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AT THE CROSSROADS OF THREE REALMS

The 2025 Cutting Edge Conference took place on 15 th September 2025 at the
Faculty of Chemistry and Chemical Technology, University of Ljubljana. This
UAAORO OBtAtheAGrossroads 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 10 O participants from Slovenia and abroad,
representing diverse fields of research. Among them, 71lresearchers presented
their work within three thematic sessions: Science Behind the Living ,
Materials of the Future ,and Technologies for the Earth and Environment .
&1 O OEA OAATT A OEI A ET #O00O0OEI C WACARO EEOOI OUt
Young Minds2 was organized for secondary school students . Atotal 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 poste r and the best oral
presentation. After the formal program, participants were invited to an
afternoon networking session, offering opportunities to connect with sponso rs
and fellow researchers.

We would like to express our sincere gratitude to the scientific committee
members: AT At AOt *AET A +1 EOT+ 5011 2APOI+ *AOTAE )
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 outstan ding
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 !

Z Cutting Edge Organizing Team
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Cold Plasmaactivated Water (PAW):
Reactive Oxygen and Nitrogen Speci@ONS)Among Key Factors
Contributing to PAW Antimicrobial Activity
Ana Gotvajrit, HelenaProseR, Breda JakovaStrajrf, Gt ePiamt ar i |

1 Veterinary FacultyUniversity of LjublianaGe r b i | e v, 81000 lijubljana,6Shvea
2Faculty of Chemistry and Chemical Te SH@00 Ljublgna,Slowimi ver si

PAW is a new type of disinfectant that differs from

most commonly used chemical disinfectants in that it does L) @:
not contain any added chemical substances that would & f / ‘
form degradation product®f themselvesafter the : — % —
antimicrobial effect, which could pollute the environment - \ \
and pose a health risk. PAW is created when water is AN Lsmn
treated with plasma. Plasma is often defined as the fourth Generating PAW Treating §. aureus Courting colonles
state of matter and is an ionised gas. When plasma with solutions treatment
interacts with water, @mical reactions take place that Scheme 1Visual summary of preliminary studies
lead to the formationof RONS. (Created in https://BioRender.cdm

The RONS formed, which are known to contribute to
the antimicrobial activity of PAW, can be divided into It is known that the presence of impurites reduce
shortlived and longlived species. The former, such as the effectiveness of the disinfectants used. Therefore,
hydroxyl radicals AOH), nitric oxide (NO) and future research will focus on the efficacy of the
peroxynitrite  (ONOO), usually have a halffe of antimicrobial activity of PAW in the presence of organic
nanoseconds to a few seconds and then tend to react and matter, which is in line witlthoserstandards for testing
form more stable molecules. Lotiged species, such as the efficacy of chemical disinfectan#t the same time,
hydrogen peroxide (}D,), ozone (@), nitrite (NOy) and we will monitor the pH, ORP and concentration of
nitrate (NQ), have a halfife of minutes to days. selected RONS, thus contributing to a more
Physicaldamageto thevital cdlular structures and the comprehensive understanding of the role of key factors in

induction of oxidative stress in the bacterial cell are two  the antimicrobial activitpf PAW. Identifying potentially

fundamental principles of the antimicrobial effect of ~ newly formed compounds after disinfection in the

RONS. presence of impuritiewill contribute to evaluating the
In the peliminary studies theefficacy of the safety of thisnode ofdisinfecton for human, animal and

antimicrobial activity of PAW generated with a plasmajet ~ environmental health.

device using filtered air was tested Staphylococcus

aureusaccordingo modified standard ISO 48332013. References:
(Scheme 1, Table 1). 1. Wong, K. S.; Chew, N. S. L.; Low, M.; Tan, M. K.
PlasmaActivated Water: Physicochemical
Table 1: Logarithmic reduction 0§. aureusfter 15 Properties, Generation Techniques, and Applications.
minutetreatment witt0.1 mL of prepared solutions Processe2023 11(7), 2213.
(*Saline-corrected values) 2. Herianto, S.; Arcega, R. D.; Hou,€.; Chao, H:R.;
Solutions Logio Logio Lee, C:C.; Lin, C-M.; Mahmudiono, T.; Chen, H..
reduction reduction* Chemical Decontamination of Foods Using Non
NaCl (0.9%) 1.05 Thermal Plasm#ctivated WaterSci. Total Environ.
PAW 453 349 2023 874, 162235.
PAW + NaCl (2'1) 3.83 278 3. Wang, H.; Han, R; Yuan, M.; Li, Y.; Yu, Z.; Cullen,
' ' i P. J.; Du, Q.; Yang, Y.; Wang, J. Evaluation of
PAW + NaCl (1:1) 3.79 2.74 PlasmaActivated ~Water:  Efficacy,  Stability,
PAW + NaCl (1:9) 1.98 0.93 Physicochemical Properties, and Mechanism of
Inactivation against Escherichia cdlWT2023 184,
114969.



Lecithin Analysis: Determination of Phospholipids

Ana

'Faculty of Chemistry and

Phospholipids (Figure 1) are amphiphilic molecules
with different polar head groups and rpalar fatty acid
tails that differ in length and saturation. As essential
components of cell membranes, they form bilayers in all
living organisms. Their unique sictural 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 deliery 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 dfisctures 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.

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, ledit
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

Chemical

GiNMatneewd *,'P o mp e

in lecithin without the use of reference standards.
Reverseephase higkperformance liquid
chromatography was coupled with higésolution mass
spectrometry to separate and detect the phospholipid
species. Molecular ions were recorded in full scan mode
andanalyzed using a custom Python script that generated
a list of possible phospholipid structures for each m/z
value. The identification was confirmed byatohing 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 higésolution
analytical tools in combination with computational
support.

References:

1. Xie, M. Phospholipids. InEncyclopedia of Food
Chemistry Melton, L.; Shahidi, F., Varelis, P.; Eds.;
Academic Pres®019 214 217.

2. Cui, L.; Decker, E.M; Phospholipids in Foods:
Prooxidants or Antioxidantsd. Sci. Food Agric
2015 96.

3. McHowat, J.; Jones, J. H.; Creer, M. H.; Quantitation
of Individual Phospholipid Molecular Species by UV
Absorption Measurementsl. Lipid Res.1996 37
(11), 2450 2460.

Funding information: We are grateful for the financial
support from the junior research grantfon a
program grant?1-0153 of the Slovenian Research and
Innovation Agency (ARIS). The authors also
acknowledge the support of the Centre for Research
Infrastructure at the University of Ljubljana, Faculty of
Chemistry and Chemical Technology, which is part of the
Network of Reseatt and Infrastructural Canters UL
(MRIC UL) and is financially supported by ARIS;
Infrastructure program No. 10022.

T e SHLOO00 Ljublgna, Slovdéma v er s i
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Role of Surface Pretreatment in Film Formation and Corrosion
Protection of AZSeries Magnesium Alloys

Ni na
lDepartment of Physical and
2Jogef Stefan International

Lightweight and biocompatible, the Ageries
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
chloriderich environments. The corrosion behaviour of
magnesium is strongly influenced by (i) its composition
(content of aluminium and zinc) and (ii) the stipiof its
surface oxide layer. Therefore, the surface conditions are
essential toenhance corrosion resistantc@his 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:
(i) ground (e.g., AZ31 G, AZ61_G, AZ91_G),
(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

I

Grinding
1 1 0 0204 QaOn 41 0 (B0 LT

l 30m alrbdndi ampadi

Polishing

-a>»

lEMJIIIIw
l

Thermal oxidation

keéndm@ejlBogataf | ngr i d ‘Ave tl eorg érRqgdi | *,

Organi ¢ CStHOODiLjskljang, Slovenia g e f
SP160O t juplianadSloseni@a Sc hool |

Scheme 1Experimental 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 energylispersive Xray spectroscopy
(SEM/EDS), both preand postexposure to a corrosive
medium. Potentiodynamic polarization was usedsesas
corrosion behaviour, and i
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 criticalemf
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.

References:

1. Zhang, J.; Miao, J.; Balasubramani, N.; Cho, D. H.;
Avey, T.; Chang, C. Y.; Luo, A. A. Magnesium

Research and Applications: Past, Present and Future.

J. Magnes. Alloy2023 11 (11), 3867 3895.

2. Zhang, T.; Wang, W.; Liu, J.; Wang, L.; Tang, Y.;
Wang, K. A Review on Magnesium Alloys for
Biomedical Applications. Front. Bioeng. Biotechnol.
2022 10, 953344.

3. Feliu, S.; Llorente, I. Corrosion Product Layers on
Magnesium Alloys AZ31 and AZ61: Surface
Chemistry and Protective AbilityAppl. Surf. Sci.
2015 347, 736 746.

Funding information:. The fi nanci al sSup|
Sl oveni an Research and Il nn
research core0f3uh,aB8®8 Alpd

through the ARIS projecty 5 0 0 4 7 .
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Photodegradation of pharmaceuticals usidiggnin carbon quantum
dots based hybrid photocatalyst under visible light solar simulator
AzmatUllah'J an HéBegtajr a,hisk@derrefUr gk a Lavr ¢delenalPap@t ang a |
Dj ant g*,

lFaculty of Chemistry and Chemical Te SH@00 Ljublgna,Slokmnida ver s i
2Centre of Excellence for Photoconversion, Vinla Instit
Serbia, University of Belgrade, 11351 Belgrade, Serbia

Light on

Pharmaceuticals detected in water environments are g Contuction band_eccee S|P n s
posing a serious environmental concern for aquatic life MR o
and human beings Different methods are used for £ ‘. —
removal or degradation of pharmaceuticals from water . () £ "\
including adsorption, membrane filtration, reverse 3R Yol E e ; |
osmosis and advance oxidation processes or ,I Pl : \
photodegradation Among these methods, - 2 W
photodegradation is more promising because it requires Vilmcoband [RMWHRT 0 R O e
only light sources to break down a range of complex Figure 1. a) CQDs/TiQ: photocatalyst and b)
pharmaceutical structures The photocatalysts have photodegradation of five pharmaceuticals mixture with

major prdolems with electron hole recombination and CQDs/TIG

wide band gaps ofvailable efficient photocatalysts.

Lignin derived CQDs as a green candidate for References:

photocatalysis are extensively explored due to their high 1. Asadzadeh PatehkhorHrattahi M.; KhosravNikou
surface area and photoluminescence propértiEisese M. Synthesis and characterization of ternary chitbsan

- . TiO2iZnO over graphene for photocatalytic
CQDs can be synergistically coupled with the other degradation of tetracycline from pharmaceutical

photocatalysts to lower their band gap and reduce electron wastewateSci Rep 2021, 11 (1) 1i 17.

hole recombination like titanium dioxide (T4D TiO; is 2. Jabeen A Salem Alsaiari N.; Katubi K. M. S.; Shakir

used as a reference photocatalyst due to high efficiency, [.; Alrowaili Z.A.; Al-Buraihi M. S.; Warsi M. F.

low cost and toxicity. But Ti@is active in UV light Synthesis and characterisation of MXene best

source due to wide band gap and electron hole photocatalytic materials for the removal of toxic
pharmaceutical effluents!. J. Mol. Liq. 2024 405

recombination also affects its efficiency. 125066

In this study, lignin based CQDs were synthesized 3. Matoh L : Gener B.: Kovalili M.
through hydrothermal method. The synthesized CQDs Levstek M.: La Photecathlyitid selGt an g
were used to prepare a hybrid wilfO,. In one study, gel/lP25 TiQ coatings for water treatment:
tetracycline used as a breadectrum antibiotic, was Degradation of 7 selected pharmaceutiCdsam. Int.
photodegraded witAiO,, and CQDs/TiQ hybrid under 2023 49 (14), 2439524406.

4. Malitha M. D.; Molla M. T. H.; Bashar M. A_;
Chandra D.; Ahsan M. Srabrication of reusable
carbon quantum dots  (CQDs) modified
nanocomposite  with enhanced visible light
photocatalytic activitySci Rep 2024 14, 17976

visible light using solar simulator. The hybrid showed
better photodegradation of tetracycline as compared with
bare TiQ proving the synergistic effect of CQDs on iO
After successful photodegradation of tetracycline
under visible light, a five pharmaceuticals mixture was
also photodegraded with bare %i@nd CQDs/TIiQ
hybrid as shown irFigure 1. The results showed that
increasing the CQDs percentage in CQDstlif@proves
its photocatalytic performance. This improved
photocatalytic performance indicates the synergistic
effect of CQDs on CQDs/Ti©

Funding information: The authors acknowledge to
Slovenian Research Agency (ARIS) through research
core funding grants PQ134, and P-D418, and research
project J250061



Synthesis and characterization of copper(l) complexes veitielating 2
(methylthio)pyrimidines

Bl ag AWr omgi mMakphukgun*!

lFaculty of Chemistry and Chemical Te SH®00 Ljublgna,Slowmnid ver s i

Copper (1) c 0 mp tbipyxidine orwi t lachievad @ dusing a salt with na@oordinating anion,
structurally relatedN,N-ligands have attracted significant such as PE. Crystal structures of some complexes were
attention due to their promising cytotoxicity useful in determined and the geometries of the complexes
cancer treatment, as well as interesting optical and synthesized were shown to be deformed tetrahedral.

electrochemical propertiesAs copper(l) 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, additionaligands

PPhy

o}

—N
8
=y

PFg

must also be present and can provide a way to improve N . ‘
certain properties. Onef them is solubility. Nonpolar i)
groups can increase lipophilicity and thus increase L =
bioavailability of compound, for which phosphine ligands

are ofterused=.

In this work, copper(l) complexes were prepared
using 4heteroary2-(methylthio)pyrimidines, where
heteroaryl groups were different heterocycles with
nitrogen at position 206, w
mode anal olgpyridise. t o 2, 26

Five new complexes from two sets, using six
bipyridinellike  ligands, were synthesized and
characterized by NMR, IR and UVIS spectroscopy,
mass spectrometry and CHN elemental analysis. Crystal
structures of five of them were determined byray
diffraction on single crystal.

To prepare the first series of compounds, cuprous
chloride was reacted with theN,N-ligand and
triphenylphosphine in stoichiometric ratio 1:1:1. The
resulting complex was prepared and characterized with

nati ol

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.

References:

1. Constable, E. C.; Housecroft, C. E. The Early Years
of -Bipy@dNpd A Ligand in Its Own Lifetime.
Molecules2019 24 (21).

2. Alvarez, N.; Noble, C.; Torre, M. H.; Kremer, E.;
one ligand, but the reaction was not as successful with Ellena, J.; Peres de Araujo, M.; Co$itho, A. J.;
other ligands. Single crystals of one additional complex Mendes, L. F.; Kramer, M. G.; Facchin, G. Synthesis,
were obtained but thew yield of the synthesis did not Structural Characterization and Cytotoxic Activity
alow us a comprehensive physicochemical acgainlst Tum?hr Ace”St' 01;:)..HgterolepchhCOpE_er(l)
characterization. Synthesis of complexes with other OTPIEXES Wi romatic imines an osphines.
ligands was also Li/nsuccessfully attzmpted. The main Inorg. Chim. Acta2017 466, 559564. =

3. Babgi, B. A.; Mashat, K. H.; Abdellattif, M. H.;

issue is, except in the first case, the preferential formation
of the insolule binuclear complex of cuprous chloride
and triphenylphosphine [GGl.(PPh)s].

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

Arshad, M. N.; Alzahrani, K. A.; Asiri, A. M.; Du, J.;
Humphrey, M. G.; Hussien, M. A. Synthesis,
Structures, DNABinding, Cytotoxicity = and
Molecular Docking of CuBr(PR)Diimine).
Polyhedron202Q 192, 114847



Intensification of the Carbonization Process Using Microbubbles

Bl agd RK%pmofjde lgor Plazl®

lFaculty of Chemistry and Chemical T e ¢ 8Fh0OA Ljubljsina, Sloverniav e r s i
(igor.plazi@fkkt.unilj.si)
2 Belinka Perkemija d.0.0. Zasavska cesta 95,231 Ljubljana L r n udiga.koba{@belinka.}i

The intensification of gddiquid contact processes providesa controllableenvironmentto study gas liquid
plays a central role in the development of sustainable interactionsat the microscale and shows significant
technologies for carbon capture and utilization (CCU).  potential for integration into compact, modular CCU
One promising approach is the use of microbubbles to devices. This study lays the groundwork for further
enhance the interfacial area for Qéguid reactions, experimentausing C O undersimilar conditions,where
thereby improving mass transfer efficiency and reactor enhancedas liquid masdransfercanbequantifiedusing
performance. In this study, we investigated the formation  thesameframework
and stability of air microbubbles in a microchannel as a
simplified model for future
and utilization processe’®

A Carmin D2 watespowered injector was used to
generate a twphase 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, efsmtheni n g
range of 307 0 Om. -phése mittueavas then fed Q2.8
into a polymethyl methacrylate (PMMA) microchannel
with dimensions of 2 c¢cm 1
bubble flow characteristics were monitored under a

orpti

microscope. A key part of the study wasaluating 8 0,080 90 ."-3.‘

bubble stability, size distribution, residence time, and the ” ) f '.;bo ,g.:d’ Phog & .

influence  of surfactant addition. ~ Tween 20 Figure 1: Visualization of air microbubbles flowing

(polyoxyethylene sorbitan monolaurate) was used in t hr ou g h-wide nicrodhanaei Conditions: 1%

concentrations ranging from 0.1 to 3% w/w to assessits Tween 20, 3000 OL/min total

impact on bubble integrity and [sistence over time. stable and evenly dispersed, with an average diameter of
Microbubble dynamics were recorded and analyzed 46.2 Om

using ImageJ software, where threshbéted image

segmentation allowed for the quantification of maximum,  References:

minimum, and average bubble diameters, as well as the 1. Parmar, R.; Majumder, S.K. Microbubble generation
number of bubbles per frame. The residence tofie and microbubblaided transport process
bubbles was estimated from tirtepse video, and their intensificatio® A _stateo_f—_the_art report,Che.m. Eng.
deformation or coalescence was tracked during transit. Process.Process intensificatioz013 64, 7% 97.

i : . 2. Upadhyay, A.; Dalvii S. V. Microbubble
Without surfactant, bubbles were prone to rapid merging Formuiations: Synthesis, Stability, Modeling and

or disappearance, particularly at higher flow rates. In Biomedical Applicationsyltrasound Med Biol2019
contrast, with Tween 20, thgstem achieved a distinct, 45(2), 301i 343.

stable bubbly flow regime, and microbubbles retained 3. Hong, H.; Heng, J.; Parascudera. C.; Lu, J.
their structure for extended duratiéna promising Influence of Influent Properties on Microbubble Size

observation for CO mass tr afs fEessurized , PigseuligBased, (Generation

. Methods.Chem. Eng. Sc2025 314, 121755
Althoughair wasusedasa modelgas,the setupand 4. Guha, F.. Abser. Y. Md,: Mandal. B. H. Ji. B.

methodologyare directly transferrableto C O systems, Mandal. B. J.- Recent advancements in carbon
wherethe dissolutionand reactionratesare evenmore capture, utilization, and sequestration technologies.
relevant. The microreactorconceptdemonstratechere Sustain. Chem. One Work)25 7,100075
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Insight into the biodiversity of norbiting midges (Chironomidae) in
Selovlje Salterns through DV

Brina Klinar,! Eva SmrekatP et r a T a vtMarko Dofiear,'d e v ,

lFaculty of Chemistry and Chemical Te S0 Ljublgna,Slokknia ver s i
Selovlje salterns have a | oThg results indicate that ftheprbitind unaddges g s e «
salt. Although the harvests nowadays are typically small infestingpetolai n t he Sel ovlje saltel

and strongly affected by climate and seasonal weather,
salt in Selovlje is still
method that dates back to thé"leentury?.

Petola a mineralized microbial substrate, plays a
vital role in traditional salt productionservingas a
foundationin salt crystallizationponds Unfortunately,
petolais not immune tgoests. Insectsuch adrine flies
(Ephydra) and nonbiting midges (Chironomidae)are
known to infestpetola with their larvae,leading to
degradation opetolaand consequentlya reduction in
boththe quantity and quality of thearvested saft

In a previous study, the identity of then-biting

the genuChironomug(Table 1).Given that this species

is knowm tb inkbabitdenvirommientsgwvith &igher salijdyi t i o n
is plausible that all of the analyzed specimens belong to
Chironomussalinarius However, the data do not allow

us to conclude with complete certainty that all midges in

t he Sel ovbklpngtotlEsspeties.r n s

Table 2: Sequence analysis using BLAST and BOLD
databasesThe sex of the specimertetermined based on
insects morphologyis indicated in the second column.
The resulsof the BLAST searchrepresented in the third
column The fourth column shows the percentage of
identity between the query sequence and the BLAST
midges found in theS e | o saltgrnscould not be barcode matchThe resul of the BOLD searchare
determined beyond the family levet In this study, an presented in thiifth column The sixthcolumn shows the
effort was made to determine the genus of the specimens percentage of identity between the query sequence and the

through DNA barcoding. BOLD barcode match.

A total of 13 specimens, comprising insects of both SPECIMEN | SEX | BLAST MATCH |[[DENTITY| BOLD MATCH _|IDENTITY
H H H o1 E Chironomuis sp. 99.70% Chironomuts sp. 99.70%
sexes, .were selected fo.r. analy§|s. After the isolation of o2 M T Chronoms o 1 59704 | Chromomun e | 99.70%
genom IC DNA, a SpECIfIC I’eglon Of the Cytochrome 03 M Chironomus sp. 99.39% Chironomuts sp. 99.39%
d | COI If d . PCR Th . 04 M Chirononnus sp. 99.55% Chironomus sp. 99.55%
oxiagase g ene ( ) was am p me usin g " IS 05 M Chironomus sp. 99.70% Chironomus sp. 99.70%
reg|0n |S W|de|y used as a barcode for Spec|es 06 F | Chironomus salinarius| 98,94% |Chironomus salinarius| 99,09%
. . . . . . o7 M | Chironomus salinarius| 99,10% | Chironomus salinarius| 99.10%
|dent|f|cat|0n in anlmals' The resu“lng DNA fragment [o}] E | Chironomus salinarius| 98,79% | Chironomus salinarius| 98,94%
was inserted into the pJET vector, which was then cloned — e L e
) ) ) ) L. ) ) o1o0 F Chironomus sp. 99.39% Chironomus sp. 99,39%
in Escherichia coliAfter the plasmid isolation, the inserts o11 M | Chironomus sp. | 99.70% | _ Chironomussp. | 99.70%
. 012 M Chirononnus sp. 99.70% Chironomus sp. 99.70%
were Sequenced’ and the Obtalned Sequences were 013 M Chironomus sp. 99.85% Chironomus sp. 99.85%

analyzed using NCBI BLAST and BOLMDatabases.
Genetic distances between the sequences were calculated References:
with MEGA software.

All of the sequences we obtained showed a high

1.Jel enovec u. ; Juter gek M. ;
Tomagi | M.; Uzar A.; Vogrir

percentage of similarity to a reference sequence assigned
to members of the genuBhironomus(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 salinariusGenetic distances between all of
the obtained sequences were within the range of normal
interspecific distancesfor the genus Chironomus
suggesting that all analyzed specimens could belong to
Chironomus salinarius

.Juter gek,

K.; Dolinar M. Mikroorganizmi petole in solinskega

bl at a i z S e. Bilten Eakujtetekza Kemijs o | i n
in Kemijsko tehnologijo Univerze v Ljubljani
Ljubljana, 2022, http://web.fkkt.ur
lj.si/lbiokemija/petolal8.pdfaccesed on 16.7.2025)
MChironobnid larvae deastroy M.
cultivated microbial mat in protected Adriatic
salterns. Aquat. Conserv.: Mar. Freshw. Ecosyst

2021, 31(10), 29872994.

. Cartier, V.; Claret, C.; Garnier, R.; Franquet, E. How

salinity affects life cycle of a brackish water species,
Chironomus salinarius Kieffer (Diptera:
Chironomidae)J. Exp. Mar. Biol. Ecol2011, 405(11

2), 93 98.
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Towards novel delivery agents for boron neutroapture therapy

DaneJem¢Nej c

lFaculty of Chemistry and

(martin.gazvoda@fkkt.urj.si)

Boron neutron capture therapy (BNCT) is a binary
cancer treat ment based
reaction. Nortoxic boror10 and nofionizing thermal
neutron beam have no therapeutic effect individually, but
together they produce higdnergy alpha pddes and
lithium ions that travel only slightly less than a cell's
diameter, thus allowing for highly selective energy
deposition and targeted tumor destrucfioBurrently,
sodium mercaptaindecahydracloscdodecaborate
(BSH) and_-4-(dihydroxyboryl)pheglalanine (BPA) are
the primary boron delivery agents used in clinical BNCT
applications. These however suffer from fideal tumor
uptake and retentioh. Boronated amino acids are
interesting, since the tumor uptake is usually high; on the
other hand, the boron load is generally fow.
Incorporation of closccarborane constituents into
biomolecules such as peptides and antibodies is an
attractive alternative for greater boron delivery; however,
problems with lipophilicity and protein aggregation arise
whenboron load is too high.

Borylation of small molecules can be achieved
through halogenation of aromatic systems followed by
transitionmetalcatalyzed or organometallic substitution
reactions. Using this general strategy, we envisioned the
synthesis of a polyborylated phenylalamiderivative 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, dithe overall synthesis is currently
undergoing further optimation.

lodination

-~

¢ l NH,
Figure 1: Synthetic principle for development of high
boron load molecules with borylation.

