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KEYNOTE
SPEAKERS



Victor de Lorenzo

Programming bacteria for microbiome interventions: the issues
and the tools.

The soil bacterium Pseudomonas putida, specifically strain KT2440, has
been the starting point for generation of a number of synthetic biology chassis
capable of delivering biodegradative activities to contaminated sites with precise
spatiotemporal control and/or creating smart consortia fortified in their catalyt-
ic properties. This process required a coherent and specialized molecular tool-
box, the Standard European Vector Architecture (SEVA), which enables a range
of genetic manipulations in environmental bacteria that were previously limited
to E. coli and other model species. The often-observed detrimental consequenc-
es of extensive genome editing can be swiftly mitigated by subsequent labora-
tory experimental evolution, which helps restore robustness and normal growth
parameters. This approach has led to the creation of surface-naked strains op-
timized for the ectopic display of nanobodies (and other adhesins), facilitating
the assembly of microbial consortia and the engineering of monolayer bacterial
skins on solid surfaces. One specific application of such surface-displayed nano-
bodies involves engineering bacteria to recognize specific surface antigens on
target components of a microbiome, thereby depleting them from the communi-
ty through the injection of a T6SS-delivered toxin. In scenarios where the intro-
duction of a new bacterial member into a pre-existing community is hindered by
colonization resistance, it remains possible to endow the microbiome with new
traits by engineering HGT using a hyperpromiscuous plasmid derived from RP4.



Diethard Tautz

Genetic functions out of random sequences - what we can learn
from the de novo evolution of genes?

Comparative genomic analyses have shown that genes can be created de
novo from previously non-coding sequences in the genome. This mechanism has
long been thought to be rare, but there are now well-studied cases from all do-
mains of life which suggest that may be a rather frequent process. To better un-
derstand how easy it is to generate genetic functions out of random sequences,
we have devised experiments in which we expressed random sequence peptides
in E. coli and in eukaryotic cells and assessed their influence on the growth tra-
jectories of the cells. We found in both types of experiments that a large frac-
tion of random sequences has an effect on the growth, either negative or posi-
tive, supporting the notion that de novo evolution of genes is an evolutionary
very active mechanism. I will also discuss what this means for the practical ap-
plications, especially for discovering peptides that are of biomedical relevance.



Inese Čakstina Dzerve

Functional precision oncology: methods and implementation in
research.

Genomic precision oncology has brought powerful insights into cancer biol-
ogy, but for many tumours – especially triple-negative breast cancer (TNBC) – DNA
sequencing alone cannot tell us which therapies will work. Cancer behaviour under
treatment is driven not only by mutations but by dynamic cellular states, stress
responses, and survival programs that static molecular data simply cannot predict.

Functional precision medicine (FPM) tackles this challenge by directly mea-
suring how cancer cells respond to perturbations. In this talk, I will focus on two
of the most informative tools in the FPM toolkit: high-throughput drug sensitivity
testing (DST) and basic and dynamic BH3 profiling (DBP). DST reveals phenotyp-
ic vulnerabilities by observing real-time viability under diverse compounds, while
DBP measures mitochondrial apoptotic priming – and an early indicator of whether
a celli s ready to die or determined to survive. Together, these approaches gen-
erate actionable, behaviour-based insights that sequencing alone cannot provide.

As an example, I will share findings from our project (HipTNBC) inves-
tigating how TNBC cell lines behave under hypoxia. Surprisingly, these cells
maintain strong viability and exhibit low apoptotic priming in low-oxygen con-
ditions. This resilience underscores why functional assays are essential: can-
cer cells can appear genetically vulnerable but remain phenotypically resistant.

By highlighting how FPM illuminate the true function-
al state of tumour cells, this keynote will show how integrating dynam-
ic phenotypic measurements into precision oncology can improve ther-
apy selection and help us outsmart cancers that thrive under stress.



Norbert Pardi

Nucleoside-modified mRNA: the past, present and future.

The development of nucleoside-modified mRNA was critical for the
success of COVID-19 mRNA vaccines. Dr Pardi will tell about the most crit-
ical discoveries that led to the birth of mRNA vaccines. He will also provide in-
formation on the current standing of the field and the potential future di-
rections that may result in more mRNA-based medicines for human use.



Joe Millard

Global biodiversity change in the age of the semiconductor: a past,
a present, a future.

Life on Earth is experiencing a rapid period of change. Human activities such
as land-use, climate change, and over-exploitation are causing a significant re-
structuring of biodiversity worldwide, likely on the scale of a mass extinction. In
parallel, the semiconductive properties of silicon and the scalability of the tran-
sistor have led to a revolution in computing, ushering in a new age of scientific
progress. This computer revolution has enabled new tools and ways of thinking in
ecology, leading to a significant development in our understanding of ecosystems
and global biodiversity change. In this talk, I will describe how my own work on
global biodiversity change has developed over the past ~decade, as the scope of
what’s possible with a digital computer continues to increase. I will start with the
development of R Shiny apps for processing data for the trade in wildlife, and then
come to the present, describing how large multi-modal models represent a step-
change for the synthesis of evidence in ecology and conservation. I will then look to
the future, describing that combining distinct forms of foundational AI—particular-
ly earth-system models and generative agent-based simulation—will likely unlock
new forms of virtual ecology and the simulation of ecosystems in digital space.



Luke Rendell

Changing perspectives on human and cetacean cultures.

While human culture is a dominant ecological force on our planet, we are
at a period where understanding of how cultural processes in non-humans is
flowering, with little sign of slowing down. In this talk I will describe how Inter-
actions between human and cetacean cultures have changed along with our un-
derstanding, focussed on sperm whale cultural variation and ending on an up-
date on our most recent findings. Sperm whales are a key component of pelagic
ecosystems, taking significant biomass from mesopelagic waters. They are often
characterised as monotonous harvesters of deep water squid, but we are begin-
ning to understand more about the complexity of their behaviour. As a number
of long-term projects begin to mature, we are gaining new insights into how cul-
tural processes influence how sperm whale populations are structured and how
they use and partition their habitats. I will review these new results from Mediter-
ranean, Caribbean and Pacific populations, and argue that appreciating this be-
havioural variation will be crucial in understanding their role in pelagic ecosystems.



Cecilia Nilsson

Animal Movements in the Aerial Habitat.

The air is a crucial habitat for a wide range of flying animals, including many
birds, bats and insects. It is also important arena for a range of different behaviors,
from long distance migration to foraging. However, the air is also difficult to moni-
tor and therefor our understanding of the aerial habitat lags that of terrestrial and
aquatic environments. Recent technological advances, including the expanded use
of radar, increasingly show us how flying animals use the aerial habitat. This en-
ables us to answer questions about the environmental patterns and ecological pro-
cesses that shape animals’ life in the air, map behaviors and identify areas where
human/wildlife conflicts in the air occur. Humans are increasingly affecting the air,
through high rising construction, manned and unmanned vehicles, and different
types of pollution. By understanding how animals use the airspace we can better
understand how these changes affect flying animals. I will discuss the aerial hab-
itat and my work using radar to map animal occurrence and behavior in the air.



Ana Claudia Sima

On the opportunities of Large Language Models for scientific data
exploration.

Generative AI and in particular Large Language Models have signifi-
cantly impacted all areas of science, benefitting in particular data-inten-
sive disciplines, such as bioinformatics. However, Large Language Mod-
els – while very powerful – are still imperfect tools, due to hallucinations,
knowledge cut-off times and training costs. On the other hand, the rich ecosys-
tem of structured data collected and curated over time by scientific groups can be
leveraged as a natural complement to existing LLMs, mitigating their limitations.

In this talk, I will highlight some of the applications of LLMs in bioinformatics, as
well as a few of the services developed by the Knowledge Representation Unit at the
SIB that leverage LLMs for scientific data exploration. In particular, I will introduce
ExpasyGPT (https://www.expasy.org/chat), an open-source platform that enables
precise question answering over structured, multi-disciplinary bioinformatics data.



Thomas Hamelryck

AlphaFold’s Bayesian Roots in Probability Kinematics.

The developers of AlphaFold received the Nobel Prize in Chemistry in
2024 for solving the protein folding problem. The journey to this solution be-
gan in 2018 with AlphaFold’s first incarnation, when CASP13 (the 13th edition of
a biennial competition benchmarking protein structure prediction accuracy) re-
ported “unprecedented progress.” The successors AlphaFold2 (2020) and -3
(2024) delivered increased accuracy and scope of application. However, in con-
trast to the pragmatic deep learning pipelines of its two successors, AlphaFold1
can be interpreted as a probabilistic model based on a little-known generalization
of Bayesian belief updating called Jeffrey conditioning or probability kinematics.
Beyond clarifying the epistemic foundations of a paradigm-shifting method in life
science and machine learning, probability kinematics offers a principled foun-
dation for building compositional deep probabilistic models based on general-
ized Bayesian updating, delivering predictions with well-calibrated uncertainties.



Edwin Cuppen

Cancer whole genome sequencing data analysis and mining for
improving care outcomes.

Advances in next-generation sequencing technologies now enable whole
genome characterization of tumor genomes. This provides unique opportu-
nities for data mining approaches to advance our knowledge on tumor biolo-
gy and etiology, but also for personalization of cancer treatments. I will talk
about the latest developments in sequencing technology, the routine appli-
cation for cancer diagnostics and state-of-the-art bioinformatic data analy-
ses on a large cohort of more than 7,000 patients, including machine learn-
ing for the identification of the tissue of origin for cancers of unknown primary.





An�microbial Resistance: From a Global Threat to Laboratory Solu�ons
Deimantė Tiškevičiūtė

Linea libera
d.�skeviciute@linealibera.lt

An�microbial resistance (AMR) is recognized as one of the most significant global public health threats of the
21st century. Increasing an�bio�c consump�on, together with the limited development of new an�bio�c classes, has
accelerated the emergence and spread of resistant bacterial pathogens [1]. In response to the growing AMR burden,
the European Union has established targets aimed at reducing an�bio�c consump�on and limi�ng the spread of
resistant infec�ons by 2030. Achieving these goals requires not only responsible an�biotic use but also reliable
laboratory diagnos�cs capable of accurately detec�ng resistant microorganisms [2].

Clinical microbiology laboratories play a crucial role in monitoring an�microbial resistance and guiding
appropriate an�bio�c therapy. An�microbial suscep�bility tes�ng (AST), including determina�on of the minimum
inhibitory concentra�on (MIC), remains a key method for assessing bacterial suscep�bility according to standardized
guidelines such as those provided by EUCAST.

This presenta�on will provide an overview of current global and European trends in an�bio�c consump�on and
an�microbial resistance. Particular a�en�on will be given to laboratory approaches used for resistance detec�on,
including MIC determina�on and diagnos�c solu�ons for detec�ng resistantv bacteria.

[1] Klein EY, Van Boeckel TP, Mar�nez EM, et al. Global trends in an�biotic consump�on during 2016–2023 and future projections. Proceedings of
the National Academy of Sciences. 2024.
[2] Health Ac�on Interna�onal. Monitoring An�microbial Resistance in the EU. 2025.



Direct bacteriophage suspension sequencing using Oxford
Nanopore

Jonas Juozapaitis1 , Rūta Bajorinaitė1 , Ema Ežerskytė1 , Miglė Plioplytė1 , Goda
Grigorianaitė1 , Dovilė Juozapaitė1 , Agnė Čiukšytė1

1UAB SeqVision, Budiniškių 3-9, Vilnius
jonas@seqvision.com

Bacteriophage genome characterization is a critical step in phage research and phage therapy development.
Conventional sequencing workflows rely on phage DNA extraction procedures that are time-consuming and
extend the overall turnaround time to several days. We have developed a proprietary, extraction-free solution
for complete bacteriophage genome sequencing directly from phage suspension using Oxford Nanopore
Technology (ONT).

Our approach eliminates the DNA extraction step entirely, streamlining sample preparation while preserving
genomic integrity. Through our optimized workflow, phage suspension is processed directly into a
sequencing-ready library, enabling complete, high-quality phage genomes to be obtained within 12 to 24
hours from raw suspension. This is a substantial reduction in turnaround time compared to standard
methods.

This solution was validated across multiple bacteriophage isolates, consistently yielding complete genome
assemblies with sufficient depth and accuracy for downstream analyses including genome annotation. The
workflow is designed for reliability and reproducibility across laboratory settings, with particular relevance for
time-sensitive applications such as phage therapy and mutant phage characterisation. Our results establish
this technology as a powerful and efficient platform for phage genomics, enabling faster, smarter decisions
across research and applied contexts.



A Brief Introduction To Advanced Tissue Modeling Enabled by
Multi-Material 3D Bioprinting

Lidija Marija Smertinaitė1

1Laborama UAB, Lithuania
lidija.smertinaite@laborama.lt

Three-dimensional (3D) bioprinting is rapidly developing as a powerful technology for the creation of
novel in vitro tissue models. In contrast to conventional two-dimensional cell cultures and animal models,
bioprinted constructs allow the spatially controlled arrangement of multiple cell types, biomaterials, and
growth factors within defined three-dimensional architectures. [1] Bioprinting can thus recreate key aspects
of human tissue microenvironments, including cell–cell interactions, extracellular matrix composition, and
structural organization in reproducible and highly customizable systems [2, 3]. By enabling more
physiologically representative model systems, 3D bioprinting technology advances the ongoing development
of increasingly accurate experimental models in many fields of research, including drug screening, disease
modeling, or transplant development, all while supporting efforts to decrease the use of animal models. [4, 5]
Continuous progress in bioink, printing strategy, and multi-material bioprinting platform development have
only further expanded the range of potential inherent in this application and helped bridge the gap between
conventional in vitro models and human biology.

This talk highlights recent developments in 3D bioprinting approaches used to fabricate advanced
tissue models and examines their potential to improve ethically sustainable biomedical research workflows
that support the transition toward models more reflective of human biology.

[1] Mandrycky, C., Wang, Z., Kim, K., & Kim, D.-H. (2016). 3D Bioprinting for Engineering Complex Tissues. Biotechnology Advances,
34(4), 422–434.

[2] Bakirci, E., Asghari Adib, A., Ashraf, S. F., & Feinberg, A. W. (2025). Advancing extrusion-based embedded 3D bioprinting via
scientific, engineering, and process innovations. Biofabrication, 17(2).

[3] Mirsky, N. A., Ehlen, Q. T., Greenfield, J. A., Antonietti, M., Slavin, B. V., Nayak, V. V., Pelaez, D., Tse, D. T., Witek, L., Daunert, S., &
Coelho, P. G. (2024). Three-Dimensional Bioprinting: A Comprehensive Review for Applications in Tissue Engineering and Regenerative
Medicine. Bioengineering, 11(8), 777.

[4] Xie, R., Pal, V., Yu, Y., Lu, X., Gao, M., Liang, S., Huang, M., Peng, W., & Ozbolat, I. T. (2024). A comprehensive review on 3D tissue
models: Biofabrication technologies and preclinical applications. Biomaterials, 304, 122408.

[5] Budharaju, H., Singh, R. K., & Kim, H.-W. (2025). Bioprinting for drug screening: A path toward reducing animal testing or redefining
preclinical research? Bioactive Materials, 51, 993–1017.



Streamlined Ambient Shipping of Taq and High-Fidelity
Polymerases: Reducing Carbon Footprint Without Compromising

Performance
Agnieška Mackoit-Končiuvienė1, Aistė Serapinaitė1, Rasa Sukackaitė1, Ernestas

Navardauskas1, Daiva Tumaitienė1

1Thermo Fisher Scientific Baltics, Lithuania
Email: agnieska.mackoit@thermofisher.com

Climate change and environmental sustainability are no longer peripheral concerns but central drivers
shaping innovation, supply chains, and decision-making across the life sciences industry.

European sustainability regulations are rapidly evolving, introducing stricter requirements on chemical
safety, packaging recyclability, transport emissions, and eco-design obligations. In parallel, life science
customers increasingly expect suppliers to provide solutions that reduce environmental impact without
sacrificing product performance, quality or regulatory compliance.

At Thermo Fisher Scientific, sustainability is embedded in our product development strategy through
our Design for Sustainability framework and the Greener by Design™ [1] program. We recognize that the
greatest opportunity to reduce environmental impact occurs at the earliest stages of product design — from
raw material selection, manufacturing processes to packaging and logistics considerations.

Historically, molecular biology enzymes such as Invitrogen™ Platinum™ II Taq Hot-Start Polymerase
and Thermo Scientific™ Phusion™ Plus DNA Polymerase were shipped under cold-chain conditions using dry
ice and EPS (Expanded Polysterene) packaging. While effective, this approach increased logistical
complexity, carbon emissions, and compliance risks related to temperature excursions.

To address these challenges, we evaluated the feasibility of ambient shipping without compromising
quality. Based on these studies, selected Taq and high-fidelity polymerases can now be shipped at ambient
temperature while maintaining equivalent performance and stability.

This initiative demonstrates that sustainability and scientific performance are not mutually exclusive. By
removing cold-chain requirements for shipping of selected enzymes, we reduce environmental impact while
delivering the same reliability customers expect.

This case study illustrates how evidence-based product shipment conditions can align regulatory
compliance, customer expectations, and environmental responsibility — without compromising assay
performance.



Multiomic insights into complex biology of VCI dementia
Karolina Žukauskienė1, Milda Milčiūtė1, Sangeetha Vishweswaraiah2,3, Nadia Ashrafi2,3,
Romana Mimi2,3, Nazia Saiyed2,3, Abdullah Khalid2, Ceyda Buyuker4, Boran Aksakal4,

Lorena Gomes2, Robert T. Brooke5, Migle Gabrielaite1, Ingrida Olendraitė1, Vilija
Lomeikaitė1, Juozas Gordevičius1, Ali Yilmaz2,3, Stewart F. Graham2,3

1VUGENE, Vilnius, Lithuania
2Corewell Health Research Institute, Royal Oak, MI 48073, USA

3Oakland University-William Beaumont School of Medicine, Rochester, MI 48309, USA
4School of Medicine, Acibadem Mehmet Ali Aydinlar University, Istanbul, Turkey

5Epigenetic Clock Development Foundation, Torrance, California, USA
karolina@vugene.com

Vascular cognitive impairment (VCI) and dementia (VCID) represent a spectrum of cognitive disorders
linked to cerebrovascular pathology. While VCI accounts for 20-40% of dementia cases, its complex
molecular mechanisms and systemic understanding remain elusive. While metabolomics is frequently
essential in characterizing disease-associated biochemical changes, traditional single-omics approaches
have limitations in capturing the comprehensive VCI biology landscape. Multiomics integration bridges the
gap between genotype and phenotype, offering a powerful framework to uncover interconnected molecular
pathways and their impact on VCI pathogenesis.

In this study, we combined knowledge from genomic, epigenomic, transcriptomic and metabolomic
landscapes enabling deeper and more comprehensive understanding of the disease. The analysis was
performed on Brodmann area 7 brain tissue samples from 19 VCI cases and 21 cognitively normal controls. We
have analysed each omic separately (through linear modelling and pathway enrichment analysis) and
combined them into multiomic systematic interaction maps.

Multiomics integration revealed widespread molecular disruptions in VCI (Fig. 1), with significant shifts
in association networks. Genomic analysis pointed to the Rac GTPase pathway as a key player in VCI, with
epigenetic changes disrupting the expression and splicing of related genes. Transcriptomic data showed
disruptions in lipid metabolism, oxidative stress, and GTPase activity, while metabo-epigenomic analysis
linked Rac GTPase dysregulation to altered diacylglycerol and phosphatidylethanolamine metabolism. These
findings provide new insights into the complex interactions driving VCI pathophysiology.

Figure 1. The multiomics circos plot of the Rac GTPase-driven methylation, transcripts and metabolites.

These findings emphasize the power of multiomics integration in revealing complex molecular
interactions and metabolic alterations in VCI that remain hidden in single-omics studies. By uncovering Rac
GTPase-mediated lipid dysregulation, this study provides novel insights into VCI pathogenesis, paving the
way for biomarker discovery and potential therapeutic strategies.





1A

SHORT PROKARYOTIC ARGONAUTES PROVIDE DEFENCE AGAINST
MOBILE GENETIC ELEMENTS THROUGH NAD+ DEPLETION

Donata Dakineviciene1, Mindaugas Zaremba1, Edvardas Golovinas1, Evelina Zagorskaite1, Edvinas
Stankunas1,3, Anna Lopatina2,4, Rotem Sorek2, Elena Manakova1, Audrone Ruksenaite1, Arunas

Silanskas1, Algirdas Grybauskas1, Edvinas Jurgelai�s1 and Virginijus Siksnys1

1Ins�tute of Biotechnology, Life Sciences Center, Vilnius University, Lithuania
2Department of Molecular Gene�cs, Weizmann Ins�tute of Science, Rehovot, Israel

3Present address: Max Perutz Labs, Medical University of Vienna, Vienna Biocenter Campus (VBC), Vienna, Austria
4Present address: Division of Microbial Ecology, Center for Microbiology and Environmental Systems Science,

University of Vienna, Vienna, Austria
donata.tuminauskaite@gmc.vu.lt

Argonaute (Ago) proteins are present in all domains of life. In eukaryotes, they form the core of RNA silencing
pathway by using small RNAs as guides to iden�fy and repress target RNAs [1-2]. Prokaryo�c Argonaute proteins (pAgos)
show far greater diversity than their eukaryo�c counterparts (eAgo). Based on their domain architecture, pAgos are
divided into full-length or long pAgos (~40%) sharing conserved N, PAZ, MID and PIWI domain architecture with eAgos,
and short pAgos (~60%) composed only of MID and catalytically inac�ve PIWI domains [3]. Short pAgos are typically
organized in operons alongside various effector genes, whose products feature not only an APAZ domain but also
dis�nct effector modules such as Sir2 (SPARSA), TIR (SPARTA), or Mrr (SPARMA). About half of all iden�fied short pAgos
are associated with or fused into a single-chain protein with Sir2-APAZ proteins [3]. The Sir2 domain-containing proteins
are widely distributed and perform protein deacetyla�on or ADP-ribosyla�on func�ons using NAD+ as a co-factor [4].

Despite increasing insights, many aspects of pAgo mechanisms and their poten�al cellular roles remain to be
elucidated. Here, we aimed to explore whether short pAgos SPARSA system can act as prokaryo�c defence system
against viruses or plasmids [5]. We selected two short pAgos SPARSA systems, GsSir2/Ago from Geobacter
sulfurreducens and CcSir2/Ago from Caballeronia cordobensis, and expressed them heterologously in E. coli cells by
using pBAD vectors. Following protein expression and purifica�on by liquid chromatography, we showed that GsAgo
forms a stable heterodimeric complex with NAD⁺-bound Sir2 using SEC-MALS and SAXS. Phage restric�on (plaque and
liquid culture) and plasmid interference assays indicated that the GsSir2/Ago complex detects invading DNA, triggering
ac�va�on of the Sir2 subunit. This ac�va�on leads to intracellular NAD⁺ depletion, measured by mass spectrometry in
cell lysates, resul�ng in cell death and inhibi�on of foreign DNA propaga�on (Fig. 1). We further recons�tuted NAD⁺
depletion in vitro and demonstrated that the ac�vated GsSir2/Ago complex exhibits NADase ac�vity, hydrolyzing NAD⁺
into ADPR (measured by a colorimetric NAD/NADH assay). These findings indicate that short Sir2-associated pAgos serve
as a defense mechanism against phages and plasmids, highligh�ng the mechanis�c diversity of pAgo systems.

Figure 1. Puta�ve model of GsSir2/Ago defence against mobile gene�c elements.

[1] Kuhn, C.-D., & Joshua-Tor, L. (2013). Eukaryo�c Argonautes come into focus. Trends in Biochemical Sciences, 38(5), 263–271.
[2] Olina, A. V., Kulbachinskiy, A. V., Aravin, A. A., & Esyunina, D. M. (2018). Argonaute Proteins and Mechanisms of RNA Interference in Eukaryotes
and Prokaryotes. Biochemistry, 83(5), 483–497.
[3] Ryazansky, S., Kulbachinskiy, A., & Aravin, A. A. (2018). The Expanded Universe of Prokaryo�c Argonaute Proteins. mBio, 9(6), e01935-18.
[4] Gallego-Jara, J., Ortega, Á., Lozano Terol, G., Sola Mar�nez, R. A., Cánovas Díaz, M., & de Diego Puente, T. (2021). Bacterial Sirtuins Overview: An
Open Niche to Explore. Frontiers in Microbiology, 12, 744416.
[5] Zaremba, M., Dakineviciene, D., Golovinas, E., Zagorskaitė, E., Stankunas, E., Lopa�na, A., Sorek, R., Manakova, E., Ruksenaite, A., Silanskas, A.,
Asmontas, S., Grybauskas, A., Tylenyte, U., Jurgelai�s, E., Grigai�s, R., Timinskas, K., Venclovas, Č., & Siksnys, V. (2022). Short prokaryotic Argonautes
provide defence against incoming mobile gene�c elements through NAD+ deple�on. Nature Microbiology, 7(11), 1857–1869.



2A
DIAGNOSTIC SIGNIFICANCE OF KIF2C, KIF14 AND KIF20A EXPRESSION IN

OVARIAN CANCER
Areta Petrauskaitė1, Ieva Vaicekauskaitė1,2, Rūta Čiurlienė3, Rasa Sabaliauskaitė1,2

1Life Sciences Center, Vilnius University, Vilnius, Lithuania
2National Cancer Institute, Vilnius, Lithuania

3National Cancer Center, Vilnius, Lithuania
areta.petrauskaite@gmc.stud.vu.lt

Ovarian cancer is the third most prevalent gynecologic malignancy and represents the second leading cause of
death among oncologic diseases worldwide [1]. More than 60% of cases are diagnosed at an advanced stage, largely
due to the absence of effective early diagnostic tools and the disease’s rapid progression, resulting in a five-year survival
rate of approximately 45% [2]. Currently, serum cancer antigen 125 (CA 125) is the most commonly applied biomarker
in clinical practice, but its diagnostic accuracy is limited by insufficient sensitivity and specificity [3]. The kinesin
superfamily consists of conserved, microtubule-dependent motor proteins involved in cell cycle regulation [4]. Given
their roles in mitosis and potential links to tumorigenesis, three kinesin genes, KIF2C, KIF14 and KIF20A, were
investigated as candidate diagnostic biomarkers by analyzing their expression and association with clinical features of
ovarian cancer patients.

Reverse transcription quantitative PCR (RT-qPCR) was used to quantify the expression of selected genes in 65
ovarian cancer samples grouped into three histological groups (benign gynecological tumors, high-grade serous
carcinomas and other malignant tumors). Statistical analyses assessed correlations between gene expression and
patient clinical features, and diagnostic performance was evaluated via receiver operating characteristic (ROC) curve
analysis.

Evaluation of gene expression identified significant differences among the study groups, with KIF2C, KIF14, and
KIF20A showing higher levels in high-grade serous carcinoma compared with benign gynecological tumors (KIF2C, =
0,03; KIF14, p = 0,001; KIF20A, p = 0,02). ROC analysis demonstrated good discriminatory ability, with areas under the
curve of 0,77, 0,91, and 0,82, respectively. These results suggest these genes may serve as poten�al diagnostic and
prognostic biomarkers for ovarian cancer.

In summary, KIF2C, KIF14 and KIF20A may represent promising diagnostic and prognostic candidates for ovarian
cancer. Variations in their expression levels appear to be associated with tumor histological subtype and could help
distinguish malignant from benign samples, as indicated by ROC analysis. Further studies are needed to validate these
findings and determine their poten�al clinical utility.

