activity of wild-type and
mutant lysozyme with added Zn?" ions and the mutant
lysozyme without Zn?" ions on E. coli using 5 pM
concentrations of the respective enzyme at 25°C.
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This research article focuses on the production of
sodium metal through high-temperature distillation from
common and inexpensive reagents. Sodium is a very useful
element that can be used on its own to dry certain organic
solvents or to produce special sodium compounds such as
sodium hydride and sodium amide. The synthesis begins
with choosing the right reducing agents. The cheapest,
most widely available, and most effective are aluminum
and carbon, but for the reaction to proceed properly, both
reducing agents must be used in a specific ratio.
Unfortunately, it is not practical to use only one of the
reducing agents without the other. My experiments have
shown that aluminum behaves too aggressively at higher
temperatures, producing a runaway thermite reaction that,
despite yielding a decent amount of sodium, is very
dangerous and places excessive demands on the apparatus.
Carbon, on the other hand, is too mild. The reaction with
carbon alone can be useful and has historically been used
industrially to produce sodium, but it requires much higher
temperatures to run smoothly, which would necessitate a
different apparatus and heating systeml. The solution to
this problem is to use both reducing agents simultaneously
in a 4:1 carbon-to-aluminum ratio. This achieves a reaction
that has a manageable activation energy but does not turn
into a runaway thermite reaction. When both reducing
agents are used together, aluminum provides the energy for
the reaction, while carbon moderates it, creating an ideal
balance. The reaction also does not take very long to
complete. In my case, it took only an hour and a half, and
the reaction time could potentially be shortened further by
optimizing the carbon-to-aluminum ratio. It is very
important that completely dry reagents are used. Sodium
carbonate must be in its anhydrous form, or it could lead to
an explosion. The carbon must also be preheated—
especially if charcoal is used—because it may still contain
residual moisture from the pyrolysis of wood. Throughout
the reaction, argon should be passed through the apparatus.
Argon provides an inert atmosphere that prevents the
freshly formed sodium from oxidizing or igniting. It also
helps cool the reaction and condense the sodium vapors,
although this cooling must be controlled—cooling the
reaction too much will slow it down and lower the yield.
Another benefit of argon is that it dilutes the carbon
monoxide produced as a side product of the reaction. This
minimizes the risk of sodium vapors reacting with the
carbon monoxide. Because argon is denser than carbon
monoxide, it also helps push the vapors through the cooling
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tube. For the apparatus, a cylindrical design was chosen to
fit the type of furnace used. The setup consisted of a
reaction vessel with a cover plate screwed on top. A
graphite gasket was placed between the reaction vessel and
the cover plate to prevent the metal parts from fusing
together while also ensuring a gas-tight seal. The cover
plate featured two pipes: an argon feed pipe and a
condenser pipe. At the end of the condenser pipe, a separate
connected pipe served as an off-gas outlet to prevent
pressure buildup. Beside the off-gas pipe, a receiving flask
collected the distilled sodium. During the reaction, the
heating was increased in stages. Initially, the temperature
was raised to 400 °C to fully pyrolyze any remaining wood
residues in the charcoal. It was then gradually increased to
1150 °C, the furnace’s maximum limit. The first drops of
sodium appeared at slightly below 1000 °C after 23
minutes. For the remainder of the reaction, the temperature
was maintained at 1150 °C to maximize sodium recovery.
Throughout the process, insulation covered the top of the
reaction vessel, and temperature-monitoring equipment
was used to track the reaction conditions. This apparatus is
not limited to producing sodium alone. In a similar—or
even identical—setup, other alkali metals (except lithium)
could be prepared. Besides alkali metals, other elements
and compounds such as mercury and phosphorus could
also be produced with this apparatus. Mercury could be
obtained by decomposing mercury sulfide in an oxygen
atmosphere (argon would be replaced with oxygen), while
phosphorus be prepared
hexametaphosphate, silica, and aluminum powder (in this
reaction, argon is required).

could from sodium

Figure 1: Collected sodium in a flask
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Due to the overuse of antibiotics in the past, we are
now facing one of the greatest threats to public health —
antibiotic resistance in microorganisms. Therefore, it is
crucial to find new antibacterial substances, and relatively
unexplored fungi are an important source of such
compounds. In our study, we focussed on lectins which
are proteins that can reversibly bind to sugars. Various
lectins with insecticidal activity and effects on cancer
cells have already been isolated from the Clouded Funnel
Mushroom (Clitocybe nebularis)'. One example is
lactose-binding lectin CNL, which serves as a defence
protein, as its nematotoxic and cytotoxic properties have
been proven®>. In our study, we isolated a lectin that binds
to glucose (CnGL) from C. nebularis using affinity
chromatography. The purity of the isolated lectin was
verified by gel electrophoresis, which confirmed our
assumption that the glucose-binding lectin would be
present in our sample. We also found sepharose-binding
lectin (CnSepLs), which was removed from our sample
by further affinity chromatography.