Chemical

Fdip Angelevskit Martin Gazvod,*

In addition, bioconjugation reagents basectlnso

o n 1,tdlcazbadddecBbprane mdarporang) arer ubeihge a r

developed The reactivity necessafgr conjugationwith
biomoleculescan k& reached byfunctionalizing the
carborane cageith a suitableactivatinggroups. There is
potential for further tuning of reagent properties by
introduction of substituents at the nfumctionalized

carbon. Synthesised reagents will

be tested for

conjugation with selected biomolecular targets

o

Biomolecule

—

Q =BorBH
CorCH

linker

?

activation group

Figure 2: Synthetic principle for development of high
boron load biomolecules containing carboranes.
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Esterification of PEG derivate with succinic anhydride

Da g a [MabclRbgan, Jerneja Kladnik,Damijana Urankat) a n e z

! Faculty of Chemistry and Chemical Technology, University gf u b | j an a,

Succinic anhydride Scheme 1 2) is a cyclic
anhydride derived from succinic acid. it industrially
producedy 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 aepursor inthe production of
surfactants, cosmetigsharmaceuticals, amuigment32

Esterification with succinic anhydride is a promising
approach in polymer and materials science. For example,
L e s z ¢ zeydEsHowed that surface modification of
cellulose nanocrystals with succinic anhydride pruduces
thermally stablesuccinylateccellulose nanocrystakhat
may be useds reinforcing agents in polymer composites.

Additionally, Cai et af" prepared a polyethylene
glycol (PEG) prepolymer by reacting PEG with succinic
anhydride, followed by coupling with a prepolymer of
bi(o-carboxyphenyl)adipatand 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?) with a PEGderived alcoholtert-
butyl(2-(2-hydroxyethoxy)ethyl)carbamate (1), to
prepare an ester3) with potential applications in
materials scienceThe reaction scheme is shown in
Schemel. 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 caulistilled
water. The organic phase was dried over anhydrous
sodium sulfateand excess solvent was removed under
reduced pressunasing a rotary evaporatorin this way,
the  pure 2,2-dimethyt4,12dioxo-3,8,1ktrioxa5-
azapentadecab5-oic acid (3) was isolated. Its structure
and purity were confirmed byH and ®C NMR
spectroscopy, IR spectrometry, as wellEsctrospray
lonization HighResolution Mass Spectrometry

The successful synthesis and characterization ef 2,2
dimethyt4,12-dioxo-3,8,1trioxa-5-azapentadecab5

SFE0D0rLmibljgna, Slovénta 3 ,

oic acid(3) demonstrate that this approach is suitable for

esterification of PEGderived alcohols with suauic

anhydride. The obtained compund shows potential for

furtherapplications in materials chemistry.
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Y
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Scheme 1Esterification of PE&erived alcohol )
with succinic anhydride?).
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Improving Repeatability of Gas Diffusion Electrode Measurements for
Alkaline Water Electrolysis

Domen Tomé?, Katja Jerd;?, Miha Hotkd-®, Nejc Hodnik*3

! Department of Materials Chemistifationallnstitute of Chemistry, Hajdrihovalica 19, SF1000 LjubljanaSlovena
2Faculty of Chemistry and Chemical Te SHOOO LjublgnaSlovéhiai ver si
3 University of Nova GoricaSF5000NovaGorica, Slovenia

The growing concerns over climate change and focusing on its efficiencystability and repeatability as
environmental degradation caused by carbon dioxide can be seen ondifigure below?

emissions highlight the urgent need to transition toward 59
sustainable energy sources. Among the promising 04 _—
alternatives to fossil fuels, hydrogen stands out dutst
high energy density per mass and the fact that its use | /
results in zero emissions. s 07 /

Efficient electrocatalysts are required for hydrogen § .54 /
production via electrolysis. Under laboratory conditions, E 2] |
catalytic activity is typically studied using a rotating disk - |
electrode (RDE), which enables controlled environments ol I Ff???f?f??” 1
and straightforward materiabmparison. However, RDE 04 | ’;eret:t::); :
has a significant limitation, poor mass transport of 35 ] | Repetition 4
gaseous reactants to the catalytic site, which restricts the
maximum attainable current densities and deviates from “0 02 0.0 0.2 04 06
the conditions typical of industrial systefns. Ew vs. RHE (V)

As an alternative, gas diffusion electrode (GDE) Figure 1: Repeatability of Electrocatalytic Activity for
systems are gaining prominence. These systems enable HER under Identical Conditions
the direct diffusion of the gaseous phase through a porous
layer to the catalyst, maintaining a high local References:
concentration of the reactant and significamtiyroving 1. Roquea, B. A. C.; Cavalcanti, M. H. C.; Brasileiro, P.
mass transport. GDE setups allow for higher current P. F.; Gama, P. H. R. P.; dos Santos, V. A.; Converti,
densities, comparable to those in industrial systems, while A.; Benachour, M.; Sarubbo, L. A. Hydrogen
preserving experimental simplicity. Additionally, GDE powered future: Catalyzing energy transition, industry
cells incorporate a membrane, facilitating the formation decarbonization _and sustainable economic

developnent: A review.Gondwana Res2025 140

of a threephase bouraty between gas, electrolyte, and 159.180.
catalyst, reminiscent of membrane electrode assemblies 5 Ngsberger, S.; Du, J.; Quinson, J.; Berner, E.; Zana,
(MEA).® The stability of this interface is critical for A.; Wiberg, G. K.H.; Arenz, M. The gas diffusion
reproducibility and longerm performance. However, it electrode setup as a testing platform for evaluating

often presents a challenge, as the formation of gaseous fuel cell catalysts: A comparative RBEDE study.
products results in membrane detachment from the Electrochem. Sci. Ad2022 3 (1), 2100190

; o 3. Rabiee, H.; Ge, L.; Zhang, X.; Hu, S.; Li, H.; Yuan, Z.
catalyhst Ia.yersfa:factlng the reprodu0|b||llt§/tbe results. Gas diffusion electrodes (GDESs) for electrochemical
The aim of this study was to develoS®E system reduction of carbon dioxide, carbon monoxide, and

that enables _reliabl_e_ and reprodgcible evaluation of the dinitrogen to valueadded products: a revieEnergy
electrocatalytic activity of materials for the hydrogen Environ. Sci2021, 14, 1959 2008.

evolution reaction (HER) under conditions comparable to 4. PérezEstrada, D.E., Sernagiéllagobmez, M.A,,
those in real electrolyzes. In this context, we employed Molina-Conde, L.H. et al. A comparison of Ni, Pt, and

NiPt catalysts supported on SB% in anisole

the GDE configuration to investigate nickbhsed : ) ,
electrocatalyst@s a coseffective and environmentall hydrodeoxygenation: Exploring the effect of platinum
y y addition to a nickel catalyd¥lRS CommurR024 14,

sustainable catalyst for HER in alkaline conditions, 1197 1200.
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Development of SPE method for bisphenols

Endi s *!Melena Prdsén
lFaculty of Chemistry and Chemical Te SHOOO Ljublgna,Slokma ver si

Bisphenols are a group of organic compounds that thecoefficients of variations were 1.12% for BPA and
play a crucial role in the industrial development of 1.21% for BPS. The average extraction yields were 98.0%
polycarbonates and (epoxy) resins as well as many for BPA and 92.4% for BPS~{gure 2).
consumer products (e.g. thermal papge©n the other

hand, they also represent a group of emerging pollutants 120
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 raintaining healthy aquatic ecosystems. Their % 60
effects have beenoted to play a role in fertility issues, = w
various developmental and metabolic disorders as well as
numerous other health issifes. 2
Our research was therefore dedicated to the 0 .
development and optimisation of a sefilase extraction oA oFs
method for bisphenol A (BPA) and bisphenol S (BPS). =20mt msoml m7omL F100mL m230mt
The former was the most problematic bisphenol, hence
why it had been systematically replaced by BPS tive Figure 1. Determination of breakthrough volumes for
past years. Unfortunately, it has since been discovered both compounds

that the latter is no less harmful to humans.
We studied the influence of different extraction
parameters in order to achieve the highest possible yields. 100

The influence of six parameters was tested, namely the
suitability of the sorbent, choice and volume of elution
solvent, varying pH values and ionétrength as well as :
whether the change in volume of M@ter (during the
intermediate waslout phase) affects the extraction yield.
Furthermore, the breakthrough volume for both

0

BPA BPS

120

yield [%)]
B (42 =]
[=] =] (=]

N
S}

compounds and t he met hod¢
determined.

First, conditioning of the SPE columns was
performed with 5 mL of both methanol and Meter,
before applying 20 mL of sample solution (4x%.). This
was followed by an intermediate washt phase with MQ

H| | E] =V eV

Figure22Det er mi nati on of met hod

References:
water and a Ininute drying step. Analytes wereeth 1. StaplesC. A, Dorn, P. B; Klecka G. M; 08 Bl,0 ¢ k
eluted with 5 mL of 100% acetonitrile. The eluate was S. T; Harris L. R. A review of the environmental fate,
analysed with pre@ptimised HPLEDAD method. effects, and exposures of bisphenol@Ghemosphere
The most suitable sorbent was 48QSupelco), and 1998 36, 21492173.

2. Rochester, J. R., Bisphenol A and human health: A

the highest extraction yields were achieved using 5 mL of : . .
9 y 9 review of the literatureReprod. Toxicol2013 42,

100% acetonitrile. Saltingut did not affect the yields,

nor did the variance in pH (the experiments were g3 éiijeljss'_; Grisin, T.; Moison, D.; Guerquin M. J;;
continued with the original sample pH &t60). The N6 T u+BynaT.; PozziGaudin S, Benachj A.;
change in volume of MQ water during wastt step also Livera, G.; RouillerFabre V.; Habert R. A new
had no effect on the yield. chapter in the bisphenol A story: bisphenol S and
The breakthrough volumes were more than 250 mL bisphenol F are not safe alternatives to this compound.

for BPA and around 75 mL for BPigure 1) and the Fertil. Steril. 2015 103 11-21.

repeatability was excellent for both compounds as
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Genomescale metabolic modelling of pancreatic ductal adenocarcinoma

Filip YAetar dwail |u.gJaam SolaadSima TozandehjardiKlementina Fon TracérMiha
Mo ¢ k0 n
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3 School of Veterinary Medicine, Texas Tech Universit$71 Evans Drive, Amarillo, Texas 79106, United States of

America
Pancreatic cancer is one of the most lethal 20

malignancies, with a mortality rate nearing 95%. In a N : -
significant proportion of cases, tumors arise in the

pancreatic ducts, classifying the disease as pancreatic

200

ductal adenocarcinoma (PDAC). Due to the =0

asymptonatic nature of earhgtage PDAC and the lack of 100

effective screening methods, diagnosis often occurs at %

advanced stages, limiting treatment options and . -

contributing to poor patient outcontesA deeper *te 4 te ‘ocnmpt
understanding of the metabolic alterations associatdd wi - 00 e oo o 5

pancreatic cancer is crucial for elucidating disease Figure 1: Principle component analysis (PCA) results of

progre;smn._ In this study, we_ utiized  RNA constructedcontextspecificGEMs using the determined
transcriptomic data from PDAC patients to construct optimal parameters

contextspecific genomescale metabolic models (GEMs)

using the fast taslriven integrative network iefence e——m—— T
for tissues (ftINIT) algorithrh We systematically applied Ly __==:§g$a3$;%§§§;:§:§§:g ‘

. . . . . . g f ! r J I | | B ange/demand reactions
ftIN.IT to multiple input combln.atlontc, to .|dent|fy the g —— . . v and sose metabols
optimal parameters for generating biologically relevant = e e e B o o S i

| N N I = Glycerolipid metabolism

metabolic models. Furthermore, we investigated the
metabolic impact of melanomassociated antigen A3
(MAGE-A3) overexpression in pancreatic cancer cells.

MAGE-A3 is known to contribute to tumorigenesis and is Figure 2: Heatmap showing the most upregulated (blue)

associated with poor clinical outcomgsowever, its role and downregulated metabolic subsystems of MAGE

in cancer cell metabolism remains largely unexplored. By positiv transcriptomic samples

characterizing the metabolic consequences of MAKGE

upregulation, we aimed to provide novel insights into itS  References:

potential functional impact on pancreatic cancer 1. Sarantis, P.; Koustas, E.; Papadimitropoulou, A.;

metabolism, pavinghe way for further research into its Papavassiliou, A. G.; Karamouzis, M. V. Pancreatic

role in disease progression. Ductal Adenocarcinoma: Treatment Hurdles, Tumor
Microenvironment and Immunotherapyorld J
GastrointestOncol 202Q 12 (2), 173181

2. Gustafsson, J.; Anton, M.; Roshanzamir, F.; Jornsten,
R.; Kerkhoven, E. J.; Robinson, J. L.; Nielsen, J.
Generation and Analysis of Conte3pecific
GenomeScale Metabolic Models Derived from
SingleCell RNA-Seq DataProc Natl. Acad Sci. U.

S. A. 2023 120(6), €2217868120.

3. Florke Gee, R. R.; Chen, H.; Lee, A. K.; Daly, C. A;;
Wilander, B. A.; Fon Tacer, K.; Potts, P. R. Emerging
Roles of the MAGE Protein Family in Stress
Response Pathway3. Biol. Chem202Q 295 (47),
16121 16155.
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Selective separation of model compounds from aqueous solution using a
microfluidic pervaporation device

Hel ena

lFaculty of Chemistry and

Currently, industries such as the chemical and
pharmaceutical sectors are irregalsle 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 l@géipn of limited
natural resources. Therefore, there is an increasing
emphasis on adopting more environmentally friendly
solutions, for example bioprocesses that utilizeyemes
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 taconsume a substantial portion of the overall
material and financial resouréas

One of the separation techniques applicable within
DSPs for (bio)chemical processes is pervaporation. This
membranebased method enables the separation of multi
component mixtures and operates under relatively mild
conditions, which can lead to reduced rgye
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 centdryThis 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 desf§ns

In our research, we developed and utilized a
continuous pervaporatidpased separation in a
microfluidic device, enablingn situ removal of model
moleculesi specifically, acetone and acetophenone,
common volatile organic compounds (VOCs) and
industrial byproducts i that may interfere with
(bio)processes. Therefore, systematic removal of these
compounds can significantly enhancepeacational
efficiency. The effect of various operating parameters
including retention time, pressure, initial concentration,
and the presence of a deep eutectic solvent (DE®)S
examined using a laboratesgale microfluidic setup.

13
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Additionally, a mathematical model was developed to
better understand and describe the separation process

Figure 1. Molecularlevel schematic of pervaporation in
a microfluidic device
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Atom-economical synthesis and functional diversification of pyridazinene
type heterocycles

Ines Babnilk! Nejc Petek Jurij Svete! Ur o ¢
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Pyrazolonebased 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, astiflammatory, and
antifungal agents. Among pyrazolondased
heterocycles, bicyclic pyrazolonepyridazinone systems
have emerged as promising enzyme inhibitors, for
example as phosphodiesterase 4 (PDE4) inhibitors for the
treatment of inflammatory disordets.

Despite their biological value, some
pyrazolopyridazinone derivatives remain challenging to
synthesize, especially those of the [iye. While
pyrazolo[1,2b]phtalaizne3 and pyrazolo[1,2
alpyridazine5,8-dioned¢ are easily accessed via
multicomponent reactions, pyrazolo[iafyridazinones
are more difficult to prepare. This is due to the

susceptibility of tetrahydropyridazinones to ring
contraction under various conditiohs.
In this work, we present a novel opet

methodology for the synthesis of pyrazolof,2
a]pyridazinones under mild conditions and with excellent
atom economy. The ofgot 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 ligkdriven processes are rapid and
do not require the use of external ptatalysts, making
them highly atorreconomical. 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[1,2b]phtalazinesb: pyrazolo[1,2
b]pyridazine5,8-dionesc: pyrazolo[1,2
a]pyridazinones
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From cells to genes:
Evaluating the (geno)toxigotential of ferrite-based nanoparticles
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Spinel ferrites (SF) are metal oxides with the general
formula AB O , where met al
tetrahedral and octahedral sites within the crystal
structure. They have attracted significant attention due to
their wide range of applications, indimg biomedicine,
water treatment, and electronic deviées

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

In this study, we evaluated the potential eyamd
genotoxic effects of thregpinelferrite nanoparticle§SF
NP): 0 R@s, Zno.7F€2.304, andMno 4Fe2.604. TOXicity was
assessedn vitro using a 3D cell model (spheroids)
derived from the HepG2 human liver cancer cell line. Cell
viability was measured with the CellTit&lo assay,
while DNA damage was evaluated using the Comet assay.
In addition, reactive oxygen species (ROS) levels were
detectedwith the DCFHDA fluorescence probe, and
changes in gene exssion related to DNA damage
(CDKN1g GADD45A TP53 MYC and OGGJ) and
oxidative stress respons€@SOD1 CAT, GPX1 GCLC
andGSR wereanalysedising qPCR.

Threeday-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 tlai Fe 30, and
Mno 4Fe 604 induced greater cytotoxicity than H@; at
both 24 and 96hour exposure points. The Comet assay
indicated minimal or no significant DNA damage after 24
hours of exposure (%0 pg/mL). In contrast, a
considerable, dosgependent increase in DNA damage
was observed after 96 hours. Additadly, a significant
dosedependent increase in ROS generation was detected
only for o F@; after 4 hours of exposureAt the
transcriptome level, no cleaeregulatiorwas observed
for the analysedgenes, except foMYC, which was
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consistently downregulated across all samples after 24
hoerat i ons A and B occupy

These findings contribute to a better understanding of
the (geno)toxic potential &F NP<sand highlight the need
for further investigation into their safety

Figure 1. TEM micrographsof SF NP (A) 0 R@;3, (B)
Zno 7F€2.304, (C) Mo 4F&.604.
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Use of HEO as catalysts in Fenton procdss treatment of wastewaters
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High-entropy oxides (HEOs) are a recently
discovered group of higantropy materials (HEMS)
These onghase crystalline materials consist of five or
more different metal componeft$lEOs are structurally
complex and can have a variety of useful and unique
properties. Due to high tunability, rich magnetic
properties, electrical properties and nfprthey have
attracted significant interest in fields such as energetics,
electrocatalysis and catalydi¥ although their
capabilities as new materials neede studied further.

Therfore, the main idea of the work was to implement
HEOs into the Fenton process with the intention of 100
improving it. The Fenton process itself is a type of
advanced oxidation process (AGP)That means it
generates hydroxyl radicals which are used for
wastewater treatment. This is achieved by adding
peroxide (HO,) 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 (Mgo2Cao2Nio2Clo2ZNp2)0. As a 0
wastewater substitute we decided to use a 300 mL 20
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, Figure 2: Removal efficiencies for experiments with and

Figure 1: MB solution before (left) and after (right) the
Fenton process involving HEO, Fe angld
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that the best results were achieved in a narrow beaker with without added HEO at pH=2.
an anchor type mixer at 160 rpm (removal percentage of
15% with 1 mg of HEO). References:
Subsequently, many different Fenton process 1. Sen, S.; Palabathuni, M.; Ryan, M. K.; SinghHgh
experiments followed. The beaker, mixer, mixing speed Entropy Oxides: Mapping the Landscape from

Fundamentals to Future Vistas Focus Revia@S
Energy Letter2024 9 (8), 3694 3718
. Kante, V. M.; Weber, L. M.; Ni, S.; van den Bosch,

and the MB concentration have remained the same, while
many different initial HEO, peroxide and iron additions 2

and ratios have been tested as well as vaiiiis pHs, G. C. I.; van der Minne, E.; Heymann, L.; Falling, J.
different combinations of reagents and various orders of L.; Gauquelin, N.; Tsvetanova, M.; Cunha, M. D.;

adding them. The results so far have shown that selected Koster, G.; Gunkel, F.; Nem
HEO cannot be used as a replacement for tReides V. L.; Baeumer, CA High-Entropy Oxide as High

However it has shown promise in enchancing*Fe Activity Electrocatalyst for Water OxidationPACS

! . . B Nano2023 17 (6), 5329 5339.
catalytic activity. Results for an experiment at pH=2, (10 3. Babuponnusami, A.; Muthukumar, K review on

mg of HEO, 0.025 mL of k0 (30 % w/w-8,25 mg) and Fenton and improvements to the Fenton process for

0.025 mL of F&" (0.5 mol L*)) are presented in Figure 1 wastewater treatment. Environ. Chem. Eng014 2
99% removal efficiency was achieved after 30 minutes (1), 557 572

using Fé*, HEO and peroxide (Figure 2).
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Phenolic Azobenzenes from Lignin Precursors: Toward Sustainable
Photoactive Antimicrobials
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Lignin is a complex, aromatic biopolymer found in characterised and their antimicrobial activity against
plant cell walls, where it provides structural support,  various G+ and G bacterial strains was investigated
water resistance and protection against decay. As the (Schemél).
second most abundant natural polymer after cellulose, it
is an important byproduct of the puland paper industry
but unfortunately most of it is thrown awayGlobally,
around 50,000,000 tonnes of lignin are produced annually i
and this is expected to increase to 225,000,000 tonnes by _ \

Lignin derived

2030. However, less than 2 % of the total lignin produced

is actwally utilised. Due to its richness in phenolic g

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

B characterization Jl

X L

uni que properties a+lectroddlue to & ‘ ll' »
s

system, which significantly influences their optical, >
electronic and structural behaviour. Of particutderest ‘ﬁ T

is their reversibletrans cis photoisomerisation, which f activity

makes them useful as photosensitive matetisisis ! @
because of their unique properties that we consider
azobenzenes not only as dyes, but also in everyday
applications, in particular in metular electronic and
photonic devices, medicinal chemistry, photo
pharmacology, drug delivery, etc. References:

Hydroxyazobenzenes are organic compounds in 1 PonnusamyV. K.; Nguyen, D. D.; Dharmaraja, J.:

Scheme 1The pathway from lignifbased aromatics
and their conversion to azobenzenes and their
antimicrobial efficacy.

which both hydroxyl {OH) and azo functions-N=N-) Shobana, S.; Banau, J. R.; Saratale, R. G.; Chang, S.
are bound to benzene rings. The position of the hydroxyl W.; Kumar, G. A review on lignin structure,
group significantly influences their propertidgarious pretreatments, fermentation reactions and biorefinery
synthesis strategies have been developed for phenolic potential Bioresour. TechnoR019, 271, 462472
; - ; 2. Ho| evar, J . | s k rRhenolicd . ;
azobenzenes, which offer different advantages in terms of . . )
lectivity. effici d tol to functional Azobenzene as Ligand for Cation Complexadion
selectivity, e |C|enc¥ and tolerance to .unc iona groups. Syntheses and Applicationdolecules2025 30 (12),
Common methods include azo coupling, the Mills and 2499.
Wallach reaction, oxidate conversions of anilines and 3. Jerca, F. A.; Jerca, V. V.; Hoogenboom MRlvances
the reduction of nitra@matic precursors.While the and opportunities in the exciting world of
synthesis of symmetrically substituted azobenzenes is azobenzened\at. Rev. Chen2022 6, 51i 69. _
well established, the efficient production of Ron 4. Finck, L.; Oestreich, MSynthesis of NofSymmetric
symmetrical analogues remains a major challénge Azoarenes by PalladiwBatalyzed Cros€oupling
. . i ’ of Silicon-Masked Diazenyl Anions and (Hetero)Aryl
_ _In this study, aromapc_ compounds derived from Halides. Angew. Chem.Int. Ed. 2022 61
lignin were used as building blocks for azobenzene e202210907.

synthesis. These precursors were first converted into nitro

or aniline derivatives and then converted into Funding information: This research was funded by
azobenzenes using various synthetic approaches. The TIMR Laboratory, UTC/ESCOM, and Slovenian
resulting azobenzene compounds were thoroughly Research and Innovation Agency (grantAB4).
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Innovative LexKan Selection System for the Discovery of Dimerization
Inhibitors Targeting SARSCoV-2 Main Protease
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The SARSCoV-2 main protease (RP, or 3CLP™) is a versatile platform for discovering molecular binders,
a cysteine protease responsible for cleaving viral providing a foundation for the development of targeted
polyproteins into individual, functional proteins required antiviral strategies.
for viral replication. M™ is active only as a homodimer,
making dimerization an essential prerequisite for its * Ay St o A A S i
enzymatic function. Because its structure and function are (=) - A% — T 7y
highly conserved among coronaviruses/®¥as emerged o
as a promising target for antiviral drug development. & @
Traditional inhibition strategies have focused on active B . '@’5
site binding, but targeting dimerization offers an e D i g L o
alternative approach that may increase specificity and Gy — o be d
limit resistancé Wi Aot e Ay

To address this, we explored the use of affibody Figure 1: (A) Schematic representation of the
molecules, small engineered proteins derived from the experimental workflow. A diverse affibody library is

Z domain ofStaphylococcaprotein A. This domain is expressed ift. coliand subjected to selection on medium
naturally involved in binding immunoglobulins, and containing kanamycin using the LexKan system. Selected
through protein engineering, it has been repurposed intoa ¢! ones ar e expressed, pur.i
versatile scaffold capable of higtffinity binding to a chromatography, and analyzed fitve interaction with

wide range of target proteins. Affibodies are highly stable, ~ MP*. (B) Principle of the LexKan selection system. In the
non-immunoglobulin binders that are easily produced in ~ absence of a specific affibody "Mdimerization enables
bacterial systems, making them ideal candidates for LexA-mediated repression of the kanamycin resistance

interfering with proeini protein interactions such as’® gene, preventing bacterial growth. When specific
dimerizatior. affibody disrupts M®© dimerization, repression is
system inEscherichia colito identify affibody binders bacterial survival on kanamyeirontaining medium.

that disrupt M™ dimer formation. The system is based on
a fusion of M™ to the bacterial repressor LexA. In its
dimeric form, LexA represses transcription of the
kanamycin resistance geneKgnR). When M°
dimerization is inhibited, LexA repression is relieved,
allowing KanR expression and bacterial growth on
kanamycincontaining medigFigure 1) The concept is
adapted from a prior bacterial selection system designed
to detect proteiiprotein interactions, modified here to
suit viral protease inhibitich

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@®Mlimerization. The
work demonstrates the potential of the LexKan system as
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Characterization of lanthanum doped nickel oxide thin films for oxygen
evolution reaction
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The Ni(ll)/Ni(Ill) redox couple has long been studied M KOH in a custorrmade glass cell with quartz
within the framework of the Bode scheme, which maps  windows.The potential range employed (0.8 to 1.8 V vs.
the electrochemical behavior of nickel hydroxides and  RHE) scanned thHi(I1)/Ni(lll) redox transformation, as

oxyhydroxides through formation ofUNi ( OH) / well also the OER region. Measurements were performed
for pureUNi ( OH)

Ni OOKNIi if O HNIOOH fphases [1,2]. Ais redox

properties, making it a key component in-tNised
batteries (e.g., NCd and NiMH) and electrochromic
(EC) devices. EC devices, composed of two transition
oxide films and electrolyte, shodistinct color change
upon oxidation/reduction [1]. More recently, interest has
shifted toward the role of the Ni(ll)/Ni(lll) transition in
electrocatalysis, particularly for the oxygen evolution
reaction (OER) in alkaline media [2]. Modern studies
explore how stictural 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-INised

samples.
Concurrently, we leaned on the gml synthesis of
UNi ( OH) electrochromic fil ms

cyclovoltammetric cycling stability after the addition of
lanthanum [1]. The films were deposited on FTO glass
using the dip coating technique from sdahat were
synthesized from nickel(ll) sulphate heptahydrate. Films
were thermally treated at 30 for 20 min and, in
addition, powders were also prepared from dried sols.