[1] Sung, H., Ferlay, J., Siegel, R. L., Laversanne, M., Soerjomataram, I., Jemal, A., & Bray, F. (2021). Global cancer statistics 2020: Globocan estimates
of incidence and mortality worldwide for 36 cancers in 185 countries. CA: A Cancer Journal for Clinicians, 71(3), 209–249.
h�ps://doi.org/10.3322/caac.21660
[2] Nasiri, F., Farrokhi, K., Safarzadeh Kozani, Pouya, Mahboubi Kancha, M., Dashti Shokoohi, S., & Safarzadeh Kozani, Pooria. (2023). CAR-T cell
immunotherapy for ovarian cancer: Hushing the silent killer. Frontiers in Immunology, 14, 1302307. h�ps://doi.org/10.3389/fimmu.2023.1302307
[3] Temkin, S. M., Miller, E. A., Samimi, G., Berg, C. D., Pinsky, P., & Minasian, L. (2017). Outcomes from ovarian cancer screening in the PLCO trial:
Histologic heterogeneity impacts detection, overdiagnosis and survival. European Journal of Cancer (Oxford, England: 1990), 87, 182–188.
h�ps://doi.org/10.1016/j.ejca.2017.10.015
[4] Miki, H., Okada, Y., & Hirokawa, N. (2005). Analysis of the kinesin superfamily: Insights into structure and function. Trends  in Cell Biology, 15(9),
467–476. h�ps://doi.org/10.1016/j.tcb.2005.07.006
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due to the absence of effective early diagnostic tools and the disease’s rapid progression, resulting in a five-year survival
rate of approximately 45% [2]. Currently, serum cancer antigen 125 (CA 125) is the most commonly applied biomarker
in clinical practice, but its diagnostic accuracy is limited by insufficient sensitivity and specificity [3]. The kinesin
superfamily consists of conserved, microtubule-dependent motor proteins involved in cell cycle regulation [4]. Given
their roles in mitosis and potential links to tumorigenesis, three kinesin genes, KIF2C, KIF14 and KIF20A, were
investigated as candidate diagnostic biomarkers by analyzing their expression and association with clinical features of
ovarian cancer patients.

Reverse transcription quantitative PCR (RT-qPCR) was used to quantify the expression of selected genes in 65
ovarian cancer samples grouped into three histological groups (benign gynecological tumors, high-grade serous
carcinomas and other malignant tumors). Statistical analyses assessed correlations between gene expression and
patient clinical features, and diagnostic performance was evaluated via receiver operating characteristic (ROC) curve
analysis.

Evaluation of gene expression identified significant differences among the study groups, with KIF2C, KIF14, and
KIF20A showing higher levels in high-grade serous carcinoma compared with benign gynecological tumors (KIF2C, =
0,03; KIF14, p = 0,001; KIF20A, p = 0,02). ROC analysis demonstrated good discriminatory ability, with areas under the
curve of 0,77, 0,91, and 0,82, respectively. These results suggest these genes may serve as poten�al diagnostic and
prognostic biomarkers for ovarian cancer.

In summary, KIF2C, KIF14 and KIF20A may represent promising diagnostic and prognostic candidates for ovarian
cancer. Variations in their expression levels appear to be associated with tumor histological subtype and could help
distinguish malignant from benign samples, as indicated by ROC analysis. Further studies are needed to validate these
findings and determine their poten�al clinical utility.
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Barley (Hordeum vulgare) is the fourth most widely cul�vated cereal crop worldwide and serves as an important
model for gene�c research. [1]. Barley yield is strongly affected by inflorescence architecture, yet many genes regula�ng
flowering remain func�onally uncharacterized [2]. HvSRA (SISTER OF RAMOSA3) gene, a paralog of maize RA3, is
involved in barley spike development, but its precise func�on is s�ll unknown [3].

In this study, CRISPR-Cas9-mediated gene knockout was used to inves�gate the role of HvSRA in the barley
cul�var 'Golden Promise'. Initially, two binary T-DNA vectors containing a hygromycin resistance cassette, cas9 cassette
and two guide RNAs were constructed and cloned in Escherichia coli bacteria. A�er verifica�on by agarose gel
electrophoresis and sequencing, the constructs were introduced into Agrobacterium tumefaciens and used for T-DNA-
mediated transforma�on of immature barley embryos. A�er inocula�on, embryos underwent callus induc�on,
selec�on, and regenera�on, resul�ng in twelve independent transgenic T0 plants. Genomic DNA was extracted from
leaf tissue of regenerated plants, and Sanger sequencing of the HvSRA target region was performed for ten T0 lines.
Sequence analysis revealed heterozygous muta�ons in three plants, as indicated by overlapping peaks in sequencing
chromatograms. One mutant exhibits branched spike phenotype while the remaining are yet to develop inflorescences.
Although the precise muta�on types could not be determined at this stage, these results confirm successful targeted
edi�ng of HvSRA.

Future work will be focused on verifying targeted mutations in the remaining T0 plants via sequencing and
phenotyping, as well as obtaining homozygous HvSRA mutants free of T-DNA through recombina�on.

[1] Sato, K. (2020). History and future perspectives of barley genomics. DNA research, 27(4), dsaa023.
[2] Zhang, Y., Shen, C., Shi, J., Shi, J., & Zhang, D. (2024). Boos�ng Tri�ceae crop grain yield by manipulating molecular modules to regulate
inflorescence architecture: insights and knowledge from other cereal crops. Journal of Experimental Botany, 75(1), 17-35.
[3] Koppolu, R., Anwar, N., Sakuma, S., Tagiri, A., Lundqvist, U., Pourkheirandish, M., ... & Schnurbusch, T. (2013). Six-rowed spike4 (Vrs4) controls
spikelet determinacy and row-type in barley. Proceedings of the Na�onal Academy of Sciences, 110(32), 13198-13203.
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Stenotrophomonas maltophilia is a gram-nega�ve opportunis�c pathogen responsible for hospital-acquired
infec�ons among immunocompromised pa�ents worldwide [1]. One of the key mechanisms underlying S. maltophilia
pathogenicity is the secre�on of extracellular virulence factors, including serine proteases StmPr1 and StmPr2. These
proteases have been shown to proteoly�cally degrade essen�al host structural components, thereby disrup�ng
epithelial barrier integrity and inducing anoikis-cell death [2]. In addi�on, our preliminary studies have demonstrated
that StmPr2 can proteoly�cally degrade the main component of the human innate immune system, complement protein
C3. However, other secreted serine proteases, such as StmPr1, could also contribute to C3 degrada�on. Furthermore,
the specific hydrolysis pa�erns and regions of C3 targeted by S. maltophilia-secreted proteases have not been
comprehensively characterized. Therefore, the aim of this study was to generate stmpr1 and stmpr2 gene dele�on
mutants to inves�gate the role of protease StmPr2 in the degrada�on of the complement system protein C3 and to
iden�fy the regions of C3 hydrolysis following exposure to proteins secreted by S. maltophilia.

Methods: Dele�on of the stmpr1 and stmpr2 genes in a clinical S. maltophilia strain was attempted using a double
homologous recombina�on method. Dele�on plasmids were constructed using a pUC19_sacB-based vector and verified
by PCR amplifica�on and restric�on enzyme digest analysis. Then, the verified plasmids were transformed into
S. maltophilia cells to promote homologous recombina�on for targeted gene dele�on. Recombinant clones were
screened by colony PCR and agarose gel electrophoresis to verify homologous recombina�on events. In parallel, to
characterize the specific hydrolysis regions of the human complement protein C3, purified C3 was incubated with
cell- free culture supernatant containing extracellular proteins secreted by S. maltophilia. The resul�ng C3 degrada�on
products were analyzed by SDS-PAGE, and selected fragments were further examined by mass spectrometry (MS) in the
Proteomics Core Facility (EMBL, Germany) to iden�fy regions of proteoly�c cleavage of the C3 protein.

Results: Dele�on plasmids targe�ng the stmpr1 and stmpr2 genes were successfully constructed. Following
transforma�on into S. maltophilia cells, recombinant clones were screened by colony PCR and agarose gel
electrophoresis. However, homologous recombina�on events leading to plasmid integra�on and precise gene dele�on
were not detected under the tested condi�ons. In parallel, incuba�on of purified human complement protein C3 with
cell-free culture supernatant containing proteins secreted by S. maltophilia resulted in the forma�on of several
degrada�on products, as detected by SDS-PAGE gel. MS analysis of selected fragments enabled mapping of identified
pep�des onto the C3 protein sequence, revealing two putative regions of proteoly�c cleavage. Further experiments are
needed to iden�fy the precise cleavage sites of the C3 protein.

[1] J. S. Brooke, “Stenotrophomonas maltophilia: An emerging global opportunistic pathogen,” 2012. doi: 10.1128/CMR.00019-11.

[2] A. L. DuMont and N. P. Cianciotto, “Stenotrophomonas maltophilia serine protease StmPr1 induces matrilysis, anoikis, and protease-ac�vated
receptor 2 ac�va�on in human lung epithelial cells,” Infect. Immun., vol. 85, no. 12, 2017, doi: 10.1128/IAI.00544-17.
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Watermilfoils (genus Myriophyllum L.) are a group of aquatic plants that belong to the Haloragaceae family, one
of the most polymorphic plant taxa. Myriophyllum is a species-rich genus with species distributed worldwide [1]. They
are characterized by their phenotypic plas�city and local adapta�on, which create difficulties with morphological
species iden�fica�on [2]. Interspecific hybridiza�on is also common in this genus and can promote rapid expansion to
new habitats, causing significant ecological changes. Studies have no�ced that Myriophyllum spicatum can hybridize
with Myriophyllum sibiricum. The resul�ng hybrids tend to be more compe��ve and have a broader ecological
amplitude, including faster vegeta�ve prolifera�on [3]. This factor is very important and likely has contributed to a rapid
increase in watermilfoils in Lithuanian water bodies, especially smaller ones such as ponds. However, gene�c diversity
studies of the genus in Lithuania are s�ll limited.

This study evaluated the gene�c diversity of Myriophyllum popula�ons from eight water bodies: ponds (Šilalė,
Gudeliai, Kuršėnai), rivers (Širvinta), and lakes (Rūžas, Balžis, Šventas, Kampiniškis). DNA was extracted from fresh plant
material using a modified CTAB method. ISSR-PCR was performed using seven selected primers, and gene�c varia�on
was analysed using band scoring.

The selected ISSR primers revealed high levels of polymorphism (>90%). Evalua�on of the bands showed that
gene�c diversity differed among the popula�ons. The Šilalė pond had the least diversity among the analysed
popula�ons, while lake Šventas was the most gene�cally diverse with the highest expected heterozygosity. AMOVA
results showed that more gene�c varia�on (57 %) was observed among popula�ons than within popula�ons. Principal
coordinate analysis indicated four dis�nct groups. Most individuals clustered by popula�on, although several gene�cally
dis�nct individuals were observed, sugges�ng the poten�al presence of hybrids.

The results demonstrate gene�c differen�a�on among Lithuanian Myriophyllum popula�ons. However, to
precisely dis�nguish the species and poten�al hybrids addi�onal research is needed. Sequencing of nuclear and
chloroplast DNA regions would help with species iden�fication and confirm hybrid individuals.

[1] Moody, M. L., & Les, D. H. (2010). Systema�cs of the aqua�c angiosperm genus Myriophyllum (Haloragaceae). Systema�c Botany, 35(1), 121–
139. h�ps://doi.org/10.1600/036364410790862470
[2] Weyl, P. S. R., & Coetzee, J. A. (2016). Morphological varia�ons in southern African populations of Myriophyllum spicatum: Phenotypic plas�city
or local adapta�on? South African Journal of Botany, 103, 241–246. h�ps://doi.org/10.1016/j.sajb.2015.07.016
[3] LaRue, E. A., Zuellig, M. P., Netherland, M. D., Heilman, M. A., & Thum, R. A. (2013). Hybrid watermilfoil lineages are more invasive and less
sensi�ve to a commonly used herbicide than their exotic parent (Eurasian watermilfoil). Evolu�onary Applications, 6(3), 462–471.
h�ps://doi.org/10.1111/eva.12027
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Ovarian cancer is the second most common cancer of the female reproductive organs, second to endometrial
cancer [1]. It is associated with a poor survival rate due to its non-specific symptoms and lack of early-stage diagnostic
tools. The deadliest subtype of ovarian cancer is high-grade serous ovarian carcinoma (HGSOC), which occurs at 90 % of
ovarian malignancies [1].

Understanding the molecular mechanism and the role of the genetic factors in the development of cancer is
crucial to define new diagnostic tools. Studies indicate that Hippo signaling pathway, which regulates organ size control,
development and regeneration, plays an important role in governing ovarian physiology, fertility, and pathology [2]. The
main Hippo factors are four protein kinases YAP, TAZ, MST1/2, LATS1/2, which control cell proliferation by regulating
gene expression. Disregulation of this pathway contributes to uncontrolled cell proliferation and tumour progression.

The aim of this research was to evaluate the expression of YAP1, MST1, TAZ and LATS1 genes in HGSOC samples
by comparing it with benign and other gynecological malignancies. We extracted RNA from 42 HGSOC, 14 other and 9
benign tissue samples. The gene expression was analyzed by preparing an RT-qPCR with a reference gene GAPDH.

Our investigation showed that genes YAP1, MST1, TAZ, LATS1 are downregulated in HGSOC and other
gynecological cancer samples (p<0.05) compared to benign gynecologic tumors. Furthermore, the expression of TAZ,
MST1 and LATS1 decreases as the disease progresses (p<0.05) in stage. Also, ROC curve analysis when comparing HGSOC
and benign cases showed an AUC of 0.94 for TAZ, 0.89 for LATS1 with a high sensitivity and specificity.

Our research suggests that the components of Hippo signaling pathway would be considered as a potential
biomarker for ovarian cancer diagnosis. Further research is needed to validate this suggestion.

[1] Smolarz, B., Biernacka, K., Łukasiewicz, H., Samulak, D., Piekarska, E., Romanowicz, H., & Makowska, M. (2025). Ovarian cancer—Epidemiology,
classification, pathogenesis, treatment, and estrogen receptors’ molecular backgrounds. International Journal of Molecular Sciences, 26(10), 4611.
h�ps://doi.org/10.3390/ijms26104611
[2] Clark, K. L., George, J. W., Przygrodzka, E., Plewes, M. R., Hua, G., Wang, C., & Davis, J. S. (2022). Hippo signaling in the  ovary: Emerging roles in
development, fertility, and disease. Endocrine Reviews, 43(6), 1074–1096. h�ps://doi.org/10.1210/endrev/bnac013
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Barley is the fourth most important agricultural crop and is o�en used as a model organism for gene�c research
due to its rela�vely small diploid genome compared to polyploid species like wheat and rye [1]. As environmental
challenges such as climate change intensify, developing barley varie�es with enhanced stress tolerance and higher
produc�vity is cri�cal to ensure global food security and agricultural sustainability [1]. This study focuses on modifying
the HvTPS1 gene of barley “Golden Promise” variety using CRISPR – Cas9 system to create a gene knockout. This gene
encodes an enzyme involved in trehalose-6-phosphate (T6P) synthesis, which plays a crucial role in sugar metabolism
and heat stress responses [2]. It is also thought to influence branching and spike architecture, making it a valuable
target for gene�c improvement [3]. Li�le is known about the molecular basis of cereal inflorescence architecture, so
studies like this will improve knowledge about inflorescence gene�c development pathways, by expor�ng gene –
phenotype rela�onships.

Previously, a construct was created containing a plasmid with Cas9, hygromycin resistance genes (used for
transformed plant selec�on) and two single-stranded guide RNAs containing 20-nucleotide target sequences.
Immature barley embryos were isolated by detaching the seed coat and embryonic axis. Each embryo was inoculated
with a drop of the prepared Agrobacterium suspension, containing the construct for HvTPS1 gene knockout. A�er
callus induc�on 4 T0 plants were regenerated, DNA sequencing analysis indicated that one regenerated plant carried a
frameshift muta�on in a heterozygous posi�on. Seeds were collected from all four plants and sown in soil. In total, 31
T1 genera�on plants were obtained, and DNA sequencing revealed that 10 plants had no muta�on, 12 had
heterozygous muta�ons and 9 were homozygous mutants. Morphometric measurements were performed for all
plants and compared with the control group. Growth analysis during the first 14 weeks showed no significant
differences between groups. These observa�ons suggest that the HvTPS1 gene does not have a notable effect on
barley height or germina�on time. In the future, the knockouts will be phenotyped and analysed under stress
condi�ons to inves�gate the impact of the HvTPS1 gene on stress response, spike architecture and barley
development.

[1] Methods in Molecular Biology 1900“ Wendy A. Harwood – „Barley: Methods and Protocols
[2] Tetz, G., Pinho, M., Pritzkow, S., Mendez, N., Soto, C., & Tetz, V. (2020). Bacterial DNA promotes Tau aggrega�on. Scientific reports, 10(1), 2369.
[3] Wang, Chengyu, Xiujuan Yang, and Gang Li. 2021. "Molecular Insights into Inflorescence Meristem Specification for Yield Poten�al in Cereal Crops"
Interna�onal Journal of Molecular Sciences 22, no. 7.



8A
EFFECTS OF GRNA STRUCTURE ON ASCAS12A ACTIVITY IN E. COLI

Gabija Magelinskaitė1, Jonas Kubilius1, John P. Cooper1, Stephen K. Jones Jr. 1

1Life Sciences Center EMBL Partnership Ins�tute, Vilnius University, Lithuania
gabija.magelinskaite@gmc.stud.vu.lt

CRISPR–Cas-based genome edi�ng displays significant variability in edi�ng efficiency across different targets. We
hypothesise that tailoring the en�re guide RNA (gRNA) sequence for each target can yield more predictable and stable
edi�ng outcomes. Tes�ng this hypothesis requires not only the construc�on of large and diverse gRNA plasmid libraries,
but also func�onal assays that report on gRNA-dependent cleavage efficiency at scale.

Here, we inves�gate gRNA ac�vity using an Escherichia coli cleavage assay, comparing an original gRNA plasmid
library to libraries subjected to Cas-mediated cleavage under induced and non-induced condi�ons. Cas expression was
controlled by IPTG induc�on during bacterial growth, enabling direct comparison of cleavage-dependent library
deple�on. Following library propaga�on, plasmid popula�ons were analysed by high-throughput sequencing to
quan�fy changes in gRNA representa�on. Overall, our workflow provides a scalable strategy for linking gRNA sequence
varia�on to cleavage outcomes, suppor�ng the development of more predictable CRISPR guide design rules.
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Since its domestication in the Fertile Crescent nearly 10,000 years ago [1], barley (Hordeum vulgare L.)
has played a major role in shaping agriculture. It has a well-established role in human nutrition, and now it
ranks as the fourth most widely cultivated cereal crop worldwide [2]. However, the changing environment
creates a need for the development of improved barley varieties. Some barley varieties, such as hull-less
barley, found in mountainous regions of Asia, possess advantageous traits, including an easily detachable hull
and improved nutritional value [3]. One major genetic determinant of this phenotype is loss-of-function of the
Nud gene, which encodes an AP2/ERF protein; when mutated, Nud fails to form the cementing layer between
the pericarp and the lemma and palea, causing the hull to detach easily from the grain. Although hull-less
barley variety is adapted to harsher environments typical of mountainous regions, some laboratory studies
report increased susceptibility to abiotic stress in this variety [4]. The precise role of the Nud gene in
conferring resistance to abiotic stress therefore remains unclear.

To investigate this potential trade-off, a Nud knockout population is being generated in the barley
cultivar ‘Golden Promise’ using CRISPR/Cas9 technology and Agrobacterium tumefaciens-mediated
transformation. A CRISPR/Cas9 system containing hygromycin resistance genes and Nud-specific guide RNAs
was assembled and introduced into A. tumefaciens. Immature barley embryos were inoculated and cultured
on callus induction and regeneration media, and putative transgenic tissues are currently undergoing plant
regeneration.

Ongoing work includes plant regeneration and molecular verification of Nud gene inactivation by DNA
sequencing. Confirmed knockout lines will be evaluated under abiotic stress conditions to assess the impact
of Nud loss on plant growth and stress tolerance. This study aims to clarify the role of Nud in stress adaptation
and to inform future barley improvement strategies under changing environmental conditions.

[1] Harris D.R., Domestication of plants in the old world: the origin and spread of cultivated plants in west Asia, Europe and the Nile valley,
Agric. Hist. Rev, 2001, 49:226-227
[2] Sreenivasulu N., Graner A., Wobus U., Barley genomics: an overview, International journal of plant genomics, 2008, 486258

[3] Sterna V., Zute S., Jansone I., Kantane I., Chemical composition of covered and naked spring barley varieties and their potential for
food production, Polish Journal of Food and Nutrition Sciences, 2017, Vol. 67 (2), p. 151–158
[4] Djalel R., Nabiha B., Noureddine Z., Djelel R., Nabiha B., Imene F., Morphological and physiological response of naked and covered
barley genotypes to water stress in Eastern Algeria, 2021. [Online]. Available: https://www.researchgate.net/publication/352844276
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Barley (Hordeum vulgare L.) is a widely cultivated cereal crop and an important component of the human diet,
particularly in developing countries. Due to its rich nutritional profile, including dietary fiber, complex carbohydrates,
vitamins and minerals, barley makes a significant contribution to global food security. In addition, it is extensively used
as livestock feed and as a primary raw material for malting and alcoholic beverage production [1]. Owing to its
agronomic importance and well-characterized genome, barley serves as an attractive model for genetic and
developmental studies [2]. One of the key traits influencing cereal yield is inflorescence architecture, however, the
molecular mechanisms regulating inflorescence development are still not fully understood.

In barley, the APETALA2-like gene (HvAP2L5) plays a central role in the regulation of spike architecture and
development [3]. However, AP2L genes have been more extensively characterized in wheat. Loss-of-function of both
AP2L2 and its paralog AP2L5 converts lemmas into glume-like organs, eliminates or transforms lodicules. In contrast,
mutations that make AP2L2 resistant to miR172 produce shorter and more compact spikes [4]. The aim of this study is
to investigate the effects of altered AP2L5 expression on barley inflorescence morphology using the GreenGate vector
system and to determine the expression pattern of AP2L5 using molecular markers.

For this study, internal BsaI sites in the AP2L5 promoter and coding sequence were removed by introducing silent
mutations. This step ensures sequence compatibility with the GreenGate cloning system. Afterwards, twelve target
plasmids were assembled with different combinations of markers, promoters and coding sequences. The assembled
constructs were verified by restriction analysis and Oxford Nanopore sequencing, when transformed into A.
tumefaciens.

Barley immature embryos were isolated and inoculated with A. tumefaciens containing assembled constructs.
Following inoculation, callus induction and selection, transformed plants are currently regenerating. Subsequently,
molecular and functional analyses of the regenerated plants will be conducted to evaluate the role of AP2L5 in
inflorescence architecture development.

Figure 1. A schematic overview of the complete experimental workflow.

[1] Horsley, R. D., Franckowiak, J. D., & Schwarz, P. B. (2009). Barley. In M. J. Carena (Ed.), Cereals (pp. 227–250). Springer
US. https://doi.org/10.1007/978-0-387-72297-9_7
[2 ] Druka, A., Franckowiak, J., Lundqvist, U., Bonar, N., Alexander, J., Houston, K., Radovic, S., Shahinnia, F., Vendramin,
V., Morgante, M., Stein, N., & Waugh, R. (2011). Genetic dissection of barley morphology and development. Plant
Physiology, 155(2), 617–627. h�ps://doi.org/10.1104/pp.110.166249
[3] Zhong, J., van Esse, G. W., Bi, X., Lan, T., Walla, A., Sang, Q., Franzen, R., & von Korff, M. (2021). INTERMEDIUM-M
encodes an HvAP2L-H5 ortholog and is required for inflorescence indeterminacy and spikelet determinacy in barley.
Proceedings of the National Academy of Sciences, 118(8), Article e2011779118.
https://doi.org/10.1073/pnas.2011779118
[4] Debernardi, J. M., Greenwood, J. R., Jean Finnegan, E., Jernstedt, J., & Dubcovsky, J. (2020). APETALA 2-like genes
AP2L2 and Q specify lemma identity and axillary floral meristem development in wheat. The Plant journal : for cell and
molecular biology, 101(1), 171–187. https://doi.org/10.1111/tpj.14528



11A
LINE-1 CpG 328 METHYLATION AND ORF2 EXPRESSION AS POTENTIAL

BIOMARKERS FOR COLORECTAL CANCER DIAGNOSIS AND PROGRESION
Ignas Dailidė1, Rima Miknaitė1, Inga Kildušienė2,3, Rytė Rynkevičienė4, Kęstu�s Sužiedėlis1,4, Giedrė

Smailytė2,5

1Life Sciences Center, Vilnius University, Lithuania
2Laboratory of Cancer Epidemiology, Na�onal Cancer Institute, Lithuania

3Department of Abdominal and General Surgery and Oncology, Na�onal Cancer Ins�tute, Lithuania
4Laboratory of Molecular Oncology, Na�onal Cancer Institute, Lithuania

5Department of Public Health, Institute of Health Sciences, Vilnius University, Lithuania
ignas.dailide@gmc.stud.vu.lt

rima.miknaite@gmc.stud.vu.lt

Colorectal cancer (CRC) is the third most common cancer worldwide, with more than 1.15 million new cases and
576,000 deaths annually [1]. CRC develops through a mul�step process driven by genetic and epigenetic alterations,
primarily via three pathways: chromosomal instability (CIN, ~85%), microsatellite instability (MSI, ~15%), and CpG island
methylator phenotype (CIMP, ~25%) [2].

Long interspersed nucleo�de element-1 (LINE-1), the most abundant repeti�ve element in the human genome,
plays a crucial role in maintaining genomic stability. Aberrant LINE-1 ac�va�on, primarily regulated by DNA methyla�on,
is a hallmark of cancer. LINE-1 retrotransposons are usually silenced by methyla�on; however, their hypomethyla�on is
common in CRC and precancerous lesions, correla�ng with genomic instability and cancer risk. LINE-1 methylation thus
serves as a marker for global methyla�on status [3].

The present study aimed to validate the methyla�on status at three CpG sites (328, 321, and 318) within the
LINE-1 (X58075.1) promoter. Adenocarcinoma samples (n=20) and corresponding adjacent normal �ssues were
collected (NCI, Vilnius, Lithuania). Quantita�ve determination of the methyla�on status of the three LINE-1 promoter
CpG sites in bisulfite-converted DNA was performed using pyrosequencing (Qiagen). The expression of LINE-1 was
evaluated using RT-PCR for both open reading frames, ORF1 and ORF2. All data were analyzed using GraphPad Prism.
The Spearman rank correla�on coefficient was used to determine the strength of linear relationships. The Mann-
Whitney U test was used to compare differences between groups. Findings were considered sta�stically significant at p
< 0.05.

The findings of this study show that methyla�on levels at all three CpG sites differed significantly, allowing for
the dis�nction of adenocarcinoma from healthy �ssue. Notably, the methyla�on level of the CpG site at posi�on 328
dis�nguished adenocarcinoma from healthy adjacent tissue with very high specificity and sensi�vity, yielding an AUC
(area under the curve) of 0.950.

LINE-1 ORF1 and ORF2 expression levels were strongly correlated (Spearman's r = 0.79, p < 0.0001). Significantly,
ORF2 levels dropped during the T2 to T3 transition, reflec�ng increasing genomic instability. ROC analysis (AUC = 0.80,
p = 0.073) indicates that absolute ORF2 expression could serve as a useful biomarker for this stage transi�on.

[1] B. Duan et al., Colorectal Cancer: An Overview’, in Gastrointes�nal Cancers, J. A. Morgado-Diaz, Ed., Brisbane (AU): Exon Publications, 2022.
[2] Thiebault, Q.; Defossez, G.; Karayan-Tapon, L.; Ingrand, P.; Silvain, C. Analysis of factors influencing molecular tes�ng at diagnos�c of colorectal
cancer. BMC Cancer 2008, 17, 765.
[3] Pavicic, W.; Joensuu, E.I.; Nieminen, T.; Peltomäki, P. LINE-1 hypomethyla�on in familial and sporadic cancer. J. Mol. Med. 2012, 90, 827–835.
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Prostate cancer (PCa) is the 4th most diagnosed cancer, with over 370,000 annual deaths globally [1]. Epigenetic
mechanisms play a crucial role in prostate carcinogenesis, particularly post-translational histone modifications. KDM5B
is one of the genes associated with histone methylation that has been identified as an oncogene in many cancers [2]. It
encodes a lysine-specific histone demethylase that is o�en dysregulated in PCa cells, which correlates with poor patient
survival [3]. Thus, modulation of KDM5B expression in cancer cells could be a potential target for PCa treatment.

Our aim was to modulate KDM5B gene expression in PCa cells by transfec�ng with small interfering RNA (siRNA)
and to assess the resulting potential changes in cell behavior. In this study, PCa cell lines with differing invasive
characteristics were employed, specifically the highly invasive PC-3 cell line and the less invasive LNCaP cell line. The
relative expression of KDM5B was evaluated using quantitative PCR, and commercial assays were used to assess cell
viability, proliferation, invasiveness, and migratory capacity.