In the second part of the study, we investigated how
the isolated lectin affects the growth of the bacterial
species Listeria innocua and Escherichia coli. We also
investigated the effect of the C. nebularis extract on the
bacteria and compared this effect with that of the
antibiotic ampicillin. We monitored bacterial growth by
measuring the optical density of the bacterial cultures
using spectrophotometry. The results were presented as
growth curves in various diagrams (Figure 1). The C.
nebularis extract had a growth-promoting effect on both
bacterial species, presumably due to the numerous
nutrients it contained. We found that the CnGL lectin had
a rather small inhibitory effect on L. innocua growth,
especially when compared to the growth curve of the
bacterial culture with the antibiotic ampicillin. However,
the bacterial culture with added CnGL entered the lag
phase later than the control group, so the lectin could
affect bacterial interactions with the environment, which
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would need to be investigated further. On the contrary, the
lectin had a growth-promoting effect on E. coli. However,
bacterial growth was lower at a higher lectin
concentration than at a lower concentration, suggesting
that further studies on the effects of higher CnGL lectin
concentrations on bacteria would be worthwhile. C.
nebularis proved to be an interesting source of substances
that influence bacterial growth.
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Figure 1: Growth curves of Listeria innocua: control
sample (blue), sample with added antibiotic ampicillin
(green) and sample with added CnGL lectin (red).
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The growing environmental burden of carbon fiber
composites, widely used in industries due to their
excellent mechanical properties, highlights an urgent
need for sustainable recycling solutions. This research
explores the transformation of waste carbon fiber
composites into turbostratic graphene using the Flash
Joule Heating (FJH) method—a promising, cost-
effective, and energy-efficient process. By exposing
crushed carbon fiber composites to high-intensity electric
discharges, the material rapidly heats to over 3000 K in
milliseconds, resulting in the exfoliation of amorphous
carbon into high-quality turbostratic graphene.

The study aimed to optimize the FJH process to
achieve maximal conversion efficiency and minimal
energy loss. Systematic experimentation was conducted
to fine-tune critical parameters, including preheating
intensity, sample resistance, voltage, and pulse duration.
Optimal conditions were identified as a 200 ms electrical
pulse at 150-175 V on preheated (10 A, 3x2 s) 40 mg
samples with 120 Q initial resistance. Characterization
via Scanning Electron Microscopy (SEM) confirmed the
formation of turbostratic graphene with characteristic
layered morphology and significantly increased surface
area.

The optimized process demonstrated near-complete
energy utilization from the capacitor bank, validating the
energy efficiency of the approach. Importantly, the
obtained turbostratic graphene exhibited properties
suitable for electrocatalysis, especially in the oxygen
reduction reaction (ORR) for sustainable hydrogen
peroxide (H20:) production. The material’s high porosity,
low oxygen content, and disordered stacking enhance its
catalytic performance and position it as a viable
alternative to costly platinum-based catalysts.

This research confirms the potential of FJH as a
scalable and environmentally friendly method for
recycling carbon fibre waste into high-value graphene-
based materials. By bridging waste valorization with
advanced nanomaterials, it contributes to circular
economy principles and the development of sustainable
electrochemical technologies. The findings pave the way
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for future industrial applications in green energy,
catalysis, and environmental protection.
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Figure 1: SEM image of optimized turbostratic
graphene showing layered and wrinkled morphology

(magnification 20,000x).
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Urinary tract infections are among the most common
bacterial infections, with uropathogenic Escherichia coli
being the most frequent causative agent.? Pathogens bind
to glycoproteins on the surface of uroepithelial cells with
their lectin FimH. This leads to the ability to oppose
urinary flow, and thus prolong the infection time. FimH
is a mannose-binding adhesin located at the tip of type 1
pili.3

Current treatment approach is the usage of
antibiotics. This method leads to development of strains
resistant against most of the currently available
antimicrobials.> New treatment strategies are already
being developed, among which antiadhesive therapy
represents an attractive alternative. New diagnostic
therapies are also emerging.'*

Within this research project, mannose-based FimH
antagonists were synthesized. D-mannose’s relatively
weak affinity for FimH can be improved by incorporating
various aglycones to the D-mannopyranose via o-
glycosidic  bond.  Therefore, probes
(thodamine B, rhodamine 6G and 5-carboxyfluorescein)
were attached to D-mannose. All the fluorescent dyes are
pH-sensitive due to changing the shape of the molecule in
a different environment.> Compound synthesized within
the research project have an aglycon attached via N-
glycosidic bond, which is known to be more stable in

fluorescent

physiological environment.?

Absorbance and fluorescence of final fluorescently
labeled compounds were measured at different pH values.
Results were graphically displayed and evaluated. The
pKa values were determined by analyzing titration curves.
Two of the final products displayed maximum
fluorescence in acidic environment, and one has a
fluorescence maximum at cytosolic pH. All final
compounds have a small Stokes shift (22-28 nm).

The final compounds synthesized from 5-
carboxyfluorescein and rhodamine 6G were sent for
testing on bacteria, while the compound from rhodamine
B was eliminated due to its relatively low fluorescence.
The two compounds are able to bind to the bacterial pili,
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and even after washing, a portion of the compound
remained bound to them.

1 x
wash

Figure 1: Bacterial imaging of two final compounds,
showing their presence in the sample before and after
rinsing with buffer. The two final compounds are
presented in the upper pictures.
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