NiSO,
L

‘

film and for
system gained attention for its reversible charge storage lanthanum (2, 5 and 10 mol.% L&raph 1). The

KOH

+ glyceral
| +0,29, 5%, 10% La

dip-coating

FTO

20 min @ 300“CJ

UV-Vis spectro A\

electrochemistry

SEM-EDS

AFM

behavior of powders was also examined using evolved
gas analysis (EGA) and Raman spectroscopy.

4 > creon

J20 min @ 300°C

XRD Raman

ved

Scheme 1Graphical abstract of synthesis and

25 100 characterization of the kdoped Nioxides

e "‘7/ 1", References:
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2 // g Redox States of Ni(Lal{ydroxide Films Prepared via
- :: TN 1e 8 the SolGel Route by ex Situ IR SpectroscopySolid

el —ae\ < State Electrocheni1998 2, 38 49.

ol worm 1" 2. Rao, R. R,; Corby, S.; Bucci, A.; GareTacedor, M.;

vo s500m | Mesa, C. A.; Rossmeisl, J.; Giménez, S.; Lidriiol,

03 09 10 11 1'2E$RHS 15 16 17 13 1o J.; Stephens, I. E. L. Durrant, J. R.

Spectroelectrochemical

Analysis  of

the Water

Oxidation Mechanism on Doped Nickel Oxidek.

Graph 3: CV of Ni-oxide thin film with 10 % La and its
transmittance measured during the potential step.

Am. Chem. So@022 144, 7623 7633.
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Tracking individual degradation mechanisms for 1o nanoparticles
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An identicatlocation STEM Scanning transmission emerging as the dominant mechanism under the tested
electron microscopy approach was used to track conditiong.
individual PiCo/C nanoparticles before and after Before

electrochemical activation. Nanoparticles in the same
field of view were segmented and then paired between the
initial and postactivation images using the Hungarian
assignment algorithn?, vyielding a oneo-one
correspondence for each particligure 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 decisitge scheme
(Figure 2)that considered the number of particle masks in
an event (e.g., a single mask if a particle disappeared or

Figure 1. Matched PtCo Nanoparticles Before and
After Catalytic Treatment

appeared, multiple masks if particles merged) as well as Soes o avem comprise

changes in particle size (equivalent diameter) and shape m%

(circularity)®. Based on these criteria, each event was e Doss the svertcomprise

assigned to a degradation mechanism category (or marked ] o i N

as no significant change). Degradation modes such as rponing | or by mora than 5567

dissolution, detachment, attachment, agglomeration, and s here ey paricl De iy chage
Ostwald ripening were thereby distinguished. Particle ~ Ny
properties like diameter and circularity were extracted Hparing deposiion | Lreshepg | e s

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

dissolution no change

Figure 2: A decision tree showing how events are
classified into degradation mechanisms.

i X ; References:
half of all events, while about 22% of particles remained 1. Ka mg e k , A R. Kristalna s
unchanged. Detachment events (lospasticles from the iridijevih nanokompozitnih elektrokatalizatorjeRh.
support) made up ~10% and predominantly involved the D. Dissertation, University of Ljubljana, Faculty of
smallest nanoparticles. Attachments (appearance of new Ch_emlstry.and Chemmgl Technology, 302
small particles) and agglomerations (particle coalescence) 2 R_elt(_er, _F" Reeb, _D" Serensen, A. S. Scalable
. Dissipative Preparation of Mar§ody Entanglement.
were less common (only a few percent each), with Phys. Rev. 2017, 95 (5), 053424
Ostwald ripening evdn being very scarce in this dataset. 3.nukil, -|— o ’ Pavko, L. Jov:
This datasetlriven analysis allowed direct quantification Gatalo, M.; Hodnik, N. Stability Challenges of
of particle size/shape changes and revealed the most CarbonSupported PNanoalloys as Fuel Cell
prevalent degradation pathways, witldissolution Oxygen Reduction Reaction Electrocatalystbem.

Commun2022 58 (100), 1383213854.
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Hydrogels based on alginate and TEMBxXidized
cellulose have gained increasing attention due to their
biocompatibility and tunable mechanical propefifes
Alginate, a naturally occurring polysaccharide, forms
ionically crosslinked networks in the presence of divalent
cations such as Ca] , prov
biomedical applicatiorfs The addition of TEMPO
oxidized cellulose nanofibers (TOCNF) has been shown
to influence the structure and stiffness of these materials
through  hydrogen  bonding and  electrostatic
interactiong?

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 concentrationsthw
TOCNF gels at a fixed 3% loading, followed by
crosslinking wi t h cal cium
properties were evaluated via tensile testing, revealing a
nonlinear relationship between the alginetel OCNF
ratio and tensile strength (Figure 1). Omirmechanical
performance was observed at intermediate compositions.
Consistent with previous finding% 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 fittasts
appeared to favor softer, less crosslinked hydrogels.
While these trends are not yet conclusive, they point
toward possible celiypespecific responses to
mechanical cues in the hydrogel microenvironrhent

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 hydrogélemphasizing 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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The influence of copper ions on the binding of
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Disruption of metal ion homeostasis can lead to
oxidative stress, which promotes protein misfolding and
aggregation linked to several pathological conditibns
The aim of our research was to investigate the influence
of copper (C&") ions on the bindingf 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 LacNARf* ions
and HEWL. The effect of copper ions time secondary
structure and the thermostability of HEWlemeassessed
using circular dichroism CD) spectroscopy and
differential scanning calorimetry (DSC), respectively.
The location of the binding site of LacNAc atiee types
of interactions present were studied usimgplecular
docking

The binding of LacNAc caused an increase in
fluorescence intensity and a shift of the emission
maximum toward smaller wavelengths, while the addition
of Cu?* ions decreased the fluorescence intensity and did
not cause any significant shift of the maximum. CD
spectra analysis showed that?Cions do not cause
substantial changd n t h e spcondldryestructore
under the conditions studiddSC experiments show only
minor decrease in melting temperatyfie,) of HEWL
upon addition o€?* ionsat a concetration proportional
to that used in thepectroscopianeasurementswhich
suggests tha€w?* ions do not significantly destabilize
HEWL at that concentratioMolecular docking predicts
that LacNAc binds in the active site cleft of HEWL. The
observed biding of LacNAc to HEWL was mainly
driven by hydrophobic, van der Waals, andbéhd
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,igi
could be a possible binding site for €ipns, which is
consistent with a previous study that showed potential
Cu?*ion binding sites within theamecleft 2.

Since Cd" ions do not induce significant changes in

Chemical T e ¢ $-1060 Ljulgjana, Sltvaniav e r s i

modulate the binding of LacNAc by competing for a
common binding site.

340 361 380 200 420 440

Emission wavelenght [nm

Figurel:Fl uor escence eJdri2%amon sp
of HEWL in the presence or absence of LacNAc and
Cw*ions.

Figure 2: Electrostatic potential (ESP) map of HEWL
with docked LacNAG.
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Al zhei merds di sease ( AD) further ensuresnoavibackgoend fuoresceace in ageeous
disorder, characterized primarily by cognitive decline and  environments, enabling high sensitivity for target
dementia. Despite intensive research, there remains a lack detection.
of effective therapeutic options and, critically, no widely Looking forward, by integrating rational molecular
accessible, nemvasive, andeliable diagnostic methods design this work lays the groundwork for the development
for early detection and monitoring of disease progression. of anextgener ati on HAsmart mol e c
The development of such a diagnostic tool would  diagnosisi an essential step toward improved patient
represent a paradigm shift, enabling identification ef at outcomes and therapeutic development.
risk yet asymptomatic individuals and offering the

possibility of earlier intervention with existing or future Table 4: Structural motifsof an electrordonating group
therapeutics. Furthermore, early and precise diagnosis  ( E D G)-conjugated aromatic linkgHC), and an
would significantly accelerate the discovery and clinical electronwithdrawing grougdEWG) of prepared
validation of new treatment strategfes. fluorescent molecular probés
The Kogmrl j research group is addressing this unmet
need through the design and synthesis of novel HC framework EDG Ewe
fluorescent molecular probes for tag vivodetection of e HO A~ “a
AD-r el ated proteins, particul arly /yloidAf) ( brwand tau
These probes comprising three essential components: (a) o6 o N/ ) dZ:N
an electrodonating gr ouponjgatedG) , (b)) a DTN eren
aromatic linker, and (c) an electravithdrawing group /©/EWG ° \ﬁER f R
(EWG) (Table 1). This pushpull configuration £pc A\ e
facilitates intramolecular charge transfer (ICT), resulting ’ c VN? h
in distinct and tunable phaphysical properties.
Importantly, the probes should exhibit optical chaniges References:
specifically, in absorption, excitation, and emission 1. Chimthanawala, N.M.A., Haria, ASathaye, SNon-
wavelengths as well as quantum yieldgpon binding to invasive Biomarkers for Early Detection of
their target protein3. Al zhei mer 6 s IDgesPerapedativeMola Ne w
A total of 21 rodshaped fluorophores were Neurobiol 2024 61, 212 223.

; ; ; ; 2. Rejc, L., Probing Alzheimer's pathology: Exploring
nthesized via a modular synthetic str llowing for 4 .
synthesized via a medular synthetic strategy, allowing fo the next generatjon of FDDNP analogues for amyloid

rapid diversificat i odsystenf subét Iqte .eelﬁiﬁmé&bfhﬁaFm%(fotﬂeZOﬁLnl 5

extension. Structures and purity were confirmed by NMR 116616

spectroscopy, HRMS, and HPLC analysi®ne dye,

namely 1Ae, especially stood out as iexhibited Funding information: The study was supported by the
exceptionally large Stokes shifts (1281 3 n m) a cSlogemian Research and Innovation Agency (ARIS;
various solvents, effectively minimizing selbsorption. Research Core Funding grant©230).

I'ts high quantum yield ratio (G_DCM/ Gd_MeOH = 104)
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For centuries, humans have battled microbial OMe OMe
infections, initially employing metabased treatments
such as silver, arsenic, and mercury salts, witying
degree ofeffectiveness. Thdiscoveryof antibioticsby
Alexander Flemingn the early 20th centurghanged the
medical paradignandthus helpedave millions of lives.
However, the widespread and sometimes inappropriate
use of antibioticend other antimicrobialsas driven the
emergence of antimicrobial resistaéice major public
health concern ideried by the World Health

N.
OH

CaeA
Figure 1: Structure of two Caerulomycins

CaeE
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Organization.To counter this, efforts are focusing on A. Antimicrobial Resistance: A Growing Serious
smarter use of antibiotics, improving existing drugs Threat for Global Public Healtealthcare2023 11,
searching for new potential terapeutiaad exploring 1946.

innovative solutions such as mebased compounds. 2. Funk, A.; Divekar, P. V. Caerulomycin, a New

In 19, a new compoungith great potentiaivas Antibiotic from Streptomyces Caeruleus Baldacci, .
’ Production, Isolation, Assay. and Biological

discovered while studying an extract Sfreptomyces PropertiesCan. J. Microbiol 1959 5, 317 321
caerules The researchers noticed that something in this 5 Tong, L.; Sun ‘W WU. S Han. Y. Characterization

extract inhibited the growth of various filamentous fungi, of Caerulomycin A as a DualTargeting Anticancer
yeasts an@vensome bacteria. Aftetloser inspection of Agent.Eur. J. Pharmacol2022 922, 174914,
the exstract and subsiquésilation and characterization, 4. Singla, A. K.; Krishna Gurram, R.; Chauhan, A.;

they discover ed abipyridined@Hey a s y miRaiNi; ¥ohra, RoV; Jolly, R. S.; Agrewala, J. N.
named this new compound caerulomycin (Cae), later after Caerulomycin A Suppresses Immunity by Inhibiting

. - . T Cell Activity. PLOS ONE2014 9
the discovery of some derivativébey renamedit to 5. Trécourt, F.. Gervais, B.. Mongin, O.: Le Gal, C..

caerulomycin A (CasA)Rigure 1).2 Further research has Mongin, F.. Quéguiner, G. First Syntheses of
shown that theseompounds not only have antifungal and Caerulomycin E and Collismycins A and C. A New
antibacterial activity, but also exhib@ood anticancer, Synthesis of Caerulomycin A. J. Org. Chem. 1998, 63,
immunoregulatory and other potential therapeutic 2892 2897
properties 4 6. Bobrov, D. N.; Tyvorskii V. I. Facile synthesis of

The first synthesis of CaeA was achieved in 1969. caeru | omyc i_ n e Db-yipyidineecoré or ma
Later, in 1998, a route to produce CaeE, a precursor via a 2pyrdyl substituted 4kpyran4-one.Formal
convertible to CaeA, was developeilVe succeeded in synthesis of caerulomycin ATetrahedron201Q 66,
optimizing and improving the yield of this synthesis on a 54325434

gram scale in combination with newer published
procedure$. With the synthesized CaeE, wkave
successfully prepared the first rheniim complex
containing CaeE as a ligata our knowledge

Funding information: We are grateful for the financial
support from the junior rese
program grant RD175 of the Slovenian Research and
Innovation Agency (ARIS). The authors also
acknowledge the support of the Centre for Research
Infrastructure athe University of Ljubljana, Faculty of
Chemistry and Chemical Technology, which is part of the
Network of Research and Infrastructural Canters UL
(MRIC UL) and is financially supported by ARIS;
Infrastructure program No. 10022.
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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 dynamick this study, we
investigate a series of fluorinated butanol derivatives to
determine how variations in fluorine m®@nt and
substitution patterns affect the organisation of molecules
in the liquid phase. We use molecular dynamics (MD)
simulations using the OPLSA force field in
combination with small and widangle Xray scattering
(SWAXS) measurements. Theoretical cattering
intensities were calculated from the MD trajectories using
the complemented system appro&éh.

The force field model was validated by
comparing the simulated SWAXS curves with
experimental data. A good agreement was found for both
the peak positions and the overall shape. This confirms
that the OPLSased models reliably capture the most
important structural features of the systems. With
increasing fluorination, we observe a consistent shift of
the main scattering peak to lowgvalues, indicating that
the lengthscales of the correlations within tHecal
hydrophobic environmeirmcrease® Hydrogen bonding is
also significantly affected, especially when fluorination
occurson the carbon close the hydroxyl group. Radial
and spatial distribution functions show that these changes
lead to fewer hydrogen bondser molecule altered
hydrogen bond geometries and smaller hydrelgemded
aggregate structures. The dynamic properties derived
from MD 0 such as viscosity and selfffusiond also
vary within the series, with the more fluorinated
compounds generally exhibiting higheiscosity and
slower diffusion.

Our results show how even small molecular
modifications can lead to significant changesligquid
structure andlynamic propertiesThese 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 fdr4,4
trifluorobutanl-ol (TFB), 4,4,4,3,3pentafluorobutar-

ol (PFB), 4,4,4,3,3pentafluorobutas®-ol (PFSB),
4,4,4,3,2,zhexafluorobutari-ol (HxFB), 4,4,4,3,3,2,2
heptafluorobutati-ol (HFB) andnonafluoroterbutanol
(NFTB). The theoretical data were numerically smeared
to allow direct comparison with the experimental data.
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Synthesis of fluorinated homoserine derivatives via Mitsunobu reaction
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Fluorine is the most electronegative atom with a large
inductive effect °F is a % spin nucleusrhich occurs at
100 % natural abundarceBecause of its spin, it can be
used in magnetic resonance techniques (NMR, MRI,
MRSY. 1°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 molecufes

Most amino acids used as NMR probes are
monofluorinated or have a trifluoromethyl group in their
structure. In order to improve the signal sensitivity,
perfluorotert-butyl group can be introduced to natural
amino acids. The perfluorert-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 perflu@d-butyl
group on an Okbearing side chain, is to use Mitsunobu
reaction with perfluordert-butanot.

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 {§Rih
BusP, etc.) under mild conditiohs

The main focus of this study was to expand and
improve procedures for the synthesis of perflutand-
butyl-L-homoserine. First part of the study focused on the
synthesis of appropriately protected-homoserine.
Synthesis of protectadhomoserine 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
F5C
NHBoc PFTB (1.1 eq) > CF, NHBoc
Anhydrous THF /
X=Me/Bn 0°Ctort, 18 h X=Me/Bn

Scheme 1Synthesis of perfluortert-butyl-L-
homoserine derivative using optimized Mitsunobu
conditions.

In this study, | tested several procedures for the
synthesis  of N-(tert-butoxycarbonyBL-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
perfluorotert-butanol).

A further aim of this study was to prepare dn
Fmocprotected building block for subsequent use in
solid-phase peptide synthesid-or this reason |
exchanged the protective groups of the fluorinated
derivative of protected-homoserineaffording N-Fmoc
O-(perfluorotert-butyl)-L-homoserinate

H, (1 atm)

F.C_ 0O COOBn Pd-C (10 wt %) el )
"~ F,C O COOH
Fy( >(|_/1 \/\l\ll/llli . F (">r \/\f

3 0C MeOH. 0.5 h, 1t

3
37 CF, NHBoc

1) TFA (5 % in DCM)

COOH 0°Ctort,3h COOH

X
A

3
+ 3
FCF; NHBoe 5y ppioc-0su (1,1 eq.) CCF,  NHFmoc

sat. NaHCO,/THF = 1:1
0 °C to rt, overnight

Scheme 2Removal of the benzyl protecting group and
exchange of the Boc group for Fmoc.
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PMMA-SiloxaneSilica Coating for Corrosion Protection of AA202%3 in
NaCl solution
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Aluminium alloy (AA)2024 T3 iswidely used in the
aerospace industdueto its low weight, high mechanical
strength, and cogtffectiveness. Despite these

advantages, its susceptibility to corrosion in chlorida
environmentsprimarily due to the presence of alloying
elementqsuch as Cu, Fe, and §jmemains a significant
drawback. Traditionally, corrosion protection has relied
on chromium(V}based compounds; however, theieus
is increasingly restricted worldwide duetteeir harmful
impact on humamhealth and the environment. As a safer
and more sustainable alternative poly(methyl
methacrylate PMMAsiloxanesilica sotgel coatings have
gained attentiof?3

In this study, the corrosion resistance of AA2023!
protected with a siloxanslica solgel coating was
evaluated. The salel system was synthesd using
tetraethyl orthosilicate (TEOS), methyl methacrylate
(MMA), 3-(trimethoxysilyl)propyl methacrylate
(MAPTMS), and 2,2 Zrifluoroethyl methacrylate
(FEMA), as schematically presentedSnhemel.

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

OMe
MAPTMS FEMA

Radical itiator
THF

EtOH
H,0/H"

PMMA-siloxane silica solution

|

Deposition: dip-coating

~4  Ctinick
PMMA-siloxane
silica coating
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Scheme 1Stepwiseprocedure oPMMA siloxanesilica
synthesis The prepared solution was then deposited
the AA2024-T3 surface

The preparation reactions of the coatings were
monitored byreal-timeFourier transform infrared (FTIR)
spectroscopy. Following deposition onto AA20P3
substrates, the coatings were asaty using a scanning
electron microscope equipped with an enedgpersive
spectrometer (SEM/EDS) to assess their surface
morphology, topography, elemental composition, and
thickness. Corrosion performance was evaluated in a
0.1M NacCl solution using electrochemical impedance
spectroscopy (EIS)Additionally, thesalt spay testing
was performedn accordance with the ASTM B1407A
standard. The findings confirmed the formation of a
uniform coating layer, several micromaet thick,
providing continuous coverage of the alloy surface. These
coatings exhibited lontasting barrier properties against

corrosion, as indicated by stable EIS responses

maintainedmore than 3 months
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Educational psychology shows that authentic,
reatl i f e contexts can
motivation to learh Situational interest triggered by
appealing content can, under the right conditions, develop
into a lasting individual interestProblembased learning
builds on this principle by confronting students with
complex and realistic problems, fostering deeper
understanding, problersolving 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 problemnientated learning
module that embeds these topics in the authentic example
of firefighters' protective clothing. These mtlliyer
garments, with an outer layer typically made of high
performance aramid fibres such as Nomex® Kevlar
provide fire resistance and ballistic protectiomo
enhance protective properties, the surface is treated with
fluorinated finishes hat provide water repellencyfire
resistance or antimicrobial performancgch surface
treatments can craatsuperhydrophobic propertidsy
loweiing the surface free energyAs a result,water
contact angles of more than 15f® achievedsimilar to
those found on lotus leavddowever, in real operational
use these finishes are not permanent. Repeated cleaning
cycles, especially under harsh conditions, can gradually
degrade or remove the le@nergy coating, exposing the
underlying fibres and reducing water repelleficy

The module was conducted with 4th grade high
school studentsThe module was designed to engage
students at allthree 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

s i g ni fpolgmemstidnge related to persarmlgrotestivaieduipments 6

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()
Symbolic |
level /

. reality

() representations of reality

Scheme 1Model representingnterdependence difiree
levels ofchemistryconcepts.
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Postsynthetic Ligand Exchange Effects orOz Performance
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Metali 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 attent&promising
candidates for selectiveds capture and separatiorOne
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 @ affinity2. A widely adopted
strategy to improve O, 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 O, adsorption capacity

This enhancement has been demonstrated in a series
of functionalized triazolatbased MOFs, including
CALF-20, CALF15, and NICS24*. The introduction of
an extra amine group in NIC&4 resulted in superior@
capture performance compared to CALS, with both
materials outperforming CALRO0 under low ©;
concentration conditions.

To further enhance the performance of NIEZ& 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 voluras wellas
hostguest interactions (i.e., surface chemistry), thereby
optimizing the material for C&xapture.
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NICS-24

modified NICS-24

co,

Figure 1: lllustration of the finetuning approach
appliedto the NICS24 structure.
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Investigating Protein Interactors of the TDH3 PathologyLinked Protein
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Amyotrophic lateral sclerosis (ALS) is a progressive o
neurodegenerative disease primarily affecting motor g reions @7 S ..
neurons. Initial symptoms typically present as muscle i W
weakness, often starting in distal limbs and progressing a
with disease advancement. The averageigal time : oy
postonset is approximately three years, with respiratory O‘. 4 :L' .. I
failure being the most common cause of death. Around 7 ) ;
50 % of patients also exhibit nemotor symptoms, with N2
101 15% diagnosed with frontotemporal dementia (FTD), / S -7
and an additional 3%5% showing mild cognitiveandbr
behavioral changés Cell lysis e

To date, more than 20 genes have been associated
with ALS. The most frequent genetic causes include

hexanucleotide repeat expansions @€9orf72 and PO g

/
Biotin-phenol / e
+ H20,2 I \l
e Uit g Vi,

Y%

mutations inSODJ1, TARDBR FUS, and TBK1 A key purification

neuropathological hallmark of ALS is the accumulation

of cytoplasmic aggregates of the T{4B protein, which

are also found in patients with FTD and other ——

neurodegenerative diseas&sTDP-43 is an essential NaDS-PAGE = 3

DNA/RNA-binding protein from the heterogeneous western blot = =
Immunocitochemistry -

nuclear ribonucleoprotein (hnRNP) family, involved in

RNA metabolism, mRNA transport, stress granule \

formation, and central nervous system development.