KDM5B expression was successfully downregulated in both PC-3 and LNCaP cells a�er siRNA transfection, with
a statistically significant decrease in LNCaP cells (P < 0.01). Functional analyses indicated reduced PC-3 cell viability (P =
0.013) and proliferation (P = 0.019) following KDM5B silencing, with no significant changes in apoptotic or necrotic cell
populations (P > 0.050). Similar tendencies were also observed in the LNCaP cells. Additionally, decreased migratory
capacity was observed in both cell lines, with a statistically significant difference in PC-3 cells at 12 h post-transfection
(P = 0.028), suggesting a potential role of KDM5B in regulating PCa cell motility.

To conclude, our initial results demonstrate that siRNA-mediated downregulation of KDM5B expression in PCa
cells reduces cell viability, proliferation, and migration, suggesting a potential role of KDM5B in PCa progression and its
pertinence to drug development.

[1] Bray, F., Laversanne, M., Sung, H., Ferlay, J., Siegel, R. L., Soerjomataram, I., & Jemal, A. (2024). Global cancer statistics 2022: GLOBOCAN estimates
of incidence and mortality worldwide for 36 cancers in 185 countries. CA: a cancer journal for clinicians, 74(3), 229–263.
[2] Fu, Y. D., Huang, M. J., Guo, J. W., You, Y. Z., Liu, H. M., Huang, L. H., & Yu, B. (2020). Targeting histone demethylase KDM5B for cancer treatment.
European journal of medicinal chemistry, 208, 112760.
[3] Liu, B., Kumar, R., Chao, H. P., Mehmood, R., Ji, Y., Tracz, A., & Tang, D. G. (2020). Evidence for context-dependent functions of KDM5B in prostate
development and prostate cancer. Oncotarget, 11(46), 4243–4252.
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Background: No evidence of disease activity (NEDA) is widely used as a practical composite outcome to track
treatment response in multiple sclerosis (MS), a chronic immune-mediated disease of the central nervous system. In
most studies it is defined as NEDA-3-no relapses, no MRI activity, and no confirmed disability worsening [1]. Achieving
NEDA early after treatment initiation is generally associated with better medium-term outcomes, yet it is also clear that
NEDA does not fully capture the slower neurodegenerative component of MS. This gap has driven interest in biological
predictors of sustained NEDA and in factors that might explain why NEDA rates differ both between therapies and
between individuals receiving the same therapy [1-3]. In this context, the proteasome and immunoproteasome are
attractive candidates because they shape antigen processing and inflammatory signalling, processes that many disease-
modifying therapies directly or indirectly modulate, so genetic variants in proteasome-related genes could plausibly
contribute to therapy-specific differences in disease activity control [4].

Aim: To test whether selected proteasome-gene polymorphisms are associated with NEDA during the first two
years after treatment initiation and to explore therapy-specific genotype effects across interferon (IFN), glatiramer
acetate (GA), and mitoxantrone (MX) groups.

Methods: MS patients from a Latvian cohort were evaluated for NEDA in year 1 and year 2 after treatment
initiation and stratified by therapy (IFN, GA, MX). SNPs in proteasome-related genes (PSMB5 rs11543947; PSMA6
rs2277460 and rs1048990; PSMA3 rs2348071; PSMC6 rs2295826/rs2295827) were genotyped using PCR-based assays.
Genotype distributions were compared by NEDA status within and between therapy groups. Odds ratios (OR) were
computed for NEDA-negativity; OR<1 indicates a protective association and OR>1 increased risk. Effect sizes are
reported as Cramér’s V.

Results: The strongest therapy-dependent association over 2 years was observed for PSMC6
rs2295826/rs2295827. The combined genotype group (GG/TT+AG/CT) differed between medication groups
(P=2.20×10⁻³; V=0.37). In IFN-treated patients, GG/TT+AG/CT showed a more favourable NEDA profile (NEDA+ 67.69%)
and reduced odds of NEDA-negativity (P=2.48×10⁻³; OR=0.38). In contrast, in GA-treated patients the same genotype
group was associated with low NEDA+ (16.67%) and increased odds of NEDA-negativity (P=4.22×10⁻²; OR=5.67). Within
the IFN stratum, preparation-specific differences were observed for PSMA6 rs1048990 after 1 year (GG+CGdistribution
across IFN-A/IFN-R/IFN-B/E: P=2.80×10⁻²; V=0.45). In IFN-A, GG+CG was linked to higher odds of NEDA-negativity
(P=8.44×10⁻³; OR=16.29). In year 2, an association was also observed for IFN-B/E(P=4.31×10⁻²; OR=4.24). After 2 years,
PSMA6 rs2277460 differed across IFN preparations (CA genotype: P=4.55×10⁻²; V=0.49); in IFN-B/E, CA carriers were
predominantly NEDA− (83.33%; P=3.29×10⁻²; OR=5.14).

Conclusions: Proteasome-related variants, particularly PSMC6 rs2295826/rs2295827 and PSMA6
polymorphisms, show therapy-specific associations with NEDA, consistent with gene-treatment interaction. Notably,
PSMC6 (GG/TT+AG/CT) showed opposite directions across therapies (more favourable under IFN, less favourable under
GA). These loci warrant validation in larger independent cohorts.

Acknowledgments: Funded by the UL Faculty of Medicine and Life Sciences internal student grant No.
FUD2025/194.

[1] Pandit, L. (2019). No evidence of disease activity (NEDA) in multiple sclerosis—Shifting the goal posts. Annals of Indian Academy of Neurology,
22(3), 261–263. https://doi.org/10.4103/aian.AIAN_159_19
[2] López-Caneda, C. H., Antón-Fuente, S., Pérez-Haro, M. J., et al. (2025). Beyond efficacy: Persistence, NEDA, and therapeutic decision-making in
first-line multiple sclerosis treatment. Neurology and Therapy, 14(5), 2095–2106. https://doi.org/10.1007/s40120-025-00811-0
[3] Guerra, T., Bianco, A., Esposto, C., et al. (2026). Refining predictors of long-term NEDA-3 status in relapsing-remitting multiple sclerosis: Insights
from real-world data. Neurological Sciences, 47(3), 251. https://doi.org/10.1007/s10072-026-08876-x
[4] Woo, M. S., Brand, J., Bal, L. C., et al. (2025). The immunoproteasome disturbs neuronal metabolism and drives neurodegeneration in multiple
sclerosis. Cell, 188(17), 4567–4585.e32. https://doi.org/10.1016/j.cell.2025.05.029
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Prostate cancer (PCa) is the second leading cause of cancer related mortality among men in 48 countries [1].
Scientific interest has shifted toward noncoding circular RNAs (circRNAs), given that their abnormal expression patterns
are linked to various types of cancer and tumor development or progression [2]. Certain circRNAs are able to function
as microRNA (miRNA) ‘sponges’ or interact with RNA-binding proteins, thereby influencing gene expression [3].
However, the regulatory interactions between different circRNAs and miRNAs in PCa cells remain insufficiently
characterized.

This study aims to quantify selected circRNAs (circFOXO3, circFAT1, and others) in PCa cells with experimentally
altered miR-155 and miR-137 expression. A miRNA mimetic approach was used to induce overexpression of selected
miRNAs in PCa cells with low endogenous expression levels. CircRNA levels were assessed using real-�me PCR using an
intercalating dye. Divergent primers were specifically designed to amplify circular transcripts and to distinguish them
from linear counterparts.

Our preliminary results demonstrated a trend toward upregulated circHIPK3 and circASXL-1 expression in the
PC-3 cell line following transfection with synthetic miR-155; however, these changes did not reach statistical significance
(P > 0.05). Although circFOXO3, circFAT1, and circCSNK1G3 expression levels did not differ significantly from the
scrambled control, the corresponding linear transcripts exhibited decreased expression in PC-3 cells transfected with
miR-137. Comparative analysis between PC-3 and LNCaP cell lines following miR-155 overexpression revealed
differential circRNA expression patterns. Notably, circASXL-1 was upregulated in PC-3 cells relative to LNCaP.

In conclusion, these preliminary findings suggests that experimental modulation of specific miRNAs is associated
with measurable alterations in circRNA expression in PCa cell lines. This potential regulatory interplay between circRNAs
and miRNAs may contribute to the molecular mechanisms underlying PCa biology and warrants further inves�gation.

[1] Sung, H., Ferlay, J., Siegel, R. L., Laversanne, M., Soerjomataram, I., Jemal, A., & Bray, F. (2021). Global Cancer Statistics 2020: GLOBOCAN Estimates
of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA: A Cancer Journal for Clinicians, 71(3), 209–249.
https://doi.org/10.3322/caac.21660
[2] Qu, S., Liu, Z., Yang, X., Zhou, J., Yu, H., Zhang, R., & Li, H. (2018). The emerging func�ons and roles of circular RNAs in cancer. Cancer Letters, 414,
301–309. https://doi.org/10.1016/j.canlet.2017.11.022
[3] Malviya, A., & Bhuyan, R. (2025). Circular RNAs in cancer: Roles, mechanisms, and therapeutic potential across colorectal , gastric, liver, and lung
carcinomas. Discover Oncology, 16(1), 5. https://doi.org/10.1007/s12672-025-01743-9
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Renal cancer is ranked 7th in Lithuania in terms of the number of incidence and mortality [1]. The most common form
of kidney cancer is clear cell renal cell carcinoma (ccRCC), which accounts for about 75–85% of all kidney tumors [2].
Depending on the stage of the tumor, the 5-year survival rate for patients can range from 93% in the early stages to 19% in
advanced cases [3]. Due to the frequent lack of early symptoms, diagnosis often occurs incidentally or at late stages,
highligh�ng the need for molecular biomarkers to enable early detec�on and prognosis.

It is known that changes in DNA methyla�on play an important role in the development and progression of kidney
cancer and are therefore considered poten�al biomarkers for early diagnosis and prognosis. Previously, our laboratory
performed a genome-wide DNA methyla�on profile analysis using the microarray method, during which genes suitable for
poten�al biomarker studies were selected. Follow-up DNA methyla�on analysis of the selected three genes related to the
regula�on of gene transcrip�on revealed significant methyla�on changes linked to clinical features. To confirm the reliability
of these results, this study aims to inves�gate the level of DNA methyla�on in the regulatory regions of the same genes in
the urine samples collected from the independent cohort of patients having renal cancer and benign renal diseases and to
evaluate their diagnos�c and prognos�c proper�es.

A total of 144 urine samples were examined, including 39 samples from ccRCC patients, 27 asymptoma�c control
samples, 18 samples from pa�ents diagnosed with benign kidney tumors, and 30 samples from pa�ents diagnosed with
small renal masses. Samples were collected in accordance with Lithuanian Bioethics Commi�ee permits No. 158200-18/12-
1077-585 and No. 158200-17-952-457. DNA was extracted during a previous study using the Phenol/Chloroform/Isoamyl
alcohol DNA extrac�on method. Then DNA was bisulfite converted using the EZ DNA Methyla�onTM Kit (Zymo Research). To
evaluate the levels of DNA methyla�on in the regulatory regions of the genes in the samples, Quan�ta�ve Methylation-
Specific PCR (qMSP) was used.

The analysis revealed that the level of DNA methyla�on in the regulatory region of one out of three gene is sta�stically
significantly higher in urine samples from ccRCC patients compared to benign kidney tumors (P = 0.039). The study also
showed that the same gene has sta�s�cally significant diagnos�c ability in ccRCC (sensitivity – 64%, specificity – 63%, P =
0.045). In addition, in the case of small renal tumors, the two out of three genes showed sta�s�cally significant differences
in methyla�on levels compared to asymptoma�c controls (P = 0.001; P = 0.039) and significant diagnos�c values (P < 0.005).

These findings suggest that alterations in DNA methylation levels in the regulatory region of at least one selected
gene in the urine samples could be a promising ccRCC biomarker, allowing for non-invasive and very early renal cancer
detec�on. Further analysis of a larger sample size is needed to justify these findings.

[1] Ferlay J, Ervik M, Lam F, Laversanne M, Colombet M, Mery L, Piñeros M, Znaor A, Soerjomataram I, Bray F (2024). Global Cancer Observatory: Lithuania
fact sheet [PDF]. https://gco.iarc.who.int/media/globocan/factsheets/popula�ons/440-lithuania-fact-sheet.pdf
[2] Quinn, A. E., Bell, S. D., Marrah, A. J., Wakefield, M. R., & Fang, Y. (2024). The Current State of the Diagnoses and Treatments for Clear Cell Renal Cell
Carcinoma. Cancers, 16(23), 4034. https://doi.org/10.3390/cancers16234034
[3] Surveillance, Epidemiology, and End Results (SEER) Program, Na�onal Cancer Ins�tute, 2024. https://seer.cancer.gov/statfacts/html/kidrp.html
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Kidney cancer ranks as the 14th most common cancer worldwide, with over 400,000 new cases and
approximately 155,000 documented deaths in 2022 [1]. Early diagnosis remains challenging due to the lack of symptoms
in the beginning of the disease, resulting in higher rates of metastatic progression and a poorer patient prognosis. For
instance, the 5-year survival rate for stage I kidney cancer reaches 88% compared to just 14% for stage IV disease [2].
Currently, there are no clinically approved molecular biomarkers for the diagnosis of kidney cancer. Therefore, a strong
focus is centered on iden�fying new poten�al biomarkers that can help diagnose the disease at an early stage and
enable effective treatment without invasive and expensive procedures. Alterations in DNA methylation are among the
most significant epigenetic biomarkers linked to cancerogenesis, which may improve the prognosis of kidney cancer.

The aim of this study is to investigate the methylation levels of the three genes in urine samples collected from
patients with renal clear cell carcinoma (RCCC), small renal tumors, and benign kidney tumors, and to evaluate their
poten�al for disease diagnosis and prognosis.

In total, 115 samples were analyzed, including 39 RCCC cases, 31 small renal tumor cases, 18 benign cases, and
27 asymptomatic controls. DNA was extracted from the urine samples and subsequently modified using sodium
bisulfite. Methylation levels of the selected genes were established by the quantitative methylation-specific PCR
(QMSP).

The combination of the three genes showed statistically significant diagnostic characteristics with a sensitivity of
61.54 % and a specificity of 74.04 %. The methylation levels of two out of three genes were statistically significantly
higher in urine samples from patients with higher-grade renal clear cell carcinoma (p = 0.018, p = 0.022, respectively).
One gene methylation level was also statistically significantly associated with tumor spread beyond the kidney (p =
0.046). In addition, the methylation level of one gene was statistically significantly higher in urine samples from patients
with small renal tumors compared to asymptomatic controls (p = 0.008) and demonstrated statistically significant
diagnostic characteristics.

This analysis demonstrates that the methylation of the selected genes has the potential to be diagnostic
biomarkers for renal cancer. However, further studies should be conducted to confirm the clinical usefulness of the
investigated biomarkers.

[1] Bray, F., Laversanne, M., Sung, H., Ferlay, J., Siegel, R. L., Soerjomataram, I., & Jemal, A. (2024). Global cancer statistics 2022: GLOBOCAN estimates
of incidence and mortality worldwide for 36 cancers in 185 countries. CA: A Cancer Journal for Clinicians, 74(3), 229–263.
h�ps://doi.org/10.3322/CAAC.21834
[2] Miller, K. D., Nogueira, L., Devasia, T., Mario�o, A. B., Yabroff, K. R., Jemal, A., et al. (2022). Cancer treatment and survivorship statistics, 2022.
CA: A Cancer Journal for Clinicians, 72(5), 409– 436. h�ps://doi.org/10.3322/CAAC.21731
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Ac�n is the most abundant protein in most eukaryo�c cells, and its structure and func�on are highly
evolu�onarily conserved. Its unique ability to transi�on between monomeric and filamentous forms makes it extremely
important for many cellular processes, such as cell migration, polarity establishment, maintenance of cell shape, and
forming the structural basis of sarcomeres in muscle cells [1]. To better understand these intracellular mechanisms, it
is crucial to visualize ac�n filament forma�on and remodeling in vivo. The zebrafish (Danio rerio) is a well-established
vertebrate model organism due to its rapid development, op�cal transparency during embryogenesis, and the ease and
efficiency of precise gene�c manipula�on, making it particularly suitable for studying ac�n cytoskeleton dynamics [2].
Although transgenic zebrafish lines for ac�n imaging have been developed, they lack temporal regula�on of biosensor
expression, which complicates the inves�ga�on of ac�n dynamics at certain developmental or physiological stages.

Precise spa�otemporal control of transgene expression can be achieved using Cre-dependent gene�c systems.
The Cre-loxP recombina�on system is one of the most widely used genetic tools for this purpose. It mediates site-specific
recombina�on between loxP sequences in the presence of Cre recombinase, resul�ng in excision of a floxed DNA
cassette and subsequent ac�va�on of a downstream gene [3, 4]. In zebrafish studies, the inducible CreERT2 system is
frequently used, as it allows precise temporal control of recombina�on. Recombinase remains inac�ve un�l 4-
hydroxytamoxifen administra�on, which ini�ates enzyme nuclear transloca�on and subsequently induces
recombina�on at loxP sites. Furthermore, CreERT2 expression driven by �ssue-specific promoter restricts recombina�on
to par�cular cell types, enabling spa�al control of transgene ac�va�on [5].

In this study, two condi�onal expression constructs were generated to monitor intracellular ac�n dynamics in
vivo, each containing ubiquitous ubbR promoter, mRFP casse�e flanked by loxP sites, followed by sequences encoding
ac�n-binding fluorescent reporters. The first construct encoded eGFP-UtrCH, a probe based on the calponin homology
domain of utrophin, while the second vector contained LifeAct-eGFP, a short ac�n-binding pep�de fused to enhanced
green fluorescent protein. The constructed expression cassettes in a plasmid vector were injected into zebrafish
embryos, and embryos carrying transgenesis markers were selected and grown to sexual maturity. Founder individuals
transmit�ng the transgene to a subset of their offspring were successfully iden�fied. The resul�ng F1 genera�on was
raised and crossed with the vln13Tg zebrafish driver line carrying the ubbR promoter driven CreERT2 recombinase gene.
Embryos obtained from this cross were treated with 4-hydroxytamoxifen at 6 hours post-fertiliza�on, leading to Cre-
mediated recombina�on and ac�va�on of the ac�n reporter. Following induc�on, strong ubiquitous green fluorescence
was observed, confirming successful recombina�on and func�onal ac�va�on of the condi�onal expression casse�e.
This system provides a flexible pla�orm for future �ssue-specific and temporal control of intracellular ac�n dynamics in
vivo.

[1] Dominguez, R., & Holmes, K. C. (2011). Ac�n Structure and Func�on. Annual Review of Biophysics, 40(1), 169–186.
[2] Pinto, C. S., Mishima, M., & Sampath, K. (2020). Tools of the trade: studying ac�n in zebrafish. Histochemistry and Cell Biology, 154(5), 481–493.

[3] Mosimann, C., & Zon, L. I. (2011). Advanced Zebrafish Transgenesis with Tol2 and Applica�on for Cre/lox Recombina�on Experiments. Methods
in Cell Biology, 173–194.
[4] Abremski, K., Wierzbicki, A., Frommer, B., & Hoess, R. H. (1986). Bacteriophage P1 Cre-loxP site-specific recombina�on. Site-specific DNA
topoisomerase ac�vity of the Cre recombina�on protein. Journal of Biological Chemistry, 261(1), 391–396.
[5] Burg, L., Palmer, N., Kikhi, K., Miroshnik, E. S., Rueckert, H., Gaddy, E., MacPherson Cunningham, C., Ma�onet, K., Lai, S.-L., Marín-Juez, R., Waring,
R. B., Stainier, D. Y. R., & Balciunas, D. (2018). Condi�onal mutagenesis by oligonucleotide-mediated integra�on of loxP sites in zebrafish. PLOS
Gene�cs, 14(11), e1007754.
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Vitamin D regulates immune responses through its interac�on with the vitamin D receptor (VDR), while its
bioavailability and systemic transport are largely mediated by the vitamin D binding protein (VDBP). Genetic variation
within these components of the vitamin D pathway has been implicated in multiple sclerosis (MS) susceptibility and may
influence treatment response. Nevertheless, substantial inter-individual variability remains, poten�ally contributing to
differences in achieving “no evidence of disease ac�vity” (NEDA). This study aimed to evaluate whether polymorphisms
in VDR and GC are associated with NEDA during the first two years after treatment initiation and to explore potential
therapy – and interferon (IFN) preparation – specific effects.

Latvian MS patients were assessed for NEDA at years 1 and 2 a�er treatment initiation and stratified by therapy
(IFN, GA, MX); IFN-treated patients were additionally stratified by IFN preparations (IFN-A, IFN-R, IFN-B/E). VDR
(rs1544410, rs7975232, rs731236) and GC (rs7041, rs4588) variants were genotyped by PCR-based assays, and genotype
distributions were compared by NEDA status within and between therapy groups. ORs were computed for NEDA- (OR <
1 protective; OR > 1 risk).

Overall, loci within the vitamin D pathway demonstrated therapy-dependent associations with NEDA, most
prominently at year 2. Under IFN, VDR rs1544410 (G>A) was associated with NEDA (P = 3.98×10⁻²; V = 0.16), with AA+GA
showing a more favourable NEDA profile compared with GG. A similar IFN-stratum association was observed for VDR
rs731236 (T>C) (P = 2.99×10⁻²; V = 0.16).

Among IFN-treated patients, further stratification by IFN preparation revealed preparation-specific
heterogeneity for VDR rs7975232 (IFN-R: P = 1.90×10⁻²; V = 0.40) and VDR rs731236 (IFN-R: P = 1.68×10⁻²; V = 0.30).

Regarding vitamin D transport, GC rs4588 (C>A) differed between medication groups at year 2 (P = 2.04×10⁻²; V
= 0.22) and exhibited opposite effect direc�ons across therapies: AA+CA tended toward higher NEDA+ odds under IFN
(OR ≈ 1.40) but lower NEDA+ odds under GA (OR ≈ 0.83), consistent with a potential gene – treatment interac�on.

Additionally, GC rs7041 (G>T) showed a between-therapy difference in year 1 under MX (P = 2.57×10⁻²; V = 0.37),
supporting therapy dependence also at earlier follow – up.

In conclusion, variants in VDR and GC, par�cularly VDR rs7975232, rs1544410, and rs731236, as well as GC rs4588
and rs7041, demonstrated therapy – and IFN preparation – specific associations with NEDA in this Latvian MS cohort,
supporting a poten�al gene – treatment interaction. These findings warrant validation in larger, independent cohorts
and may contribute to the development of integrated predic�on models incorporating genetic, clinical, and treatment-
related variables.

Funded by the UL Faculty of Medicine and Life Sciences internal student grant FUD2025/194 and by the UL
Founda�on (MikroTik) project No. 40021.
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Achromobacter spp. are opportunis�c Gram-nega�ve pathogens, increasingly associated with chronic airway
infec�ons in people with mucociliary clearance disorders, such as primary ciliary dyskinesia (PCD) [1]. The mechanisms
behind adapta�on and an�bio�c resistance of Achromobacter spp. during infec�on remain poorly understood, posing
significant challenges for clinical management. Here, we analysed 54 clinical Achromobacter spp. whole genome
sequences from people with PCD using bioinforma�cs tools such as skani [2], panaroo [3] and snp-dists [4] for species
iden�fica�on, pangenome construc�on, and evalua�on of gene�c distances both within and between pa�ents,
respec�vely. Isolates were assigned to nine dis�nct species, with A. xylosoxidans being predominant, and two pa�ents
were found to have been infected with multiple Achromobacter species across sequential samples. An�bio�c resistance
and virulence factors, including beta-lactamase and efflux pump genes were detected across isolates, and a replicative
plasmid gene IncQ1 was iden�fied in all samples from one pa�ent. Pangenome analysis revealed high genetic diversity
between Achromobacter species with average species-specific gene counts ranging from 364 to 1403. Our findings
highlight the genomic complexity and adap�ve poten�al of Achromobacter spp. during chronic infec�on, underscoring
the need for species-level resolu�on and genomic surveillance to be�er understand how Achromobacter spp. adapts to
the host environment in different disorders ul�mately leading to the development of novel treatment strategies.

[1] Holgersen MG, Marthin JK, Johansen HK, Nielsen KG. (2021). A retrospec�ve review of Achromobacter species and an�bio�c treatments in
pa�ents with primary ciliary dyskinesia. Chronic Respiratory Disease, 18. h�ps://doi.org/10.1177/14799731211061600
[2] Shaw, J., Yu, Y.W. (2023). Fast and robust metagenomic sequence comparison through sparse chaining with skani. Nat Methods 20, 1661–1665.
h�ps://doi.org/10.1038/s41592-023-02018-3
[3] Tonkin-Hill G, MacAlasdair N, Ruis C, Weimann A, Horesh G, Lees JA, Gladstone RA, Lo S, Beaudoin C, Floto RA, Frost SDW, Corander J, Bentley
SD, Parkhill J. (2020). Producing polished prokaryo�c pangenomes with the Panaroo pipeline. Genome Biol 21:180. h�ps://doi.org/10.1186/s13059-
020-02090-4
[4] Seemann, T. (2018). Source code for snp-dists software (0.6.2). Zenodo. h�ps://doi.org/10.5281/zenodo.1411986
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Dental caries is a chronic disease and a major cause of tooth loss, affec�ng a significant propor�on of
the global popula�on [ 1]. The con di�on arises from the accumula�on of dental plaque (biofilm), with its
development being influenced by mul�ple factors (biological, behavioral , socioeconomic , etc .) [2 ]. Individuals
with intellectual disabili�es are at par�cularly high risk due to poorer oral hygiene, dietary challenges, limited
access to dental care , and greater dependency on caregivers . While such factors as oral hygiene prac�ces are
well known , the contribu�on of gene�c s remains less clearly defined. Studies suggest that gene�c variants of
various gen es may be linked to an increased suscep�bility to dental carie s with some influencing
neurodevelopmental disorders as we ll [3].

The objec�ve of this study was to inves�gate single -nucleo�de polymorphisms (SNPs) in four selected
genes – LYZL2 , MPPED2 , MTR , and MTRR – in dental pa �ents with intel lectual disabili�es .

Our preliminary study included 63 individuals who underwent dental treatment for oral diseases under
general anesthesia at the Zalgiris Clinic, Vilnius University Hospital Santaros Clinics (Vilnius , Lithuania) . Buccal
swab samples were collected by a single trained clinician during dental examina�on . Gen omic DNA was
extracted using the MagMAX Nuclei c Acid Isola�on Kit and the KingFisher Flex automated extrac�on system .
Four SNPs were selected for molecular a nalysis: rs399593 ( LYZL2 ), rs11031093 ( MPPED2 ), rs1805087 ( MTR ),
and rs1801394 ( MTRR ). Genotyping was conducted using TaqMan -based commercial SNP genotyping assays
on the QuantStudio Pro 7 Real -Time PCR system (Thermo Fisher Scien�fic).

Genotype distribu�ons of the analy zed SNPs a re shown in Fig. 1. Homozygous alterna�ve genotypes
were determined in 79.4% ( 50 of 63), 8.1% (5 of 62), 4.8% (3 of 63), and 28 .6% ( 18 of 63) cases for LYZL2 ,
MPPED2 , MTR , and MTRR SNPs, respec�vely. The minor allele frequenc y es�mat es of LYZL2 , MPPED2 , MTR ,
and MTRR SNPs were 0 .199, 0.242 , 0 .214, and 0.444 res pec�vely . Allele and genotype frequencies were similar
to those reported for the general popula�on . Further analyses are ongoing to evaluate the possible
associa�ons between these gene�c variants and clinical oral health parameters, including the tooth loss rate.

In conclusion, our preliminary findings provide a founda�on for further inves�ga�on of gene�c
contribu�ons to dental caries in individuals with intellectual disabili�es. However, the complex nature of these
gene�c influences requires further researc h to confirm these findings and clarify the mechanisms by which the
SNPs affect caries development .

———————————————————————————————————————————
[1] Pi�s, N., Twetman, S., Fisher, J., & Marsh, P. (2021). Understanding dental caries as a non -communicable disease. Bri�sh Dental Journal ,
231(12), 749 -753. h�ps://doi.org/10.1038/s41415 -021-3775 -4
[2] Chapple, I. L., & Papapanou, P. N. (2020). Risk assessment in oral health . Springer . h�ps://doi.org/10.1007/978 -3-030 -38647 -4
[3 ] Akbarian, S., Daneshmehr, S., Nazari, Y., Kobravi, S., Fetra�, A., Rezvani Amin, M., Biglak, B., & Alizadeh, F. (2024). Asso cia�on study
between polymorphisms within MPPED2 (rs12797813), MTR (rs61739582), ACTN2 (rs6656267) and LPO (rs7209537) genes and
suscep�bility to dental caries: A case -control study. Biomedical Research and Therapy , 11(7), 6592 –6602.
h�ps://doi.org/10.15419/bmrat.v11i7.906

Figure 1. The genotype frequencies of LYZL2 , MPPED2 , MTR , and MTRR SNPs
in dental pa�ents with inte llectual disabili�es .
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Cardiovascular diseases are the leading cause of death worldwide[1]. An adult heart after trauma in most cases
leads to a scar formation and does not regenerate, therefore myocardial infarction can lead to irreversible heart
damage and eventually heart failure or death. Unlike humans, zebrafish can effectively regenerate its heart after
trauma. For this reason danio rerio is a suitable model for heart regeneration research.

�mp4.3 (TIMP metallopeptidase inhibitor 4, tandem duplicate 3) is a zebrafish gene, which is predicted to
enable metalloendopep�dase inhibitor activity. This gene is selectively expressed in a macrophage subpopulation
associated with cardiac regeneration[2]. This subpopulation of macrophage is predicted to play an important role in
extracellular matrix remodeling, cellular debris clearance and scar resolution [2].

To minimize �mp4.3 functions during cardiac repair are used genetic engineering methods, such as CRISPR/
Cas9. These methods are used on zebrafish to knock out target gene, in this case 1-3 exons of �mp4.3, therefore
creating transgenic zebrafish lines for �mp4.3 functional characterization in cardiac regeneration.

To create �mp4.3 knockout transgenic fish lines, zebrafish zygotes were injected with Cas9 mRNA and two guide
RNAs. The F1 generation fish were genotyped by amplifying �mp4.3 gene deletion’s region via PCR and electrophoresis
on a 1% agarose gel. Mutants were selected based on PCR product’s length. Lastly, a�er Sanger sequencing, fish that
had the expected deletion were selected for further research.

[1] World Health Organization. (2025). Cardiovascular diseases (CVDs): Fact sheet. Retrieved February 15, 2026, from hl ps://www.who.int/news-
room/fact-sheets/detail/cardiovascular-diseases-(cvds)
[2] Ke-Hsuan Wei, I- Ting Lin2, Kaushik Chowdhury, Khai Lone Lim, Kuan- Ting Liu, Tai- Ming Ko, Yao- Ming Chang, Kai- Chien Yang ,Shih- Lei (Ben) Lai.
(2023). Comparative single-cell profiling reveals distinct cardiac resident macrophages essential for zebrafish heart regeneration.eLife, 12, e84679.
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The widespread use of plas�c materials has raised serious environmental and health concerns due to their high
persistence and tendency to fragment into nanoscale par�cles. Among plas�c-derived nanomaterials, polystyrene
nanopar�cles (PS-NPs) are commonly detected, and their possible nega�ve impacts on human health need thorough
inves�ga�on [1].

This study aimed to evaluate the cytotoxic and genotoxic effects of 70 nm PS-NPs in human hepatocellular
carcinoma (HepG2) and lung alveolar adenocarcinoma (A549) cell lines in vitro. The cellular uptake and levels of reac�ve
oxygen species generated by PS-NPs were evaluated using the fluorescent, oxidant-sensi�ve dye 2,7-
dichlorodihydrofluorescein diacetate (H2DCFDA). Cytotoxicity was assessed using a mixture of acridine orange and
ethidium bromide, based on cell integrity. Poten�al primary DNA damage was assessed using the alkaline comet assay,
while oxida�ve DNA damage was evaluated with an enzyme-modified comet assay. Chromosomal damage was assessed
using the cytokinesis-blocked micronucleus (CBMN) assay.

Flow cytometry analysis demonstrated effec�ve uptake of PS-NPs by both HepG2 and A549 cells. In A549 cells,
exposure to nanopar�cles did not lead to significant changes in cell viability, primary and oxida�ve DNA damage, or
chromosomal damage when compared to control cells.

In contrast, HepG2 cells showed a different response pa�ern. Although cell viability remained largely unaffected,
nearly all tested nanopar�cle concentra�ons induced significant primary DNA damage. Furthermore, oxida�ve DNA
damage was significantly increased at concentra�ons of 10 and 20 µg/mL, as detected by the enzyme-modified comet
assay. Higher concentra�ons (60, 80, and 100 µg/mL) led to a sta�s�cally significant increase in micronucleus frequency
compared to the control, indica�ng chromosomal damage.

These findings demonstrate that, while PS-NPs are effec�vely internalized by both cell lines, their genotoxic
effects are cell-type-dependent. A549 cells exhibited rela�ve resistance to nanopar�cle-induced gene�c damage,
whereas HepG2 cells were highly suscep�ble to primary, oxida�ve DNA and chromosomal damage. This highlights the
poten�al risk of nanoscale polystyrene exposure and underscores the importance of assessing �ssue-specific responses
to nanoplas�cs.

[1] Kik, K., Bukowska, B., & Sicińska, P. (2020). Polystyrene nanopar�cles: Sources, occurrence in the environment, distribu�on in �ssues,
accumula�on and toxicity to various organisms. Environmental Pollu�on, 262, 114297. h�ps://doi.org/10.1016/j.envpol.2020.114297
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FLASH radia�on therapy (FLASH-RT) in literature is described as a promising advancement in cancer treatment
due to its selec�vity – it results in sparing normal healthy �ssues from damage while effec�vely targeting tumours [1].
Because using FLASH-RT radia�on doses are delivered within miliseconds (dose rates exceeding 40 Gy/s), the same
physical dose can produce a different biological response than when it is delivered slowly under conven�onal irradia�on
(where on average dose rates are < 0.1 Gy/s) [2]. Although FLASH effect has created considerable clinical interest, its
genotoxic impact on radiosensi�ve non-target cells, such as peripheral blood lymphocytes (PBLs), is not yet fully
explored.

The aim of this study was to evaluate the genotoxic effects of ionising radia�on delivered at FLASH and
conven�onal dose rates in human peripheral blood lymphocytes in vitro.

Peripheral blood samples were irradiated using a modified Varian TrueBeam (Varian Medical Systems, USA)
linear accelerator with low-LET ionising radia�on at two dose rates – conven�onal 0.17 Gy/s and FLASH 48 Gy/s. To
assess genotoxicity, the micronucleus (MN) assay was applied. Biodose Tools software [3] was used to generate dose-
response curves for MN frequency. At lower doses (2-4 Gy) genotoxic effects were similar between dose rates, while at
higher doses the effects varied between experiments and the FLASH effect was not consistent. The replica�on index
was used to assess cytotoxicity and showed decreased cell prolifera�on at higher doses, with higher prolifera�on
observed at 0.17 Gy/s. Cell viability was slightly higher at 48 Gy/s.

A pilot flow cytometry analysis was performed during the first experiment to evaluate the effect of ionising
radia�on on cell cycle. Although too few cells were collected for a reliable sta�s�cal analysis, certain trends can s�ll be
observed – ionising radia�on increased the number of lymphocytes in G1 phase and showed decreased numbers in S
phase of cell cycle with all dose rates and doses. A less pronounced decrease of cells in G2 phase and mitosis was also
observed, when compared with control group.

Ul�mately, the results show that the �ssue-sparing FLASH effect is inconsistent and varies between the
experiments. These findings indicate that biological response to ultra-high dose rate (UHDR) ionising radia�on is
complex and needs further analysis.

[1] Ryan, T. L., Escalona, M. B., O'Brien, K., Tan, Y., Kanagaraj, K., Taveras, M., Nemzow, L., Phillippi, M., Deoli, N., Wang, E., Shuryak, I., Garty, G.,
Turner, H. C., & Balajee, A. S. (2026). Biological effects of conven�onal and ultra high dose rate radia�on in human cells. Scientific reports, 16(1), 3713.
h�ps://doi.org/10.1038/s41598-025-33817-7
[2] Kim, M. M., & Zou, W. (2023). Ultra-high dose rate FLASH radia�on therapy for cancer. Medical physics, 50 Suppl 1(Suppl 1), 58–61.
h�ps://doi.org/10.1002/mp.16271
[3] Hernández, A., Endesfelder, D., Einbeck, J., Puig, P., Benadjaoud, M. A., Higueras, M., Ainsbury, E., Gruel, G., Oestreicher, U., Barrios, L., &
Barquinero, J. F. (2023). Biodose Tools: an R shiny applica�on for biological dosimetry. International Journal of Radia�on Biology, 99(9), 1378–1390.
h�ps://doi.org/10.1080/09553002.2023.2176564
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Since ancient �mes, various mushrooms have been valued by humans as a source of food. However, this is not
the only reasons that makes mushrooms important. Medicinal mushrooms and fungi are believed to have about 130
healing proper�es, including an�-cancer and immunomodulatory effects.[1]. However, public opinion regarding their
benefits is divided: some consider them beneficial, while others ques�on their safety. Therefore, the aim of this study
is to evaluate the biological effects of these extracts.

This study inves�gated the cytotoxic, genotoxic and an�genotoxic proper�es of four types of medicinal
mushroom extracts: Auricularia, Cordyceps, Lion's Mane, and Reishi in human peripheral blood mononucelar cells.
Cytotoxicity was assessed using the acridine orange/ethidium bromide staining test. To evaluate genotoxic and
an�genotoxic proper�es, the alkaline comet assay, which detects primary DNA damage, such as DNA strand breaks and
alkaline labile sites, was performed. Genoprotec�ve poten�al was evaluated using two treatment regimens:
pretreatment and pos�reatment. In the pretreatment protocol, cells were incubated with the extracts, washed with
phosphate-buffered saline (PBS), and subsequently exposed with H₂O₂. In the pos�reatment protocol, cells were first
exposed to H₂O₂, washed with PBS, and then incubated with the extracts.

The results of this study provide valuable insights into the genotoxic and an�genotoxic effects of medicinal
mushrooms. They may also contribute to new recommenda�ons for the use of their extracts.

[1] S. P. Wasser, “Medicinal mushroom science: Current perspec�ves, advances, evidences, and challenges,” Biomed.
J., vol. 37, no. 6, pp. 345–356, 2014, doi: 10.4103/2319-4170.138318.
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Cancer is a leading global cause of death, and cancer-related mortality is estimated to nearly double
by 2050 [1]. To effectively control disease course in cancer patients, radiation therapy (RT) is clinically
prevalent, utilizing ionizing radiation to induce targeted genotoxic effects and arrest malignant cellular
proliferation. Conventional RT is usually delivered at low dose rate (averagely ~0.03 Gy/s), whereas FLASH
radiotherapy (FLASH-RT), which recently has emerged as a prominent area of clinical investigation, is
characterized by ultra-high dose-rate delivery (≥40 Gy/s). FLASH-RT has been associated with reduced
damage to healthy tissue while maintaining antitumor effectiveness [2]. Evidence for this so-called FLASH
effect has been reported primarily in preclinical models, with early clinical observations also emerging.

The aim of this study is to evaluate DNA damage and survival responses after UHDR versus
conventional (CONV) irradiation in vivo to investigate the biological response of FLASH effect.

In this study, Drosophila melanogaster lifespan assay was used to evaluate the effects of CONV and
FLASH irradiation. Third-instar larvae were irradiated at 16, 24, 32, and 40 Gy and two dose rates (CONV -
0.17 Gy/s and FLASH - 48 Gy/s). Post-eclosion, adult flies' longevity was assessed over a 60-day period;
survival curves were subsequently generated using Kaplan–Meier survival analysis with OASIS 2 software.
The lifespan results revealed dose- and sex-dependent differences in irradiation response. Significant
survival variation between CONV and FLASH irradiation was observed only at intermediate doses: at 16 Gy,
FLASH improved survival in females but reduced it in males, whereas at 32 Gy, FLASH increased survival in
both sexes. Moreover, survival curve divergence occurred primarily during early adulthood, indicating that
dose rate effects were most pronounced in early mortality. Across all doses, females consistently survived
longer than males, demonstrating a persistent sex-based difference in radiation response.

To assess dose-rate–dependent DNA genotoxicity in vivo, an alkaline comet assay was performed.
Third-instar larvae were irradiated using the same dose rates and doses as those used in the lifespan assay.
After exposure, haemocytes were isolated from the larvae and subjected to the alkaline comet assay.
Genotoxicity was assessed based on the amount of DNA in the comet tail in percent. The results
demonstrated a statistically significant difference between UHDR and CONV irradiation at 24 Gy, with a
greater genotoxic effect observed at the CONV radiation. Moreover, at higher doses (24 and 32 Gy), CONV
irradiation was associated with a higher number of damaged cells than UHDR radiation.

The genotoxic effect at the gene level was evaluated by the somatic mutation and recombination test
(SMART). Third-instar larvae of D. melanogaster were divided into three groups and irradiated with three dose
rates (0.2 Gy/s, 48 Gy/s, 98 Gy/s) at six doses ranging from 12 to 32 Gy. After eclosion, the viability of adult
flies was assessed. However, no significant differences were found between the CONV and FLASH viability
trends. SMART assay results showed that under FLASH irradiation, fewer mutations were detected compared
to the conventionally irradiated test group, which may reflect a reduction in single-strand breaks (SSBs) and
oxidative DNA damage. In contrast, FLASH test group showed an increased frequency of recombination
events, possibly suggesting a higher number of double-strand breaks (DSBs). CONV and FLASH radiation
displayed opposing dose-responses: with increasing dose, CONV conditions increased mutations and
decreased recombination, whereas FLASH showed the reverse.

In conclusion, our preliminary findings display that UHDR irradiation leads to variable survival and
genotoxic effects. These observations showcase the complexity of the FLASH effect and emphasize the
importance of further investigation.

[1] Cancer statistics. NCI. (n.d.). https://www.cancer.gov/about-cancer/understanding/statistics
[2] Lin, B., Huang, D., Gao, F., Yang, Y., Wu, D., Zhang, Y., … & Du, X. (2022). Mechanisms of the FLASH effect. Frontiers in Oncology, 12,
995612. https://doi.org/10.3389/fonc.2022.995612
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Magne�c resonance imaging (MRI) is a widely used radiological diagnos�c method in which contrast agents are
commonly applied. Due to their paramagne�c properties, gadolinium-based contrast agents (GBCAs) are most
frequently used, as they enhance MRI signal intensity [1]. However, their use raises concerns regarding the release of
free Gd3+ ions and their poten�al toxicity.

Researchers at the Ins�tute of Chemistry of Vilnius University have successfully synthesized a new genera�on of
nanopar�cles (NPs) - europium-doped gadolinium orthophosphate (GdPO₄:Eu³⁺) nanopar�cles - which are currently
considered one of the most promising mul�modal diagnostic nanomaterial platforms due to their unique combina�on
of Gd³⁺ paramagne�sm and Eu³⁺ luminescence. These proper�es enable the applica�on of GdPO₄:Eu³⁺ NPs in
biomedicine, par�cularly as MRI contrast agents and fluorescent biomarkers [1]. In contrast to gadolinium chelates used
in current clinical prac�ce, GdPO₄:Eu³⁺ NPs are structurally more stable. Their prolonged reten�on in the body may
improve imaging quality while allowing a reduc�on in contrast agent dosage [2]. However, further studies are needed
to establish their safety for biomedical use.

Therefore, this study aimed to assess the cytotoxic and genotoxic poten�al of differently sized GdPO4:Eu3+ NPs to
human peripheral blood mononuclear cells (PBMCs) a�er 24-hour exposure. NP uptake was evaluated by flow
cytometry using light sca�er analysis. Reac�ve oxygen species (ROS) genera�on induced by GdPO4:Eu3+ NPs was assesed
using oxidant-sensi�ve fluorescent dye H2DCFDA. Cytotoxicity was evaluated using the dual acridine orange / ethidium
bromide staining technique, while genotoxicity was assessed using two standard genotoxicity tests – alkaline comet
assay for primary DNA damage analysis and cytokinesis-block micronucleus (CBMN) assay for chromosomal damage
analysis.

The results of this study provide a comparison between cytotoxic and genotoxic potential of five different sizes
and shapes of GdPO4:Eu3+ NPs, offering an important insight for their poten�al use in biomedicine.

[1] Ezerskyte, Egle, Greta Butkiene, Arturas Katelnikovas, and Vaidas Klimkevicius. “Development of Biocompatible, UV and NIR Excitable
Nanopar�cles with Mul�wavelength Emission and Enhanced Colloidal Stability.” ACS Materials Au 5, no. 2 (2025): 353–64.
h�ps://doi.org/10.1021/acsmaterialsau.4c00151.

[2] Morkvėnas, Augustas, Egle Ezerskyte, Vaidas Klimkevicius, et al. “Study of Shape-Tunable Bimodal GdPO 4 :Eu 3+ Nanopar�cles and Their
Impact on Daphnia Magna.” Environmental Science: Nano 11 (January 2024). h�ps://doi.org/10.1039/D4EN00574K.
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The Ubiquitin-Proteasome System (UPS)  is essential for degrading misfolded proteins and mediating lymphocyte
growth, activation, and differentiation. By regulating inflammatory factors and modulating CD4+, CD8+, and B-cell
responses, the UPSplays a critical role in the pathogenesis of autoimmune diseases  like MS[1].
In MS, inflammation and proteasomal dysfunction are closely linked. Although elevated enzymatic activities have been
reported in the CNS of MS patients [2], this increased demand may eventually lead to a state of proteostatic
insufficiency. The resulting accumulation of specific proteins due to such  impaired proteasome efficiency can  exacerbate
inflammatory responses and neuronal damage [3]. Despite these mechanistic insights, the relationship between
proteasome gene expression and the clinical severity and treatment context in MScohorts remains poorly understood.
This study aimed to assess associations between expression of selected proteasome genes and clinical parameters in
Latvian MSpatients, and to explore whether expression profiles differ across   disease- and therapy-related strata.

Gene expression levels of key proteasome/UPS components (including PSMA3, PSMA6, PSMA7, and PSMC6)
were quantified in MS patients from a Latvian cohort using PCR-based assays. Clinical variables included disability
(EDSS),   disease duration, age, and inflammatory/immunological markers (e.g., IgG). Group differences were tested using
non-parametric methods(Mann-Whitney/Kruskal-Wallisor ANOVA where applicable), and associationswith continuous
clinical variables were evaluated by Spearman correlation. Therapy-related analyses compared patients on treatment
versus not treated and/or across therapy types (e.g., IFN-β, GA, MX).

Across the MSgroup, expression medians did not show consistent differences by sex or by broad clinical subtype
in the tested comparisons. In contrast, therapy context was associated with expression variability, with significant
between-therapy differences detected for multiple genes, including PSMA3 (Kruskal–Wallis P = 4.95×10⁻²), PSMA7 (P =
1.43×10⁻²), and a stronger effect for PSMA6 (P = 1.47×10⁻³). Clinically, higher disability was linked to lower expression:
EDSSshowed negative correlations with PSMA3 (ρ = −0.21; P = 2.04×10⁻²), PSMA7 (ρ = −0.20; P = 2.18×10⁻²), and PSMA6
(ρ = −0.20; P = 2.22×10⁻²). Disease duration correlated with PSMA3 (ρ = 0.18; P = 3.71×10⁻²). Immunological status also
related to UPS expression: IgG correlated negatively with PSMA3 (ρ = −0.21; P = 2.06×10⁻²) and PSMC6 (ρ = −0.22; P =
1.65×10⁻²). Age showed modest inverse associations with PSMA7 (ρ = −0.20; P = 2.15×10⁻²) and PSMA6 (ρ = −0.15; P =
4.7×10⁻²).

In conclusion, our results demonstrate a significant association between proteasome gene expression, EDSS, and
immunological markers in MS, highlighting the UPSas a potential target for monitoring disease severity and therapeutic
efficacy. Further studies are needed to evaluate the potential of these subunits as predictive biomarkers for disease
progression and treatment efficacy.

The study was funded by the UL Faculty of Medicine and Life Sciences doctoral grant “Strengthening Doctoral Research
and Development Capacity at the University of Latvia in Smart Specialisation Areas Project No.: 1.1.1.8/1/24/I/003”.

[1] Bellavista E, Santoro A, Galimberti D, Comi C, Luciani F, Mishto M. Current understanding on the role of standard and immunoproteasomes in
inflammatory/immunological pathways of multiple sclerosis. Autoimmune Dis. 2014;2014. https://doi.org/10.1155/2014/739705
[2] Yadav D, Lee JY, Puranik N, Chauhan PS, Chavda V, Jin J-O, et al. Modulating the Ubiquitin–Proteasome System: A Therapeutic Strategy for
Autoimmune Diseases. Cells. 2022;11:1093. https://doi.org/10.3390/cells11071093
[3] Woo MS, Brand J, Bal LC, Moritz M, Walkenhorst M, Vieira V, et al. The immunoproteasome disturbs neuronal metabolism and drives
neurodegeneration in multiple sclerosis. Cell. 2025;188:4567-4585.e32. https://doi.org/10.1016/j.cell.2025.05.029
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Inheritance of cell iden�ty depends on accurate propaga�on of epigene�c informa�on during DNA replica�on.
Parental histone recycling is a key mechanism underlying this process and is mediated in part by the replica�ve helicase
subunit Mcm2. Disrup�on of symmetric parental histone recycling using a separa�on-of-func�on allele (Mcm2-2A) alters
chroma�n inheritance and impairs cell iden�ty transi�ons in mouse embryonic stem cells (mESCs) [1], underscoring its
importance in maintaining epigene�c cell iden�ty. In addi�on to histone recycling, faithful epigenetic inheritance also relies
on coordinated ac�vity of DNA methyla�on and an array of chroma�n-matura�on pathways [2]. However, it is unclear
whether all pathways that contribute to stable cell iden�ty have been identified, and what their rela�ve importance is in
the contexts of cell division and differen�a�on.

To inves�gate this, this project aims to demonstrate and characterize synthe�c gene�c interactors of Mcm2-2A in
self-renewing and differen�ating mouse embryonic stem cells (mESCs). Inducible knockout wild-type and Mcm2-2A cell lines
were generated of several gene candidates previously identified in a genome-wide CRISPR screen. A compe��on-based flow
cytometry assay was established and confirmed to quan�fy cell fitness over �me. This set up allowed rela�ve mESC fitness
to be assayed both in self-renewing condi�ons by cell culture in serum/LiF medium, and upon cell iden�ty change by
differen�a�on into Re�noic Acid (RA) medium.

Using this approach, a top-hit gene was validated as a gene�c interactor of Mcm2-2A: surprisingly, knockout of this
gene in wildtype cells conferred a fitness advantage in self-renewing condi�ons that was abrogated in the Mcm2-2A
background. During differentia�on in RA, the effects of these muta�ons became deleterious and are being further studied
using complementary live-cell imaging, to temporally resolve synthe�c lethal interactions during cell iden�ty change.
Ongoing experiments extend this strategy to addi�onal candidate genes, including those with unannotated func�on or
unestablished link to chroma�n inheritance, as well as known players.

Through this framework, this project seeks to clarify how mul�ple epigenetic maintenance pathways cooperate with
histone inheritance to appropriately preserve or alter cell iden�ty. This may provide insight into diseases associated with
epigenetic instability and cell iden�ty aberra�ons, including cancer, and indicate vulnerabili�es that could be therapeutically
exploited.

[1] Wenger, A., Biran, A., Alcaraz, N., Redó-Riveiro, A., Sell, A. C., Krautz, R., Flury, V., Reverón-Gómez, N., Solis-Mezarino, V., Völker-Albert, M., Imhof, A.,
Andersson, R., Brickman, J. M., & Groth, A. (2023). Symmetric inheritance of parental histones governs epigenome maintenance and embryonic stem cell
iden�ty. Nature Gene�cs, 55, 1567–1578.
[2] Alabert, C., & Groth, A. (2012). Chroma�n replica�on and epigenome maintenance. Nature Reviews Molecular Cell Biology,13, 153–167.
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Carbonic anhydrases (CAs) are zinc-containing metalloenzymes essen�al for regula�ng physiological pH and
bicarbonate homeostasis. Developing isoform-selec�ve inhibitors remains a major pharmacological challenge due to
the high structural conserva�on among the twelve cataly�cally ac�ve human CA isoforms [1]. Specifically, human CA
I is highly abundant in erythrocytes and frequently acts as an unintended off-target for inhibitors designed for other
therapeu�c isoforms, resul�ng in systemic side effects. CA II is the most characterized isoform and a primary drug target
for glaucoma, epilepsy, and edema.

This study inves�gates a gene�cally engineered chimeric protein, chCA I, based on the CA II scaffold but
containing CA I-specific ac�ve site residues. The goal was to determine if these muta�ons alone are sufficient to switch
the inhibitor recogni�on profile from CA II to CA I and analyze structural differences between CA I and CA II. The binding
affini�es of a focused library of sulfonamide-bearing inhibitors were analyzed against human CA I, CA II, and the
engineered chCA I. The binding constants (Kb) were determined using the Fluorescent Thermal Shi� Assay (FTSA, also
known as Thermofluor®). This method allows for the precise quan�fica�on of ligand-induced thermal stabiliza�on,
which correlates directly with binding affinity [2]. Data analysis and parameter calcula�on were performed using
the online Thermo� so�ware (Thermo�.com, Figure 1) [3]. The introduc�on of CA I-specific ac�ve site muta�ons in CA
II caused the chimeric protein to recognize sulfonamide inhibitors with affini�es closely mirroring those of na�ve CA I.
As evidenced by the FTSA data, compounds that exhibited high affinity for CA I but low affinity for CA II bound to chCA
I with high affinity (values approaching), effec�vely "switching" the enzyme’s preference.

The results demonstrate that a set of ac�ve site residues is sufficient to dictate the isoform-selec�ve binding
profile of CA I, since the chimeric CA I successfully mimics the ligand recogni�on proper�es of CA I. The characterized
chCA I protein could serve as a model for screening and designing highly CA-selec�ve inhibitors, poten�ally reducing
off-target interac�ons in future therapeu�c developments.

Figure 1. Fluorescent thermal shi� assay (FTSA) results of chimeric carbonic anhydrase I binding to brinzolamide (BZM)
– symbols correspond to experimental data while the line shows fi�ng using the Kd determina�on model. Data fi�ed
and figure prepared using Thermo� [3].

[1] J. Smirnovienė, A. Smirnov, A. Zakšauskas, A. Zubrienė, V. Petrauskas, A. Mickevičiūtė, V. Michailovienė, E.
Čapkauskaitė, E. Manakova, S. Gražulis, L. Baranauskienė, W.-Y. Chen, J. E. Ladbury, D. Matulis, ChemistryOpen2021, 10,
567
[2] V. Petrauskas, E. Kazlauskas, M. Gedgaudas, L. Baranauskienė, A. Zubrienė, D. Matulis, Thermal shi� assay for
protein–ligand dissocia�on constant determina�on, TrAC Trends in Analy�cal Chemistry, Volume 170, 2024, 117417,
ISSN 0165-9936
[3] M. Gedgaudas, D. Baronas, E. Kazlauskas, V. Petrauskas, D. Matulis, Thermo�: A comprehensive online tool for
protein–ligand binding constant determina�on, Drug Discovery Today, Volume 27, Issue 8, 2022, Pages 2076-2079, ISSN
1359-6446
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According to the World Health Organization, Major Depressive Disorder (MDD) affects 5.7% of adults, of
which 30% have treatment-resistant depression; therefore psychedelics are being investigated as a potential
new therapy. MDD presents itself with a decrease in brain structure volume and plasticity, especially prefrontal
cortex, hippocampus and amygdala [1]. Microglial cells are brain immune cells, that also prune inactive
synapses. It is also known that in MDD, microglial phagocytosis of synapses increases, which leads to reduced
synaptic plasticity. Psilocybin is now being researched as a possible treatment for MDD since it increases
neuroplasticity and alleviates depression symptoms [2]; however, the mechanism is still not known. It is known
that psilocybin lowers microglial phagocytic activity and production of ROS and NO [2], [3]. We hypothesize
that psilocybin induces the number of synapses by modulating microglial activity (Fig. 1). This study aims to
compare the number of synapses in stressed and psilocybin-treated animals and to identify microglial
involvement in this process.