Mislocalization of TDP43 to thecytoplasm is closely

linked to both gain and lossof-function pathogenic

mechanisnis®

The primary aim obur work was twalidate TDP43

Schemel: Overview of the experiments using ascorbate
peroxidase for labelling protein interactors of TB®.
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Synthesis and characterization of niobiwtahoped titania photocatalysts
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Water pollution is a global problem that affects 140
ecosystems, the economy and human health. The most | [ —=—tio, 1083 m7g
common pollutants include microplastics, persistent { | 7® ToosNboosO; fﬂw
organic compounds, heavy metals arder compounds 100 4 | A TioggNbg,0; 1017 mYg

¥ Tige5Nby 50,

that enter water systems through domestic and industrial
wastewaterThese compounds are difficult to degrade in
the environment and some of them areot even
degradable by conventional water treatment methods.
One of the methods for degradaticof persistent
micropollutantgs heterogeneous photocatalysis, in which
irradiation and suitable catalysts (usually metal oxides) )
are used to convert poorly degradable compounds into w . . . w .
smaller and less harmful compouhdsTitanium(IV) . " o e " .
oxide (TiQ) is a conmonly used catalyst due to its good
photocatalytic properties. Its modifications, such as
doping with different metal ions, can enhance its

40 o

Quantity Adsorbed [em®/g]

20 1 & 6,5 m%/g

Relative Pressure [p/p°)

Figure 1: Nitrogen adsorptiomesorption isotherms of
the analyzed catalysts

efficiency?.
The purpose of this work was to synthesize 2TiO Table 5: Phenytoin degradation (%) after 3 hours of
modified with variousamounts ohiobium (Nb) dopants reaction
using the sebel method and then to characterize them Phenytoin
The characterization involved nitrogen physisorption Catalyst degradation [%]
analysis, Xray powder diffraction, UWis diffuse Tio, 33
reflection spectroscopy, Fourier transform infrared .
. . Tio.99NB0.0502 34

spectroscopy and scanning electron microscbpgrder .

; X . . Tio.eoNbo.1002 42
to determine the catalytic activity, the degradation i Kb O 15
reaction of the water pollutant phenytparepresentative los 192
of very poorly degradable phmaceuticalsyas carried
out using UVA light. BET adsorption isotherms showed References:

. ' _ 1. Mat oh, L.; Gener, B. ; Koval
that theTio.odNbo 1002 and Tbh.egNbo 150, catalysts had a | Levstek, M. Lavrenlil
larger specific surface area than the other prepared SokGel / P25 Ti O Coating s fo
samples (Figure 1). These two sampdeserged as the Degradation of 7 Selected Pharmaceutic&lsram.
most active catalysts, degrading 42 % of phenytoin in Int. 2023 49, 24395 24406.
solution(Table 1). 2. Wang, CC. ; Yi ng, J. Y. Sol 171G

Hydrothermal Processing of Anatase and Rutile
Titania NanocrystalsChem. Mater1999 11, 3113

Acknowledgements: 3120

The authors acknowledge the financial supportby the g Jiang., Y.; Ge, H.; Yang, Z.; Ji, Z.; Zhang, G.; Su, C.;
Slovenian Research and Innovation AgengsofectJ2 Liu, Q.; Ran, X. Insight into the Enhanced Tolerance
4441 andorogrammeP1-0134). ofMo-DopediNpre QO / Ti O Cat al yst

Combined Effect of SCRO, H C
Fuel 2023 346, 128339.

31



Comparison of GATK and Deep LearninBased DeepVariant in
diagnostic Nextgeneration SequencingNGS) Variant Calling
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Analysis of rmextgeneration sequencing (NGS)
requirescomprehensivdioinformatic analysis talerive
meaningful resultsGenome analysis toolkiGATK)! has
long been the standard for variant calling, but deep
learning tools like DeepVariahére increasingly used for
their strong performance.

Since each tooltilises differentalgorithns, their
outputs cardiffer significantly. While previous studies
have compared GATK and DeepVariant on trio exome
sequencing (ES)and whole genome sequencing (6S)
datasets,the critical challenge remains the accurate
identification of pathogenic variants that enable precise
genetic diagnosea the clinical setting

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

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 ofinique calls
than DeepVariant819 % and 3.79 % of algorithm
specific variants respectivelypll observed differences
were statistically significant (p < 0.001).

In the ES dataset6§ATK again reported a higher
percentage of algorithrapecific calls than DeepVariant
(14.67% and 2.63%, respectively)DeepVariant,
therefore, showed greater concordance with shared
variants than GATK.

To assess potential artefacisnong variants we
compared variant calls to the dbSNP datab@egle
Nucleotide Polymorphisntatabasg GATK showed a
higher rate of nombSNP variants (2.21%) than
DeepVariant (1.15%), suggesting more possible artefacts.

DeepVarianalsoidentified 37 additiongpotentially
pathogeniwariants not found by GATKLaterthey were
ruled out as diseaseausing due to high population
frequency or lack of phenotype association.

Both GATK and DeepVariant detectubstantial
amount of algorithmspecific variants. While GATK

potentially reduced interpretation workload. Notably,
DeepVariant did not identify any new pathogenic variants
in our cohortindicatingcomparablelinical sensitivity.
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1.40E+04 —-7
—

1.20E+04 —

5.00E+06

4.00E+06
1.00E+04 —

3.00E+06 8.00E+03
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Number of variants
Number of variants

2.00E+06

4.00E+03
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0.00E+00
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Shared variants

Unigue variants Shared variants W Unique variants

Figure 1. Comparison of discovered variants (GATK =
Genome analysis toolkit, DV = DeepVariant)

ientsd phenotypes.
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Comparison of mechanical properties of alkalictivated materials made
of different alternative alkali activators
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The construction industry is recognized as one of the  sodium and potassium hydroxide solutions. The resulting
most significant contributors to global greenhouse gas AAAs were used to prepare various AAM mixtures, using
emissions, and within this sector, the cement industry  metallurgical slag and metakaolin as precursors. These
alone is responsible for approximately 8% of global materials were then tested for early compressive strength
carbon dioxi de ( CQctionprecess s s iaften three dayls. eAddionallg THR (Fouriertransform

of ordinary Portland cement is highly carbiotensive: infrared) spectroscopy was used to analymestructural
for every tone of cement produced, approximately 0.7 to  features of the hardened AAMs. For comparison,
1 tone of CO i s emitted i nrefevende saenplestwen® asp prepared.using commercsap o n

to growing concerns about climate change and activators (Geosil and Silvez) and standard sodium and
environmental degradationmgsearchers and engineers potassium hydroxide solutions.

have been actively seeking more sustainable alternatives.
One such promising alternative is the use of alkali
activated materials (AAMS) which are emerging as
potential lowcarbon binders to replace traditional
cement.

AAMs require an alkali solution (activator) to initiate
the chemical reaction that leads to hardening and strength
development. In commercial applications, this activator is , it I
often a solution of potassium or sodium silicate. However, Figure 1: Alkali activated materials prepared of
the production of theseommercial alkali activators is different alternative activators.
also associated with high carbon emissions. For example,
producing just one kilogram of sodium silicate can References:
generate approxi mat &lwhich1l. 5 1. |PjoVisod;rDaverder, &lkali Activated Materials:
undermines some of the environmental benefits of using Stateof-the-Art Report, RILEM TC 22AAM, 2014.
AAMs. To address this issue, researchers have begun 2. Turner, L. K. Coliins, F. G. Carbon Dioxide

. . _ ) Equivalent (COz) Emissions: A Comparison
exploring the use of alternative alkaline activators between Geopolymer and OPC Cement Concrete

(AAAs). These are synthesized from industrial waste Constr. Build. Mater2013 43, 125 130.
materials that are rich in amorphailécon, such as waste 3. Pavlin, M.; Konig, K.; Konig, J.; Javornik, U.;
glass, mineral wool, rice husk, microsilika etc. which Ducman, V. Sustainable Alkafictivated Slag
must undergo thermal or chemical treatment to be Binders Based on Alternative Activators Sourced
activated. From Mineral Wool and Glass Wasteront. Mater.

. 2022 9, 902139
In our study, AAAs were prepared using two 4. Konig, K.; Traven, K.; Pavlin, M.; Ducman, V.

different approaches: (1) hydrothermal synthesis with Evaluation of Locally Available Amorphous Waste
continuous miXing/nO miXing (modlfled method used in Materials as a Source for Alternative Alkali

previous studies), (2) and microwave digestion Activators.Ceram. Int.202Q 47 (4), 4864 4873
(extraction). The raw materials included waste glass

(WG), glass wool (GW), stone wool (SW) and microsilica ~ Funding information: N2-0320 Waste to alkali-
(MS). These were alkafictivated using 5M and 10M activated binders (WIN).
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H/D Exchange Enabled by Polystyrer@upported IridiumCatalyst
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The synthesis of deuterittabeled 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/deuteri
(H/D) exchange or deuterefunctionalization within the
target molecule. Among these, direct H/D exchange is
often more efficient and cosffective, particularly when
introducing deuterium into complex molecules like
pharmaceutical compounés.

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 reactidnstHowever,
homogeneous iridium catalysts pose challenges in
recovery and reuse, as they are difficult to separate from
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 infiarmaceutical synthesis, while
combining the performance of homogeneous catalysts
with the practicality of heterogeneous ofles.

With this in mind, we are exploring strategies to
develop immobilized catalysts for the synthesis of
deuteriumlabeled organic compounds, building on
established catalytic systemsFigure 1). In this
presentation, we will demonstrate the immobilization of a
Kerr-type Iridium(l) 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 homogeneous and heterogeneous
systems, including recyclability and overall potential for

practical applications.

- Dendrim
‘ - -Gel
- Magnetic nanoparticle
OH QD - CF reactor's surface...
D source (Dy, D,0, MeOD...)

Figure 1. General scheme for H/D exchange with
immobilised catalysts.
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Alkali-Silica Reaction in Concreté&Focus on Silicate Aggregates Used in
Slovenia
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Concrete, with over 4.1 billion tores produced in neglected in Slovenia, recent degradation of -high

2023, is an essential construction material for modern performance concretes has highlighted its relevance and
infrastructure including transport, energy, and urban the urgent need for systematic assessment. In
development, and there is no material that can replace it collaboration with Alpacem Cementwe will aim to

in the near future. Concrete is a mixture of binder (pure  develop innovative concrete mixes using silicate
cement or cemenwith supplementary cementitious aggregates and appropriate cerm®@6M combinations
materialsSCMs) aggregate, water, and chemical that will effectively mitigate ASR without compromising
admixturest It is usually reinforced to compensate for its its durability and longterm performance.

low tensile strength and ductility. Among the various

mechanisms affecting corete durability, the alkaisilica OH_ K+ OH_ o )

reaction (ASR) is recognized as one of the most critical o

due to its expansive nature and legegn progression. + n é

ASR is a chemical reaction between reactive silica in Na K

aggregates and al kali son( Na & |sol ut
forming crystalline or amorphous gel products that - 5

expand and cause mierand later macrocracks in OH Na+ OH ASR GEL

concretet? The later act as physical catalysts for further
degradation processes. Reactivity of silica depend on the
silica typer it is T high in amaophous forms (e.g. opal, L\
volcanic glass), moderate 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 ipredominantly carbonateased
(limestone, dolomite), but in the northeast (Pohorje, Mura
and Drava basins), silicateeh igneous, metamorphic,
and alluvial deposits are common, with silicate content
ranging from 4060% in the Drava Basin, whereas the
Mura Basin entirely consists qf silicatech ge_diments. 1. Mehta, P. K. Monteiro, P. J. M. Concrete:
Aggregates from these regions, containing quartz, Microstructure, Properties, and MaterialSrd ed.;
guartzite, gneiss, siltstone, and sandstone, are potentially McGrawHill: New York, 2006 pp 168 176.

Scheme 1Simplified presentation of ASR (modified
from Thomas et. al. 2011).
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concrete through pozzolanic reactidn®ther methods 4. Thomas, M. D. A. The Effect of Supplementary

include limiting alkali content or using lithium Cementing Materials on AlkalSilica Reaction: A

admixtures, though these are less practical due to material Review.Cem. Concr. Re011, 41, 209216.

limitations and cost. Although ASR has long been
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Determination of Liquid Products from Electrochemical G&Reduction
using GGMS
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CO; is a major greenhouse gas, whose rising 107 [ TC 5can 250710.5_C07_prod_sta_s#5_neg
concentration in the atmosphere is the primary driver of as 4.089 ethanol
todayods clliReduting C@dmissiopssand i::
producing valuable chemicals are key goals for .
sustainable  developmeht. Electrochemical C® 17
reduction (CQGRR) offers a promising route to reduce 3:2:
CO; concentrations while producing vakaeded 0.4
products such as ethanol. Accurate quantification of 0.2
liguid products formed during this process is essehtial. 7 T T T 7 T

Typically techniques for this determination are ' Time [min] '
nuclear magnetic resonance (NMR), high performance
liquid chromatography (HPLC), and gas chromatography
coupled with mass spectrometry (@€S).! NMR is
widely used due to its high sensitivity and ability to detect References:

unknown products, however, it has limitations when it 1 Nitopi, S.; Bertheussen, E.; Scott, S. B.; Liu, X.;

4.854 n-propanol

5.443 allyl alcohol
3.228 propionaldehyde

Figure 1: Chromatogram of liquid products from
CO.RR using GEMS

comes to detecting products at very low concentrations. Engstfeld, A. K.; Horch, S.; Seger, B.; Stephens, I. E.
HPLC, on the other hand, has limited sensitivity for L.: Chan, K.; Hahn, C.: Ngrskov, J. K.: Jaramillo, T.
volatile aldehydes andlcohols, which are the primary F.; Chorkendorff, 1. Progress and Perspectives of
products’® Electrochemical CO2 Reduction on Copper in

In this work, we explore the capabilities of headspace Aqueous ElectrolyteChem. Rev2019 119 (12),
GC-MS, a weltestablished method that is less commonly 7610 7672.
used in CGRR, for the detection of volatile products with 2. Tomc, B.: Bele, M.: Azeezul
lower detection limits. We found that alcohols, Finggar, M.; Surca, A. K.;
aldehydes, and ketones are clearly identifiable with the Giler Hudoklin, J.: Hug, M.
analysis, while carboxylic acids such as formic and acetic Deactivation of Copper Electrocatalysts during,CO
are poorly detected due to their low volatility. To address Reduction Occurs via Dissolution and Selective
this, we explore derivatization of the acids to its Redeposition Mechanisrd. Mater. Chem. 8025 13
corresponding ester, aiming to improve their detection by (6), 4119 4128.
HS-GC-MS. 3. Bertheussen, E.; Abghoui, Y.; Jovanov, Z. P.; Varela,

A.-S.; Stephens, I. E. L.; Chorkendorff, I.

Quantification of Liquid Products from the
Electroreduction of C® and CO Using Static

Headspac&as Chromatography and Nuclear
Magnetic Resonance Spectroscofyatal. Today

2017288 54i 62.
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Use of specific pyrazole derivatives for characterization of
L-threonine dehydrogenase
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Pyrazolebased 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-pyrazole5-ol (11),
which was found to inhibit the growth &f&cherichia coli
and the activity of kthreonine 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 11 present a
valuable starting point for future draiscovery.

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 NADto NADH, which allows for real time
activity tracking. Among the tested molecules, |1 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
concentratiorfs

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 biofilmrmation,
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 ef b,
orange curve is 250 uM of-Chr and the green curve is
500 uM of L-Thr

=
[=}
:

v [RFUIs]
e
f?}

0,0+ rrrrr T —
0 50 100

c(12) [eM]
Figure 2: Effect of compound 12 concentration on
reaction rates. The blue curve is 100 uM eThr,
orange curve is 250 uM of-Chr and the green curve is
500 pM of L-Thr
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Disulfide-based conformational locks for studies of alpta&tinin-1 actin
crosslinking mechanism

Mark Lobore¢tJ o gt HMI BaaPavgil *,
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The actin cytoskeleton plays an important role in cell  verification. The protein was then expresseH.icoliand
structure, adhesion and mobifityConsequently, actin is purified via nickelaffinity, ion-exchange and size
one of the earliest evolved proteins, dating back to the exclusion chromatography. SEFSAGE of the mutants
common ancestor of life. It is also one of the most underreducing vs. nereducing conditions was then used
abundant proteins in many cells, accounting for up to  to check for the formation of croghain disulfidebonds.
10 % of protein mass in most célls Formation of such bonds was conied in one of the

Alpha-actinin is an actitbinding protein of the mutants, while actibundling activity tests are ongoing.
spectrin family, and likely also its originator. It consists
of three major domains: an actiinding domain (ABD),

a calciumbinding calmodulidike domain consisting of ER4

two EFhand motifs (CaMike domain)and a rod domain L«)’Ls sh sk

WhIC'h conr'lects the tvx'?qlt dlmer|z§s in an anfarallel ¢ &ﬂ' : ’v.'-’f"/:v'b:{v'\“a Grr‘((‘,‘(w?f\

fashion, with the CaMike domain of one monomer ABDISEXA {4 LAARAAA 'u,\'»‘\\(ﬁ\";,‘_.‘.‘.g:
regulating the ABD of the other. There are four human ' w
isoforms of alphaactinin, two of which are calcium
sensitive (isoforms 1 and 4) and can be found in most
cells, while the other two are -calciwinsensitive

SR ;)

(isoforms 2 and 3) and can be found only in muscle cells, Figure 1: A model of a special "haiflimer form" of

localized to the Aisc of the sarcomergs human actinirl in a calciurdbound state. The ABD and
As there is currently no accurate model of the SR 1 and 2 domains would belong to one chain in a

conformational changes responsible for loss of actin typical dimer, while the EF and SR 3 and 4 domains

bundling activity upon calcium binding in nenuscle would belong to the other chain.

isoforms of alpha actinin, we have set to identify

mutations which would conformationally lock partsteé References:

1. Foley, K. S.; Young, P. W. The Nevuscle
Functions of Actinins: An Updat&iochemJ. 2014
459(1), 1 13.

2. Pollard, T. D. Actin and ActiBinding Proteins.
Cold Spring Harbor Perspect. BiokR016 8 (8),
a018226.

3. Virel, A.; Backman, L. Molecular Evolution and
Structure of AlphaActinin. Mol. Biol. Evol. 2004 21
(6), 1024 1031.

structure, and measure its aetiondling activity in the
presence and absence of calcium, allowing us to
determine in which region the conformational change
responsible for the loss of actundling activity occurs.
For that purpose, we have intrasd disulfidebond
forming cysteine pairs into the rod domain at selected
locations, informed by previous experiments, structure
models and crystal structure of related protein alpha
actinin2 (Figure 1). A mutant with aspartate residues
replacing glutamatresidues in the 278 and 285 positions
was also d_esigngd,_ as as_partate residues arg absolutely Funding information: grant no. N10191 (Slovenian
conserved in calciuAnsensitive human isoforms in those
positions, while glutamate residues take their place in
calciumsensitive isoforms.

The mutations were introduced via the QuickChange
method for sitedirected mutagenesis and sequenced for

Research and Innovation Agency (ARIS), Slovenia;
bilateral project vidAustrian Science Fun@WF)).
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Frequency upconverted white to green emission tuning inRCLPhotonic
crystal (MC) structures for LED applications

Martin Jazbeg? Prasenjit P. Sukul*,Lus F. Santo$Rui M. Almeida?
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Superior Tecnico, Universidade de Lisboa, Revisco PaisPT-1049001, Lisboa, Portugal
2Faculty of Chemistry and Chemical Te SH@00 LjublgnaSlovéhiai ver si

This study investigates ortimensional photonic
crystal (1DPC) structures fabricated on silicon
substrates, specifically focusing on a FaP#rot
microcavity (MC) designed for enhanced light emission
at selected wavelengths within the white to greectsale
range. The microcavity was constructed using alternating
layers of titania and lanthanide (Ldpped
aluminosilicate glass, synthesized via -gel (SG)
processing. The aluminosilicate sols weredtrped with

Tmj [/ Erj [ Ybj i ol servieg.asdtiie0 . 5/ 5 . TEEENEIERTUERD)

low-refractiveindex (n=1.48) component, while titania Figure 1. SEM image of FabraPérot microcavity (MC).
sol provided the highefractiveindex counterpart. The It shows five Bragg mirror pairs on each side of the
MC structure consists of five Bragg mirror pairs on each defect layer

side of a defect layer (composed of a double layer of Ln

doped aluminosilicate). Crossectional SEM images of 1.0

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 fdt &ngle.

In alignment with green chemistry principles, we
further explored lowtemperature processing methods by
introducing zinc oxide (ZnG)as an alternative high
refractiveindex thinfilm material. The influence of heat

—— M_MC(Si) AISi-21_Ti-15_08-07-2025_20° - RawData
— M_MC(Si) AISI-21_Ti-15_08-07.2025_30° - RawData

Norm. Reflectance ( arb. unit)

—— M_MC(Si) AISi-21_Ti-15_08-07-2025_40°

l —— M_MC(Si) AISi-21_Ti-15_08-07-2025_10° - RawData

treatment temperature on ZnO¢ ol SHEELEEEEER ure wa
systematically examined. In summary, this work pi= i S
demonstrates the successful integration of ZnO films with Wavelength (nm)
Ln-doped aiminosilicate sols to fabricate optimized Figure 2: Reflectance data of MC sample showing the
microcavity structures, offering a sustainable approach to defect layer position measured at different angles
photonic device fabrication. targeting 525nm defect position.
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Modeling-guidedprocess dvelopmentof a capillary force driven
microfluidic distillation device

Martina,'Pok oAmtilkogi |

lFacul of Chemistry and
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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 continuousseparation, 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 energyntensive process, which
conflicts with sustainable development guidelines. The
equipment required to ensure adequate productivity is
large, meaning the procesdso 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 intensificationMicro-structured systems are
characterized by large specific surface areas (high
surfaceto-volume ratio) that enhances heat and mass
transfer within the system, enabling faster separation,
easier temperature regulation and, most importantly,
greater energy efficiencyirstly, due to smaller reaction
volumes, the consumption of chemicals and energy is
reduced, along with wasstproduction and environmental
impact. Secondly in micro-distillation productivity can
be easily increased by numberog the units.
Microdistillation units can also be integrated with other
(micro)reactors or analysers, creating aatled "endto-
end processing" system for seamless production or
analysig.

In our research a modbhsed 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 physiathemical and other
properties of the feed mixture, a model is created that
mathematically describes and predithe behaviour of
the mixture within the device. After solving the model, a
process simulation is carried out, allowing for a deeper
understanding ohte 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
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MBD approach. Model optimization is economically
more efficient and faster than empirical testing of
manufactured prototypés

Within this research, micfluidic distillation device
shown in Figure Wwasdeveloped, and a corresponding
mathematical modetlascreated to describe the process.
This was followed by numerical model solvingnd
optimization of the distillation process to improve
separation efficiency, reduce energy consumption, and
enable system scale.

R - — -
= L _J L ®© L3 @«
plate with the microchannel
L - - - -« L )
high temperature
—— -
T « &

distillate
more volatile
component

liquid
mixture
foed

Figure 1. Schematic of theapillary force driven
microfluidic distillation unit and illustration of its
operational principle
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Synthesis and testing of molecularly imprinted polymers for
electrochemical determination of neonicotinoids
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Neonicotinoidsarea class ofinsecticides thahave 0.12 1

been in ussincetheend of the 20century.Their use has

increagd rapidly, particularly in Africa and Asiaue to 0.08

their high efficiency and target specificity. However,

widespread application has led to major imbalances in 0.04 1

ecosystems, especially in insect and pollinator g

populations. In Europe their use has already been ﬁ 0.00

restricted and further restrictions are expected for the g Bl brior scumsiaion of ACM

U S.l'|'3 5 -0.04 El after sccumulation of ACM
Thiacloprid and acetamiprid are important ' B peias ascumuizion sTACM

representatives of this group of pesticides, but their poor -0.08 T B serscmsizdon o ACM
electroactivitydue to the absence of a N@roup makes e e
directelectrochemicafletection methodmapplicable for 012 4 , T ——
their determinationIn our work, gveral molecularly -0.5 0 0.5
imprinted  polymers (MIPs) for thiacloprid and Potential [V]

acetamipridhave been synthesised and further evaluated
for electrochemical detection. h€ specific binding
efficienciesof the polymerdor the target analytes have
been screened and quantifiedy calculating the
imprinting factor(IF). The polymer with the highest IF
for eachanalytewas applied to the working electrode of

Figure 1: Cyclic voltammograms recorded by working
electrodes before and after accumulation in 0.1 M
acetamiprid solution (EL untreated electrode, E4
modified electrode without MIP, E5Smodified
electrode with MIP).

the screesprinted dectrodevia drop-casting. References:
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electrodeji) modified electrode without the molecularly Neonicotinoids.J. Agric. Food Chem2011, 59 (7),
imprinted polymerandiii) modified electrode with the 2897 2908.
corresponding molecularly imprinted polymer before and 2. Casida, J. E. Neonicotinoids and Other Insect
after accumulation irthe solution ofacetamiprid and Nicotinic Receptor Competitive Modulators: Progress
thiacloprd was carried out and Prospect&nnu. Rev. Entoma2018 63 (1), 125

The MIP-modified electrode was the only one 144.
showng  decreaseé voltammetric  signal of 3. Buszewski, B.; Bukowska, M.; Ligor, M.; Staneczko
hexacyanoferrate, whicbould be the evidence of the Baranowska, I. A Holistic Study of Neonicotinoids
specificity of binding of the analyte to the molecularly Neuroactive InsecticidésProperties, Applications,
imprinted polymer demonstratingthe potential for Occurrence, and Analysi&nviron Sci Pollut. Res
further development andpplication to the working 2019 26 (34), 3472334740.

electrodefor neonicotinoid sensing
Funding information: This work was supported by the
Slovenian Research and Innovatiokgency, grant
numbers J23049andP1i 053
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Anal ysis of Air Pollutants in Lj
during Summer 2025

Tai Lupscha Ma t

ISrednja poklicna in ,Gehsikdk ashgaOMarskad/SbibalaweniSob ot a

2 Gimnazija Ledina, Resljeva cesta 51000 Ljubljana, Slovenia

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 qualégearch is 3

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 weathestationsL j ubl j ana Be
(urban) andMurska  Sobotdless urbafrural).
Concentrations of PM , P
measured alongside meteorological parameters such as
temperature, wind, and precipitation. Ljubljana exhibited
higher mean concentrations
attributable to more intense anthropogemimissions

from traffic and heating systems.