Experiment included six mice groups: control, 1 mg/kg psilocybin, 2 mg/kg psilocybin, held while others
experienced CDM and saline, stressed and saline, stressed and 1mg/kg psilocybin. The brains were
cryosectioned and stained using immunofluorescence. To identify synapses, we used presynapse (anti-VGAT)
and postsynapse (anti-GEPHYRIN) antibodies and microglial (anti-IBA1) in the dorsal hippocampus. Brains
were imaged using the SP8 confocal microscope. The differences in synaptic density between groups are
presented in 3D reconstruction images obtained using IMARIS software.

Understanding the mechanism of psilocybin-induced neuroplasticity could help understand microglia
cell physiology and extend MDD treatment options.

FFiigguurree 11.. In depression, the number of synapses decreases, which could be caused by their increased
phagocytosis by microglia cells. We hypothesize that psilocybin increases the number of synapses by
modulating microglial phagocytic activity. Created by BioRender.

[1] Brown, V. M., Gujral, S., Chang, Y.-W., Galfalvy, H., Szanto, K., & Dombrovski, A. Y. (2025). Brain volume reductions and relationship
with depression and cognitive functioning in suicide in older adults: A cross-sectional and longitudinal study using Bayesian Multilevel
modeling. Biological Psychiatry Global Open Science, 5(5), 100552.
[2] Bassett, B., Subramaniyam, S., Fan, Y., Varney, S., Pan, H., Carneiro, A. M. D., & Chung, C. Y. (2021). Minocycline alleviates depression-
like symptoms by rescuing decrease in neurogenesis in dorsal hippocampus via blocking microglia activation/phagocytosis. Brain,
behavior, and immunity, 91, 519–530.
[3] Wiens, K. R., Brooks, N. A. H., Riar, I., Greuel, B. K., Lindhout, I. A., & Klegeris, A. (2024). Psilocin, the Psychoactive Metabolite of
Psilocybin, Modulates Select Neuroimmune Functions of Microglial Cells in a 5-HT2 Receptor-Dependent Manner. Molecules (Basel,
Switzerland), 29(21), 5084.
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Fluctua�ons in ovarian hormones across the menstrual cycle have been proposed to modulate neural systems
suppor�ng cogni�ve control and response inhibi�on. However, menstrual cycle phase is o�en insufficiently reported in
studies of inhibitory control and impulsivity. Given the role of GABAergic modula�on in excita�on–inhibi�on balance,
precise cycle phase iden�fication is cri�cal for interpre�ng neurophysiological findings. This study examined menstrual
cycle phase-dependent differences in impulsivity, well-being, and behavioral inhibi�on in healthy women.

To capture menstrual cycle dynamics with higher temporal resolu�on, data were collected six �mes during a
cycle per par�cipant. Assessments were conducted during the early and late follicular, at ovula�on, and during the early,
mid, and late luteal phases. The Barra� Impulsiveness Scale (BIS-11) and the Well-Being Ques�onnaire (WBQ) were
administered twice - during the early follicular and late luteal phases, to assess impulsivity and well-being. Go/No-Go
task was performed to measure response inhibi�on, omission, reac�on �mes and behavioral response variability at all
six phases.

Four healthy women (19–30 years) with regular menstrual cycles (24–35 days) completed the study by the �me
of abstract prepara�on.

Friedman tests were conducted to evaluate menstrual cycle phase-related differences of Go/No-Go task data,
with Kendall’s coefficient of concordance (W) reported as an es�mate of effect size. Omission rates were zero across
phases, indica�ng sustained atten�onal engagement. Inhibi�on accuracy showed no significant effect (χ²(5) = 4.56, p =
0.47), with a small to moderate effect size (W = 0.23). Median reac�on �me likewise remained stable (χ²(5) = 7.24, p =
0.203) despite a moderate effect (W = 0.36). Reac�on �me variability also showed no significant differences (χ²(5) =
7.14, p = 0.21), though a moderate effect size (W = 0.36) suggests subtle modula�on of response stability. However,
these findings should be interpreted cau�ously given the small sample size and ongoing data collec�on.

No significant differences were found across phases of the menstrual cycle in Go/No-Go task performance in
healthy women. However, small to moderate effect sizes suggest poten�al subtle effects on inhibitory control and
response stability.
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Consump�on of a chronic high-fat diet (HFD) and ageing are both associated with metabolic dysfunc�on and
increased neuroinflammation. It contributes to the loss of gut microbiota diversity and the development of
neurodegenerative diseases. Microglia, the resident immune cells of the central nervous system, are highly sensitive to
metabolic and inflammatory signals, and their morphology is closely linked to their functional state. These metabolic
and inflammatory molecular signals can be derived from the gut microbiota and influence microglial ac�vation and
disease progression. Gut microbiota-focused interventions have the potential to reduce chronic inflammation and have
a protective effect on microglia. However, the impact of such interventions in the aged brain remains poorly understood,
especially regarding their ability to reverse metabolically primed microglia phenotypes.

In this study, we examined how prebiotic supplementa�on with galactooligosaccharides and
fructooligosaccharides (GOS+FOS) modulates microglial morphology in aged mice exposed to long-term HFD. The
C57BL/6J mice were assigned to four dietary conditions for 18 months: control diet (CD), CD - GOS+FOS, HFD, and HFD
- GOS+FOS. We utilised immunohistochemical staining to quantify three-dimensional branching architecture and two-
dimensional shape descriptors.

Compared with CD, microglia in HFD-fed conditions exhibited quantifiable morphological change consistent with
a metabolically primed microglial phenotype: increased total branch number and length, greater slab voxel count, triple-
junc�on frequency, enlarged projected cell area and perimeter. HFD supplementation with GOS+FOS reduced several
of these HFD-induced structural alterations: average branch length decreased towards CD levels, projected soma area
and perimeter were significantly smaller than in HFD, indicating par�al structural recovery. Importantly, in the CD -
GOS+FOS group, microglial morphology was similar to that in the CD group, indicating that the effects of GOS+FOS are
specific to reducing HFD-associated microglial alterations rather than modifying baseline microglial structure.

Collectively, these findings suggest that prebiotic supplementation with GOS+FOS can modulate microglial
structural remodelling in the aged brain under metabolic challenge, highlighting a protective role for gut microbiota-
targeted interventions in diet-induced neuroinflammatory conditions.
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The quantification of the binding of low molecular weight chemical compounds to proteins is a field of great
importance in biomedical sciences, especially in drug design [1]. Any drug-like chemical compound should bind the
disease-related target protein with sufficiently high affinity. Furthermore, the compound must bind with high selec�vity,
avoiding strong interac�ons with nontarget proteins that could cause undesired side effects [2]. It has been proposed
that the optimization of the thermodynamic and kinetic parameters of ligand binding to proteins should lead to
compounds with improved interac�on characteristics and greater poten�al as drugs.

Human carbonic anhydrases (CAs) are ubiquitous zinc enzymes that efficiently catalyze the reversible hydration
of carbon dioxide and have many essen�al physiological functions. There are 12 catalytically ac�ve isozymes of CAs in
the human body. The main func�ons of these enzymes are CO₂/bicarbonate transport, pH and electrolyte homeostasis
and regulation. Several drugs targe�ng multiple CA isozymes are used to treat diseases like glaucoma, edema, obesity
and epilepsy [3]. CA IX is recognized as a cancer-associated isozyme, as it is overexpressed in the majority of hypoxic
tumors. Selec�ve inhibition of CAIX is believed to potentially reduce the progression of the disease [4].

The predominant CA inhibition mechanism is binding to the catalytic zinc ion, and benzenesulfonamides are
among the most investigated CA inhibitors that bind this way. Their amino group binds directly to the zinc ion in the
enzyme’s ac�ve site, forming a coordination bond that suppresses the ac�vity of all CA isozymes. The binding affinity
may vary and depends on the aromatic/heterocyclic scaffold of the sulfonamide and the functional groups linked to it
[3].

In this study, we investigated a series of newly synthesized benzenesulfonamide derivatives containing different
fragments at the 2-, 3-, and 4-positions as CA inhibitors. The binding affinities of these benzenesulfonamides with 12
catalytically active CA isozymes were measured using fluorescence-based thermal shift assay (FTSA). Structure-affinity
relationship analysis of the compounds was performed to show how small changes in the substituents at various
positions of the benzenesulfonamide ring affect binding affinities to CA isozymes. The bulky moiety-bearing compound
was found to be the most potent and selec�ve CAIX inhibitor, binding with a low nanomolar dissociation constant (Fig.1).

A B

Figure 1. The dose-response curves illustrate the interac�on of compounds 1, 2 and 3 with CAIX (A). Structural
variations of benzenesulfonamides yielding an electrophilic warhead–containing CAIX ligand (B).

[1] Linkuvienė, V., Zubrienė, A., Manakova, E., Petrauskas, V., Baranauskienė, L., Zakšauskas, A., Smirnov, A., Gražulis, S., Ladbury, J. E., & Matulis, D.
(2018). Thermodynamic, kinetic, and structural parameterization of human carbonic anhydrase interactions toward enhanced inhi bitor design.
Quarterly reviews of biophysics, 51, e10.
[2] Zakšauskas, A., Paketurytė-Latvė, V., Janku̅naitė, A., Čapkauskaitė, E., Becart, Y., Smirnov, A., Pospíšilová, K., Leitans, J., Brynda, J., Kazaks, A.,
Baranauskienė, L., Manakova, E., Gražulis, S., Kairys, V., Tars, K., Řezáčová, P., & Matulis, D. (2025). Affinity and Selectivity of Protein-Ligand
Recognition: A Minor Chemical Modification Changes Carbonic Anhydrase Binding Profile. Journal of medicinal chemistry, 68(16), 17752–17773.
[3] Mishra, C. B., Tiwari, M., & Supuran, C. T. (2020). Progress in the development of human carbonic anhydrase inhibitors and their pharmacological
applications: Where are we today?. Medicinal research reviews, 40(6), 2485–2565.
[4] D'Ambrosio, K., Di Fiore, A., Alterio, V., Langella, E., Monti, S. M., Supuran, C. T., & De Simone, G. (2025). Multiple Binding Modes of Inhibitors to
Human Carbonic Anhydrases: An Update on the Design of Isoform-Specific Modulators of Activity. Chemical reviews, 125(1), 150–222.
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Mul�modal imaging nanostructures show strong potential for improving clinical diagnos�cs, par�cularly
detec�on of cancer. Technetium-99m labelled bovine serum albumin- gold nanoclusters (99mTc-BSA-AuNCs) complex is
a promising mul�modal imaging contrast agent that combines photoluminescence and SPECT/CT imaging. Previous
studies have demonstrated that radiolabelling with 99mTc does not affect BSA-AuNCs op�cal proper�es [1]. However,
their photostability and other op�cal characteris�cs have not yet been fully inves�gated. In this study, we measured
absorp�on and fluorescence spectra, zeta poten�al and size distribu�on of BSA-AuNCs over several months. In addi�on,
photobleaching life�mes were experimentally determined and analysed.

BSA-AuNCs synthesis is based on Xie et al. [2]. Tetrachlorauric acid (HAuCl4) was mixed with BSA and sodium
hydroxide (NaOH). Synthesized nanoclusters were subsequently dialyzed and filtered. The resul�ng BSA-AuNCs had size
ranging from 5 nm to 15 nm.

Two months a�er synthesis, fluorescence spectra exhibited a blueshift from 660 nm to 650 nm, indica�ng
stability of nanoclusters and the absence of aggrega�on. Over the same period, the zeta poten�al of BSA-AuNC became
more nega�ve, which could poten�ally reduce interac�on between BSA-AuNC and cancer cells. Nevertheless, the zeta
poten�al remained around -25 mV, a value considered suitable for applica�on in cancer treatment and diagnos�cs.

Photobleaching behaviour was analysed to assess suitability for clinical applica�on. The calculated
photobleaching life�mes revealed two components: a short life�me τ1 = 17.02 s and a long life�me τ2 = 201.62 s.
Moreover, when photobleaching and recovery �mes were equal (or recovery �me exceeded photobleaching) the BSA-
AuNCs fluorescence emission fully recovered.

Photobleaching behaviour was analysed to assess suitability for clinical applica�on. The calculated
photobleaching life�mes revealed two components: a short lifetime τ1 = 17.02 s and a long life�me τ2 = 201.62 s (Fig. 1).
Moreover, when photobleaching and recovery �mes were equal (or recovery �me exceeded photobleaching) the BSA-
AuNCs fluorescence emission fully recovered.

In conclusion, our results demonstrate that BSA-AuNCs are photostable nanostructures with favourable op�cal
proper�es, suppor�ng their poten�al use as a mul�modal agent for clinical imaging applica�on.

Figure 1. Photobleaching of BSA-AuNCs with 405 nm and 30 mW laser and exponen�al approxima�on.

[1] Jarockyte G., Poderys, V., Buivydaite, K., Pleckai�s, M., Bulo�ene, D., Matulionyte, M.,, Karabanovas, V., & Rotomskis, R. (2022). Biodistribu�on
of Multimodal Gold Nanoclusters Designed for Photoluminescence-SPECT/CT Imaging and Diagnos�c. Nanomaterials, 12(19).
[2] Tetz, G., Xie, J., Zheng, Y., & Ying, J. Y. (2009). Protein-Directed Synthesis of Highly Fluorescent Gold Nanoclusters. Journal of the American
Chemical Society, 131(3).
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The menstrual cycle is characterised by fluctuations in estrogen and progesterone. These hormonal changes are
associated  with alterations in the autonomic nervous system activity and may be reflected by pupil dynamics. Previous
research suggests  that a rise in estrogen during the follicular phase may be associated with smaller pupils (increased
parasympathetic activity), whereas elevated progesterone levels in the luteal phase may be linked to larger pupils
(increased sympathetic acĕvity) [1]. Although pupil size has been used as a marker of emotional processing [2], findings
on its reactivity to emotional faces remain inconsistent, and research  across  menstrual cycle phases  is limited. Therefore,
this study aimed to investigate the association between hormonal fluctuations across the menstrual cycle and pupil
parameters during an emotion recognition task.

32 naturally cycling women (19-35 years old) visited the laboratory during the early follicular, ovulation and mid-
luteal phases  of the menstrual cycle. During each visit the participants completed an emotion recognition task consisting
of facial expressions portraying neutral faces and different emotions (anger, sadness, fear, happiness). Throughout
the task, pupil size was recorded using a Tobii eye tracking device. Pupil parameters such as the amplitude of the light
reflex, slope, average pupil diameter, and area under the curve were analysed. Saliva        samples  were collected before and
afer the task to determine progesterone and testosterone concentrations.

No effects of menstrual cycle phase were observed on emotion recognition accuracy or pupil parameters (all p ≥
.717). Meanwhile, a significant effect of emotion on pupil size dynamics was found. Slope, area under the curve, and
average pupil diameter were larger when participants looked at angry faces compared to all other emotions (all p ≤
0.001). The area under the curve was larger when looking at fearful faces compared to neutral ones (p = 0.035).
Additionally, slope and average  pupil diameter were smaller when observing happy facial expressions than fearful (all p
≤ 0.001), but larger when looking at sad faces (all p ≤ 0.001). All participants recognised neutral facial expressions  more
accurately than emotions (all p ≤ 0.001). Correlation analysis revealed that higher progesterone levels were associated
with increased     amplitude of the light reflex in the luteal phase (r = -0.45, p ≤ 0.001).

Findings suggest     that pupils’ reactivity to emotional facial expressions does not vary across  the
menstrual phases, but changes  in pupil parameters occur when different emotions are being observed.

[1] Roy, S., Agordaĕ, E., & Wilcockson, T. D. W. (2025). Autonomic Nervous System, Cogniĕon, and Emoĕonal Valence During Different Phases of the
Menstrual Cycle-A Narraĕve Review. NeuroSci, 6(3), 78. hĥps://doi.org/10.3390/neurosci6030078
[2] Vacaru, S. V., Waters, T. E. A., & Hunnius, S. (2025). Aĥachment is in the eye of the beholder: a pupillometry study on emoĕon processing. Scienĕfic
reports, 15(1), 8015. hĥps://doi.org/10.1038/s41598-025-92347-4
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Many current cancer treatment strategies rely on evading immune system ac�va�on or ac�vely work against it,
which can be remedied with mul�modal personalized medicine [1]. Personalized biological compounds enriched with
photosensi�zer proper�es are key complexes to develop, but evaluation of their interac�on is complicated.
Fluorescence anisotropy, which evaluates the degree by which the polarized light changes in the sample, can be used
as a quan�tative analysis method for the complex forma�on [2].

The main objec�ve of this study is to synthesize personalized gold nanoclusters using blood plasma proteins
(HSA-AuNC) and combine this structure with photosensi�zer Chlorin e6 (Ce6) to enable singlet oxygen genera�on.
Following BSA-based AuNC synthesis and purifica�on method [3], human blood plasma was used to decorate AuNC
(Fig. 1). Resul�ng compounds were characterized by optical analysis methods and combined with different volumes of
Ce6, ini�a�ng complex forma�on. Resul�ng HSA-AuNC-Ce6 interac�ons were characterized via fluorescence emission
and fluorescence anisotropy measurements.

HSA-AuNC synthesis products were optically characterized as suitable and stable. Red-shi� of the complex
fluorescence emission spectrum confirms HSA-AuNC interac�on with photosensi�zer Ce6. Fluorescence anisotropy
values are based on the changes of polarized light and indicate the rota�onal potential of Ce6. The complex interacts
with polarized light differently than free Ce6, so anisotropy values increase with increasing Ce6 concentration as its
rota�onal poten�al is highly restricted in the complex. Anisotropy satura�on does not occur, but rather anisotropy
values start rapidly decreasing when Ce6 starts dominating (Fig. 1).

Our synthesized HSA-AuNC are decorated with blood plasma proteins, making them fit for personalized
medicine route. A readily formed complex of HSA-AuNC and Ce6 would enrich the compound with photosensi�zer
proper�es and can be evaluated via fluorescence anisotropy.

[1] Alle, M., Sharma, G., Lee, S. H., & Kim, J. C. (2022). Next-genera�on engineered nanogold for mul�modal cancer therapy and imaging: a clinical
perspectives. In Journal of Nanobiotechnology (Vol. 20, Issue 1). BioMed Central Ltd.

[2] Behera, T., Sethi, S., Rout, J., Bag, B. P., & Behera, N. (2024). Unravelling molecular interaction of the uranyl(vi) complex with bovine serum
albumin. Physical Chemistry Chemical Physics, 26(41).

[3] Xie, J., Zheng, Y., & Ying, J. Y. (2009). Protein-directed synthesis of highly fluorescent gold nanoclusters. Journal of the American Chemical
Society, 131(3).

Figure 1. Schema�c representation of HSA-AuNC synthesis and FL anisotropy of its interac�on with Ce6.
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Emo�on regula�on capacity in healthy has been suggested to vary across the menstrual cycle and is linked with
changes in gonadal hormone levels and associated cogni�ve processes. However, most exis�ng studies assess menstrual
cycle effects using broad phase categoriza�ons. Data capturing emo�onal regula�on across mul�ple menstrual cycle
phases using repeated within-subject remain limited. This pilot study aims to develop and evaluate the feasibility of an
experimental paradigm for assessing emo�onal regula�on across mul�ple phases of the menstrual cycle in healthy
women, using repeated behavioral assessments and concurrent neural measures to explore preliminary phase-related
trends.

Nine healthy women par�cipated in the pilot study, and four completed the experiment by the date of abstract
prepara�on. Therefore, data of four par�cipants (25.5 ± 2.5 years) are presented here. Par�cipants completed
experimental sessions across early follicular (EF), ovula�on (O), and late luteal (LL) phases of the menstrual cycle. During
each session, women performed an emo�on regula�on (ER) task involving cogni�ve reappraisal, provided subjec�ve
valence and arousal ratings, and completed the Difficul�es in Emo�on Regula�on Scale (DERS) and Emo�on Regula�on
Ques�onnaire (ERQ). ERQ contains two subscales: cogni�ve reappraisal and expressive suppression.
Electroencephalograms (EEG) were recorded to derive event-related poten�al (ERPs).

Emo�on regula�on success was quan�fied as changes in subjec�ve valence and arousal ra�ngs following
regula�on, with higher valence and lower arousal reflec�ng more effec�ve emo�on regula�on. Mean arousal regula�on
effects were 21.0% (EF), 18.5% (O), and 17.8% (LL), valence increases were largest during ovula�on (46.2%) and lowest
during the late luteal phase (14.1%). These values suggest the smallest regula�on effect during the late luteal (LL) phase
rela�ve to early follicular (EF) and ovulation (O) phases, a pa�ern consistent with exis�ng menstrual cycle research. ERQ
analysis indicated that par�cipants in this pilot sample reported greater use of cogni�ve reappraisal than expressive
suppression as an emo�on regula�on strategy. Mean reappraisal scores were 5.13 ± 0.44 (EF) and 4.96 ± 0.91 (LL), and
suppression scores were 4.75 ± 0.89 (EF) and 4.31 ± 0.66 (LL). Self-reported emo�on regula�on difficul�es (DERS)
indicated generally low-to-moderate difficul�es. Mean DERS total scores were similar across early follicular (M = 110.3)
and late luteal (M = 113.0) assessments.

Although based on a small pilot sample, the descrip�vely lower regula�on success during the late luteal phase is
consistent with previous menstrual cycle research suppor�ng the feasibility of the paradigm and its use for future
biomedical research.



10B
ASSESING THE EFFECT OF H2O2 INDUCED OXIDATIVE STRESS ON NITTELOPSIS OBTUSA PHOTOSYNTHESIS

Viltė Mickytė1, Aušrinė Navickaitė1, Vilma Kisnierienė1

1Department of Neurobiology and Biophysics, Ins�tute of Biosciences, Life Sciences Center, Vilnius University,
Lithuania

vilte.mickyte@gmc.stud.vu.lt

Excessive oxida�ve stress has a nega�ve impact on plant and algae photosynthe�c processes. It can result from
adverse light condi�ons, including intense light exposure, UV radia�on, along with nutrient shortages, exposure to
various chemical agents. Since light emission and photochemical reac�ons compete directly for excita�on energy,
measuring the fluorescence emitted by chlorophyll molecules is a frequently used method to inves�gate how stressors
affect photosynthe�c performance in algae and plants. Increase in the fluorescence intensity is an indicator of disrup�on
in the photosynthe�c process (1).

Photosystem II (PSII) ac�vity can be evaluated by monitoring photosynthe�c parameters (2). To assess the effects
of H2O2 induced oxida�ve stress to macroalgae Ni�elopsis obtusa, we u�lised bright-field microscopy, kinetic pulse-
amplitude-modula�on (PAM) fluorimetry and spectroscopic analysis of photosynthe�c pigments to evaluate
photosynthe�c performance and changes of pigment composi�on a�er exposure to H2O2. During the experiments
selected internodal N. obtusa cells were submerged in APW (ar�ficial pond water) solu�on and kept for 12 h in low-
intensity illumina�on. A�erwards, half of the cells were kept in APW solu�on, while other half were submerged in 250
μmol H2O2 solu�on and incubated for 6 to 24 h, depending on the experiment protocol.

Bright-field imaging revealed that a�er H2O2 exposure chloroplast layer within N. obtusa cells became less dense,
as shown in Figure 1A-B. PAM fluorimetry analysis revealed a decline in the quantum yield (Y(II)) of PSII a�er cells were
exposed to 250 μmol H2O2 solu�on. Spectroscopic pigment analysis following H2O2 treatment revealed a decrease in
carotenoid content which func�ons as an�oxidant in cells. The results indicate that H2O2 induced oxida�ve stress
nega�vely affects structural organiza�on of chloroplast layer within internodal cells, reduces photosynthe�c efficiency
of PSII and decrease in carotenoid levels.

Figure 1. Brigth-field microscopy imaging under control condi�ons (A) and a�er incuba�on of cells in 250 μmol H2O2

solu�on (B).

Acknowledgment: This project has received funding from the Research Council of Lithuania (LMTLT), agreement No S-
MIP-25-50.

[1] Maxwell K, Johnson GN. Chlorophyll fluorescence—a prac�cal guide. J Exp Bot. 2000 Apr 1;51(345):659–68.
[2] Murchie EH, Lawson T. Chlorophyll fluorescence analysis: a guide to good prac�ce and understanding some new applica�ons. J Exp Bot. 2013

Oct 1;64(13):3983–98.
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Neuroinflamma�on is one of the main processes linked to the development and progression of
neurodegenera�ve diseases such as Parkinson’s and Alzheimer’s disease. These illnesses are caused by neuronal
damage and loss in different brain areas. There are numerous pathogens that can cause neuroinflamma�on, including
bacterial and viral infec�ons. Infec�ous agents and their components ac�vate immune response and cells, including
specialized brain �ssue macrophages - microglia, which play a crucial role in the development of neurodegenera�ve
diseases and can have a nega�ve effect on neuronal func�ons and viability. Viral components interact, ac�vate and
modulate resident immune cells’ func�ons and responses via pa�ern recogni�on receptors (PPR) and different PPR
family types such as Toll-like receptors (TLR). Several studies suggest that mitochondrial metabolism and dynamics can
modulate neuroinflammatory responses in microglia, however the molecular mechanisms underlying this effect remain
poorly characterized.

In this study, we inves�gated the effects of viral RNA-mimetic loxoribine, ac�ng as a TLR7 ac�vator, on microglial
BV-2 cells and their mitochondrial dynamics and metabolic changes. The study was carried out using various methods,
including fluorescence microscopy, BrdU assay, polymerase chain reac�on (PCR) and Oroboros O2k oxygraphic system.

Our experimental data indicate that loxoribine exerts a concentra�on-dependent effect: lower concentra�ons
of loxoribine increase complex I and II substrate-s�mulated ADP phosphoryla�on rate, while substan�ally higher
concentra�ons of loxoribine inhibit mitochondrial respira�on rate at the same respiratory states. Also, at lower
concentra�ons, loxoribine tends to increase significantly the expression of the mitochondrial biogenesis regulatory gene
PGC-1α and, at higher concentra�ons, - expression of the mitochondrial fission factor gene Mff. Gene expression of
other mitochondrial dynamics markers, such as fusion marker mitofusin 1 (Mfn1), mitofusin 2 (Mfn2), Op�c Atrophy 1
(Opa1) or Dynamin-related protein 1 (Drp1), Mitochondrial fission 1 protein (Fis1) fission markers were not affected by
loxoribine in BV-2 cell cultures. Moreover, loxoribine exerted no effect on microglial viability, prolifera�on or total
mitochondrial level.

The present results suggest that viral RNA-mimetic loxoribine has concentra�on-dependent effects on
mitochondria in microglial cells through increased expression of fission protein (Mff) and mitochondrial biogenesis
regulatory factor (PGC-1α) as well as altered oxida�ve phosphoryla�on.

Acknowledgements. This work was supported by the Research Council of Lithuania, Researcher Groups projects
No S-MIP-23-98 (APNEVIR) and Ministry of Educa�on, Science and Sport of the Republic of Lithuania, grant agreement
No: S-A-UEI-23-7.
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Nanopar�cles are promising pla�orms for drug delivery, bioimaging, and diagnos�cs due to their tunable size
and surface chemistry. However, in biological environments, a protein corona rapidly forms around nanopar�cles, which
alters their physicochemical proper�es and biological behavior, thereby influencing circula�on �me, biodistribu�on,
and cellular uptake [1]. Consequently, surface func�onaliza�on with hydrophilic polymers is widely employed to
minimize nonspecific protein adsorp�on and improve colloidal stability. Poly(ethylene glycol) (PEG) has long been
regarded as the gold standard for nanopar�cle func�onaliza�on; however, its clinical limita�ons, including
immunogenicity and accelerated blood clearance upon repeated administra�on, have mo�vated the development of
alterna�ve an�fouling polymers such as poly(oligoethylene glycol) methacrylate, poly(2-oxazolines), etc. [2]. Despite
advances in surface func�onaliza�on, the influence of polymer brush architecture, particularly side-chain length and
gra�ing density, on nanoparticle–biological interac�ons remains insufficiently understood.

In this study, we designed and synthesized brush-type copolymers, p(DMAm-co-OEGₓMA), containing catechol
anchoring groups and oligoethylene glycol (OEG) side chains of tunable length (x = 5, 9, 19). These copolymers were
used to func�onalize core–shell NaGdF₄:Yb³⁺,Er³⁺@NaGdF₄:Yb³⁺,Nd³⁺ upconver�ng nanopar�cles (UCNPs), which were
synthesized according to the previously reported procedure with minor modifica�ons [3]. UCNPs were selected for their
unique near-infrared excita�on, deep-�ssue imaging capability, and high photostability.

This study aimed to inves�gate how the length of OEG side chains influences the cellular uptake of UCNPs in
vitro, as well as circula�on in the bloodstream and biodistribu�on in vivo. Cellular internaliza�on was evaluated using
laser scanning confocal microscopy and spectrometric analyses in breast and prostate cancer cell lines, as well as skin-
derived mesenchymal stem cells (S-MSCs). All polymer-modified UCNPs demonstrated comparable cellular uptake
across the tested cell types. Cytotoxicity, assessed using the lactate dehydrogenase assay, confirmed that the
func�onalized UCNPs were biocompa�ble and did not induce detectable membrane damage or cytotoxic effects. A pilot
in vivo study in Albino Wistar rats demonstrated that PEGyla�on significantly prolonged nanopar�cle circula�on in the
bloodstream. PEGylated UCNPs remained detectable in serum a�er 24 h post-administra�on, whereas bare UCNPs were
rapidly cleared. Tissue imaging showed predominant accumula�on of both bare and PEGylated UCNPs in the liver and
spleen, with minor accumulation in the lungs, sugges�ng preferen�al uptake by organs associated with mononuclear
phagocyte system.

These findings demonstrate that polymer surface engineering enables stable func�onaliza�on of UCNPs without
altering their intrinsic biocompa�bility and plays a key role in modula�ng in vivo circula�on and biological fate. This
study advances understanding of how polymer brush design influences nanopar�cle behavior and supports the
development of UCNP-based nanoplatforms for biomedical imaging and future theranos�c applica�ons.

Acknowledgements:
This project has received funding from the Research Council of Lithuania (LMTLT), agreement No [S-MIP-23-5].
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Introduction. Cortical circuits exhibit both spontaneous rhythmic activity and robust entrainment to periodic
sensory stimulation. In the auditory system, rhythmic sounds elicit the Auditory Steady-State Response (ASSR), which is
typically strongest in the gamma range, around 40 Hz [1,2]. Although this preferred entrainment frequency is well
described in humans and rodents, it remains unclear whether it emerges from cortical network dynamics or is already
predetermined in subcortical auditory structures. ASSR deficits are a promising biomarker for neuropsychiatric
disorders, particularly schizophrenia, where 40-Hz entrainment is markedly reduced in patients and high-risk individuals
[3–5]. Comparable impairments in cortical entrainment are observed in rodent schizophrenia-like models where NMDA
receptors are systemically suppressed [6,7], yet the primary neural targets of NMDA antagonists remain unresolved.
Here, we aimed to determine (1) whether optimal entrainment is set by cortical networks or inherited from subcortical
inputs, and (2) whether NMDA antagonists directly disrupt cortical network dynamics underlying neural entrainment.

Methods. Wild-type C57BL/6 mice were implanted with Teflon-coated stainless-steel electrodes in primary
auditory cortex (A1) to record local field potentials (LFPs). To directly activate thalamocortical inputs, medial geniculate
body (MGB) neurons were transduced with ChR2 (pAAV-CaMKIIa-hChR2(H134R)-mCherry, Addgene). An optic fibre
(FT400EMT, 400 µm, 0.39 NA; Thorlabs) positioned above A1 delivered light pulses to evoke direct steady-state
responses (dSSRs). ASSRs and dSSRs were elicited using chirp trains (5–100 Hz, 3-s duration) of either 2-ms white-noise
clicks or 2-ms light pulses, respectively, with 2-s inter-chirp intervals. LFPs were recorded before and 5 min after
administration of sub-anesthetic ketamine (20 mg/kg). Time–frequency decomposition (Morlet wavelets) quantified
evoked and induced power and inter-trial coherence (ITC).

Results. Under baseline conditions, cortical entrainment to auditory chirps showed reduced responses in the
high-frequency range, whereas direct optogenetic activation of thalamocortical projections preserved high-frequency
entrainment. Ketamine administration impaired gamma-range entrainment during both auditory and optogenetic
stimulation, reducing power and ITC across high frequencies.

Conclusions. These findings indicate that (1) the op�mal entrainment to gamma frequency is imposed by
subcortical auditory processing before reaching auditory cortex, and (2) ketamine directly disrupts cortical network
dynamics governing entrainment. These results provide mechanistic insight into ASSR generation and its disruption in
NMDA antagonist-based models of schizophrenia.

[1] Jasinskyte, U., Buisas, R., Griskova-Bulanova, I., & Guzulaitis, R. (2023). Auditory steady-state responses in the auditory cortex of mice during estrus
cycle. Brain Research, 1810, 148376.
[2] Kozono, N., Honda, S., Tada, M., Kirihara, K., Zhao, Z., Jinde, S., et al. (2019). Auditory steady state response: Nature and  utility as a translational
science tool. Scientific Reports, 9, 8454.
[3] Grent-’t-Jong, T., Brickwedde, M., Metzner, C., & Uhlhaas, P. J. (2023). 40-Hz auditory steady-state responses in schizophrenia: Toward a
mechanistic biomarker for circuit dysfunctions and early detection and diagnosis. Biological Psychiatry, 94, 550–560.
[4] Tada, M., Nagai, T., Kirihara, K., Koike, S., Suga, M., Araki, T., et al. (2016). Differential alterations of auditory gamma oscillatory responses between
pre-onset high-risk individuals and first-episode schizophrenia. Cerebral Cortex, 26, 1027–1035.
[5] Thuné, H., Recasens, M., & Uhlhaas, P. J. (2016). The 40-Hz auditory steady-state response in patients with schizophrenia: A meta-analysis. JAMA
Psychiatry, 73, 1145.
[6] Cizus, E., Jasinskyte, U., & Guzulaitis, R. (2025). Effects of acute and chronic ketamine administration on spontaneous a nd evoked brain activity.
Brain Research, 1846, 149232.
[7] Jasinskyte, U., Vejmola, C., Guzulaitis, R., & Griskova-Bulanova, I. (2025). The application of gamma-range auditory steady-state responses in animal
models: A semi-structured literature review. Brain Sciences, 15, 1159.
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Streptolysin O (SLO) is a cholesterol-dependent cytolysin (CDC) produced by Streptococcus pyogenes, also known
as group A Streptococcus (GAS). It is a main virulence factor of S. pyogenes that causes mild human infec�ons such as
pharyngi�s, scarlet fever or severe infec�ons such as necro�zing fascii�s and streptococcal toxic shock syndrome [1]. In
addi�on, recurrent GAS infec�ons can lead to autoimmune diseases, including acute rheuma�c fever and rheuma�c
heart disease (RHD) [2]. The pathogenic effect of SLO is based on its ability to form large pores approximately 25 to 30
nm in the cholesterol-containing cell membrane and induce host cell lysis [3]. Therefore, characterized SLO neutralizing
an�bodies may provide valuable tools for reducing pathogenic effects.

In this study, a 37 clones hybridoma collec�on producing monoclonal an�bodies (MAbs) against SLO were
characterized, evalua�ng their affinity, specificity to the an�gen and poten�al applica�ons in research. The MAbs were
purified from a hybridoma growth medium using affinity chromatography. The purified MAbs were further
characterized for specificity using enzyme-linked immunosorbent assay (ELISA), western blot (WB) and neutralizing
ac�vity determina�on methods. Among 37 MAbs, 16 were exclusively reac�ve with SLO, 21 MAbs were cross-reac�ve
with perfringolysin O (PFO) and 22 MAbs were able to neutralize the cytoly�c ac�vity of SLO on a lung epithelial cell
line. The results revealed four puta�ve groups of the MAbs directed to different immunogenic regions of SLO.
Furthermore, to determine the MAbs interac�on site (epitopes), 8 overlapping SLO fragments were expressed in E. coli.
WB revealed 20 out of 37 MAbs epitopes, other 17 MAbs recogni�on sites weren’t determined.

In conclusion, the characterized MAbs in this study may be useful for func�onal and structural studies of SLO and
for the development of therapeu�c or detec�on tools.

Figure 1. SLO crystal structure [4].

[1] Walker, M. J., Barne�, T. C., McArthur, J. D., Cole, J. N., Gillen, C. M., Henningham, A., Sriprakash, K. S., Sanderson-Smith, M. L., & Nizet, V. (2014).
Disease manifesta�ons and pathogenic mechanisms of Group A Streptococcus. Clinical microbiology reviews, 27(2), 264–301.
h�ps://doi.org/10.1128/CMR.00101-13
[2] Sika-Paotonu D, Beaton A, Raghu A, et al. Acute Rheuma�c Fever and Rheuma�c Heart Disease. 2017 Mar 10 [Updated 2017 Apr 3]. In: Ferre�
JJ, Stevens DL, Fische� VA, editors. Streptococcus pyogenes : Basic Biology to Clinical Manifestations [Internet]. Oklahoma City (OK): University of
Oklahoma Health Sciences Center; 2016-. Available from: h�ps://www.ncbi.nlm.nih.gov/books/NBK425394/
[3] Stewart, S. E., D'Angelo, M. E., Paintavigna, S., Tabor, R. F., Mar�n, L. L., & Bird, P. I. (2015). Assembly of streptolysin O pores assessed by quartz
crystal microbalance and atomic force microscopy provides evidence for the forma�on of anchored but incomplete oligomers. Biochimica et
biophysica acta, 1848(1 Pt A), 115–126. h�ps://doi.org/10.1016/j.bbamem.2014.10.012
[4] Feil, S. C., Ascher, D. B., Kuiper, M. J., Tweten, R. K., & Parker, M. W. (2014). Structural studies of Streptococcus pyogenes streptolysin O provide
insights into the early steps of membrane penetra�on. Journal of molecular biology, 426(4), 785–792. h�ps://doi.org/10.1016/j.jmb.2013.11.020
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The Nucleocapsid (N) protein is one of four structural proteins that make up the viral particle of SARS-CoV-2 and
is responsible for the packaging and protec�on of the virus’ genomic RNA during its life cycle. Due to the heavily
conserva�ve amino acid sequence, strong immunogenicity and key role during viral replica�on of the N protein in
comparison to other SARS-CoV-2 structural proteins, it is an a�rac�ve target for the development of vaccines, an�-viral
medica�ons and for use in COVID-19 diagnos�cs [1] . Although the replica�on of the SARS-CoV-2 virus occurs inside the
cell, the N protein can be found exposed on the cell surface and in the extracellular space during ac�ve infec�on [2].
The concentra�on of N protein in blood serum has been shown to correlate with severity of symptoms and pa�ent
outcomes [3].

The N protein, upon binding to viral genomic RNA and/or oligomeriza�on, goes through liquid-liquid phase
separa�on and forms biomolecular condensates, which can be observed by op�cal microscopy [4]. In mammals, RNA
found in the extracellular space is hypothesized to be used by cells for distant communica�on [5]. The N protein has
also been shown to be able to bind host mRNA and other nucleic acids that are not SARS-CoV-2 genomic RNA [6]. By
interac�ng with extracellular RNA, N protein may alter the availability of RNA ligands for pa�ern recogni�on receptors,
thereby modula�ng immune sensing and downstream inflammatory signaling.

To evaluate the cellular response to these N protein-RNA condensates in cell culture, it is vital to ensure that
phase separa�on occurs consistently and in a controlled manner during experiments within the cell culture medium.
We present our findings on how common cell culture media and addi�ves affect the ability of N protein to undergo
phase separa�on with various types of RNA, u�lizing differen�al interference contrast microscopy imaging of resul�ng
biomolecular condensates.

[1] Gruner, H. N., & McManus, M. T. (2021). Examining the evidence for extracellular RNA func�on in mammals. Nature
Reviews Genetics, 22(7), 448–458. h�ps://doi.org/10.1038/s41576-021-00346-8
[2] Lu, S., Ye, Q., Singh, D., Villa, E., Cleveland, D. W., & Corbett, K. D. (n.d.). The SARS-CoV-2 Nucleocapsid
phosphoprotein forms mutually exclusive condensates with RNA and the membrane-associated M protein.
[3] Nabeel-Shah, S., Lee, H., Ahmed, N., Burke, G. L., Farhangmehr, S., Ashraf, K., Pu, S., Braunschweig, U., Zhong, G.,
Wei, H., Tang, H., Yang, J., Marcon, E., Blencowe, B. J., Zhang, Z., & Greenbla�, J. F. (2022). SARS-CoV-2 nucleocapsid
protein binds host mRNAs and a�enuates stress granules to impair host stress response. iScience, 25(1), 103562.
h�ps://doi.org/10.1016/j.isci.2021.103562
[4] Wu, J.-L., Kuan, I.-I., Guo, J.-Y., Hsu, W.-C., Tang, W.-C., Chan, H.-J., Chen, Y.-J., Chen, B.-C., Wu, H.-C., & Liao, J. C.
(2023). SARS-CoV-2 N protein mediates intercellular nucleic acid dispersion, a feature reduced in Omicron. iScience,
26(2), 105995. h�ps://doi.org/10.1016/j.isci.2023.105995
[5] Wu, W., Cheng, Y., Zhou, H., Sun, C., & Zhang, S. (2023). The SARS-CoV-2 nucleocapsid protein: Its role in the viral
life cycle, structure and functions, and use as a poten�al target in the development of vaccines and diagnos�cs. Virology
Journal, 20(1), 6. h�ps://doi.org/10.1186/s12985-023-01968-6
[6] Zhang, Y., Ong, C. M., Yun, C., Mo, W., Whitman, J. D., Lynch, K. L., & Wu, A. H. B. (2021). Diagnos�c Value of
Nucleocapsid Protein in Blood for SARS-CoV-2 Infec�on. Clinical Chemistry, 68(1), 240–248.
h�ps://doi.org/10.1093/clinchem/hvab148
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Background. The blood-brain barrier (BBB) separates the vascular system from the central neural system (CNS),
maintaining brain homeostasis [1]. Capillary brain endothelial cell (BEC) monolayer, basement membrane, astrocyte
endfeet and pericytes form the BBB [2]. Together with neurons, vascular smooth muscle cells and microglia they
func�on as a neurogliovascular unit [2]. Microglial cells are immunocompetent CNS cells that protect the brain by
scanning their environment and phagocytosing pathogens, cellular debris and apopto�c bodies [3, 4]. Alongside their
protec�ve role, microglial cells regulate the BBB. Microglia can directly interact with BECs as well as modulate the barrier
by releasing paracrine factors [5, 6]. While research mostly focuses on the effect of ac�vated microglia towards the BBB,
li�le is known about how BECs affect microglial cell func�ons.

Methods. In this study, a non-contact co-culture model was used to inves�gate how induced pluripotent stem
cell-derived BECs affect microglial phagocytic ac�vity and ac�va�on under inflammatory and physiological condi�ons
(Fig. 1 A). First, microglial cells were ac�vated with 20 ng/mL tumor necrosis factor alpha (TNFα). Co-culture with BECs
was ini�ated 48 hours later and maintained for 5 days. In order to assess microglial phagocy�c ac�vity, 6 hours before
cell fixa�on, fluorescently labeled latex beads were added into the basolateral chamber.

Figure 1. A) Scheme of the experiment. Created with BioRender.com; B) BECs effect on microglial phagocy�c
ac�vity under physiological and inflammatory condi�ons. Welch ANOVA analysis and a Games-Howell post-hoc test

were performed. *p < 0,05, **p < 0,01, ***p < 0,001, ****p < 0,0001

Results. Our results showed that TNFα suppressed microglial phagocytosis (Fig. 1 B). In contrast, co-culture with
BECs sta�s�cally significantly increased microglial phagocy�c ac�vity under both physiological (by 31 % (CI95%[-55.55, -
7.2], p = 0.011, n = 7)) and inflammatory (by 43 % (CI95%[7.22, 78.19], p = 0.022, n = 7)) condi�ons.

The same BBB model was used to inves�gate the expression of proteins cri�cal to the inflammatory response in
microglia. A�er TNFα treatment, expression of both inducible nitric oxide synthase (iNOS) and major histocompa�bility
complex class I (MHC-I) increased. Cocul�va�on with BECs reduced iNOS and MHC-I expression levels in microglia by
half (CI95%[-1.17, -0.09], p = 0.022, n = 4 and CI95%[-0.72, 0.16], p = 0.157, n = 4 respec�vely) under inflammatory
condi�ons.

Conclusion. Paracrine signaling from BECs reprograms microglia towards an anti-inflammatory state by
increasing microglial phagocytosis and reducing iNOS and MHC-I expression under both physiological and inflammatory
condi�ons.

[1] Banks, W.A. et al. (2021) ‘Healthy aging and the blood–brain barrier’, Nature Aging, 1(3), pp. 243–254.
[2] McConnell, H.L. and Mishra, A. (2022) ‘Cells of the Blood-brain Barrier: an Overview of the Neurovascular Unit in Health and Disease’, Methods in
molecular biology (Cli�on, N.J.), 2492, p.3.
[3] Szalay, G., Mar�necz, B., Lénárt, N. et al. Microglia protect against brain injury and their selec�ve elimina�on dysregulates neuronal network
ac�vity after stroke. Nat Commun 7, 11499 (2016).
[4] Xu, J. et al. (2016) ‘Microglia Coloniza�on of Developing Zebrafish Midbrain Is Promoted by Apoptotic Neuron and Lysophosphatidylcholine’,
Developmental Cell, Volume 38, Issue 2, 214 – 222.
[5] Denes, A. et al. (2024) ‘Endothelial cells and macrophages as allies in the healthy and diseased brain’, Acta Neuropathologica, 147(1), p. 38.
[6] Morris, G.P. et al. (2024) ‘Microglia contact cerebral vasculature through gaps between astrocyte endfeet’, Journal of Cerebral Blood Flow and
Metabolism [Preprint].
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Neuroinflamma�on is the inflammatory response of the CNS to various stimuli, such as infec�ons, trauma, toxins,
or autoimmune processes [1]. Neuroinflamma�on can be beneficial in acute injuries, but complica�ons arise in chronic
inflamma�on and neurodegenera�ve disorders such as Parkinson's or Alzheimer's disease [2]. Microglia, the innate
immune cells of the CNS, are the main cells responsible for these processes. It is believed that modula�ng the
func�onality of microglia can alleviate the symptoms associated with neuroinflamma�on [3]. Recent studies suggest
that the endocannabinoid system, par�cularly cannabinoid receptor type 2 (CB2R), may be one of the targets through
which this modula�on could be achieved. Ac�va�on of CB2R is known to induce anti-inflammatory effects, making it a
promising target for modulating microglial func�on in neurodegenerative diseases. However, the exact mechanisms by
which CB2R regulates microglial ac�vity are not yet understood [4].

This study inves�gated the role of CB2R in the response of microglia to the potent pro-inflammatory s�mulus
lipopolysaccharide (LPS) by examining changes in CB2R expression, microglial func�onality, the expression of pro-
inflammatory and anti-inflammatory factors, and NF-κB signaling pathway ac�va�on. We showed that a�er short LPS
s�mula�on (3 h), represen�ng acute neuroinflamma�on, the amount of CB2R protein remains unchanged, but the
amount of CNR2 mRNA decreases, while during long LPS s�mula�on (24 h), represen�ng chronic neuroinflamma�on, a
decrease in both CB2R protein and mRNA is observed, indica�ng that CB2R is modulated under chronic inflammatory
condi�ons. In this study, LPS significantly increased the phagocy�c ac�vity of microglia, consistent with the overactive
phagocytosis of microglia described in the literature, which is toxic to normal neurons [5]. This effect was reversed by
CB2R activa�on with the selec�ve agonist JWH-133, which returned microglia to a resting phenotype. Addi�onally, the
influence of CB2R on reactive oxygen species (ROS), which is produced in cells during stress, was evaluated. It was
observed that LPS induced the produc�on of ROS and that this increase was reversed when CB2R was activated. These
findings suggest that the ability of microglia to reduce phagocytosis and oxida�ve stress depends on func�onal CB2R
signaling. Next, we demonstrated that LPS significantly increases the expression of pro-inflammatory genes (TNF-α, IL-
6, IL-1β) mRNA in microglia cells. CB2R agonist counteracted the harmful effects of LPS by reducing the expression of
these factors. However, we observed that CB2R ac�va�on reduces the mRNA expression of an an�-inflammatory gene
Arg-1. Together, these results indicate that CB2R activa�on has anti-inflammatory proper�es, but further experiments
are needed to understand the changes in Arg-1 expression. Furthermore, studies show that cannabinoids diminish pro-
inflammatory cytokine produc�on in LPS-s�mulated microglia that is accompanied by decreased transcrip�on factor
NF-κB ac�vity and transloca�on into the nucleus [6]. However, the present study found no sta�s�cally significant effect
of CB2R on the activa�on of the NF-κB signalling pathway. This may suggest different signalling pathways through which
CB2R decreases neuroinflamma�on.

These results provide new insight into the molecular mechanisms responsible for the anti-inflammatory effects
of CB2R ac�va�on and offer addi�onal insight needed for further research into the use of CB2R agonists as a poten�al
compound for trea�ng neurodegenerative diseases.

[1] Adamu, A., Li, S., Gao, F., & Xue, G. (2024). The role of neuroinflamma�on in neurodegenera�ve diseases: current understanding and future
therapeutic targets. Fron�ers in Aging Neuroscience, 16, 1347987.
[2] Kwon, H. S., & Koh, S. (2020). Neuroinflamma�on in neurodegenera�ve disorders: the roles of microglia and astrocytes. Transla�onal
Neurodegenera�on, 9(1), 42.
[3] Orihuela, R., McPherson, C. A., & Harry, G. J. (2015). Microglial M1/M2 polariza�on and metabolic states. Bri�sh Journal of Pharmacology, 173(4),
649–665.
[4] Komorowska-Müller, J. A., & Schmöle, A. C. (2020). CB2 Receptor in Microglia: The Guardian of Self-Control. International journal of molecular
sciences, 22(1), 19.
[5] Han, Q. W., Shao, Q. H., Wang, X. T., Ma, K. L., Chen, N. H., & Yuan, Y. H. (2022). CB2 receptor ac�va�on inhibits the phagocytic func�on of
microglia through ac�va�ng ERK/AKT-Nurr1 signal pathways. Acta pharmacologica Sinica, 43(9), 2253–2266.
[6] McCoy, K. L. (2016). Interac�on between Cannabinoid System and Toll-Like Receptors Controls Inflamma�on. Mediators of Inflamma�on, 2016(2),
1–18.
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Neuroinflammation is a biological response within CNS that has gained recognition as a pivotal
contributor to the pathogenesis of wide range neurodegenerative diseases, psychiatric conditions and cerebral
injuries. Once seen as a transient protective response to acute stimuli, neuroinflammation is now understood
to have dual functions – either maintaining CNS homeostasis or driving neurodegeneration. Multiple types of
cells are responsible for neuroinflammatory process development, however, resident immune cells of the CNS
– microglia, are the main players. Microglial cells primarily exist in a resting phenotype, scanning the brain for
potential threats, but when they are detected, microglial cells enter a reactive state. Microglial reactivity is
crucial for proper pathogen neutralization, cellular debris clearance, synaptic pruning and many other
functions in the CNS. However, prolonged microglial activation in the case of neurodegenerative diseases, poor
diet, stress and trauma can lead to long-term structural damage to several brain regions. Due to their diverse
membrane receptor ensemble microglia can detect pathogens, cellular damage and determine the intensity of
the inflammatory response and react accordingly.

The cannabinoid receptor 2 (CB2), mainly expressed by immune cells, including microglia, plays a
pivotal role in microglial-derived neuroinflammation, since it modulates microglia proliferation, migration, and
differentiation and immune response. This receptor is emerging as a novel target for the development of
therapeutic approaches to treat chronic CNS inflammation as it is considered to be an anti-inflammatory
mediator. However, some studies challenge such views. To get a concise answer to question whether CB2R
activation can be used as a way to target neuroinflammation, it is paramount to compare the data from many
validated methods based on protein loss-of-function principles.

To investigate the functions of the CB2R, we developed an immortalized mouse microglia (IMM) cell
line derived from neonatal primary microglial cells, that was validated by comparing it to primary cells.
Functional assays, such as phagocytic activity and reactive oxygen species (ROS) production, indicated similar
patterns between IMM and primary cells: in the LPS treatment group ROS levels were elevated, while the
number of phagocytised beads per cell decreased. Similarly, cytokine gene expression has also shown similar
levels of Tnf, Tgfb1, Il1b, Il6 and Il10 mRNA before and after LPS stimulation in both IMM and primary cells.
Overall, IMM proved to be a reliable and reproducible model that reflects the characteristics of primary cells.

We employed CRISPR–Cas9 nuclease-mediated gene editing, RNA interference, and CB2 protein
antagonist treatment in both IMM and primary cells to generate a Cnr2 loss-of-function phenotype, which
enables for a functional investigation of the CB2R. Using Cas9 nucleases we introduced a single-base deletion
in the coding exon of the IMM Cnr2 gene resulting in a premature STOP codon. This new Cnr2-/- model will be
further evaluated and compared to the siRNA-transfected and CB2 antagonist-treated primary cells. To
evaluate functional differences between wild-type and gene-silenced cells, assays measuring migration,
phagocytic activity and the production of both reactive oxygen species and nitric (II) oxide (NO) will be
performed under both homeostatic and inflammatory (LPS-induced) conditions.

Our research provides detailed comparison of different microglial models and offers scientists the
opportunity to select an appropriate model based on available resources for future CB2 receptor and
neuroscience research.
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The Baltic Sea represents one of the most contaminated marine ecosystems worldwide, characterized by limited
water exchange and prolonged pollutant reten�on [1]. Persistent contaminants bioaccumulate along the food chain
and may reach high concentra�ons in top predators. Such long-term exposure raises concerns regarding poten�al
effects on immune competence and overall health [2], [3]. Bal�c grey seals (Halichoerus grypus grypus), as top
predators, are par�cularly suscep�ble to bioaccumula�ng pollutants. Assessing their immune status is therefore
essen�al for ecological health monitoring. In this study, we evaluated whether total plasma immunoglobulin G (IgG)
concentra�on could serve as a complementary indicator of immune status in grey seal pups.

We analysed 51 collected blood samples from grey seal pups. Rou�ne haematological parameters were assessed
using a blood analyser, peripheral blood mononuclear cells (PBMCs) were isolated for parallel immunological studies
and plasma samples were obtained for an�body quan�fica�on.  Ammonium sulfate ((NH₄)₂SO₄) precipita�on was
applied to concentrate plasma immunoglobulins. The resul�ng frac�ons, enriched primarily in IgG, were used for IgG
quan�fica�on. We further examined whether varia�on in IgG levels could enhance the interpreta�ve value of
conven�onal immune and inflammatory markers, including C-reac�ve protein (CRP) and blood cell profiles. IgG
concentra�ons were also evaluated in rela�on to externally assessed clinical parameters, including visible signs of
infec�on, skin lesions, and trauma�c injuries. Given that the study focused on seal pups, comparisons were also
performed between sexes and across nutri�onal status categories.

Total IgG concentra�on in plasma did not show significant correla�ons (Pearson r ranging from –0.1 to 0.4,
p > 0.05) with rou�ne haematological parameters, including lymphocyte, monocyte, granulocyte, total white blood cell
counts, haemoglobin concentra�on, red blood cell count, platelet count, or haematocrit percentage.

However, considerable inter-individual variability in IgG concentra�ons was evident and was further supported
by SDS-PAGE analysis of the immunoglobulin-enriched frac�ons. Although no significant correla�ons with rou�ne
haematological markers were iden�fied, the pronounced differences observed among samples warrant further
inves�ga�on. Future studies will focus on exploring poten�al associa�ons with addi�onal clinical and physiological
parameters to better define the significance of IgG varia�on.