In contrast, Murska Sobota consistently displayed
higher ozone (O ) concentre
paradox0 where urban areas
( NO) emi ssions promot e 0]
titration reactidédn NO + O

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
(NOh%+ NO + O) and subsequer
oxygen with molecular oxygen to form ozone

(0O + O Y O ). Limited vert i.
further allowed pollutant accumulation. P 17

Temporal analysis revealed data shown in Figure
lrevealshortt er m peaks in PM and
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 commutangd
industrial schedules. These findings underscore the

......

Figure 1: Variation of Air Pollutants in Ljubljana
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importance of understanding the chemical kinetics of References:

pollutant formation and removal in both urban and rural 1.
contexts. Elevated rural ozenas observed in Murska
Sobota, highlights that regional air quality policies must
address not only primary emissions but also secondary
pollutants formed through complex atmospheric
chemistry.
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Optimization ofhorseradishperoxidaseéemmobilization intocrosslinked
enzymeaggregatesusing microfluidics
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Efficient, carrierfree immobilization is pivotal for
building robust biocatalysts that can be reused and
operated continuously. Croieked enzyme aggregates
(CLEASs) are attractive because they combine high
volumetric activity with simple, lowcost prepeation via
precipitation followed by intraaggregate crosslinking,
while typically enhancing stability and enabling catalyst
recycling'. However,  conventional batedtale
precipitation and crosslinkintpat requests centrifugation
for CLEAs separation fronthe reaction mixtureoften
suffer from poorly controlled mixing arnagglomeration
leading to highly polydisperse particle populations,
variable recovered activity, and masansfer limitations
that hamper reproducibility and scalp. Microfluidic
platforms mitigate these issues by imposing wlelined
residence times and rapid micromixing, which narro
particle size distributions, improve transport, and
seamlessly interface with continueflisw operation.

Leveraging these advantages, we aimed to optimize
the immobilization of horseradish peroxidase (HRP) into
CLEAs within a microfluidic platform, generating highly
uniform, highactivity, and reusable nanoparticles
suitable for coseffective continuous biatalytic
processedmmobilization in this setup not only enhances
operational stability and catalyst reuse but also enables
precise control over particle formation and supports
seamless integration into continueilmy 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 distributidhe
objective was to maximize the recovered activity of the
enzyme, i.e. the activity after immobilization compared to
that of the free enzymdeterminedsiathe model reaction

of 2 , -&iNpbis(3-ethylbenzothiazoling-sulfonic acid)
(ABTS) oxidation by hydogen peroxide, monitored
spectrophotometrically at0% nm. The best recovered

43

of

activity of 99 % was achieved at a retention time of 0.34
min with acetone and glutaraldehyde concentrations of 90
% (viv) and 1 mM, respectivelylhe resulting CLEA-
HRPs exhibited an average particle radius of 150 ,nm
determined using dynamic light scattering

The optimized CLEAHRP preparation provides a
robust, reusable biocatalyst suitable for future continuous
oxidation reactions These findings demonstrate the
potential of microfluidis-assisted CLEAgeneratia for
creating highkactivity immobilized enzymes tailored for
advanced biocatalytic applicatians

%

Aqueous acetone solution

Figure 1. Setupfor a continuous CLEAHRP
generation in a microfluidic system.
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Synthesis, characterization and interaction between lignin nanoparticles
and nanoplastics

Nej a L*'ézmat@lahkl an

lFaculty of Chemistry and
2Centre of Excellence for
University of BelgradeRS11351 Belgrade, Serbia

Plastic pollution isaglobal problem and has a major
impact on the environmenWhile 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 centurieslumans are exposed to miero
and nanoplastics through tap and bottled water, personal
care products and contaminated marine organisms that
have ingested plastic particles present in aquatic
environments. Marindased sorces of plastic pollution
include recreational cruises, oil extraction, product
transportation and fishing activittesNanoplastics in
water can interact with naturalbccurringpolyphenolic
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 frommilled strawbiomass 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 removeding a rotary
evaporator The resulting residue was treated with
acetone and distilled water to precipitate lignin, which
was then filtered and driedlignin nanoparticles (LNPs)
were preparedvia a hydrotropic synthesis method
reported ir?.

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 particleseere 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 theeraction
between lignin nanoparticles and nanoftss 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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Heptanuclear zinc(ll) complex with yanopyridine
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Zinc(ll) 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(ll)
contributes to the structural stability of proteins, which is
vital for precise regulation of gene expression and the
maintenance of functionality in various biological
system&

3-Cyanopyridine (3PyCN) is a solid, colorless
organic compound with the molecular formulaHGN>.

The molecule consists of a pyridine ring with a cyano
group { CN) attached at the third position.

Figure 1. ORTEP drawing of the heptanuclear complex
N molecule[Zn7;0(CHsCOO)o(3-PyCNY], as found irl.
X
Analogous leptanuclear zinc(ll) complexes with
acetate and nitrogen donor ligands such as
/ 1-methylimidazole or pyrazine were prepared befére
CN Herein, vwe will present the crystal structures of both
Scheme 1 Structural formula of Zyanopyridine compounds, along with the infrared atiNMR spectra,

(3-PYCN). as well as the T®OSC and elemental analysis of

compoundL.

3-Cyanopyridine can bind to transition metal ionsa

monodentate manndhrough the ring nitrogen or, less

commonly, also through the cyano groupm a bridging References:

manner Surprisingly, he coordination chemistry of 1. Parkin G. Synthetic analogues relevant to the structure

zinc(Il) with 3-cyanopyridine is relatively poorly andfunction of zinc enzymeChem. Rev2004 104,
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The reactiors of zinc(ll) acetate dihydrate with
3-cyanopyridine resulted in two new crystalline

products  [Zn70(CHsCOO)o(3-PyCNY] (1) and properties of [ZA0x(0;CMe)io(1-Meim),] (1-Meim =
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analysis on singlerystal. Both compounds contain the Synthesis and structure of Zps-O)(OAc).(Pz)
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: . 384Q
zinc(ll) ions. The structure of the novel heptanuclear

zinc(1l) complex is shown in Figure 1. Funding information: The Slovenian Research and

Innovation Agency through the Research Core Program
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Cyclic anhydrides are commonly ®r 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 ecently new procedures have been developed
which employ Lewis acids as catalyster 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 mddnditions and without
the presence of coupling reagents, which makes cyclic
anhydrides valuable tools in organic and bioconjugate
chemistry.

They are commonly wused for polymer
functionalization, hydrogel formation and in some cases
polymer synthesis. Protein modifications with cyclic
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 crliskers between
various moleculés

Alongside aforementioned, cyclic anhydrides have
also been utilized in surface functionalization of
nanoparticles. Bloemen et%ffor instance, used succinic
anhydride to endap 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 applications,
including coupling to antibodies.

In our research we used the simplest cyclic
anhydride, succinic anhydride, to perform an
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esterification reaction with a derivative of diethylene
glycol to yield an elongated carboxyl derivatiEgure

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 compouri2dimethyt4,15
dioxo-3,8,11,14tetraoxa5-azaoctadecah8-oic acid (1)

with little side products, which wereasily removed by
dissolving the reaction mixture in dichloromethane and
washing it with 1 M HCI solution and brine. Synthesized
molecule exhibits potential use as a linking element and
in nanoparticle surface functionalization.

0O

@]
H
@]
1

Figure 1. Synthesized compourgj2-dimethyt4,15
dioxo-3,8,11,14tetraoxab-azaoctadecath8-oic acid(1).

References:

1. Spanedda, M. V.; Bourdonnet, L. Cyclic
Anhydrides as Powerful Tools for Bioconjugation and
Smart Delivery Bioconjugate Chen021, 32, 482
496.

2. Schneider, J.; Haring, A. P.; Waldvogel, S. R.
Electrochemical Dehydration of Dicarboxylic Acids
to Their Cyclic AnhydridesChem. Eur. J2024 30,
€202400403.

3. Bloemen, M.; Van Stappen, T.; Willot, P.;
Lammertyn, J.; Koeckelberghs, G.; Geukens, N.; Gils,
A.; Verbiest, T. Heterobifunctional PEG Ligands for
Bioconjugation  Reactions on Iron  Oxide
NanoparticlesPLoS One014 9, €109475.

Funding information: The study was supported by the
Slovenian Research and Innovation Agency (ARIS;
Research Core Funding grant-@230).

T e ¢ $I-1060 Ljulgjana, Sltvaniav e r s i


mailto:janez.kosmrlj@fkkt.uni-lj.si

Development of extraction method

for perfluoroalkyl pollutants in water

Gpel a Keieméeosent] da Kragevec

lFaculty of Chemistry and

Per and polyfluoroalkyl substances (PFAS) are
compounds with strong carbidituorine (GF) bonds that
cause their exceptional stability and resistance to
degradation. Therefore, they are widely used in industrial
applications.  However, their persistence dan
bioaccumulation have raised significant concerns due to
their adverse effects on human health and the
environment.t Determination of PFAS typically involves
extraction and preconcentration, followed by analysis
using  sensitive techniques such as liquid
chromatographitandem mass spectrometry {©LC
MS/MS).20ne of the most common extraction techniques
is solidphase extraction (SPE), which was also used in
this work for the extraction of five PFAS (€28) from
water samples. The method was optimized by evaluating
sorbent type (Fig. 1), elution solvent, andtragtion
conditions (pH and salt concentration). The final method
consisted of sample pH and salt content adjusted3o 2
and 3.5%, respectively. Cartridges with WAX sorbent
were used with 5% NHin methanol as the elution
solvent. The breakthrough volume exceeded 500 mL and
extraction recoveries were above 95% for all analytes. A

Chemical Te SHOOO Ljublgna, Slokdéma v er s i
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Figure 1: Comparison of normalized recoveries for
different SPE cartridges
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Characterization of ATRPdependent amide bond synthetase for selective

amidation
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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 reagentshish often
results in poor atom economy and the generation of
hazardous byroductd. In contrast, enzymatic methods
operating in aqueous media without toxic reagents offer a
greener and more sustainable alternétivenong these,
ATP-dependent amide bondynthetases (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 partnér.

Here, we describe process development for the -ATP
dependent coupling of tramsnnamic acid with 1,2
phenylenedimethanamine catalyzed by an ABS from
StreptomycesTR1341 in the presence of inorganic
pyrophosphatase (PPase). The reaction proceeds through
an acyiAMP 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 7.60.82. At 30 % (v/v) ce
solvent, DMSO severely inhibited activity (10.13 %
residual), while glycerol retained 47.12 %as sparging
showed bubble exposure, not oxidation, caused
deactivation: @] and N
h, with complete loss by 3 h.

Kinetic studies with isolated adyAMP showed that
AMP-to-amine ratios control selectivilyexcess amine
boosted amide yield but increased diamide via competing
nucleophilic attack. Higher ratios improved yield, while
lower absolute concentrations (10 mMiae, 5 mM acid)
enhanced selectivity by limiting side reactions and
improving solubility.

Overall, these results demonstrate that AfaSalyzed
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 interfacidéactivation
and improve product selectivity. This approach offers a
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clear route toward intensified and scalable biocatalytic

processes

Figure 1: Reaction scheme oABS-catalyzed amide
synthesis from transcinnamic acid and 1;2
phenylenedimethanamine.
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Optimisation of extrusion based on a rheological analysis

Tadej Pir¢,’Rok Amprogi |
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This abstract summarizes research investigatieg process changes while maintaining equivalent rheological
optimisation of the extrusion process for paraffiased behavior to the current product standartde optimised
rodent bait using rheological analysis as a tool for formulation not only matches the mechanical and
systematic process improvement. The study is grounded functional requirements but also results in reduced
in industrial practice and aims to address specific issues costandgreater process robustne€xamples of cost
in the manufacturing processiamely, mebanical stress reduction with fixed a nafelsRown in Table'l
on the extruder, mixture inhomogeneity, and e
unnecessarily high production castahile preserving
product functionality and mechanical integtity

Rheological measurements were carried out using a
platé plate geometry on a rotational rheometer under 1ae”
controlled strain amplitude. The bait, being a viscoelastic
solid, required careful sample preparation to ensure
consistent results. A customized steeldrand hydraulic

—k- tan(0) regresija
—a— tan(&) eksperimenti

press were used to produce test specimens, and an optimal (% o [
compaction pressure was determined through statistical T e

. - . 135" G' eksperimenti G"" eksperimenti
evaluation of measurement repeatability. Key rheological R s

arameters such as the el a: et e scous
e =] 209 o 0 7 \
. < =, et $ Zag2t

modul usnd Ghojan( @) were used mvk L S I

/
" /
N

material's response under smthain oscillatory
conditonswi t h tan(ld0) serving as
distinguishing the viscoelastic properties of various
polymers.

A Placketi Burman design of experimen{®oE)
was employed to screen nine variables: seven formulation
components, extrusion temperature, and sheafrate
Through statistical analysis including multiple linear
regression and ANOVA, the studgentified the most
influential factors on the viscoelastic response of the

.

Figure 1: Comparison of regression model predictions
and experimental results for rheological paraméters

Table 6: Relative deviations of predicted rheological
parameters from experimental values for selected
formulations (R1, R3, R%)

mixture>®. These findings were used to develop a R1 R3 RS
regressiorbased model that accurately predicts the i -10,30 % 2,89 % 17,06 %
productdéds rheological behaviog: und&x30% argd% g 1706Bcess
conditions. Figure 1 illustrates thevalidation of this 4+1¢ . 0,00 % 0,00 % 0,00 %

modet. Cost reduction 7,23 % 6,59 % 5,07 %

The usefulness of this approach is multifold. First, it
allows for predictive controbf product texture and

) ] ) ) References:
mechanical integrity based on measurable irputs 1.Pirc T., Optimizacija ekstr
without relying on trialanderror methods or costly analize M.S. Thesis, Universitpf Ljubljana 2025.
commercial software. Second, it providedow-cost 2. Durakovic B. Design of Experiments Application,
strategyfor optimising formulation and processing Concepts, Examples: State of the AAEN 2017, 5,
parameters using opeource tools. Third, it 421i 439.

3. Design of Experiments (DOE) in New Product Design

enablegdatadriven decisiormakingin industrial . :
g & Development Air Academy Associatez014

settings where product reproducibility and equipment
reliability are essential

The outcome includes a set of optiad parameters
and a validated model capable of guiding formulation and
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Selective Extraction of Magnesium from Slovenian Dolomite
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Magnesium (Mg) is a critical metal with applications
in the automotive, aerospace, electronics, chemical and
pharmaceutical industriédt is currently the third most
highly produced metal globaflyand demand is likely to
increase as it is one of the most promising metals for the
development of more sustainable battefi@urces of
Mg range from seawater to many minerals, of which
dolomite (CaMg(C®)2) 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 work was to develop a
hydrometallurgical procedure for the selective extraction
of Mg from Slovenian dolomite. The emphasis was on
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 microwdigestion
and ICROES 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.

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 (VIL8@),
oxalic (H:C:04) and tartaric (GHesOs) acids with 50 %,
105 % and 150 % equivalent relative to the amount of Ca
+ Mg in 1 g of ideal dolomite. Four different sulfuric acid
volumes (5 mLi 20 mL) were tried, whereas the
minimum volume of oxalic and tartaric acid was limited
by solubility. Seletive 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 proceduresvglective
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Mg leaching with 7.5 mL and 105 % equivalent oS
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 .04 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.

120 % 600
100% | — {I} 1 500
80% | 1 400
60 % | 1 300
40% | 1 200
20% | ’_X—‘ 1 100
0% 0

Mg yield
BT-105-20 @O-105-30 @S-105-7.5-0OH-20

molar ratio Mg/Ca

Figure 1: Mg yield and molar ratio Mg/Ca for leaching
with tartaric (T) and oxalic (O) acid. Leaching with
sulfuric (VI) (S) acid was followed by precipitation with
NaOH (OH). The first number stands for equivalent (%)
and the second for reagent volume (mL). Onby blest
combination for each set of reagents is shown.
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Electrochemical Monitoring of Polystyrene Nanoplastidsungal Biomass
Interactions for Advanced Sensing Applications
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Nanoplastics (NPs), ultrafine synthetic polymer TV biomass was introduced in®.0 mL of 0.8ug/L
particles, are emerging as a concerning class of pollutants PSNP suspensionsno decrease inya was observed
due to their high mobility, persistence, and ability to confirming a neaty-complete adsorption and thus
penetrate biological membranes and accumulate within removal of PSNPsrom solution. This process was
aquatic ecosysterhs Their nanoscale dimensions observel in real time by the sensor withouny
(< 1 Om) and intricate i nt mterierertce a Msbioinass particlese as comfanked byt h e i
detection challenging, often requiring complex analytical ~ additional control experiments using CWhis study
procedures and sophisticated instrumentation techniques. presents a portable electrochemical sensor fortireal
Their small size facilitates uptake by organisms and detection of PSNPs and their adsorption ority
integration into food webs, raising concerns over biomass, offering a sustainable approach forsite
ecological and human health imp&ct® this work, we monitoring and mitigation ofNPs pollution in aquatic
present a novel, integrated approach to i) remove environments.
polystyrene nanoplastics (PSNPs) from water using

fungal biomass and ii) electrochemigamnonitor PSNPs (Fe(CNAI™ FelCNMI* O .
for the evaluation otherr adsorption onto the biomass O O )fk #( O O Felcia -/ Fatciod*
surface. Themycosorption @ a medicinal fungus .. . ..:.‘““31.“’2"‘ ”
Trametes versicolo(TV) particleswas systematically Corotne '

evaluated under various operational parametérs , ‘
effectiveness as a sustainable and efficient biosovbast Eponyaine ‘ . ( C § ¢
monitored and confirmedwith the electrochemical .8 ;“..S;ﬁ S Bl B8 Bef
sensoy based ora gold screeprinted electrode Au- Mesoparmus ® ’f‘ . ' ’ |
SPE), modified with a mesoporous silica thin film via - i

electroassisted deposition and subsequently
functionalized with epoxy silane and proltedesigned

to interact selectively with PSNPBhe sensing process is
driven by two key factors: the binding of PSN&sto
immobilized amino acid groups, and the application of a

Figure 1. PSNR detection via pore blocking on
functionalized AuSPE and their removal by fungal
biomass, preserving the electrochemical signal.

. : o ) References:
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between the negatively ChaI'QEd PSNPs (In 0.1 M KCl) Chakravorty’ A Abh|shek’ N. Effects of
and theworking electrode.The modification steps were microplastics and nanoplastics on marine
systematically tracked and characterized via cyclic environment and human healt&nviron. Sci. Pollut.
voltammetry CV). The optimal accumulation potential Res.202Q 27(36), 4474344756.
was found a +0 . 6 V. producing tﬁZhangB Chao, J.; Chen, L.; Liu, L.; Yang, X.;
decrease. Al measurement s Wang Q. Research progress of nanoplastics i Irr]nM

i \freshwaterSci. of The Tot. Enviror2021, 757,

HCF, serving as a redox probEhe sensor was employed 143791.
to detect Gasdd onthe dec3edde the 3. Walcarius, A Electrochemapplic. of silica-based
anodiccurrent peakigg, consistent with their ability to materialsChem. Mater2001, 13 (10),335% 3372
penetrate the mesoporous filmn this regard a 4. Fernandez, |.; Sanchez, A.; Diez, P.; MartiRez,
calibration curve fo6.1 nmPSNP was constructed in the P.; Di Pierro, P-’ Porta R.; V|IIannga, R.; Pingarron,

~ L ) J. M. Nanochanndbased electrochemical assay for
0,
range of 0.0R0 . 8 Qmedulting in15 35% decrease transglutaminase activitghe Co muni2014

N ipa demonstrating t hed sen3501335613358,n5|1|v y an
applicability for quantitative analysisVhen 0.05 mg of
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Establishing Enzyme Assays for the Detection of Tyrosinase and
Hyaluronidase Inhibitors in Marine Algae
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We introducedto our laboratory and adapteao

. . ] Tyrosinase inhibition curve
simple, robust, and rapid enzyme assays to determine

whet her algae from Seloveljsk g”’o R * bstance
that inhibit enzymes linked to skin aging. The assays need g 80 s
to be sensitive to low concentrations of inhibitors while g 60 .
remaining resistant tonferference from other algal é 40 3
components. E 20 3
Tyrosinase catalyzestwo steps in  melanin E oo e e
0 100 200 300 400

production, including a ratmiting one, making it a
prime target for reducing hyperpigmentation.
Hyaluronidase breaks down hyaluronic acid, and its Figure 1: Inhibition curve obtained by theptimized
increased activity with age contributes to wrinkles, ~ yrosinase assay with kojic acid at an enzyme
Inhibiting thesewo enzymes may help prevent batkin concentran_on of 60 U/mData _represent the mean + SD
.. from three independent experiments.
conditiong.
For the tyrosinase inhibitory assay, we adapted a
method based on thepectrophotometric detectiaf the
reaction produét In this assay, tyrosinase oxidizes = 100 $ -

Kojic acid concentration [puM]

Hyaluronidase inhibition curve

%

dopamine to dopamine quinone, which exhibits a Z 80 ; g !
maxi mum absorbance at 475 anao ;
original assay by replacing the substrateytosine with %’ 40 3

dopamine, which is convertdd thetarget productn a £ 20

single step Additionally, we optimized the E e o

concentrations of both enzyme and substrate to magimiz 0 . 5_d 1o “ 15
. . . a F: entrat
thedifferentialabsorbancealue The assay was validated annic acid concentration [(M]

using kojic acid, a welknown tyrosinase inhibitor. Figure 2: Inhibition curveobtainedby thehyaluronidase

For the hyaluronidase assaye adapted the method assay withtannic acidat an enzyme concentration of
proposed by Sigmaldrich®. It relies on the aggregation 12,2U/ml. Data represent the mean + SD framo
of hyaluronic acid with albumin in acidic conditions,  independent experiments.
producing varying degrees of turbidity measurable at farences:

600 n.m. we 9 p t I mized en Z?fﬁgng, H?\/In ISl Che?ﬂ,uC—%.s; I£|uryn%,tP?; Chang,-J.
conc_entratlons tg d.e'Fect low inhibitor Ievelw_e tegted S. Exploring the Potential of Using Algae in
multiple known inhibitors of the enzyme: apigenin was CosmeticsBioresour. TechnoR015 184 355 362.
unsuitabledue to aggregation in the test solutiand 2. An, B-J.; Kwak, kH.; Park, JM.; Lee, J:-Y.; Park,
copper ions were too weak to detect inhibiti@n the T.-S.; Lee, JT.; Son, JH.; Jo, C.; Byun, MW.
other hand, tannic acid, a pladérived polyphenol, Inhibition of Enzyme Activities and the Antiwrinkle
proved to be a strong and reliable inhibitor for assay Effect of Polyphenol Isolated from the Persimmon
validation. Leaf (Diospyros Kaki Folium) on Human Skin.

D tol S 2005 31 (7 Pt 2), 848854;
In conclusion we successfully established both dii(r:rSSS?on Bgzg S ( )

assays and generated inhibition curves for both enzymes 3. Enzymatic Assay of Hyaluronidase (3.2.1.35)

(Figures 1 and 2). Optimized assays can now be used to https://www.sgmaaldrich.com/Sl/en/technicédbcu

evaluate the presence of inhibitors in algal samples. ments/protocofiroteinbiology/enzymeactivity-assa
ys/enymatic-assayof-hyaluronidase?srsltid=AfmB
OorVSRsRKLbURujZYPwwPwNnUcvUASUSEYY
Z0OGOleJcuoERKkb7I (accessed 26QB12).
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Epithelial Cell Adhesion Molecule (EpCAM) plays a

crucial role in epithelial morphogenesis and — R
carcinogenesis. It is one of the most utilized carcinoma Sl

biomarkers as ts overexpression is linked to poor S8 2. y-secretase

prognosis in various canceffhe intracellular domain of Eplc ~—

EpCAM (EpIC:aa288314) interact-s wit |

catenin, key proteins in the canonic@lnt signaling Beatenin  EPIC B-catenin  EpIC
pathway. This complex induces the expression of Rl 7 W FHL2
oncogens (Figurel), making it a promising target for B ﬂ‘: anocogene

transcription

therapies Despite itsfunctional relevange structural
information of the complex witiFHL2, b-catenin and
EplIC remains limitedWe aim to elucidatehe structures
using an integrative structural biology approabi
employing Crosd.inking Mass Spectrometry (XMS)
with BS3 and SmalAngle X-ray Scattering (SAXS)
FHL2 (32.2kDa) is composed of four and a half LIM
domains, each containing 2 zinc fingers-catenin O AAALLE Y 100 B 0 17, L R DA E I E D T
(85.4kDa) consists of intrinsically disordered termini and ' il )
the core region with 12 armadillo repeats (ARMs13&
664d. The interface bcatenwbasmot FHL 2
been precisely defined. It was investigated by yeast two R
hybrid assay and coimmunoprecipitation. Results from
two separate studies only partly overlap. The first one
showed that the ferminus and ARM1 withi -cltenin
are crucial for binhg. The second study determined that

Figure 1 Schematic representation of intracellular
signaling with EpIC

Figure 2: Crosslinks between FHL2 anfi-catenin
detected by XEMS analysis.