[1] Stigebrandt, A. (2001). Physical Oceanography of the Bal�c Sea. In F. V. Wulff, L. A. Rahm, & P. Larsson (Eds), A Systems Analysis of the Baltic Sea
(pp. 19–74).
[2] Desforges, J.-P. W., Sonne, C., Levin, M., Siebert, U., De Guise, S., & Dietz, R. (2016). Immunotoxic effects of environmental pollutants in marine
mammals. Environment International, 86, 126–139.
[3] Vogs, C., Lindqvist, D., Wai Tang, S., Gugescu, L., Alenius, H., & Wincent, E. (2024). Transcriptomic and func�onal effects from a chemical mixture
based on the exposure profile in Baltic Sea salmon, on metabolic and immune functions in zebrafish embryo. Environment Interna�onal, 192, 109018.
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Allergic diseases are chronic inflammatory disorders whose prevalence has increased worldwide over
recent decades due to lifestyle changes , reduced contact with nature, air pollu�on, climate change, dietary
changes , and increased stress [1]. Allergic reac�ons can be triggered by various allergens, including food,
pollen, dust mites, insects, animals, and pharmaceu�cals. The human body produces an�gen -specific
immunoglobulin E (sIgE) in response to allergens, leading to allergy symptoms such as sneezing, coughing,
skin rashes, and runny noses . Seasonal pollen allergies commonly appear as allergic rhini�s, conjunc�vi�s,
asthma, ur�caria, and derma��s [2]. Artemisia vulgaris (common mugwort) is one of the major sources of
airborne pollen allergens in Europe, affec�ng approximately 10–15% of pa�ents with pollinosis during the late
summer and autumn months [3]. One of its allergenic components, the non -specific lipid transfer protein
Art v 3, has not yet had its IgE epitopes iden�fied. The reac�vity of this protein with serum sIgE from pa�ents
allergic to Artemisia vulgaris varies between 22% and 70% , although specific IgE epitopes remain
uniden�fied [4].

Allergen -specific immunotherapy (ASIT) is the only approved disease -modifying treatment for
IgE -mediated allergic disorders, capable of inducing long -term immune tolerance [5 ]. Recent ASIT approaches
include recombinant hypoallergens and allergen delivery systems such as virus - like par�cles (VLP s), which act
as carriers for allergens [6]. VLP s are self -assembling virus -based nano structures that mimic the form and
size of na�v e viruses , but do not contain their gene�c material, so they cannot cause infec�on [7].
Recombinant hypoallergens are engineered to minimize IgE binding while maintaining immunogenicity,
enabling the induc�on of regulatory T cells and allergen -specific IgG an�bodies w hile reduc ing the risk of IgE -
mediated inflammatory reac�ons [8]. Next -genera�on ASIT vaccine candidates use nanopar�cle -based
pla�orms, including VLPs , to display allergens in high amounts , enhancing their adjuvant proper�es and
promo�ng immune tolerance [9].

The aim of this study was to display na�ve -like Art v 3 and its mutant variants with reduced IgE
reac�vity o n the surface of bacteriophage vB_EcoS_NBD2 (NBD2 ) nanotubes . During this study, na�ve - like
Art v 3 and mutant Art v 3 variants, contain ing amino acid subs�tu�ons at specific target sites, poten�ally
involved in IgE -binding epitope forma�on , were gene�cally fused with the gene encoding NBD2 nanotubes.
The chimeric polytubes were expressed in the Saccharomyces cerevisiae yeast expression system.

The research is funded by the Research Council of Lithuania (LMTLT), agreement No S -MIP-24 -41.
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Bladder cancer (BCa) is one of the most frequently diagnosed cancers worldwide. High rates of recurrence,
progression, and unsatisfactory survival outcomes remain major problems despite improvements in surgery,
chemotherapy, and intravesical treatments [1]. These challenges have invoked the development of more effective and
personalized therapeutic strategies, including immunotherapy. Recent studies in tumor immunology have
demonstrated the critical role of immune checkpoint proteins in cancer development. By manipulating immune
checkpoint proteins, such as PD-1, PD-L1, and CTLA-4, tumors can effectively evade immune detection through
inhibition of T cell activity. Targeting these molecules with immune checkpoint inhibitors can restore antitumor
immunity. Although these regulatory strategies have gained considerable attention in the context of therapy, they also
play a fundamental role in the underlying biology of tumor evolu�on and progression [2]. Therefore, deeper insight into
the interactions between cancer cells and the immune system is required for clarifying mechanisms of BCa tumor
development and progression.

The objective of this research was to quantify the most frequently detected immune checkpoints in the plasma
of BCa patients, determine differences in protein concentrations from those in individuals without BCa, and analyze the
correlation to clinical features.

Plasma samples were obtained from 89 BCa patients and 15 control subjects. 10 most common soluble immune
checkpoints (ICs) and their ligands (sCD25 (IL-2Ra), 4-1BB, B7.2 (CD86), Free Active TGF-β1, CTLA-4, PD-L1, PD-1, Tim-3,
LAG-3, Galectin-9) were quantified using the LEGENDplex™ HU Immune Checkpoint Panel (BioLegend, USA) and
analyzed B flow cytometry. Data normality was assessed using the Shapiro-Wilk test, and as the distribution was non-
normal, group differences were evaluated with the Mann-Whitney U test. Correlations were assessed with Spearman's
Rho test. Results were considered statistically significant at p < 0.05.

Compared with controls, BCa patients‘ plasma showed markedly higher concentrations of Tim-3, Galectin-9,
sCD25, and B7.2. Further comparison of clinical parameters such as age, sex, stage, and tumor grade indicated that
there might be considerable correlations between some of the groups. Galectin-9 showed a statistically significant
moderate correlation with tumor grade and a statistically significant weak association with cancer stage. Age showed
weak positive correlations with Tim-3, Galectin-9, and sCD25. Median differences between sexes (male and female)
were statistically significant for Free Active TGF-β1 and LAG-3.

In conclusion, patients with bladder cancer exhibited increased plasma concentrations of several immune
checkpoint proteins, with Tim-3, Galectin-9, sCD25, and B7.2 emerging as the most evident findings. Associations with
clinical parameters suggest that immune checkpoints may reflect disease characteristics; however, the observed
relationships were generally weak. Accordingly, further studies are needed to be�er understand the biological role of
immune checkpoints and to determine their poten�al value for improving immunotherapy.

[1] Dobruch, J., & Oszczudłowski, M. (2021). Bladder Cancer: Current Challenges and Future Directions. Medicina, 57(8), 749.
[2] Wu, J., Zhang, F., Zheng, X. et al. (2024). Identification of bladder cancer subtypes and predictive signature for prognosis, immune features, and
immunotherapy based on immune checkpoint genes. Sci Rep 14, 14431.
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Bone regenera�on remains a significant clinical challenge due to the complexity of restoring both the structural
and func�onal integrity of damaged �ssue. Current treatment op�ons provide no consistently sa�sfactory solu�on:
autogra�s, regarded as the gold standard, are limited by �ssue availability and donor site morbidity, while the use of
exogenous bone carries a risk of pathogen transmission and rejec�on by the recipient’s body [1]. Synthe�c alterna�ves
o�en fail to support adequate regenera�on or possess poor mechanical proper�es, while rigid, monolithic scaffolds do
not conform to irregularly shaped defects and fail to provide sufficient porosity needed for neovasculariza�on and
appropriate metabolite exchange [2]. Consequently, the crea�on of a mechanically competent and shape-adap�ve
synthe�c alterna�ve that could effec�vely facilitate the healing of damaged bone �ssue is warranted.

In this study, we developed a novel porous, free-packed system based on poly(ε-caprolactone) (PCL) and
bioac�ve glass (BG) 45S5 composite (mass ra�o of 4:1) micropar�cles (MP) with tunable size and surface porosity. MPs
were produced via the emulsion solvent evapora�on method (Fig. 1), varying composite concentra�on in
dichloromethane (DCM) (20–30 % w/v), s�rring speed (300–900 RPM), and fabrication temperature (20–40 °C).
Emulsifica�on was carried out in an aqueous phase supplemented with sodium dodecyl sulphate (SDS) and
hydroxypropyl cellulose (HPC). All MPs were thoroughly washed before characteriza�on. Samples intended for cellular
experiments were addi�onally filtered, sterilized, and coated with gela�n. Characteriza�on of the produced MPs
included op�cal microscopy for size distribu�on and Scanning Electron Microscopy (SEM) for morphometric analysis.
Induc�vely Coupled Plasma Op�cal Emission Spectroscopy (ICP-OES) was used to evaluate ion release. Cytocompa�bility
was assessed via fluorescent microscopy of EGFP-expressing dental pulp stem cells.

Figure 1. Schema�c illustra�on of the MP fabrica�on process. Processing parameters inves�gated in this study are
highlighted in red.

Size distribu�on and morphometric analysis iden�fied that s�rring speed was the primary determinant of MP
size and surface morphology; increasing speed from 300 to 900 RPM resulted in, on average, 1.84 times smaller MPs,
while surface porosity changed in a non-linear manner. An inverse rela�onship was also observed between MP diameter
and both temperature of the aqueous phase and, interes�ngly, composite concentra�on. ICP-OES results indicate that
the embedded BG par�cles retained their ion-release capability. Fluorescent microscopy of EGFP-expressing dental pulp
stem cells confirmed the system's cytocompa�bility, demonstra�ng sustained cell a�achment and migra�on for over
32 days. While further studies are needed to evaluate the effect of MPs on cell differen�a�on, the unique combina�on
of injectability, tunable size, surface characteris�cs, and cytocompa�bility make this system a promising candidate for
minimally invasive bone �ssue engineering applica�ons.

[1] Xue, N., Ding, X., Huang, R., Jiang, R., Huang, H., Pan, X., Min, W., Chen, J., Duan, J.-A., Liu, P., & Wang, Y. (2022). Bone Tissue Engineering in the
Treatment of Bone Defects. Pharmaceu�cals, 15(7), 879. h�ps://doi.org/10.3390/ph15070879
[2] Wang, M., Gu, Z., Li, B., Zhang, J., Yang, L., Zheng, X., Pan, F., & He, J. (2022). Bioac�ve Nanocomposite Microsponges for Effective Reconstruc�on
of Cri�cal-Sized Calvarial Defects in Rat Model. Interna�onal Journal of Nanomedicine, 17, 6593–6606.
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Carbonic anhydrases (CA) are naturally occurring enzymes in living organisms; specifically, α-CAs are found in
humans. These enzymes catalyze the reversible hydra�on of carbon dioxide, producing bicarbonate ion and a proton.
Thus, the func�on of CA is to regulate the pH of the cell medium. CA IX is one of the twelve cataly�cally ac�ve human
isoforms. Abnormal biosynthesis of CA IX is observed in hypoxic tumor cells, leading to metastasis. Therefore, CA IX is
an a�rac�ve an�cancer target. Primary sulfonamides bearing various subs�tuents on a benzene ring are a�rac�ve CA
inhibitors due to their high affinity and rela�vely simple synthesis. Nevertheless, it is necessary to synthesize such drugs
that specifically inhibit CA IX, while maintaining the other 11 CA isoforms' physiological function [1].

The aim of our research is to design a selec�ve inhibitor, evaluating affinities of newly synthesized compounds
bearing fluorine and alipha�c side-chain substituents on primary benzenesulfonamides. By employing high-throughput
fluorescent thermal shi� assay (FTSA), mul�ple ligands with varying concentra�ons are screened at once. FTSA
determines the ligand's stabilizing ef fect on a protein by its thermal shift in melting temperature ΔTm, which
subsequently is recalculated to a binding constant Kb by a sophis�cated thermodynamic equa�on [2]. CA-ligand
interac�ons were determined by running the FTSA experiment with CA I, CA II, chimeric CA VI, CA VII, CA IX, CA XII, and
CA XIII. Addi�onally, the stopped-flow CO2 hydra�on assay was employed to confirm inhibi�on of CA cataly�c ac�vity.
All experimentally measured binding and inhibi�on data have been deposited into the Protein–Ligand Binding Database
(PLBD, plbd.org), crea�ng a curated dataset that will be directly leveraged for AI-driven drug discovery and predic�ve
modeling of CA IX inhibitor selec�vity and potency.

Screening a group of compounds allowed us to iden�fy lead compound MZ24-11 that exhibited nanomolar
affinity (Kd –1.4 nM) and selec�vity towards CA IX (Fig. 1) over CA I, CA II, chimeric CA VI, CA VII, CA IX, CA XII, and CA
XIII. Despite the lead inhibitor exhibited high potency, further structural development of the molecule is needed to
develop it as an an�cancer drug candidate.

Figure 1. A dose-response curve obtained by varying concentra�ons of the lead inhibitor MZ24-11 and registering
CA IX melting temperatures Tm using a fluorescent dye by FTSA. The data was fitted, and a figure was generated using
Thermott (thermott.com, [3]).

[1]Linkuvienė, V., Zubrienė, A., Manakova, E., Petrauskas, V., Baranauskienė, L., Zakšauskas, A., Smirnov, A., Gražulis, S., Ladbury, J. E., & Matulis,
D.(2018). Thermodynamic, kinetic, and structural parameterization of human carbonic anhydrase interactions toward enhanced inhibitor design. In
Quarterly reviews of biophysics (Vol. 51, p. e10). NLM (Medline). h�ps://doi.org/10.1017/S0033583518000082
[2]Petrauskas, V., Kazlauskas, E., Gedgaudas, M., Baranauskienė, L., Zubrienė, A., & Matulis, D. (2024). Thermal shi� assay for protein–ligand
dissociation constant determination. In TrAC - Trends in Analytical Chemistry (Vol. 170). Elsevier B.V. https://doi.org/10.1016/j.trac.2023.117417
[3]Gedgaudas, M., Baronas, D., Kazlauskas, E., Petrauskas, V., & Matulis, D. (2022). Thermott: A comprehensive online tool for protein–ligand binding
constant determination. In Drug Discovery Today (Vol. 27, Number 8, pp. 2076–2079). Elsevier Ltd. https://doi.org/10.1016/j.drudis.2022.05.008



3D
Effect of Hydrazone Derivatives on Pancreatic Cancer Cell viability and

migration
D. Narkevičiūtė1, J. Kil�navičius2, I. Tumosienė2, K. Kantminienė2, V. Petrikaitė1,3

1 Laboratory of Drug Targets Histopathology, Lithuanian University of Health Sciences

2 Faculty of Chemical Technology, Kaunas University of Technology

3 Institute of Biotechnology, Life Sciences Centre, Vilnius University

narkeviciutedigna@gmail.com

Pancreatic adenocarcinoma is one of the deadliest gastrointestinal cancers, accounting for over 90% of
pancreatic malignancies and being frequently diagnosed at advanced stages due to late-onset symptoms and the lack
of specific biomarkers [1,2]. Hypoxia within the tumour microenvironment plays a crucial role in pancreatic cancer
progression by promoting aggressiveness and resistance to therapy [3].

This study aimed to evaluate the cytotoxic activity and effects on single-cell migration of hydrazone derivatives
synthesized at Kaunas University of Technology in human pancreatic cancer cells in vitro. Cytotoxicity of 22
compounds was assessed in MIA PaCa-2 and PANC-1 cell lines using the MTT assay. Compound effect on cell migration
was assessed by single-cell migration assay at their EC50 concentrations.

Several compounds significantly reduced pancreatic cancer cell viability, and IT199, IT206, IT207, and IT227
were selected for further analysis. Their EC50 values were determined in cancer cells and human fibroblasts, with
dasatinib (DST) used as a reference compound. Compared to DST, the investigated hydrazone derivatives exhibited 3–
146-fold lower ac�vity, depending on the cell line and oxygen condi�ons. Under normoxic conditions, IT227 was the
most ac�ve compound in MIA PaCa-2 (EC50 = 1.7 µM) and PANC-1 (EC50 = 4.3 µM) cells, whereas under hypoxia,
IT207 (EC50 = 27.3 µM) and IT199 (EC50 = 21.7 µM) demonstrated the highest cytotoxicity. Single-cell migration
assays revealed that under normoxic conditions, IT199 increased cell migration compared with control, with the
strongest effect observed a�er 1 hour (1.33-fold increase). Elevated migratory activity persisted at 3 and 5 hours,
indicating that IT199 modulates cellular motility. Previous studies have shown that tyrosine kinase inhibitors may
affect cancer cell migration. These effects have been associated with tumour cell phenotypic plasticity, characterised
by loss of epithelial features, increased motility, enhanced invasiveness, and higher metastatic potential [4], which
may explain the IT199-induced increase in single-cell migration observed in this study.

In conclusion, the hydrazone derivatives exhibited differen�al cytotoxic effects against pancreatic cance cell
lines, with compounds containing a double hydrazone fragment showing higher ac�vity. The most active compounds
(IT199, IT206, IT207, and IT227) were 3–146-fold less potent than DST. Single-cell migration analysis demonstrated
that IT199 increased cell migration by 1.33-fold under normoxic condi�ons compared with the control group. Further
studies are required to elucidate the mechanisms of ac�on and therapeu�c potential of the investigated compounds.

[1] Skaraitė I., Maccioni E., Petrikaitė V. International Journal of Molecular Sciences, 2023, 24, 5422–5438.

[2] Grigorescu R., Husar-Sburlan I., Gheorghe C. Life, 2024, 14, 980–995.

[3] Tao J., Yang G., Zhou W., Qiu J., Chen G., Luo W., Zhao F., You L., Zheng L., Zhang T., et al. Journal of Hematology & Oncology, 2021, 14, 14–29.

[4] Yang Y., Li S., Wang Y., Zhao Y., Li Q. Signal Transduction and Targeted Therapy, 2022, 7, 1–18.
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Introduction. Cardiovascular disease (CVD) is the leading cause of death worldwide, accounting for 32% of all
deaths [1]. In Europe, CVD results in the loss of over 60 million poten�al life-years annually, predominantly in men [2].
In Lithuania, CVD is responsible for 50.7% of deaths, with a mortality rate of 658.7 per 100,000 [3]. The fa�y acid
composition of erythrocyte membrane phospholipids has emerged as a promising biomarker of cardiovascular risk [4].
Profiling erythrocyte membrane fatty acids in individuals at high risk of CVD may provide insights into the mechanisms
of cardiovascular pathogenesis and improve risk stratification. Identifying fatty acids associated with lower risk could
guide the development of targeted preventive and therapeu�c strategies.

Methods. An analytical cross-sectional study was conducted with approval from the Vilnius Regional Biomedical
Research Ethics Commi�ee (No. 2023/9-1518-998). Par�cipants were recruited at the Cardiology and Angiology Centre
of Vilnius University Hospital Santaros Klinikos, according to the following inclusion criteria: aged 40–65 years, enrolled
in a cardiovascular disease prevention program and willing to par�cipate in a biomedical study. Blood samples from the
selected par�cipants were processed to isolate membranes, extract lipids, and prepare fa�y acid methyl esters (Christie,
1993) [5]. Erythrocyte membrane fa�y acids were analysed using gas chromatography–mass spectrometry (GC–MS).
Anonymised sociodemographic data, lipid metabolism markers, cardiovascular risk indicators and erythrocyte
membrane phospholipid fa�y acid data were analysed. Statistical analysis was conducted using Microsoft Excel 2024
and IBM SPSS Statistics 30.0.0. Statistical significance was set at p < 0.05.

Results. The study included 48 patients; 31 (64.6%) were male. Median age was 51 years (IQR = 44.3–56.0).
Metabolic syndrome criteria were met by 26 (54.2%) patients. The mean SCORE2 cardiovascular risk estimate was 11.81
± 6.24%. Saturated fa�y acids (SFAs) constituted the largest propor�on of erythrocyte membrane phospholipids (36.38
± 2.23%), whereas omega-3 polyunsaturated fa�y acids (n-3 PUFAs) were the lowest (13.29 ± 2.02%). C18:0 correlated
positively with atherogenic lipid ratios: total cholesterol/high-density lipoprotein cholesterol (TC/HDL-C; p = 0.049, r =
0.285) and low-density/high-density lipoprotein cholesterol (LDL-C/HDL-C; p = 0.040, r = 0.297). Men had a significantly
higher propor�on of C18:0 in erythrocyte membrane phospholipids than women (18.18% vs. 17.58%, p = 0.027; 95% CI
[0.072–1.138]). C18:2n-6 showed positive correlations with atherogenic lipid metabolism parameters, including TC (p =
0.005, r = 0.402), LDL-C (p = 0.009, r = 0.376), non-HDL-C (p = 0.034, r = 0.307), and apolipoprotein B (p = 0.037, r =
0.308). Similar associations were iden�fied for C18:3n-6 (p = 0.027, r = 0.320; p = 0.035, r = 0.306; p = 0.035, r = 0.305;
p = 0.023, r = 0.328, respectively). C20:3n-6 in erythrocyte membrane phospholipids was significantly higher in
par�cipants with metabolic syndrome (2.91% vs. 2.65%, p = 0.030; 95% CI [0.03–0.50]), and correlated positively with
serum triglycerides (p = 0.008, r = 0.380), suggesting n-6 PUFAs’ involvement in increased atherogenic risk. C20:5n-3
was inversely associated with LDL-C concentration (p = 0.045, r = −0.291), indicating poten�al anti-atherogenic effects.

In the multivariable logistic regression model (χ²(9) = 17.183, p = 0.046, Nagelkerke R² = 0.418), four fatty acids
emerged as significant predictors of metabolic syndrome (odds ratio (OR), 95% CI): C16:1n-7 (46,498.968; [3.574–
604,885,115.04]; p = 0.026), C18:0 (31.550; [1.642–606.252]; p = 0.022), C18:3n-6 (4,956,666.107; [2.854–8.641 × 10¹²];
p = 0.035), and C22:5n-6 (13.221; [1.190–146.828]; p = 0.036). In the multiple linear regression model (F(10, 37) = 2.527,
p = 0.020, adjusted R² = 0.245), the SCORE2 estimate was significantly influenced by the following fatty acids (B, 95%
CI): C16:1n-7 (13.582; [4.194–22.971]; p = 0.006), C18:0 (3.970; [0.429–7.511]; p = 0.029), C20:1n-9 (13.693; [4.077–
23.308]; p = 0.006), and C22:5n-3 (−11.814; [−21.373–−2.255]; p = 0.017).

Conclusions. Erythrocyte membrane fa�y acid composition may serve as an early marker of metabolic and
cardiovascular imbalance, with poten�al value for risk assessment and the development of preventive strategies. n-3
PUFAs may exert cardioprotective effects, whereas certain SFAs, monounsaturated fa�y acids, and n-6 PUFAs are
associated with indicators predisposing to an increased risk of cardiovascular events.

Funding. This project was funded by the Research Council of Lithuania under agreement No. S-SV-25-61.
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CSF1R-related leukoencephalopathy (CRL) is a rare, progressive neurodegenera�ve disorder caused by muta�ons
in the CSF1R gene, leading to microglial dysfunc�on [1]. CSF1R encodes a receptor tyrosine kinase cri�cal for microglial
survival and homeostasis. Ligand-induced CSF1R activa�on triggers STAT3 signaling, which regulates transcrip�onal
programs essen�al for microglial survival, prolifera�on, and immune regula�on. In CRL, disrup�on of CSF1R–STAT3
signaling leads to microglial loss, impaired clearance of apopto�c cells, and chronic neuroinflamma�on, driving
demyelina�on and axonal injury [2].

Neuroinflamma�on caused by microglial dysfunc�on a�racts peripheral immune cells into the CNS. IL-6–
secre�ng B cells infiltrate the CNS, amplifying STAT3-mediated pro-inflammatory signaling and disrup�ng
oligodendrocyte homeostasis. This dynamic CNS–periphery crosstalk establishes a self-perpetua�ng inflammatory
environment that contributes to progressive white ma�er degenera�on [3-4].

Rituximab (RTX), a B cell–depleting therapy, targets IL-6–producing B cells, potentially interrup�ng this
inflammatory cascade. By reducing IL-6–driven STAT3 ac�va�on, RTX may restore microglial homeostasis, promote
oligodendrocyte survival, and support remyelina�on [5-6].

We report longitudinal outcomes in two gene�cally confirmed CRL pa�ents treated with RTX. Clinical and
func�onal assessments included the Unified Parkinson’s Disease Ra�ng Scale (UPDRS), Amyotrophic Lateral Sclerosis
Func�onal Ra�ng Scale (ALSFRS-R), Expanded Disability Status Scale (EDSS), and Hospital Anxiety and Depression Scale
(HADS). Cogni�ve evalua�on comprised the Mini-Mental State Examina�on (MMSE), Montreal Cogni�ve Assessment
(MoCA), and Symbol Digit Modali�es Test (SDMT). Quality of life was assessed using the Mul�ple Sclerosis Impact Scale
(MSIS-29) and the EuroQol-dimension/Visual Analogue Scale (EQ-5D/VAS). Serum neurofilament light chain (sNfL) levels
in cerebrospinal fluid (CSF) and plasma were measured as biomarkers of axonal injury. Brain magne�c resonance
imaging (MRI) was performed to evaluate white ma�er changes. CSF1R variants were confirmed by Sanger sequencing
and classified according to American College of Medical Gene�cs and Genomics (ACMG) criteria. RTX was administered
intravenously at 500 mg every six months for two years.

These cases provide preliminary evidence that modula�on of peripheral IL-6–producing B cells can mi�gate
microglial dysfunc�on and preserve white ma�er integrity. Our findings underscore the central role of STAT3 signaling
in CRL pathogenesis and highlight the transla�onal poten�al of immunomodulatory strategies as disease-modifying
interven�ons.
[1] Du, S. et al. Muta�ons in the human CSF1R gene impact microglia's maintenance of brain white ma�er integrity. Nat Immunol 26, 1198-1211
(2025).
[2] Xiang, C., Li, H. & Tang, W. Targe�ng CSF-1R represents an effec�ve strategy in modulating inflammatory diseases. Pharmacol Res 187, 106566
(2023).
[3] Pan, J. et al. Deciphering glial contributions to CSF1R-related disorder via single-nuclear transcriptomic profiling: a case study. Acta Neuropathol
Commun 12, 139 (2024).
[4] Sun, Y., Yu, H. & Guan, Y. Glia Connect Inflamma�on and Neurodegenera�on in Mul�ple Sclerosis. Neurosci Bull 39, 466-478 (2023).
[5]Hauser, S.L. et al. B-cell depletion with rituximab in relapsing-remi�ng mul�ple sclerosis. N Engl J Med 358, 676-688 (2008).
[6] Espinoza, D.A. et al. Dis�nct stage-specific transcriptional states of B cells derived from human tonsillar �ssue. JCI Insight 8 (2023).
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Introduc�on: Severe manifesta�ons of COVID-19 are frequently characterized by acute systemic inflamma�on,
endothelial dysfunc�on, and a heightened predisposi�on toward cardiovascular and thrombo�c events (1). Many
pa�ents who developed severe COVID-19 have pre-exis�ng chronic condi�ons, such as cardiovascular or metabolic
disorders, which are commonly associated with impaired or dysregulated immune response. SARS-CoV-2-induced
hypoxia, cytokine-driven inflamma�on, and direct injury to epithelial and endothelial tissues can disrupt vital biological
barriers, such as the intes�nal epithelium and the alveolar-capillary junc�on, thereby facilita�ng the movement of
microbial components into the bloodstream (1-3). The presence of bacterial components may further augment immune
ac�va�on and inflammatory cascades. Emerging data suggest that bacterial DNA fragments in the bloodstream may
trigger inflammatory pathways leading to vascular injury and endothelial ac�va�on (4,5). This interac�on among viral
infec�on, bacterial transloca�on, and impaired host immunity may underlie increased suscep�bility to complica�ons.
Nevertheless, the occurrence, composi�on, and taxonomic diversity of circula�ng bacterial DNA in complicated COVID-
19 pa�ents have not been thoroughly characterized.

Aim: To use next-genera�on sequencing (NGS) to detect circula�ng bacterial DNA and characterize its taxonomic
diversity and inter-individual heterogeneity in pa�ents recovering from severe SARS-CoV-2 infec�on.

Methods: The study was conducted at the Laboratory of Molecular Cardiology, Ins�tute of Cardiology, Lithuanian
University of Health Sciences. Venous blood samples were obtained a�er completion of inpa�ent treatment in pa�ents
with a prior episode of severe COVID-19, following acute hospitaliza�on (n=101). Bacterial DNA was amplified by PCR
targe�ng the 16S rRNA gene. Samples yielding detectable 16S rRNA products underwent sequencing using Oxford
Nanopore Technologies (ONT, The Oxford Science Park, UK). Taxonomic classifica�on of both 16S rRNA amplicon data
and shotgun metagenomic reads was performed using the EPI2ME platform (ONT). Reads were classified at the class
level. Pa�ents from the same clinical cohort in whom bacterial DNA was not detected served as an internal comparator
group. Addi�onally, clinical and laboratory parameters related to cardiac injury, systemic inflamma�on, and coagula�on
were assessed to provide a clinical context.

Results: Circula�ng bacterial DNA was detected in most of the pa�ents (76% of the total cohort, n=101). The
analysis highlighted significant varia�on among individual microbial profiles. Taxonomic profiling demonstrated that
Gammaproteobacteria and Alphaproteobacteria were the most dominant taxa, occurring in 95% of the bacterial DNA-
posi�ve samples. In comparison, Betaproteobacteria were iden�fied in 43% of cases, while Bacilli and Ac�nomycetes
were less frequent, appearing in 33% and 29% of the analyzed samples, respec�vely.