ARML1i 9 is primarily involved, and ARM3 is essential References:

for interaction. Both analyses concluded that deletions of 1 naetzel D.:DenzelS.: Mack B.: Canis M.; Went P.:
any LIM domains within FHL2 significantly reduce Benk M.; Kieu C.; Papior P.; Baeuerle P. A.; Munz
affinity. An exception is the LIMO domain, which is not M.; Gires O.Nuclear signalling by tumotaissociated
essential, but still enhances the bindihg antigen EpCAMNat. Cell Biol.2009 11, 162 171.

According to our XMS analysis, the LIMO domain 2. Wei Y.; Renard GA.; Labalette C.; Wu Y.; Lévy L.;
Neuveut C.; Prieur X.; Flajolet M.; Prigent S.;

is not included in binding, which is in agreement with Buendia M-A. Identification of the LIM Protein

previous studies. Results show FHL2 binding mostly to FHL?2 as aCoactivator ofb-Catenin* J. Biol. Chem.
the Nt er mi nus an-datedinR(Mdur A b 2003 278 5188 5194.

combination of XI:-MS and SAXS data enabled us t 3. Martin B.; Schneider R Janetzky S Waibler Z;
structurally characterize FHL2, which will be important Pandur B Kuhl M.; Behrens J von der Mark K;
for the following step-s wh e${ar2|ﬂ§51%owlqz |An gVixler h\e  The H{Myonly,
catenin compl ex. Saltenln—ﬁh)lometqr g LF? ergets with betzatenin and
. pro otes dif rentlatlon of mouse myoblastsCell
introduces challenges as MUS cannot distinguish Biol. 2002 159, 113 122.

between the two molecules of FHL2.
Ourwork is a basis for structural characterization of Funding information: This work was supported by the

EpIC binding tothe FHL2:b-catenin complexwhich Sl ovenian Research Agency, r
would provide insights into the mechanism underlying and research project Z1 2637
EpCAMés role in the carcinogenesis signaling pathway.
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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 longitudinabdrs. 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 assemids, as they are essential for transferring
loads across the bonding interface. This highlights the
importance of thoroughly investigating adhesive
performance and behavior in such systéms.

In this study, beech wood with two grain orientations
(radial and tangential) was bonded using polyurethane

adhesive (PUR). Specimens were prepared in accordance i

with the EN 30212 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 ring configurations.
Additionally, the study examined the effects of aging by
tracking mechanical, physical, and chemical clesnig
the bonded joints over time.

A comprehensive set of analytical techniques was
employed, including tensHshear testing, Scanning
Electron Microscopy (SEM), Energy Dispersive
Spectroscopy (EDS), -Xay Diffraction (XRD), epi
fluorescence microscopy, Fourgansform infrared
spectroso py (FTI R, eFTI R) ,
microc omput ed tomography
reliability of these methods in characterizing the bonded
interfaces were also assessed.

The findings revealed that effective adhesive
penetration is influenced by multiple factors, such as the
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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 thie joints. This
suggests that extended aging studies are necessary to gain
deeper insights into the lofigrm behavior of these
bonded systems.

Figure 1: Optical microscopy (A), SEM (B), EDS (C),
and epifluorescence (D) image of the PLRRI sample

after 120 minutes of pressing.
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Lead fPb) is a naturally occurring, neessential, and
toxic elementContamination with it is both a persistent
global environmental angublic health issue. An area in
Slovenia that has been significantly affected by Pb
pollution is
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 ofRth
otherpotentially toxic element$(TE9 was produced and
deposied in abandoned mine shafts and near small
streams along
was excessively polluted with Pb, Zn, and other PFEs
In addition to mining, the industry for the production and
recycling ofPb-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 Pbraentrations in blood
was carried out from 1974 to 1976, and the median Pb
concentration in the blood of preschool children was over
400 pg/L3. In 1990, the concentrations decreased td (41
284) pg/L.In 2001 2002, more than onrthird of tested
children stii had elevated blood Pb concentrations
(> 100pg/L), while in 2017, this was observed in ene
fifth of threeyearolds.

Furthermore, monitoring of Pb concentrations in
PMypi n Gerjav, where a Pb
now a site for secondary Pb production, has been carried
out since 1972. Even though Pb concentrations ingPM
decreased dramatically from 1972 to 2007, annual
average concentratisnincreasedfrom 250 ng/m to
700ng/m? between 2010 and 202MWhile previous

studies have focused on the distribution and
environment al burden of Pb
detailed source apportionment of individual Pb

contributions remains largely unexplored.

Therefore, this study aimed td) develop a
comprehensive database of Pb isotope ratios
environmentahnd anthropogensamples from the upper
Me g a Vand il) wsg Pb isotope ratiositentify the
primary sources of Pb in children's blood

in
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Pb isotope analysis of
Valley revealed that local samples (e.g., soil, river
sediment, oresmine waste) have a distinct Pb isotope
composition that differs from that of anthropogenic

s am,

t hTherelieg theslarged e § asampled (é.ge, Pbattery components manufactured in the

area). Similar to the Pb isotope composition of PM
samples, which showedmix of local and anthropogenic
sourcesPb isotog ratios in children's bloodlso showed
mixed values (Figure l)suggesting that inhalation of
contaminated air is asignificant exposure pathway

t Msarespltptrearea Me ¢galonggidelsoil and dust ingestion
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Figure 1. Pb isotope ratios in the blood of children from

the upper Mega Valley.
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Spheroid Formation: Characterization by Flow Cytometry
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Non-small cell lung cancer (NSCLC) accounts for The outcome of the study highlights the problem of

approximately 85 % of all lung cancer cases. It is  CAFs overgrowth and the importance of their exclusion
characterized by high aggressiveness, late detection and from primary NSCLC cell cultures.
difficult treatment, which often results poor prognosis ATSRTS o T
Our aim was to optimize the preparation of viable s
spheroids of repeatable sizes by centrifugation and to e i:@
characterize cell cultures by analyzing the expression of

—e— LC004

Average diameter [pm]|

cell markers. 100 = e
Threedimensional (3D) tumor models, such as < o0 T T T

spheroids, are important for NSCLC studies, since they ! ' Da: '

better mimic tumor microenvironment in patients than Scheme 1Average diameter dfC004 and LC005

adherent cell linés We established spheroids from spheroids formeffom 10,000 cells over a-@ay period.

different numbers of cells from cell cultures LC004 and

LCO005, obtained from tumor biopsies of patients with " g hand i .

NSCLC. After optimizing the protocol, we established 80 g,

spheroids from 10,000 cells and then continued their 6 = MRCS

cultivation in ClinoStar bioreactor. We monitored the
growth of 12 spheroids from each culture using light 0
microscopy and analyzed spheroid diameter and surface & & & Q&"\ I
area during cultivation. The results showed that the _ N .

I th of spheroid liaible. W Scheme 2Percentage of cells positive for tumor
overa. grgw ° SP e.r0| S was neglgl e.. ?_ markers cytokeratin 5 (CK5), cytokeratin 7 (CK7), p63,
reduction in spheroid size (scheme 1) and significant cell . .

. . . ) g napsin Atheepithelial marker EpCAM, anthe
migration into the medium. Despite those results, . - .
) , T fibroblast market S Mdeterminedy flow cytometry.

spheroids were of repeatable sizes. After the cultivation
in ClinoStar, we either observed a shrinkage of spheroids

positive cells [%]
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We analyzed the percentage of cells positive for tumor Future DirectionsCancer Commur2024 44 (1), 23
markers cytokeratin 5, cytokeratin 7, p63 and napsin A, 46 '

the epithelial marker EpCAM, and thibrfoblast marker 2. Rozenberg, J. M.; Filkov, G. I.; Trofimenko, A. V.:
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cell cultures wassignificantly positive for tumor and
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epithelial markers, but both strongly expresthesl) S M A Applications of NomSmall Cell Lung Cancer
marker. These results also matclieeMRC-5 cell line. SpheroidsFront. Oncol.2021 11, 791069.

. Based on_ flow results, we concluded thatthe_cultures 3. Mrozik, K. M.; Blaschuk, O. W.; Cheong, C. M.;
did not contain cancer cells, but rather carassociated Zannettino, A. C. W.: Vandyke, K. &adherin in

fibroblasts (CAFs). This was also consistent with the
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results of spheroid formation. The shrinkage of spheroids

Haematological Malignancies and Potential as a

and cell migration into the madn reflects the less Therapeutic Target in Canc&MC Cancer2018 18,
pronounced proliferative nature and weaker intercellular 939

contacts of CAFs on the account of dominartadherin

which improves invasive properties of CAFs Funding information: ARIS program P20245, EU
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The effects of biodegradable and conventional microplastics on aquatic
organisms
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Microplastics are widespread pollutants that can oxygen and nutrients were also measured. These
negatively affect aquatic ecosystems by accumulating in  remained mostly stable across all groups, with only slight
the organisms, disrupting physiological functions and  variations observed in the P3HB treatment.
acting as carriers for toxic substances. While The results indicate that the presence of microplastics
biodegradable plastics are often marketed as can have effects on the aquatic ecosystems, even if they
environmentally friendly alternatives, their degradation in are biodegradable. Future studies should consider long
aquatic environments is often incomplete and slow, term studies and critical evaluation of the biodegradable
allowing them to persist long enough to cause biological materials in aquatic environmts.
effects.

Our study examined the impact of three differently
persistent types of microplastics polyethylene
terephthalate (PET, ndsiodegradable), polylactic acid
(PLA, low biodegradable) and poly8/droxybutyrate)
(P3HB, fast biodegradable), on two freshwateaaigms
Daphnia magna and Lemna minor To mimic
environmentally more relevant ecosystem, both
organisms were combined in one microcosm. Over-a 21
day period, the organisms were exposed to a
concentration of 10 mg/L of microplastics with particle
size of les than 80um for all three types. The most visible
effects were found at the presence of P3HB, where the
reproduction oDaphnia magnavas noticeably increased
and accelerated. P3HB also had statistically significantly
more fronds, longer root length and lower chloroplayll
content inLemna minorthan control samples without
microplastics after 2tlay period. Analysis under
scanning electron microscope (SEM) showed that P3HB  poferences:

particles were not present in the organisms. On the other 1. prochazkovAP.;Macovd S.;Ay d & nZlamafova

Figure 1. Daphnia magna under the microscope (SEM)
with PLA microplastics visible in the gut (100x).

hand, PLA and PET partideaccumulated irbaphnia Gar gaq#.okvasl | 2&;Kwd e Effects of
magna but the effects on reproduction and mortality were biodegradable P3HB on the specific growth rate, root
less noticeable. Also, no significant trends were detected length and chlorophyll content of duckweégmna

in Lemna minorfor these two plasticBesides the effects minor. Heliyon2023 9, 23128

on the organisms, basic water parameters such as pH,
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Contaminants of Emerging Concern in the Ljubljanica River Basin: A
Studyof the Presencef Pesticides
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A key element of water management in Slovenia is  Table 7: Comparison of parameters MEC and LOQ with
the National River Basin Management Plan, which chronic (C) and acute (A) PNEC in 200923 (Note:

provides a systematic assessment of the status of water *AA; *MAC).
bodies. Accordingly, surface waters are evaluated in -
; ; - =2 | =8 =% |0
terms of their chemical and ecological status Qm Q@ Z |a 0 P Py
: ) . to | nm RO |RQM O
In this study, we analysed publicly available oA Q) ol I\’\>)8
surveillance monitoring data (2002023) on pesticides
t:s:/edI in the L'Iubll'a(iica Rfver at )sam IOlin | Ioints Tebuconazol 0.010* | 1.2 001] & |0.008&
IUDY niver, ping p Azoxystrobin|* 0. 0| 0.676 | 0.01| & [0.001%
downstream of treated municipal wastewater discharges 5o 66465650085 6 6051 =1 1A
within the Ljubljana catchment, but upstream bt ropiconazoi o. P & : . X 5
confluence with the Sava RivelThe datasetncludes AMPA ,0'13 3. 0.1 ? 0.04
1,994 chemical measurementsf pesticides, which Metalaxyl |' 0.0 625 |001| & |0.000F
*
represent 8.8 % of all measurements carried out for 165 | _Metazachlor| 0.011*| 0.002Z | 0.008 X | 5.0°
different groups of pIIutants Flufenacet |0.048** 4.00 0.01 a 0.012

The number of pesticides tested in the given period ] )
was B. They are grouped as follows: i) year of their The results contribute to a more comprehensive
measurement, ii) chemical properties and application, and Understanding of the chemical statustiué Ljubljanica
iii) EU-authorised or bannédOf these, 9B % of the River and support the development of more effective

detected pesticides were below the limit of quantification ~ Methods for monitoring and assessing water poliution

(LOQ). Parameters such as measured environmental

concentration (MEC)as the highest maximurannual References:

1. Waters, Archive data water quality, Ljubljanica,

concentration (MAC, acute impact) and the highest Moste Podgrad, http://arso.gvode/podatki/,
annual average concentration (AA, chronic impact) in the accessed: 2022025

period under consideratipn predicted neeffect 2. Loos, R. et alReview of the 1st Watch List under the
concentratia (PNEC) and LOQ were compafedased Water Framework Directive and recommendations
on this analysis, a new proposegeasuring strategy for the 2nd Watch ListPublicatioys Office of the

( PNECOL20@nd2the scientific literatute we European UnionLuxembourg 2018

3. Fernandes Farah, ICGarolina Rodrigues dos Santos

estlm.ated the risk ngtlent (RQ=MEC/PNE_C) for tested C.; Ferreira Pinto M. C.: Righi Araijo, C.; Santos
pesicides with quantified resuftsOur analysis showed Amaral M. C. Pesticides in aquatic environment:
(Table 1) that: i) Tebuconazole, azoxystrobin, and Occurrence, ecological implications and legal
metalaxyl (RQnronic and acu0.01) pose a negligible risk; framework. J. Environ. Chem. Eng2024, 12 (5),

ii) Flufenacet (0.01<RQue 0. 1) and ammoni uk40iet hyl

phosphoric acid (AMPA) (0.01<RQonc, 0. 1) pose a | ow . )
risk; and iii) Propiconazole (R@vonic and acue 1) a n gFunding information: We would like to thank the

metazachlor (R@nic 1) pose a high r isgmkeniatn (g:he{niﬁaé So&i%fyufgrtn]algng this research

environment and human health. Given that the PNEC possible within the framework of the Section for the
(acutefor propiconazole chronic for metazachlor are Environment We would also like to thank the Ministry of

less than LOQ/2, their official determifen method Environment, Climate and Energy of the Republic of
should be improved with reducing theOQ (lower limit Slovenia for providing a complete database on the state of

of quantification) by factor 1.2 for propiconazole and 1.8~ Water in Slovenia
for metazachldr®®
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Pharmaceutical Contaminants in the Ljubljanica River Basin: Insights
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Pharmaceutical active compounds (PhACae
among the major environmental pollutants surface
watersbecause they are designedafect living things
directly.
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literaturé*4 indicate that diclofenac, clarithromycin,
azitromycin, venlafaxine, and -@esmethylvenlafaxine
presenta highrisk to the aquatic environment

The results provide a clearer understanding of the

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 pointswinstream of treated
municipal wastewater discharge€TMWD) in the
Ljubljana catchment,before the confluence of the

Ljubljanica and Sava RiveksThe dataset includes 148

chemical measurements of 58 substances, categorised by

chemical properties and apgitions. 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 cast the
measurement methods uied@he PhACs originating
from various sourceare collecting in TMWDs Kigure

1). In particular, we reviewed and compared parameters
such as limit of quantification (LOQ), predicted no effect

concentration (PNEC) arttie risk quotient (RQ)?34

Determining the relevant PNEC for a specific PhAC

is a complex protoc&lUS regulatory guidance requires

newPhACsto undergo standard acute toxicity tests (fish,
Daphnia magna, and algae) if the predicted or measured

environmentalconcentration (PECMEC) of the active
ingredient is11 ugL 1.2 In the EU the PECcut-off is 0.01
pgL”, andif no obvious environmental concernsio
further testing isequired. Otherwise, the®NEC forthe

aquatic compartment is extrapolated by dividing the

lowestMedian Lettal Concentratiomr Median Effective

ConcentrationLC50, EC50)from standard tests by an

assessment factérom 1 up to 1000 in the E¥ For the

aquatic environment, toxicological data from the most

sensitive specieagreused for PNEGwvatercalculation If

the PEC/PNEC is1, no further assessment is necessary

Higher PNECs are recommended for skiertn
exposures (days or weeKs)n our analysiof the RQs
we focussed on3lquantifiedPhACs.The RQ (based on
the PNEC valuedrom the Watch List and scientific
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chemical status of the Ljubljanica Riyeparticularly
since severalPhACs covered here will be regularly

analysed undehe new EU Urban Wastewater Treatment

Directive, requiringquaternary treatmentith at least 80
% removal efficiency of the selectedPhACs from

wastewater
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Valorization Pathways for Sodium Sulfate:
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The rapid expansion of the lithiuron battery (LIB)
industry has resulted in a significant increase in sodium
sulfate (NaSQy) production, making it one of the most
abundant inorganic bgroducts across the entire battery
value chain. Ng5Qy waste production occurs at multiple
stages of the LIB life cycleThe first major source is
lithium refining, where hardock spodumene ores are
processed into battexgrade LIOH or L#COs. The second
is the production of precursor catheaetive materials
(pCAM), such as NiwyMnCo(OH),  or
Ni1 e yMNnxCo,COsfor use in NMGtype 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 NaSQy is generated per kilogram of NMC
cathode materialProjections indicate that by 2030, the
LIB sector alone could produce as much as 8.8w1Hric
tons of NaSQy annually. Managing this growing waste
stream through conventional methods (discharge through
rivers) will be both costf and environmentally
unsustainable, with potential threats to aquatic
ecosystems and plant fffe

Currently, excess N&Qy 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.

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 oS formation
at its source, such as redesigning existing production
processes for lithium refining and pCAM synthesis to
avoid sodiurdbased precipitation routes. Second, it
presents downstream valorization approaches that recycle
or convert NaSQ, into highvalue products, with
particular emphasis on clog the loop by reintegrating
recovered Ng5O, into the battery production chain.
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Together, these strategies aim to shift$@ 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 N8O, generation
across the LiB (NMC type) lifecycle and proposed
solutions to address them.
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Carbazolebased molecules have emerged as experimentabhpproachenables the targeted optimization
versatile and higiperforming materials for interface of carbazolébased interfacial layers for improved
engineering in optoelectronic devices, particularly as  performance in PS€paving the way for more stable and
holetransporting selhssembled monolayers (SAMS) in efficient nextgeneratioroptoelectronidgechnologies.
piiin perovskite solar cells (PSCgFigure 1). The
widespread use of these molecules can be attributed to the
unique combination of favorable properties, including Tuning:  * Anchoring
favorableoptoelectronic characteristics, high thermal and Flectrode - Homon, - wip
morphologicaktability as well asynthetic tunability that

. . . © =H, OMe, Br, CN, NO,
allows precise modifition of both electronic and Hole transportayer ) = Anchoring group
structural features? mo PEROVSKITE

The overall performance, efficiency, and letegm PEROVSKITE - o LOR .,
stability of PSCs are strongly influenced by the structural - e €90 l Hi
and electronic features of the SAM layer. Therefore, ) ) § b 3 )
precise control ovemolecular orientation, electronic : o : : o '
structure and anchoring group design is essentiml

ac_h|evm9 eff{ment _hole transp(_)rt, mamtammg mdu_Jm tin solar cell and SAM interface tuning. Carbazole
oxide (ITO) integrityand stability while als@nsuring molecules are flipped by 90 ° adopting a vertical

optmalal i gnment between the SA M%rﬁatiorf'l Fe&l‘i’in%%tan intréa%ed Hibol% Hmment

molecular orbital (HOMO) levedndthe electrode work

Electron Transport Layer

Perovskite

Figure 1. Schematic representation of a-p perovskite

function (WF)?* References:
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horizontal carbazole architecturefgss is known about Recent Advances in the Design of Muftiibstituted
the impact of orientation and dipole alignment at the Carbazoles for Optoelectronics: Synthesis and
molecular level. In this study, we explore structure StructureProperty OutlookChemPhotoCher2022
property relationships of vertically aligned carbazole 6 (10), 202200059.

SAMs. To support our molecular design strategy, we 2. Jiang, W.; Li, Y.; Gao, H.; Kong, L.; Wong, G.;
carried out calculations of HOMO energies and molecular Yang, X.; Lin, F. R.; Jen, A. KY. Regiospecific
dipole moments for a diverse series of functionalized Halogenation Modulates Molecular Dipoles in Self
carbazole derivatives. Assembled Monolayers for HigRerformance

We will present our strategy for rational molecular Organic Solar Cells. Angew. Chem., Int. ER025
design via 90 ° carbazole orientatioRigure 1) and 2025 e202502215.
analyze how parameters such as HOMO, dipole and 3. wang, S.; Guo, H., Wu, Y. Advantages and
anchoring groups affect the properties of PSCs. Challenges of SelAssembled Monolayer as a Hele
Anchoring groups including phosphonic acid, boronic Selective Contact for Perovskite Solar Cells.
acid and carboxylic acid will be compared in terms of Materials Future2023 2 (1), 012105.

work function modulation, ITO compatibility, dnlong
term  stability. This combined computational
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Understanding macronutrients through the three levels
of chemical representation

Zal a C'Wiatt 3 mig|’Dil ba h$L¥Epnil ar *

University of Ljublijana,

Faculty

of Educati on,

2Ledina Upper Secondary School, Reslieva cesta 12, 1000 Ljubljana, Slovenia
3BEC Ljubljana, Cesta v Mestni log 47, 1000 Ljubljana, Slovenia

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).1
Macroscopic
Submicroscopic Symbolic
Figurel: Johnstoneds model ,

triple nature of the chemical concépt

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 fufr
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 use of the macroscopic levadr a
misapplication of the submicroscopic level.2 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 berest tend to
perform better on knowledge tests.?

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

The study is based on a causal +eoperimental
method in educational research using a mixed methods
approach. The random sample consisted of 79 ninth grade
students (31 girls and 48 boyd;= 1.39,SD= .49) aged

including
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school

14 yearsl = 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
andpenci |l knowl edge test.
in learning this content was assessed using a purposive
guestionnaire, while motivation was explorétrough
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%)
ac[hiﬁvgd af I¢a§t gor%’gOfl trga to@lfscorte W éhe knowledge
test. A ttest revealed no statistically significant difference
between the genders in the number of points achieved in
thetestf{ 7 9) p>.05). Blriiost 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 resultsk(2, 79) = .42p = .66,d F .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 chemisinstruction.

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.

Reference:

1. Johnstone, A. H. Macrocand Micrachemistry.Sch
Sci Rev 1982 64, 377 379.

28n24t hglne Moyt i€
answering patterns in multipehoice exercises in
organic chemistryd. Chem Educ 2015 92, 205 211.

3. Liu, Y.; Kim, E. Investigating Student Intrinsic
Motivation Trends over One Semester in an Online
General Chemistry Il Coursd. Chem Educ 2024
101, 2175 2187.
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Expression and purification of recombinant ORF1fpom LINE1

ZalaKramat,'Ver a Gpgpunski

Faculty of Chemistry and Chemical

The ORF1 protein (ORF1p) is an essential !
component of the LINE retrotransposon, acting as a N=NER
high-affinity, = nonsequencespecific ~ RNAbinding
protein with nucleic acid chaperone activity. It contains
an intrinsically disordered ferminal region (NTR), a
coiled coil domain (CC) responsible for trimerization, a
central RNA recognition motif (RRM), and at€minal
domain (CTD), which together mediate nucleic acid
binding'. Ouraimwas to express and purify recombinant
ORF1p fused to a maltogending protein (MBP) tag to
assess construct stability and obtain enough protein for
further studies

We constructed pMCSGWBP-ORFlp and
pMCSG7*ORF1pMBP vectors by PCR andh vivo
assembly. These constructs were expressecEincoli
BL21[DE3], and the resulting MB®RF1p and ORF1p
MBP fusion proteins were purifidaly immobilized metal
ion affinity chromatographMAC), expl oi ting the¢ ...
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tag,or MBP affinity chromatography targeting MBP. Figure 1: Structure of LINE1 ORF1p homotrimer (PDB
After induction, both constructs showed bands near  |D: 6FIA, 2YKP; AlphaFold DB ID AF-Q9UNSIF1).

the expected size (~83 kDa), but thae@minal fusion
(ORF1pMBP) also displayed a lower band at ~66 kDa, ORES
suggesting possible proteolysis. We therefore focused on

the MBRORF1p construct.

-PCR

TE)
MBP
&
pMCSG7
- Transformation of
E. coli BL21[DE3]

ifi 1 1C1 — Transf 1t -E i
. T.o evaluate purlflcatlo.n efﬁqency, we compared . = Trasformation | __,, o O MAC.,
isolation of MBRORF1p using HisTrap and MBPTrap mavectomisolation "y | MBR affinity

columns. In both cases, a substantial amount of the target @
protein was recovered, although a significant portion

a chromatoraphy)
pMCSG7

remained unbound. The purity of elution fiacs was Figure 2: Overview of the experiments.

similar for both methods, but neither achieved complete
isolation, and several contaminating proteins were still  References:

presetA degradation product ol Khagipar B.x Weicheniedey, O4 dlumam &INE

was detected in both cases, suggesting that partial
proteolysis of MBFPORF1lp m& occur during

Retrotransposition Requires a Metastable Coiled Coil
and a Positively Charged-Nerminus in LLORF1p.
elife 2018 7. €34960

purification. 2. GarciaNafria, J.; Watson, J. F.; Greger, |. H. IVA
In conclusion, Nterminal fusion of ORF1p to MBP Cloning: A SingleTube Universal Cloning System

proved to be more effective for expressionEn coli, Exploiting Bacterial In Vivo AssemblySci. Rep.

likely due to shielding of the disordered-tdrminal 20166 (1), 1 12.

region, which is prone to proteolytic degradatiohile 3. Kalthoff, C. A Novel Strategy for the Purification of

both affinity purification approaches successfully isolated
the target protein, the presence of contaminants and
degradation products indicates that purification 4

Domains.

Recombinantly Expressed Unstructured Protein

Chromatogr. B:Anal. Technol.

Biomed. Life Sc003 786 (1i 2), 247 254.
Ryan, B. J.; Henehan, G. Rvoiding Proteolysis

conditions require further optimization. This may include During Protein PurificatiorMethods Mol. Biol2017,

reducing purification time, adjusting buffer ionic 1485 53 63
strength, oaddingspecific protease inhibitors to enhance
protein stability and purity
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Photoreaction of functionalized poltbenzylL-aspartate) with tetrazole
and maleimide group

Zal a TiYPoeetgnai RUermejdsgra * |

lFaculty of Chemistry and Chemical Te SH®00 Ljublgna,Slowmnid ver s i
2 Department of Polymer Chemistry and Technology, National Institute of Chemistry, Hajdrihova ulial @00
Ljubljana, Slovenia

Polypeptides are polymers with amide bonds ( correspond to the expectecpyrazoline product
CONHi)b e t w eamino atld repeating unitSynthetic Presumably, NITEC photoreaction took place and
polypeptides can be efficiently, cesffectively, and on a pyrazoline initially formed but then rearomatized into
large scale prepared fromN-carboxyanhydride pyrazole? This explains obsergefluorescence, but the
monomers via ringppening polymerizatiof. Various NMR spectra hadno signals for pyrazole; since the
functional groups can be implemented into the  pyrazole structure contains double bonds in positions
polypeptide  structure to allow further post without hydrogen atoms, there are no corresponding
polymerization reactions. Especially interesting are  protons for NMR detection.
photochemical reactions as we can control when and Our work demonstrates succesgub | -eqzytL-
where new bonds are formed. In this work, we explore a  aspartatejunctionalization with tetrazole and maleimide
light-induced nitrile imine mediated tetrazokene groups, and shows promising results for NITEC
cycloaddition(NITEC). In this 1,3dipolar cycloaddition, photoreaction between the functionalized polypeptide

photoexcited tetrazoles release nitrogen to generate chains.
reactive nitrile imines in situ, which then react with
various alkenes or alkynes to form rapgolinebased " q @
covalent bond3. The goal of our work was to A~~~ H/Q:) + \\PKHQ/K
functionalize polypeptide chains with a tetrazole and a W) =T
maleimide group, and demonstrate linking of the two 2
polypeptides together via NITEC reaction.

To obtain a polymer with functional groups suitable

)

Q ~/

* PBLA chain

for NITEC, we first transfor  Tetrazole groups erial,
benzyl-as par t at e-benzyli-aspadate No o .
carboxyanhydrid@onomer The 'H nuclear magnetic @

resonance (NMR¥pectroscopic data of the synthesized . N}

N-carboxyanhydride are in agreement with the reported /\/v\ﬁk/“}rv%n jq/\“/\

literature dataWe polymerized thé&\l-carboxyanhydride ﬁJ ’ ; v

into p o | -peqzytL-aspartate) and confirmed the )| 3

identity of the product withH NMR spectroscopy and J <=§

matrix-assisted laser desorption/ionization tiofeflight Scheme 1Linking of two polypeptide chains via

mass spectrometry (MALBTOF MS) The next step was NITEC reaction betweep o | -gefizytL-aspartate)

to functionalizethe amino endjroups of the synthesized functionalized with tetrazole and maleimide groups
polypeptidewith a maleimide group, for which we used

N-succinimidyl 3maleimidopropionate Similarly, we References:

functionalized the amino engroups with a tetrazole 1. Mazo, A. R.; AllisonLogan, S.; Karimi, F.; Chan, N.
group using  (A4-methoxyphenyh2H-tetrazol5- J-A. Qi u, W. ; Esimpson, N.\M.; ; (ool
yl)benzoic acid We confirmed the proposed structures Qi ao, G. G. Ring Op-Amirong Po
with *H NMR spectroscopy and MALBTOF mass Acids: Advances in Synthesis, Architecture and
spectrometry. The NITEC photoreaction between Applications of Polypeptides and Their Hybrids.
polypeptidemaleimide and polypeptidetetrazole was Chem. Soc. Re202Q 49 (14), 47374834.

conducted by exposing the reaction mixture to UV 2. Kamm, P. W.; Blinco, J. P.; Unterreiner, -N.;
irradiation After 11 min of irradiation, we observed BarnerKowollik, C. GreenLight  Induced
fluorescence of the reaction mixture, which indicates the Cycloadditions. Chem. Commun2021, 57 (33),
formation of photoproducts. HoweverH NMR 3997 3994.

spectroscopydid not show new signals that would
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Coordination of deprotonated furosemide to zinc(ll) ion

Zarja Uranjek Barbara ModeéN i n a

lFaculty of Chemistry and
Furosemide (IUPAC name: 4chloro-2-(furan-2-
ylmethylamino}5-sulfamoylbenzoic acid)is a loop
diuretic used to tredtypertension and edema, caused by
cardiac, renal andepatic failure. lis a weak acid with
pKa value of 3.8. In addition to the carboxyl group
furosemide moleculecontains a chlorinesubstituted
phenyl ring, a furan ring, a sulphonamide group and an
amine groupgFigure 1) Thesefunctional groups enable
the coordination of furosemide to metal centers
Surprisingly, only two crystal structures haveeen
reported in theCambridge Structural Databdseaturing
coordination compounds with furosemide anion. The
latter is coordinated either in a monodentate or bidentate

chelating mannevia carboxylate oxygens.

O
N 7/

~

Figure 3: Structural formula of furosemide.

NH,

Zinc(ll), a biologically important Lewis acid,
remainsrelatively unexplored withthis pharmaceutically
active ligand.Therefore, his study investigatesinc(ll)
coordination chemistrwith deprotonatedurosemide

The reaction systems consistedzaic(ll) oxide or
chloride furosemide and aqueous ammonia solution
Coordination complefZn(fur)2(NHs)2] (Figure 2) where
fur' represents the deprotonated furosemidss obtained
as the main product at ambient conditions. Unfortunately,
some reactions produced mixtures with ammonium salt,
NHafur. The salt érmation provedo besuboptimal as it
consumed a significaramountof the ligand thatould
otherwise participate ithe coordination with the zin(dl)
ion. Solvohermal reactions in acetonitrile or mixtures of
acetonitrile and methanol yieldedn unidentified
microcrystalline solidCompoundsverecharacterizety
infrared (IR) and nuclear magnetic resonance (NMR)
spectroscoies elemental analys (CHN),
thermogravimetric analysis (TGAnd single crystal X
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Podjeld Rihtargil*,

ray diffraction analysisThe results will be presented to
shed light on the possible composition of timdentified
compound.

Figure 4. ORTEP drawingf [Zn(fur)2(NHs)2]
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Immobilization of glucose oxidase into crogisked
enzyme aggregates using microfluidic system

Gi ga G&B dri inta! Rakl eat naa

lFaculty of Chemistry and

Biocatalysis offers a sustainable and efficient
alternative to conventional chemical synthesis, enabling
reactions with high selectivity and yield under mild,
environmentally friendly conditioAs However, the
industrial application of enzymes is often limited by their
poor operational stability, sensitivity to process
conditions, and high cdstimmobilization techniques,
such as the formation of crebsked enzyme aggregates
(CLEAS), have been developed to overcome these
limitations by improving enzyme robustness, simplifying
product separation, and allowing enzyme réu¥¢hen
combined with microfluidic systems, CLEA synthesis
benefits from precise control over reaction parameters,
rapid mixing, and scalability for continuoisw
operation.

In this study, a microfluidicbased generation of
CLEAs from glucose oxidase (GGX)Ja model enzyme
with broad applicability in biosensors, antimicrobial
systems, and biofuel celis was optimized. Using the
Boxi Behnken experimental design, the influence of
enzyme, precipitant, and crelisker 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%,
supporing the viability of this approach for enzyme
immobilization

Figure 1 shows a representative microscopic image
of the CLEAGOX particles, confirming the uniformity
achieved under optimized synthesis conditions. These
results highlight the potential of microfluiditmsed
CLEA generation for producing highly activadstable
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 cotinuous 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,
scalabilty, 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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N-Substituted 2phenylimidazols as substratein the catalytic GH bond
functionalization

Giga MOlIongkGiugj§wtiBpopgdan 'Grafman®oggan
'Faculty of Chemistry and Chemical Technology, Universi:

Catalytic QH activation has emerged as a products (with mono:di ratios ranging from
groundbreaking strategy for the formation of new carbon approximately 2:1 to 3.7:1), the benzyl group
carbon (GC) bonds, particularly in the synthesis of predominantly directed the reaction towards the
biaryls, which are crucial building blocks in formation of the monosubstituted product. Furthermore,
pharmaceuticals, agrochemicals, and materials science. for the substrate bearing a-§2ridyl)methyl group, we
Thisapproach offers significant advantages over classical observedan intriguing additional CH activation on the
crosscoupling reactions, such as enhanced atom and step imidazole ring itselfhowever most of products formed in
economy, and reduced waste generation. While palladium trace amounts. All resulting products were
catalysts have traditionally been at the forefront bHC comprehensively chartized usingH NMR, 13C NMR,
activation, cheaper and atable ruthenium catalysts IR spectroscopy, and higlesolution mass spectrometry
have become an attractive alternative, enabling access to (HRMS).
otherwise challenging reaction pathways. However, the

. g N . : =\ H ™\ g [Ru(pcymene)Clol,
widespread application of i€l arylation still faces NN NONT o (25 molt)  geNt No Mg
challenges, including issues with regioselectivity, the é > @ ' @ water 140°C (E K\S(
frequent regirement for specific directing groups, and = KoCO3 (3 ekv.)
R: Me, Et, Bu, Bn, pyridylmethyl

often elevated reaction temperatures that are unsuitable 3 &/

for thermally labile substratés:® Scheme 1Two-step reaction scheme
The aim of our research was to investigate the

influence of varioudN-substituent®f 2-phenylimidazole Table 8: Ratios of moneand diaryl products

on the outcome of catalytiortho CiH arylation. We R Mono:Di

synthesized a series ®&-functionalized 2ZphenytlH- Me 21

imidazoles (includingN-methyl, N-ethyl, N-butyl, N- Et 371

benzyl, andN-pyridylmethyl derivatives) starting from BuU 281

commercially available -phenylimidazole and Bn Mono

gppropnate organic halides, following estgbllshed pyridylimethyl i

literature procedures. Thepmductswere then subjected

to a @ H arylation reaction with chlorobeene, catalyzed References:

by [Ru(p-cymene)Ci]. 1. Li, B.; Darcel, C.; Dixneuf, P. H. Ruthenium(lly
Through systematic optimization of the reaction catalysed Functionalisation of-i& Bonds via a Six

conditions, we discovered that water serves as the optimal membered Cyclometallate: Monoarylation of Aryl 2

solvent, leading to high vyields and selectivity. pyridyl KetonesChemCatCher2014 6, 127 130.

Unexpectedly, the addition of common ligands such as 2. Nareddy, P.; Jordan, F.; Szostak M. Recent

; ; Developments in Ruthenin@at al yzed Ci
KOPIv and PPhwas found to be unnecessary, and in Arylation: Array of Mechanistic ManifoldsACS

some cases, even inhibited the reaction, which deviates Catal 2017 7. 5721 5745.

from general observations in the chemical literature. 3 vyaday, P.: Velmurugan,N.; Luscombe C. Recent
Crucially, the nature of thid-substituent on the imidazole Advances in RoorTemperature Direct I
ring profoundly influences the ratio between moaad Arylation MethodologiesSynthesi®023 55, 1i 26.

diarylated products. Spediflly, while methyl and ethyl
derivatives yielded a mixture of monand diaylated
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NAC supplement development for the reduction of the health gap
Product development and business plan

Al | ag§ Ko s*f Ranial DoRstmubleaknmadiDiana DoustmohammadiMi h aj | A Kd rsa § |
Vel u§Meetdr: Alenka Mozetr?

'Gi mnazija Vil, Trgagka cesta 72, 1000 Ljubljana, Slover
In Slovenia,only half of the lowincome population follow instructions, and diverse sales andarketing
is ingood healthcompared tonly a quartem Lithuania. channels that address the prgamnsitive market. The

70i 80% of people with high incomes report good health.  business model targets valdaven consumers through
Significant health gap can also be observed between retail partnerships with discount stores, online sales via
different levels of education. To help reduce the health our own website featuring Al chatbot support, and
gap of the disadvantaged population, we (1) developed a strategic collaborations witlocal pharmacies and health
product mix to address common health issues and boost centers. Competitive pricing significantly differentiates
the immune system, and (2) preparethusiness idea, us. Our sales strategy initially targets Slovenia and the
targeting those people (OECD, 2025 and Eurostat, 2025). EU. We expect to reach target market in 3 years

Primary goaivas todevelop a scientifically backed,

price-competitive, synergetic antioxidative mi® a Table 1: Developed products and supportive services
product designed for daily use that boosts the immune Product

system and neutralizes free radicals through a carefully RespiraNAC NAC Protect

selected combination of antioxidants. Secondly, we have 200 mg Nacetilcistein

. . . 400 mg Nacetilcistein
created asynergetic mucolytic mix that focuses on (NAC)*, Vitamin B3

thinning mucus and supporting respiratory health, making Vitamin A, Vitamin B7
breathing easier during respiratory discomfort. Lastly, we

(NAC)*, Koencim Q10,

Vitamin C, Vitamin E,
Vitamin B2, Selenometionin
Support for coughing up  Strengthens  the natur:

have established aomprehensive customer support thick mucus. Contributes immune response. Works i
system including a website, chatbot, and live support, to l to easier both  water and fatty
provide scientifically grounded information and promote ¥ breathing er;Lonmber;ts'. Restt.or?(sj 'et"e
transparen  communi cation about tl__ pr oductgpatgtﬁiorpz Tects
and potential side effects in a udgendly manner. Last, Supportive services

we prepared a comprehensive business plan, studying the . https://wellforall.netlify.app

Web pageWith Customer support(Al
chatbot and expert support) auéeb-
shop

*serving size is 2 capsules

customer needs, market analysis, and preparing a
production and financial plan for a stay canpany. ]
Methodology. We reviewed scientific literature on
NAC and other ingredients, analyzed health and market
data, and interviewed experts and potential customers. References:

We developed evidendeased formulations, designed 1. Eurostat Database, European Commission;
https://ec.europa.eu/eurostat/web/diggabnomyand

recyclable packaging, and built an online platform with

y b ging . P society/data/comprehensigatabaséaccessed July 11,
ane-shop, an Al chatbot, and clear guides. 2025).

Results We developed two scientifically backed 2. OECD, OECD Data Explorer; https://www.oecd
products, addressing main health issues of our target ilibrary.org/economics/data/oectat/data
population, relying on scientific literature and qualitative warehouse_daiB090Gen (accessed July 11, 2025).

. . 3. Statista, Dietary Supplements and Functional Foods

analysis among experts and potential customers (Table 1). Worldwide-:

We also prepared dusiness plan The health https://www.statista.com/study/102831/dietary
supplement market is growing, driven by greater health supplementsindfunctionatfoodsworldwide/ (accessed

awareness, rising purchasing power, and an aging July 11, 2025).

population (Statista, 2025). The EU and US have a

b i q ¢ f | 12 8 bil cknowledgements:We are Erateful f(t)r h%lﬁ torof. qﬁ , b
combimn e_ p,o ent _6? o e i : atk& Anderiuh Frdm the U I':ar@u?ty of arﬁawa%y and vV 2
share is 2. 8 aniindiViduasnwith We 1 0 pus . :

ror . dr . Tjaga Redek, uL S

average or lower incomes, including retirees, with, on
average, poorer health. Key consumer preferences
include affordability, availability, clear and eaRy

Business.
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Microplastics found in food from cutting boards

Brina Zver’'K1 ar a GYMemorsalga* Mar i j'!dc MMezma Kii Mal Virge

!Gimnazija FrancaPMegéogova Ljuctam@ds4, 9240 Ljutomer
2 National Institute of Biology, Marine Biology Station Pir&o r n a, 6380 Pdrah

o
o

number of particles per 50g of food

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

mm. Based on their shape, they are divided into six basic

200
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packaging and canned coatings. Traces of microplastics s II II

0
79.4 million microplastic articles per year.
wear

intake) an individual ingests between 74,000 and 121,000

Microplastics are all plastic particles smaller than 5 400
groups: fragments, films, pellets, granules, filaments and
foams. The most common sources of it are plastic
containers, cutlery, straws, tea ga plastic food
are also obtained to our food through plastic cutting v oo v e
boards. According to a study by the Chemical worn cutting boards new cutting boards
Association, an individual is on average exposed to up to PP mPP+PE M PP+AA

Microplastic particles can be introduced into our

body in different ways: oral(most commonly)
respiratory andopical. On averagdgoral and respiratory
microplastic particles annuallyit is presentin water, fTabIed9: M|r.1|:num]: mgxmrm gnd a‘ée:]age 5|zedofd
milk, tea bags and seafood due to plastic pollutibtihe ormed particles of microplastics and their standar
oceanThey bringphysical (e.g. damage to the body when

deviation
PP+AA PP+AA PP+PE PP+PE PPN

plastic particles rub against the tissugemically(e.qg. N W N W PP W
consequences of chemicatentainedin plastics) and Min. size  67.2 70.9 66,2 744 474 951
biologically (e.g. transmission of pathogens) dangers to Max. 17664 16364 11190 21667 7286 3050.8
our body. size

We found differences in the excretion of the A"S‘?de 567,1 5823 5155 531,3 2882 7744
amount and size of microplastic particles according to the ;-

wear and chemical composition of the plastic cuting deviaton °°22 4346 2680 4886 2004 6824
boards. We compared polypropylene, a mixture of

polypropylene and polyethylene, and a mixture of References:

polypropylene and acrylic acid. On the cutting boards of 1. Koren, A. (2024). Mikroplastika v kuhinji: Top 5
the mentioned materials, example of ssfusagepand predmetov, ki se jim morate izogibati.

hard (potato)food was cutinto smaller pieces. We then https://senior24.si/mikroplastike-kuhinji-top-5-

counted the number of microplastic particles found and predmetowki-sejim-morate
. ) P P izogibati/#google_vignettéaccessed 20242-04)
observed the sliced pieces of foachder a stereo

2. Song, M.; Li, Y.; Tao, L.; Wang, Q.; Wang, F.; Li,
microscope. We then boiled the water with which we G. Potential Health |mpact of Microp|astics: A
rinsed the studied boards and observed the behavior of Review of Environmental Distribution, Human
microplastic particles during heat treatment. pl@nned Exposure, and Toxic Effect&nviron. Health2023
a control experiment on a ceramic board to demonstrate 1 24‘9' _257 ) o _
microplastics that were absettiere and starch with 3. Bo 9! LT -|n/n|ar10plz_1\st|kema_kk_per_mk|h
methylene blue in potato samples. ek05|_stemqv na varnost hrane in zdravje ljudi. M. S.
) s Thesis, Univerza v Mariboru, Fakulteta za
We found microplastics in thetudy, mostly zdravstvene vede, 2024.
from worn plastic boardsThe quantity and shape were
also affected by the material of the cutting board, but not  Funding information: dr. Manca ¥KowveégéEgk, uni
by the food that was cwain it. The microplastic particles dipl. biol. from Institute for Water of the Republic of
were small enough to be absorbed into the human body Sloveniadr . Mari ja Meznaril, pro
and cause potential problems. Gi mnazija Franca Miklogila L
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Galvanic Coupling ofAluminium Alloy and Copper
for Electric Vehicle Applications
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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 vitla 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.2 Such interactions are of particular
concern in EV httery 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 chloridecontaining environments.

This study investigates galvanic corrosion between
AA6068 and CtETP, both widely applied in high
performance EV assemblies. Cylindrical specimens with
diameters of 6.8 mm, 9.4 mm, and 11.4 mm were
precisionmachined and mounted in a custom-@iinted
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.% NaGly, cabinet temperature
35°C), replicating marindike atmospheric conditions
relevant to EV service in coastal, humid, or wintead
environments where road-it@ng 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, indicatihgt smaller
anodic surface areas experience higher galvanic current
densities. The observed degradation patterns are
consistent with literature reports for iAu galvanic
couples in NaCl electrolytes, in which copper serves as an
efficient cathode, drivig sustained anodic dissolution of
aluminium.

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

Figure 1. An example of glvanically coupled AA6082
and CYUETP 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 angtlic
corrosion exposures, combined with electrochemical
testing.
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Compartmentbased pharmacokinetic model of phytocannabinoids
chronic users
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In our society, the use of marijuana is increasing psychoactive and is excreted directly via the urine. For
among the young population. To investigate the {ong this reason, it is thnonly metabolite that we have included
term effects of marijuana on chronic users, we performed in our model.

compartmenbased pharmacokinetic modelling of the There is virtually no gradual accumulation of THC
THC molecule and its metabolites THOH and and its metabolites THEOH and THG COOH in users
THCi COOH. who smoke marijuana infrequently. In chronic marijuana

The THC molecule occurs naturally in various plants  users, however, the amount of THC ingested is greater
of the Cannabis genus, such as Cannabis indica, Cannabis than the number of cannabinoids metabolised and
sativa and Cannabis ruderalis. The highest concentration excreted. This effect can lead to false positive results in
of THC is found in Cannabis sativa. tests for marijuana usewrducted by law enforcement and

Pharmacokinetics includes ingestion, metabolism  medical personnel.
and excretion. When marijuana is smoked, the smoke is
absorbed through the alveoli directly into the 1000 | adipocyte
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 200 |
synthesise and break down the neurotransmitters. A
distinction is made between endogenousA@ and o - ‘ - ‘
AEA?) and exogenous neurotransmitters THC and CBD. o s e e e
These molgcules bind to CB1 and CB2 r.ece.ptors. When a Figure 1: Accumulation of THC an@HC fOH in
molecule binds to the CB1 receptor, which is most found
in the CNS and PNS, it affects memory, appetite and can

800 -

600 -

400 4

c(THC) + c{THC-OH) [ng/mL]

adipocyte tissues

trigger schizophrenia. However, when a neole binds References:
to the CB2 receptor, which is found inaroglia, immune 1. McGilveray, I. J. Pharmacokinetics ofannabinoids,
cells, the spleen, brainstem and hippocampus, it mainly pain research andnanagementPain Res Manag
affects inflammation and has no psychotropic properties. 2005 10, 15 22.

THC is primarily metabolised in the liver in a two 2. Lu, H.C.; Mackig K. An introduction to the
stage process. The first step produces the TTBIC endogenouscannabinoid system. Biol Psychiatry.

2016 7,516 525.
3. Thomas, B. E. Compton, D. R.; Martin, B. R.
Characterization of théipophilicity of natural and

metabolite, which is also psychoactive and has a similar
octanotwater partition coefficiert Due to its similarity

to THC, we have excluded it from our model. In the syntheticanalogs ofdelta Stetrahydrocannabinol and
second step, the THCOOH metabolite is formed. This its relationship topharmacologicalpotency. The J
metabolite is important because it has a completely PharmacolExp. Ther. 199Q 2, 624 630.

different octanclwater partition coefficient, is no longer
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Optimization and study of milk protein coloration, as a sustainable
alternative to traditional plastic materials
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Plastic waste is an increasingly serious
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
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 solidilsstance.

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, lefat,
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 denseeiprot
network. Whole milk also proved to be a good raw
material, while the product from serskimmed 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 Heomogenized milk
(47.6%) and fulfat longlife milk (i 36.6%). The smallest
decrease was in serskimmed longife milk (only 1
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 tbykis allowed us to
explore additional practical appétions 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 fortima 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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Water electrolysis in connection with fuel cells
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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, esplacwhen 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 ei®lyte (sodium
hydrogen carbonaté Na HC O VsS. p oit ass
KI), 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 fdionais
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
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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 lasgele
applications.

Volume of products of electrolysis through time

w
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Scheme 1Volume of products

References:

1. Barbir, F. PEM Fuel Cells: Theory and Practice;
Elsevier Academic Press: Burlington, 2005

2.Smr du, A. Snov i n spremembe
Ljubljana, 2007; pp 10QL01.



Antimibiofilm and antibiofilm activity of natural substances against
Escherichia Coli bacteria
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Nowadays, people are increasingly exposed to influenced by environmental factors, as we detected
microorganisms that have various effects on our health. differences between individual ethereal charcoals,
Due to the increasing use of antibiotics, cleaning agents depending on the year the plants were harvested.

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 essentmls 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 Figure 1: Escherichia coli

essential oils we also used oils diluted to 50% 25%.

In the case of lavender essential oil, we also checked the References: o .

effectiveness of these oils obtained from plants in 2022, 1 Nazzaro, F., Fratianni, F., De Martino, L., Coppola,

) . R., De Feo, V,.Effects of essential oils on
2023 and 2024. We first prepared an overnight culture of pahogenic bacterigPharmaceutical€013 6, 1451

E. colibacteria on a nutritious microbiological medium, 1474

which we later use# in the experimental work. Discs 2. Nour, A. H., Modather, R. H., Yuns, R. M., Elnour,
soaked with essential oils were applied to the cultures and A. A. M., Ismail, N. A., Characterization of bioactive
the antimicrobial effectiveness of each substance was compounds in patchouli oil using microwaassisted

and traditional hydrodistillation methodsd. Crops
Prod.2024 208 117901

determined based on the inhibition zones. In the second
part of the experiments, we transferred the bacteria

o T o : 3.0der, M., Piletii, K., Fink
mlcrotlter.plates, mlwhl.chlwe grew a biofilm, which Wa§ Krigtof, R. . Bilanili, L. T
treated with essential oils in the next steps. After exposing A synergistic antbacterial and antadhesion activity
the biofilm to essential oils, we measured the optical of tea tree Nlelaleuca alternifolia and lemon
density of the crystal violet dye, which was extracted from eucalyptus treeHucalyptus citriodora Hook
transiently colord cells, using a microtiter plate reader, essential oils ohegionella pneumophilaBiofouling,

and determined the effectiveness of the oils in removing 202440, 54 63.

biofilms. For the studied essential oils, we proved their
effectiveness in destroyirg. coliand removing biofilm. - o o
The amount of active substances in plants can also be antibiogram, biofilms, essential oils

Keywords:  microorganisms, Escherichia  coli
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Electrochemical determination of bisphenol S in thermal paper
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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 endocrin€isrupting diemicals. 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 propertiessuch as
strength, impact resistance, and transparétigphenols
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 absorbethto food, our bodies and the
environment as monomers.

The purpose of the present research work was to
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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 atd exceed this limit just from contact
with thermal paper, bearing in mind that this does not
include other possible sources of exposure.

C ]

Scheme 1The process of preparing real samples

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

study the presence of bisphenol S (BPS) in thermal pape| Al EDI EpioEH EDI ED( OEHR
which is often encountered in shops, restaurants| samples| [ ngyl d| [ noyl d| | nbgv;\/ll] S nbgv>\lll] -
drugstores and other everyday environments. The aim Overall
was to determine whether BPS is present in sastples average| 0+ 000| 0,000 0,003 0,31
and to check the absence of bisphenol A, which is banned
in the European Union.

Using cyclic voltammetry, we analysed 26 thermal References:
paper samples and prepared BPS standard solutions of 1. Bisfenoli i ECHA https:/echa.europa.eu/sl/hot
different concentrations, which enabled the calculation of topics/bisphenolgaccessed Oct 10, 2024).
BPS concentrations in real samples. During the analysis, 2. Miller, G. Z,; Pitzzu,D. T.; SargentM. C.; Gearhart
we found that 62 % of the samples @ined BPS, and J, Bisphenols and Alternative Developers in Thermal
these samples were mostly obtained from restaurants and Paper Receipts from the U.S. Market Assessed by
grocery stores, indicating a wider presence of this Fourier Transform Infrared Spectroscoggnviron
compound in everyday life. The presence of bisphenol F Pollut. 2023 335, 122232.
(BPF) was observed in three samples, while seven 3. INTERNAL MARKET, INDUSTRY,

samples did not contain eithBPS 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
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Water never lies: Wastewatdased Epidemiology as a Tool to
Understand Psychoactive Substance Use Among Youth
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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 wastewatdased epidemiology (WBE) to
analyze wastewater samples from treatment plants
Ljubljana and Trbovlje, Slovenia, aiming to detect the
presence of PAS and correlate them with suivased
data collected from high school students. Solid phase
extraction was used to concentrate the wastewater
samples before applying rapid immunogsaane 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 poweralget 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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Anal ysis of awareness of Azero
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Recycling practices have been known for thousands
of years. With the development of industry, we have
become a community that exced&dnmillion tons of waste
annually in Slovenia aloné. 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
theecosystemand people. We starte
wasted for it.

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 tref sr

Maraton treh src is a sports event organized by
Gportno drugtvo Tri srca si
is also the first running event in Slovenia with a "zero
waste" vision and the "zero waste" event title it received

very supportive of the marathon's "zero waste" operation
andencouraged more events like this.

DA (49%)

n= 255

NE (51%)

Scheme 1Percentage of participants that knew that

Maraton treh src was and i s
nce 1981. At the same ti me,

We also conducted two interviews. One was with
Mar ko Pintari/l, the main or

in 2022. At the event itself, meralr s o f ﬁzelem%e§%rﬂga{)0|d Uus t hat organi

are responsible for waste management, proper sorting,
and educating visitors on proper waste sorfing.

The first research method was the observation of the
i z el en a@nhow visdogs dandle waste. We noticed
that a large number of visitors would have thrown away
their trash incorrectly if
thefi z e | e n a Sushtwastegwasdmainly 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 alspe
recods 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 zefo 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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wasteodo needs various adjust:.
resources, since environmentally friendly mnigts are

often more expensive. The second interview was with
Katja Sreg, a representative
brez mej a. She expressed th
slttr a¥§& 08 Mlet| pfedrrs taht® tipNetste’ Ve
thatthesebig eventssuch adlaraton treh src, will always

be needed. She said that when organizing such events, it

is crucial to plan early enough fqossible emerging
problemssuchas poorly labeled modern materials, which

still cause problems for organizers when sorting.
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MR-Pingvini vs. Pasosaurs: A Mixed Reality Game for Raising
Awareness about Psychoactive Substances

Luka TdhamlaKalaba Al j ad .?Mentoradf .  Ur o §,'SQ@caenpae kK olvnagl Niklla c e ,
Cebin?

!ISrednja tehnigka in poklicna gola Trbovlje, Gugtarjeva
2Gimnazija Ledina, Resljeva cesta 12, 1001 Ljubljeslavenia

Rapid technological advancements, particularly in With this study, we demonstrated that young people
artificial intelligence (Al) and mixed reality (MR), offer can effectively engage their peers in understanding and
new opportunities to create engaging educational tools. embracing social values. As Peter Drucker famously said,
Our project aimed to develop an innovative card game "In times of turbulent change, the issue is not the
enhanced by mixed reality to raise aam@ess among turbulence, but rather acting with yestay's logic."
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 ubstanced designed using
generative Al to reflect th
effects visually.

Considering the increasing popularity of tobacco and
nicotine products among youth, we conducted a survey
involving 532 students agedil¥9 from STPG
and Gimnazija Ledina. Our results indicated that curiosity
and peer influence are primary reasotehind ",
adolescents' experimentation with new nicotine products Figure 1: S
such as vapes and nicotine pouches, surpassing traditional
cigarette usage.

¥ =4
tudents playing the Mi@nhanced card game,

experiencing interactive learning through mixed reality

technology.
The developed game integrates digital MR elements
via AR.js and p5.js libraries, enhancing interactivity and  References:
engagement. Through gameplay, participants confront 1. Jannah, N. L.; Wasis, W ; W
realistic scenarios regarding substance effects, fostering Widodo, W.; Murni, A. W ;
critical thinking and informed ded@n-making. Al tools A. E. Design of Module Base

Reality (AR) on Energy Transformation Material to
Train Creative Thinking Skills of Elementary School
Students. J . . Eng. 282510,258B2 c hnol

significantly expedited game development, enabling
rapid prototyping, image generation, and the creation of

interactive 3D models. Although the technology faced o5 jeo | 2 pkov § E. : Noskov§g, .M.

challenges, notably in marker recognition accuracy and Trends 2024: 9t h I nternatio

Al licensing constaints, our findings demonstrate MR's Universe in West Bohemia&lzen, Czech Republic,

substantial educational potential and Al's effectiveness in 2024;i18pp 80

streamlining complex creative processes. 3. Nacionalni ingtitut za javn
Our study underscores the value of merging Al and porolilo 0 chttps:@ngelsi/w@ 0 2 3 .

content/uploads/2024/03/Nacionaiporocilo 2023
lpdf(accessed Feb 20, 2025).

MR technologies in educational contexts, promoting

innovative approaches to social awareness and preventive 4 Naci onal ni ingtitut za javn
education. The project received the prestigious Gold trendi v uporabi psihoaktivnih snovi med mladostniki.
Innovation Award at the Innovation Awards dfie https://nijz.si/zivljenjskislog/prepovedangaccessed
Zasavje Chamber of Commerce and was presented at Feb 20, 2025). _
numerous national and international conferences, ©°- Pellas, N. Kazanidis, I Palaigeorgiou, G. A
. . . . . Systematic Literature Review of Mixed Reality
including events in Kazakhstan, India, and prominent . .

O ) Environments i n
Slovenian international forums. Education. Ed u c . . | POfLQ 25 F481:2620.0 |
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Mi crobi ol ogi cal analysis of concre
Ljubljana

Mija Kapun® Emilija Rojnik,* Mentors: mag. Darja Silant doc. drPolona Zalaf doc. dr. Martina Turk,

LHighschool o ge Pl el ni k L j u1000jLjakhljang, Sldvenissi-10G0 jabljaha, SloSdnia
2Biotechnical Faculty, University of {1qOoalubljpna,rslaveniaDepar t m

In this study, we investigated the presence and m— N W
potential impact of micr@rganisms on concrete, L ! (%)
focusing on their growth, metabolic properties and ability Vit O 4 o
to dissolve and form minerals. We sampled different o e | [®)
locations of the concrete fence on the terrdfce ot he Jc . °© =~
Pl el nik Gymnasium and al so - o at
selected sample points. When observing the growth of . Widr (9)Y o
micro-organisms, we found that higher microbial A - B
diversity and abundance occur on wetter surfaces. By . . ) )
analysing the concrete samples undscanning electron Picture 2: Overview of microbial growth on R2A, HA,
microscope (SEM), we detected biological debris and MEA + Ch, DRBC and BHI media from all sampling
calcium carbonate (CaGpdeposition, with the highest sites after 144 hours of incubation.

deposition detected on the sample with the higher
moisture content, which also had the highest growth and
biodiversity, indicating that the CaG®@ 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 CafC@hich 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  References:

x % “'_.‘, : 4
l 50um 5 5

Picture 3: Crystal formation by bacterial isolate B

concrete to selharden. All fungi and two selected 1. Agarwal, H.; Bajpai, S.; Mishra, A.; Kohli, I.; Varma,
bacterial isolatesra ureaseositive, which means that A.; Fouillaud, M.; Dufossé, L.; Joshi, N. C. Bacterial
they form minerals by the process of ureolysis. The results pigments and their multifaceted roles in contemporary
of our research also suggest ways to protect concrete biotechnology and pharmacological applications.
heritage and support the development of the idea of Microorganisms2023 11(3), 614.

biomineralisation and sefenewable materials for 2. Boskey, A. L. Biomineralization: An overview.
sustainable construction. Connect. Tissue Re2003 44 (1), 5 9.

3. Buh, T. Samopopravl!lijivi bet
University of Ljubljana Repository, 2019.

CastreAlonso, M. J.; MontafieHernandez, L. E.;
SancheaMufioz, M. A.; Macias Franco, M. R.;
Narayanasamy, R.; Balagurusamy, N. Microbially
induced calcium carbonate precipitation (MICP) and

its potential in bioconcrete: Microbiological and
molecular conepts.Front. Mater.2019 6, 126.
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Picture 1: Comparison of pyramidal crystdldsolate G
3 (A) and round crystalsisolate G1 (B), formed
through the process of biomineralisation.
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Synthesis of silicon dioxide nanoparticles with incorporated fluorescent
dyes

Pet r a*Qulne k HaMeptasiMateja Godeé,SebastjaiNemeé?

1Gi mnazija Franca Mi kI ogi I1Sh9240 |jutamernSéovenia Pr eger nova ul i ca
Materials Research Laboratory, University of Nova Gor.i

SDepartment for materials

Nanotechnology is an interdisciplinary and fast

S

developing field focused on the research and creation of

materials, usually nanoparticles (NP), with distinctive
properties in the nanometer scale. The high sutace

volume ratio of such materials enablesndvations

beyond the possibilities of conventional materials of

larger sizé-

Silicon dioxide, referred to as silica, is a material

widely present in nature and everyday lifas silica gel

packets, used to adsorb moisture, and as quartz sand in
construction and glassmaking. Moreover, silica has low

toxicity and is biocompatible, fich enables its use in

pharmaceutical, cosmetic and food industri8dica

nanoparticles are widely researched for applications in

biomedical, analytical, optical, and environmental fiélds.

emission of Etcomplex (C; middle), rhodamine (C;
right), and fluoresceirembedded 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

Figure. Transmission (A) and scanning (B) electron
microscope micrographs of silica NP. Fluorescence

fluorescent silica NP by embedding a fluorescent dye in
the silica structure. The used dyes were fluorescein,

rhodamine, and a europium complex {Eamplex). The

fluorescent silica NP were synthesized from TEO® in
mixture of water, ethanol and ammonia with admixed
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individual silanefunctionalized fluorescent dyés.
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 fluoresceiembedded NP had the largest
diameter (147 nm) and rhodamiesmbedded ones had
the smallst (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 potenti@asurements.
The rhodamineembedded NP had zeta potential-45
mV, which was 14nV lower than fluoresceine or Eu
complex embedded NP (zeta arour8il mV). By
attaching PE@nolecules to the surface, the zeta potential
value did not change significantlysince 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 sampl@sgure 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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Dimerization of T7 lysozyme using antiparallel coiled coils from protein
Ssol0a
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The objective of the study was to modify the tertiary ~ exhibits broaespectrum bacteriolytic activity against
structure of an enzyme in order to achieve greater stability both Grampositive and Grarmegative bacteria, making
and increased activity. More than 35% of the proteins in it a promising candidate in the development of novel
the cell are found in their oligomeric form, which has antimicrobial strategies. Given thalarming rise in

been shown to increase themtability’2 We multidrug-resistant pathogens, particularly among Gram
investigated whether we could achieve an increase in negative speci€s T7 lysozyme offers significant
stability and catalytic activity by dimerization of T7 therapeutic potential. When used in combination with

lysozyme, an enzyme naturally found in bacteriophage existing antibiotics or treatments, it can markedly enhance
T7, whose role is to break down peptidoglycans inthe cell  efficacy. Its unique Iytic mechanism makes the
wall, causing cellysis®. development of bacterial resistance highly unlikely,
After numerous attempts, we were able to create a positionirg T7 lysozyme as a promising breakthrough in
selfassembling dimeric enzyme by fusing T7 lysozyme  the fight against antibioticesistant infections.

and the coileetoil structure of protein SsolbeCoiled 1
coils are naturally occurring protein structures composed
of t wo -hdlicesrtonnezteddhrough hydrophobic 0.8 \

and electrostatic interactiong he antiparallel coiled coil o 0.6 ———

found in protein Ssol0a is recognized as one of the most < 04

stable twestranded coiled coils known. By fusing it with '

T7 lysozyme, we obtain a dimer with two active sites, 0.2

increasng the chance of a successful collision with the 0

substrate. Using collision theory, we can therefore predict 0o 20 40 60 . _8(3
: . . - E. coli WT + Zn2+ time (min

an increase in catalytic efficiency. mod + Zn2+ mod

: ;w Figure 2: The graph shows the activity of witgipe and
%\{;{ ) mutant lysozyme with added Zrions and the mutant
= 2 lysozyme without Z# ions on E. coli using 5 pM
"?*"7& concentations of the respective enzyme at 25°C.
v

: . - References:
Figure 1: The schematistructure of the modified T7 1. Jones, SThornton, J. M. Principles of protefrotein
lysozyme interactionsProc. Natl. Acad. Sci. U. S. A996 93
We were able to confirm our predictions, as the (1), 13 20.
modification resultedn a 58% increase in activityl 7 2. Walden, H; Bell, G. S; Russell, R. J.Siebers, B.

lysozymeds unique -pdsiiveand y t oHansels & Tgdor, G- &+ By TIM: a small,

Gramnegative bacteria, which sets it apart from other _tetrameric, hypgrthermostable triosephosphate
isomerasel. Mol. Biol. 2001, 306(4), 745 757.

enzymes, was maintained. Additionally, due to the fusion 3. Cheng, X: Zhang, X; Pflugrath, J. W.Studier, F. W
of -h&lices to the enzyme, T7yydniré of BeiBrivphaBe 17 lySobydhe, & Anc

inhibit T7 RNA polymerase wasippressed, which led to amidase and an inhibitor of T7 RNA polymerase.
a substantial increase in expression levels. These Proc. Natl. Acad. Sci. U. S. A994 91 (9), 4034
i mprovement s not only enh &038 e t he enzymeos

4. Chen, L; Chen, L. R.Zhou, X. E; Wang, Y; Kahsai,
M. A.; Clark, A. T,; Shriver, J. W. The
Hyperthermophile Protein SsolOa is a Dimer of

performance but also make its largmle production
more efficient and costffective.

The modification of T7 lysozyme has enabled its Winged Helix DNAbinding Domains Linked by an
production without the need for expensive filtration Antiparallel Coiled Coil RodJ. Mol. Biol. 2004 341
methods, allowing for more efficient and ceastective (1), 73 91.

manufacturing. This advancement opens new 5. Truebestein, L., Leonard, T. A. Coilewils: The long

opportunities for addressing the escalating global threat and short of itBioEssay<2016 38(9), 903 916.

of antibioticresistant bacterial infections. T7 lysozyme 6 Oliveira J., Reygaert W. C., Grahegative Bacteria.
StatPearls, August 2023
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A method of producing sodium metal on a laboratory scale

UrbanOcvirk'Me nt or : Sltavko Pel ar*,
!Gimnazija in srednja gola Rudolfa Maistra, Novi trg 41

This research article focuses on the production of tube. For the apparatus, a cylindrical design was chosen to
sodium metal through higtemperature distillation from fit the type of furnace used. The setup consisted of a
common and inexpensive reagents. Sodium is a very useful reaction vessel with a cover plate screwed on #p.
element that can be used on its own to dry certain organic graphite gasket was placed between the reaction vessel and
solvents or to produce specialdiam compounds such as  the cover plate to prevent the metal parts from fusing
sodium hydride and sodium amide. The synthesis begins together while also ensuring a ¢#ght seal. The cover
with choosing the right reducing agents. The cheapest, plate featured two pipes: an argon feed pipe and a
most widely available, and most effective are aluminum condenser pipe. At the end betcondenser pipe, a separate
and carbon, but for the reaction to proceed properly, both connected pipe served as an-géfs outlet to prevent
reducing gents must be used in a specific ratio. pressure buildup. Beside the-gféis pipe, a receiving flask
Unfortunately, it is not practical to use only one of the collected the distilled sodium. During the reaction, the
reducing agents without the other. My experiments have heating was increased in stages. Initially, the temperatu
shown that aluminum behaves too aggressively at higher was r ai sed to 400 AC to full\

temperatures, producing a runaway thermite readhat, residues in the charcoal. It was then gradually increased to
despite yielding a decent amount of sodium, is very 1150 AC, the furnaceds maxi m
dangerous and places excessive demands on the apparatuss o di um appear ed at slightly

Carbon, on the other hand, is too mild. The reaction with minutes. For the remaindef the reaction, the temperature
carbon alone can be useful and has historically been usedwas mai nt ai ned at 1150 AC to
industrially to prodae sodium, but it requires much higher  Throughout the process, insulation covered the top of the
temperatures to run smoothly, which would necessitate a reaction vessel, and temperatumenitoring equipment
different apparatus and heating systeml. The solution to was used to track the reaction conditions. This appaiat

this problem is to use both reducing agents simultaneously not limited to producing sodium alone. In a simidlaor

in a 4:1 carbotto-aluminum ratio. This achies a reaction even identicd setup, other alkali metals (except lithium)
that has a manageable activation energy but does not turn could be prepared. Besides alkali metals, other elements
into a runaway thermite reaction. When both reducing and compounds such as mercury and phosphorus could
agents are used together, aluminum provides the energy for also be produced with thipparatus. Mercury could be
the reaction, while carbon moderates it, creating an ideal obtained by decomposing mercury sulfide in an oxygen
balance. Thereaction also does not take very long to atmosphere (argon would be replaced with oxygen), while
complete. In my case, it took only an hour and a half, and phosphorus could be prepared from sodium
the reaction time could potentially be shortened further by hexametaphosphate, silica, and aluminum powder (in this
optimizing the carbotto-aluminum ratio. It is very reaction, argon is redped).

important that completely dry reagents aszd. Sodium

carbonate must be in its anhydrous form, or it could lead to "'

an explosion. The carbon must also be prehéated

especially if charcoal is usddbecause it may still contain

residual moisture from the pyrolysis of wood. Throughout 2!
the reaction, amgn should be passed through the apparatus. L§

Argon provides an inert atmosphere that prevents the &%ﬁ,«
freshly formed sodium from oxidizing or igniting. It also V%*,

helps cool the reaction and condense the sodium vapors, Kl
although this cooling must be controléedooling the
reaction too much will slow it down and lower the yield.
Another benefit of argon is that it dilutes the carbon )

: . . . References:
monoxide produced as a side product of the reaction. This | | amke. C. H.- Markant. V. H. Sodium and Sodium

carbon monoxide. Becauseggon is denser than carbon Technology; John Wiley & Sons, Inc.: Hoboken, NJ,
monoxide, it also helps push the vapors through the cooling 2007

Figure 1: Collected sodium in a flask
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Effect of CnGL lectin from theCloudedFunnel Mushroom on the growth
of Escherichia coliand Listeria innocua
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Due to the overuse of antibiotics in the past, we are
now facing one of thgreatesthreats 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
compoundsin 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 @eudedFunnel
Mushroon (Clitocybe nebularif. One example is
lactosebinding lectin CNL, which serves as a defence
protein, as its nematotoxic and cytotoxic properties have
been provet®. In our study, w isolated a lectin that binds
to glucose (CnGL) fromC. nebularis using affinity
chromatography. The purity of the isolated lectin was
verified by gel electrophoresis, which confirmed our
assumption that th glucosebinding lectin would be
present in our sampl&Ve also found sepharo®énding
lectin (CnSepLs), which was remed from our sample
by furtheraffinity chromatography.

In the second part of the study, we investigated how
the isolated lectin affects the growth tife bacterial
speciesListeria innocuaand Escherichia coli We also
investigated the effect of the. nebularisextract onthe
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 spectrophotometrihe results were presented as
growth curves in variousliagrams(Figure 1). TheC.
nebularisextract had a growtpromoting effect on both
bacterial specigespresumably due to the numerous
nutrientsit containedWe found thatheCnGL lectin had
a rather small inhibitory effect onL. innocuagrowth,
especiallywhen compared to thgrowth curve of the
bacterial culture with the antibiotic ampicillirlowever
the bacterial culture with added CnGL entered the lag
phase later than the control group, the lectincould
affectbacterial interactions with the environmgwhich
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would need to be investigated further. {@a contrarythe

lectin had a growtpromoting effeconE. coli. However,
bacterial growth was lower ata higher lectin
concentration than & lower concentrationsuggesting
that furtherstudies orthe effects of highe€nGL lectin
concentrations on bacteria would be worthwhit@.
nebularisproved to be an interesting source of substances
that influence bacterial growth.
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Figure 1. Growth curves oL.isteria innocuacontrol
sample (blue), sample with added antibiotic ampicillin
(green) and sample with added CnGL lectin (red).
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Sustainable Synthesis of Turbostratic Graphene from Waste Carbon Fiber
Composites via Flash Joule Heating

Vinko Kosten! Mentors:Nika Cebirt, T Bo gt j an Genori o]

1 Gimnazija Ledina, Resljeva cesta 12, 1000 Ljubljana, Slovenia
2Faculty of Chemistry and Chemical Tec HO000 LjublgpnyaSlovehimi ver si

The growing environmental burden of carbon fiber for future industrial applications in green energy,
composites, widely used in industries due to their catalysis, and environmental protection.
excellent mechanical properties, highlights an urgent
need for sustainable recycling solutions. This research
explores the transformation of waste carbobeffi
composites into turbostratic graphene using the Flash
Joule Heating (FJH) methdda promising, cost
effective, and energgfficient process. By exposing
crushed carbon fiber composites to higtensity electric
discharges, the material rapidly heatot@r 3000 K in
milliseconds, resulting in the exfoliation of amorphous
carbon into highquality turbostratic graphene.

The study aimed to optimize the FJH process to
achieve maximal conversion efficiency and minimal
energy loss. Systematic experimentation was conducted
to finetune critical parameters, including preheating
intensity, sample resistance, voltage, and pulsatibn.
Optimal conditions were identified as a 200 ms electrical
pulse at 150175 V on preheated (10 A, 3x2 s) 40 mg

Q8 HIW HY cun wo “ma | 1pm
('SQ" 635um  2.00kv | 13pA  5.0664mm 0 x 1

Figure 1: SEM image of optimized turbostratic
graphene showing layered and wrinkled morphology
(magnification 20,000x).
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pH-Sensitive Fluorescent Probes for Detecting Urinary Trdofections
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Urinary tract infections are among the most common
bacterial infections, with uropathogertischerichia coli
being the most frequent causative agepathogens 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 mannos&inding adhesin located at the tip of type 1
pili.®

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 emergihty.

Within this research project, manndsased FimH
antagonists were synthesized-niannose’s relatively
weak affinity for FimH can be improved by incorporating
various aglycones to the-annopyr an-ose
glycosidic bond. Therefore, fluorescent probes
(rhodamine B, rhodamine 6G andcarboxyfluorescein)
were attached to Inannose. All the fluorescent dyes are
pH-sensitive due to changing the shape of the molecule in
a different environmertCompound synthesized within
the research project have an aglycdtached via N
glycosidic bond, which is known to be more stable in
physiological environmert.

Absorbance and fluorescence fofal fluorescently
labeled compoundsere 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 environmenand one has a
fluorescence maximum at cytosolic pHAll final
compounds have a small Stokes shift-Z&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 bacteriil pil
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and even after washing, a portion of the compound
remained bound to them.

No
wash

1x
wash

Figure 1. Bacterial imaging of two final compounds,

showing their presence in the sample before and after

yinsing with buffer. The two final compounds are
presented in the upper pictures.
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