Conclusions: Bacterial DNA is detectable in the blood of pa�ents recovering from severe COVID-19 and exhibits
marked interindividual diversity. The recurrent detec�on of Gammaproteobacteria may indicate a non-random
microbial pa�ern; however, further studies with rigorous contamina�on controls are required. These results underscore
the need for further research into how bacterial components might exacerbate systemic inflamma�on in viral infec�ons.

[1] Lamers MM, Haagmans BL. SARS-CoV-2 pathogenesis. Nature Reviews Microbiology 20(5):270–84 (2022).
[2] Yazici D, Cagan E, Tan G, Li M, Do E, Kucukkase OC, et al. Disrupted epithelial permeability as a predictor of severe COVID-19 development. Allergy:
European Journal of Allergy and Clinical Immunology 78(10):2644–58 (2023).
[3] Tsounis EP, Triantos C, Konstantakis C, Marangos M, Assimakopoulos SF. Intes�nal barrier dysfunction as a key driver of severe COVID-19. World
J Virol 12(2):68 (2023).
[4] Giedrai�ene A, Tatarunas V, Kaminskaite K, Meskauskaite U, Boieva S, Ajima Y, et al. Enterobacterales Biofilm-Specific Genes and An�microbial
and An�-Inflammatory Biomarkers in the Blood of Pa�ents with Ischemic Heart Disease. Diagnos�cs 14(5):546 (2024).
[5] Palomo, M., Moreno-Castaño, A. B., Salas, M. Q., Escribano-Serrat, S., Rovira, M., Guillen-Olmos, E., Fernandez, S., Ventosa-Capell, H., Youssef, L.,
Crispi, F., Nomdedeu, M., Mar�nez-Sanchez, J., De Moner, B., & Diaz-Ricart, M. Endothelial ac�va�on and damage as a common pathological substrate
in different pathologies and cell therapy complica�ons. Fron�ers in Medicine, 10 (2023).
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Dental caries is a mul�factorial disease shaped by behavioral, environmental and gene�c factors [1]. Adults with
intellectual disabili�es represent a vulnerable group with increased risk of poor oral health and higher treatment needs
[2]. Gene�c varia�on in DEFB1 (encoding human β-defensin-1) – notably DEFB1 rs11362 single-nucleo�de
polymorphism (SNP) – has been linked to caries suscep�bility [3].

The aim of the study was to inves�gate the associa�on of DEFB1 rs11362 (C>T) with oral health in adults with
intellectual disabili�es. Pa�ent samples and clinical data were collected between 2023-2025 from adults with
intellectual disabili�es treated under general anesthesia at Vilnius University Hospital Santaros Klinikos Žalgiris Clinic.
Clinical examina�ons were conducted by a single calibrated examiner and caries experience was recorded using the
DMFS index (the sum of decayed (D), missing (M), and filled (F) tooth surfaces). Sociodemographic data were obtained
from caregivers using the WHO (2013) Adult Oral Health Ques�onnaire [4]. Genomic DNA was extracted from oral
mucosal swab samples using a magnetic bead–based automated system. Genotyping was performed by real-�me qPCR
with commercial, hydrolysis probe-based primer assays.

The study included 63 adults with intellectual disability, with the mean DMFS index (±SD) of 39.4±26.5. The
distribu�on of DEFB1 genotypes was as follows: CC 30.2% (n = 19), CT 44.4% (n = 28), and TT 25.4% (n = 16), and did not
differ significantly from global popula�on frequencies (CC 34.2%, CT 47.7%, and TT 18.0%, respec�vely; P > 0.050) [5].
Allele frequencies for the reference (C) and alterna�ve (T) alleles were 52.4% and 47.6%, respec�vely, and were likewise
comparable to global es�mates (58.1% and 41.9%, respec�vely; P > 0.050) [5]. DMFS was not significantly associated
with DEFB1 SNP genotypes (Fig. 1), however, a tendency toward a slightly higher median DMFS value was observed in
individuals with the C/C homozygous genotype compared to other genotypic groups, while T/T homozygotes
demonstrated a wider dispersion of DMFS values, indica�ng greater variability of this quan�ta�ve indicator within this
subgroup.

Figure 1. Distribu�on of DMFS index according to DEFB1 rs11362 genotypes.

In conclusion, DEFB1 rs11362 was not associated with DMFS in dental pa�ents with intellectual disabili�es,
although minor genotype-related differences in central tendency and variability were observed. Larger studies are
needed to clarify its role in caries suscep�bility in this vulnerable popula�on.

[1] World Health Organiza�on. (2025, March 17). Oral health. h�ps://www.who.int/news-room/fact-sheets/detail/oral-health
[2] Ward LM, et al. Oral health of adults with intellectual disabili�es: a systema�c review. Journal of Intellectual Disability Research.
2019;23;63(11):1359–78.
[3] Ha�poğlu Ö & Saydam, F. Associa�on between rs11362 polymorphism in the beta-defensin 1 (DEFB1) gene and dental caries: A meta-analysis.
Journal of Oral Biosciences, 62(3), 272–279.
[4] World Health Organiza�on. Oral health surveys: basic methods. 5th ed. Geneva: World Health Organiza�on; 2013. p. 111–114.
[5] Na�onal Center for Biotechnology Informa�on. rs11362 single nucleo�de polymorphism. dbSNP. h�ps://www.ncbi.nlm.nih.gov/snp/rs11362
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Oncological diseases remain a leading cause of mortality worldwide, with lung, breast, and skin malignancies
displaying particularly high incidence rates [1]. Lung cancer is the foremost cause of cancer -related deaths, accounting
for 18.7% of all such fatalities globally [1]. Triple-negative breast cancer, representing 12–17% of all breast cancer
diagnoses, is characterized by an aggressive clinical trajectory and poor patient prognosis [2]. Furthermore, while
melanoma constitutes only 1% of skin cancer cases, it drives over 80% of skin cancer mortality [3,4]. Although targeted
therapies have become a cornerstone of modern oncological treatment [5], conventional two -dimensional (2D) cell
cultures used in early-stage in vitro screening fail to replicate the complex in vivo tumor microenvironment [6]. Three-
dimensional (3D) cell cultures, or spheroids, provide a more accurate architectural representation, encompassing cell -
cell interactions, hypoxic cores, and realistic drug penetration barriers, making them a crucial and more reliable model
for evaluating the true efficacy of novel anticancer compounds [6].

In this study, we evaluated the anticancer activity of newly synthesized triazole derivatives against 3D spheroid
models of human lung adenocarcinoma (A549), triple-negative breast cancer (MDA-MB-231), and melanoma (IGR39)
cell lines. The evaluated compounds were previously selected based on their inhibition of cell viability in earlier tests,
for which EC50 values had already been established. Spheroids were generated using magnetic 3D Bioprinting method.
Following formation, the spheroids were treated with 10 µM of the selected triazole derivatives and comparative
compounds sunitinib and dasatinib for 10 days. Spheroid growth was monitored by measuring changes in diameter over
time, and end-point cell viability was quantified using the MTT assay.

The results demonstrated that compound IT168 significantly hindered spheroid growth, reducing the diameter
of MDA-MB-231 and IGR39 spheroids by approximately 7% and 30% (comparable to both sunitinib and dasatinib) ,
respectively, relative to untreated controls. While IT168 reduced IGR39 spheroid viability to 78%, the derivatives IT164
and IT165 exerted a stronger cytotoxic effect on both MDA-MB-231 and IGR39 spheroids, reducing cell viability to 55–
56% (an effect comparable to sunitinib) without significantly affecting overall spheroid size. None of the evaluated
triazole derivatives significantly inhibited the growth or viability of A549 spheroids.

In conclusion, the novel triazole derivatives IT164, IT165 and IT168 exhibited notable anticancer activity in 3D
cultures, suggesting potential applications in future therapeutic development.

[1] Bray, F., Laversanne, M., Sung, H., Ferlay, J., Siegel, R. L., Soerjomataram, I., & Jemal, A. (2024). Global cancer statistics 2022: GLOBOCAN estimates
of incidence and mortality worldwide for 36 cancers in 185 countries. CA: A Cancer Journal for Clinicians, 74(3), 229 –263.
[2] Foulkes, W. D., Smith, I. E., & Reis-Filho, J. S. (2010). Triple-Negative Breast Cancer. The New England Journal of Medicine, 363(20), 1938–1948.
[3] Surveillance, Epidemiology, and End Results (SEER) Program. (2024). SEERStat Database: Incidence - SEER Research Data, 8 Registries, Nov 2023
Sub (1975-2021). National Cancer Institute, DCCPS, Surveillance Research Program.
[4] Saginala, K., Barsouk, A., Aluru, J. S., Rawla, P., & Barsouk, A. (2021). Epidemiology of Melanoma. Medical Sciences, 9(4 ), 63.
[5] Lee, Y. T., Tan, Y. J., & Oon, C. E. (2018). Molecular targeted therapy: Treating cancer with specificity. European Journ al of Pharmacology, 834,
188–196.
[6] Kapałczyńska, M., Kolenda, T., Przybyła, W., Zajączkowska, M., Teresiak, A., Filas, V., ... & Lamperska, K. (2018). 2D and 3D cell cultures–a
comparison of different types of cancer cell cultures. Archives of medical science, 14(4), 910 -919.
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Although in recent years increased a�en�on has been paid to expanding the possibilities for diagnosis and
therapy of malignant tumours, pancreatic ductal adenocarcinoma (PDAC) remains one of the most aggressive types of
cancer, ranking highly on the list of the deadliest malignant tumours [1]. The peculiarities of the pancreatic environment
and the tumour itself make it par�cularly resistant to chemotherapy, requiring an effective and innovative targeted
therapy approach [2]. One of the strategies for targeted therapy is aptamers and their conjugates. Aptamers are single-
stranded oligonucleotides that, due to their unique three-dimensional structure, can bind to target molecules with high
affinity and selec�vity. Although they can serve as ac�ve substances on their own, conjugating them with auxiliary and
pharmaceu�cal molecules allows for the development of targeted drug delivery systems. GreenB1 is an integrin β1
(ITGB1) specific aptamer [3, 4], and, since ITGB1 is often overexpressed in tumour cells, its characterisation in various
model systems and conditions would enable understanding of integrin expression and GreenB1’s poten�al application
as a vector for targeted therapy. Organoid culture systems have emerged as a robust complement to studies performed
in immortalised cell lines and animal models. These self-organising 3D cellular structures more accurately recapitulate
the structural and func�onal properties of the original tissue compared to conventional 2D cultures [5]. Subsequently,
these structures can be deployed within microfluidic organ-on-a-chip (OoC) systems to evaluate cellular responses
under dynamic physiological conditions. The use of various PDAC cell lines, organoids, and OoC model systems would
provide in-depth information about the GreenB1 aptamer’s ability to bind to tumour cells, depending on environmental
conditions.

The aim of the current study was to characterise the affinity of GreenB1 in PDAC cell lines and organoids obtained
from patient biopsies under static and microfluidic conditions, for possible development of a targeted drug delivery
approach.

Experimental condition optimisation and GreenB1 affinity testing for established cancer cell lines (CAPAN, MIA-
PaCa), primary patient-derived PDAC and normal pancreatic organoid cultures were done using ImagestreamX MarkII
(Cytek Biosciences) imaging flow cytometer (FC). OoC model systems with and without endothelial channels were
established using 4-channel CellBox Labs microfluidic chips. GreenB1 binding validation in microfluidic conditions was
assessed using immunofluorescence analysis (IF). Fluorescence signal of GreenB1 was amplified using Alexa FluorTM 488
Tyramide SuperBoostTM kit.

FC data indicate that Capan cells have a superior affinity for GreenB1; thus, further optimisation was performed
using the Capan cell line, where we found that one hour of 500nM staining yields the best results. Capan cells were
further used in an OoC system in which the binding of GreenB1-FAM could not be detected by IF due to low signal
intensity. Signal amplification enhanced the detection of GreenB1 binding in static conditions and enabled the
visualisation of aptamer binding to Capan cells in a PDAC OoC model.

GreenB1 binding conditions were optimised for the Capan cell line. Preliminary data demonstrate that GreenB1
binding is detectable in an OoC system. These findings support the feasibility of developing a further aptamer-based
targeted delivery approach in physiologically relevant conditions. The next objective is to conjugate GreenB1 to
extracellular vesicles to assess PDAC targeted drug delivery.

This study was funded by the project „Targe�ng pancreatic ductal adenocarcinoma on-a-chip with aptamer
guided extracellular vesicle delivery”, No. lzp-2024/1-0206.

[1] Shou, S., Liu, R., He, J., Jiang, X., Liu, F., Li, Y., Zhang, X., En, G., Pu, Z., Hua, B., Pang, B., & Zhang, X. (2025). Current and projected incidence rates
of pancreatic cancer in 43 countries: an analysis of the Cancer Incidence in Five Continents database. BMJ Open Gastroenterology, 12(1), e001544.
h�ps://doi.org/10.1136/bmjgast-2024-001544
[2] Kleeff, J., Korc, M., Apte, M., La Vecchia, C., Johnson, C. D., Biankin, A. V., Neale, R. E., Tempero, M., Tuveson, D. A., Hruban, R. H., & Neoptolemos,
J. P. (2016). Pancreatic cancer. Nature Reviews Disease Primers, 2(1). h�ps://doi.org/10.1038/nrdp.2016.22
[3] Pleiko, K., Saulite, L., Parfejevs, V., Miculis, K., Vjaters, E., & Riekstina, U. (2019). Differential binding cell-SELEX method to identify cell-specific
aptamers using high-throughput sequencing. Scientific Reports, 9(1). h�ps://doi.org/10.1038/s41598-019-44654-w
[4] Pleiko, K., Haugas, M., Parfejevs, V., Pantelejevs, T., Parisini, E., Teesalu, T., & Riekstina, U. (2023). Targeting triple-negative breast cancer cells
with a β1-integrin binding aptamer. Molecular Therapy - Nucleic Acids, 33, 871‒884. h�ps://doi.org/10.1016/j.omtn.2023.08.015

[5] Suarez-Martinez, E., Suazo-Sanchez, I., Celis-Romero, M., & Carnero, A. (2022). 3D and organoid culture in research: physiology, hereditary genetic
diseases and cancer. Cell & Bioscience, 12, 39. h�ps://doi.org/10.1186/s13578-022-00775-w
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Recently, a�en�on has shi�ed to developing sensi�ve, selec�ve dopamine (DA) sensors due to its key role as a
hormone and neurotransmi�er in regula�ng motor func�on, mood, and cogni�on. A proper DA balance in the body is
vital not only for physical but also for psychological well-being, as low DA concentra�ons have been strongly linked to
Parkinson’s disease, depression, and schizophrenia [1]. Conversely, elevated DA levels can lead to cardiotoxicity,
tachycardia, hypertension, and even heart failure [2]. Thus, the development of accurate, sensi�ve, and selec�ve DA
sensors is of paramount importance for �mely detec�on, early interven�on, and management of these condi�ons.
Electrochemical sensors offer a rapid, cost-effec�ve, and sensi�ve method for DA detec�on, with growing research
focused on improving their performance for clinical diagnos�cs [3-5]. However, despite substan�al progress, several
cri�cal challenges remain. Many sensors s�ll struggle to differen�ate DA from structurally similar interferents such as
ascorbic acid (AA), uric acid (UA), and other neurotransmi�ers (e.g., serotonin, norepinephrine), which exhibit
overlapping redox poten�als. Achieving high sensi�vity at nM concentra�ons, essen�al for early diagnosis, also remains
difficult [3]. To address these challenges, it is essen�al to develop scalable and cost-effec�ve synthesis and surface
modifica�on strategies for electrode materials used in electrochemical neurotransmi�er sensors, focusing on improving
selec�vity, reducing LOD, and achieving stable, reproducible, and environmentally sustainable sensor designs.

The aim of this study is to synthesize and characterize nitrogen- and boron-doped reduced graphene oxide and
to evaluate its electrochemical ac�vity toward dopamine detec�on. Graphene oxide was prepared by graphite oxida�on
using the Hummers method, followed by hydrothermal reduc�on and heteroatom doping employing indole and boric
acid as dopant sources. Structural, chemical, and textural proper�es of the synthesized materials were inves�gated by
Raman spectroscopy, X-ray photoelectron spectroscopy, nitrogen adsorp�on-desorp�on analysis, and scanning
electron microscopy. XPS results confirmed the successful incorpora�on of nitrogen and boron into the graphene
framework through the forma�on of C-N and C-B bonds, while Raman analysis indicated disrup�on of the π-conjugated
system due to defect forma�on. All samples exhibited slit-like porous structures characterized by H3-type hysteresis
loops. Electrochemical evalua�on demonstrated that nitrogen and boron co-doped reduced graphene oxide exhibits
enhanced electrochemical performance and represents the most promising material for dopamine sensing applica�ons.

[1] Desai D., Patel J., Saiyed F., Upadhyay H., Kariya P., Patel J. (2024) A Literature Review on Holis�c Well-Being and Dopamine Fas�ng: An
Integrated Approach. Cureus, 16, e61643.
[2] Juárez Olguín H., Calderón Guzmán D., Hernández García E., Barragán Mejía G. (2016) The Role of Dopamine and Its Dysfunc�on as a
Consequence of Oxida�ve Stress. Oxida�ve medicine and cellular longevity, 2016, 9730467.
[3] Lakard S., Pavel I.A., Lakard B. (2021) Electrochemical Biosensing of Dopamine Neurotransmi�er: A Review. Biosensors, 11(6), 179.
[4] Gaidukevic J., Aukstakojyte R., Barkauskas J., Niaura G., Murauskas T., Pauliukaite R. (2022) A novel electrochemical sensor based on thermally
reduced graphene oxide for the sensi�ve determina�on of dopamine. Applied Surface Science, 592, 153257.
[5] Rimkute G., Pauliukaite R., Niaura G., Barkauskas J., Gaidukevic J. (2025) Synthesis and characteriza�on of exfoliated graphite-polypyrrole
composites as ac�ve electrode materials for the detec�on of dopamine. Applied Surface Science, 686, 162107.
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During the constant ba�le between bacteria and bacteriophages, bacteria have evolved a plethora of anti-phage
defense systems. While restric�on-modifica�on, and CRISPR-Cas systems have been characterized to various extents,
there remain completely uncharacterized and novel anti-phage defense systems. One of these systems, named after
the Slavic goddess, protector of women’s des�ny, Mokosh, is a family of defense systems that is evolu�onarily linked to
eukaryo�c immune system proteins, more specifically anti-transposon piwi-interac�ng RNA pathway proteins [1]. The
Mokosh type I system is one of two in the Mokosh family and contains two proteins MkoA and MkoB, which contain
four predicted domains (STK, RNA helicase, HTH, PLD, fig. 1) [2].

The primary aim of this study is to examine the specifics of each domain and its func�on. Here we present our
findings on the Mokosh type I defense system, focusing mostly on in vitro experiments. Firstly, we op�mized the
expression of the proteins MkoA and MkoB in E. coli using different strains. Addi�onally, a�er successfully purifying
both proteins together, two mutants were selected and purified as well. Subsequently, we tested different nucleic acid
substrates using denaturing urea polyacrylamide gel electrophoresis, possible inhibitory mechanisms and nucleo�de
hydrolysis with microplate assays, as well as iden�fying possible oligomeriza�on states using mass photometry and SEC-
MALS.

This research unveils a new poten�al tool for biotechnology and could provide new insights into the evolu�on of
eukaryo�c immune system proteins. Our gathered data serves as a valuable first step in understanding the Mokosh type
I an�-phage system and its mechanisms of ac�on.

Figure 1. Schema�c representa�on of Mokosh type I predicted domain organiza�on.

[1] Cury, Jean, et al. “Conservation of An�viral Systems across Domains of Life Reveals Immune Genes in Humans.” Cell Host & Microbe, vol. 32, no.
9, 28 Aug. 2024, pp. 1594-1607.e5, https://doi.org/10.1016/j.chom.2024.08.002
[2] Millman, Adi, et al. “An Expanded Arsenal of Immune Systems That Protect Bacteria from Phages.” Cell, vol. 30, no. 11, 1 Nov. 2022, pp. 1556-
1569.e5, h�ps://doi.org/10.1016/j.chom.2022.09.017.
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Currently there are over 200 known natural  RNA modifications,  80%  of them are found on tRNA
molecules,  which  maintain  their  stability  and  functionality  [1].  One  of  these  tRNA  post-transcriptional
modifications is 3-(3-amino-3-carboxypropyl) uridine (acp3Ud), it is important for cell growth in prokaryotes
and eukaryotes alike. This modification likely inhibits Watson-Crick base pairing between N3 atom of uracil, in
turn increasing  the melting  point  of  tRNA.  It  is  known that Escherichia coli encodes tapT (tRNA-uridine
aminocarboxypropyltransferase), which modifies U47 in the variable loop of tRNA using S-
adenosylmethionine (SAM) as a 3-amino-3-carboxypropyl donor, creating acp3U47. Meanwhile in humans,
mice and Drosophila melanogaster this modification occurs in positions U20 and U20a [2]. However, nothing
is known about the fate of this modification when tRNA is no longer needed and enzymes which cleave the N-
glycosidic bond between the modified uracil and ribose. Therefore a thorough search for acp3Ud
metabolizing enzymes in soil bacteria was conducted.

Soil and water sample screening revealed a total of 5 samples, which exhibited degradation of acp3Ud.
After successfully isolating several  microorganisms,  sequencing results unveiled that they belong to the
Aminobacter genus,  which  hydrolyze  the  N-glycosidic  bond  in  acp3Ud.  Three  genes,  two  of  which  are
ribonucleoside  hydrolases  (reaction  scheme shown  in  Figure  1),  were  selected  as  being  responsible  for
enzymatic degradation of acp3Ud and their expression was successfully induced. Current research efforts are
focused on purifying these enzymes, capable of metabolising acp3Ud.

In  summary,  this  study aims to identify  microorganisms responsible  for  catabolising  acp3Ud  and
uncovering enzymes cleaving the carbon-nitrogen bond between the nitrogenous base and its modification.

[1] Sordyl, D., Boileau, E., Bernat, A., Maiti, S., Mukherjee, S., Moafinejad, S.N., Farsani, M.A., Shavina, A., Cappannini, A., Agostini, G.,

Conticello, S.G., Stefaniak, F., Dieterich, C., Purta, E., & Bujnicki, J.M. (2025). MODOMICS: a database of RNA modifications and related
information. 2025 update and 20th anniversary. Nucleic Acids Res.

[2] Takakura, M., Ishiguro, K., Akichika, S., Miyauchi, K., & Suzuki, T. (2019). Biogenesis and functions of aminocarboxypropyluridine in

tRNA. Nat Commun 10, 5542.
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Bacteriophages are the most abundant and ubiquitous biological en��es on Earth. Recent large-scale genomic
studies have iden�fied more than 100,000 ly�c phage genomes found in the cells beside bacterial hosts DNA, further
expanding the known diversity of bacteriophages [1]. Due to their extensive gene�c variability and high bioavailability,
bacteriophages represent a major poten�al resource for biotechnological and medical applica�ons. Especially as risks
in medical and agriculture fields rise due to antibio�c resistance.

Phages are cellular parasites proficient in their host targeting strategy. Their sole purpose is to successfully
replicate by overriding host internal systems. To facilitate this process, phages encode specialized proteins that interfere
with host cellular systems, mainly essen�al ones, such as nucleo�de synthesis [2]. These proteins play a crucial role in
modula�ng host physiology during infec�on and are of par�cular interest for applied research, as they may reveal
phage-specific mechanisms that determine infec�on efficiency, host specificity, or suscep�bility

ArnA is a bifunc�onal polymyxin resistance protein that is encoded in the genome of Escherichia coli K-12 [3].
This enzyme causes resistance to an�bio�c polymyxin B, which specifically targets the outer Gram – nega�ve bacteria
membrane [4]. The poten�al spread of resistance genes raises risks in trea�ng Gram-nega�ve bacterial infec�ons and
ensuring the safety of food supply. Polymyxin class an�biotics are considered as last resort.

Here we propose strategy and results from inves�ga�ng interac�on between the small uncharacterized phage
protein and the bifunc�onal Escherichia coli protein ArnA. The analysis consists of informa�on gathered from both in
vitro and in vivo experiments, such as pull-down assay, protein–protein interac�on analysis using the bacterial adenylate
cyclase two-hybrid (BACTH) system, as well as evalua�on of protein interac�on effect on an�bio�c resistance using disk
diffusion assay.

[1] A. Perfilyev et al., “Large-scale analysis of bacterial genomes reveals thousands of ly�c phages,” Nat Microbiol, vol. 11, no. 1, pp.
42–52, Dec. 2025, doi: 10.1038/s41564-025-02203-4.
[2] Jacobson TB, Callaghan MM, Amador-Noguez D. Hos�le Takeover: How Viruses Reprogram Prokaryo�c Metabolism. Annu Rev
Microbiol. 2021 Oct 8;75:515-539. doi: 10.1146/annurev-micro-060621-043448. Epub 2021 Aug 4. PMID: 34348026.
[3] Sasal WM, Gmiter D, Kaca W. Polymyxin resistance in Gram-nega�ve bacteria: a comprehensive review with a focus on the role
of 4-amino-4-doexy-L-arabinose. Mol Biol Rep. 2025 Dec 29;53(1):223. doi: 10.1007/s11033-025-11368-4. PMID: 41460537; PMCID:
PMC12748117.
[4] L. Poirel, A. Jayol, and P. Nordmann, “Polymyxins: Antibacterial Activity, Suscep�bility Testing, and Resistance Mechanisms
Encoded by Plasmids or Chromosomes,” Clin Microbiol Rev, vol. 30, no. 2, pp. 557–596, Apr. 2017, doi: 10.1128/CMR.00064-16.
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Clustered regularly interspaced short palindromic repeats (CRISPR), together with CRISPR-associated (Cas)
proteins, defend prokaryotes against viral infec�ons by specifically recognizing and cleaving invading nucleic acids.
Based on the architecture of the interference complexes and signature proteins, CRISPR-Cas systems are classified into
seven types [1]. In type III CRISPR-Cas systems, the recognition of viral transcripts by the interference complex ini�ates
the synthesis of cyclic oligoadenylates (cOAs). These second messengers bind to the sensory domains of downstream
effector proteins, thereby ac�va�ng their effector domains. Ac�vated effectors disrupt the bacteriophage infec�on
cycle through diverse mechanisms, including DNA or RNA cleavage [2], inhibi�on of transcrip�on [3] or transla�on [4],
ATP deamina�on [5], or degrada�on of NAD⁺ [6].

The diversity of type III CRISPR–Cas auxiliary effectors con�nues to grow, with recent systema�c analyses of
previously unannotated genes within CRISPR–Cas iden�fying novel effector proteins [7]. These novel effectors are
predicted to display biochemical ac�vi�es that have not previously been associated with CRISPR-Cas immunity, thus
their part in type III CRISPR–Cas-mediated defense remains largely unknown.

In this study, we present the first insights into novel type III CRISPR–Cas effector proteins. The effects of ac�va�on
of puta�ve effectors on bacterial viability were evaluated in a heterologous Escherichia coli host using a plasmid-based
system for cOA produc�on, as described in [4]. Effector proteins exhibi�ng func�onal ac�vity were subsequently
purified by affinity chromatography and submitted for further biochemical characteriza�on.

[1] Makarova, K. S., Shmakov, S. A., Wolf, Y. I., Mutz, P., Altae-Tran, H., Beisel, C. L., Brouns, S. J. J., Charpen�er, E., Cheng, D., Doudna, J.,et al. &
Koonin, E. V. (2025) An updated evolu�onary classification of CRISPR–Cas systems including rare variants. Nature Microbiology 10(12):3346-3361.

[2] Stella, G., & Marraffini, L. (2024). Type III CRISPR-Cas: Beyond the Cas10 effector complex. Trends in Biochemical Sciences, 49(1), 28–37.
[3] Smalakyte, D., Ruksenaite, A., Sasnauskas, G., Tamulai�ene, G., Tamulai�s, G. (2024). Filament forma�on ac�vates protease and ring nuclease
ac�vi�es of CRISPR Lon-SAVED. Molecular Cell, 84(21), 4239-4255.
[4] Mogila, I., Tamulai�ene, G., Keda, K., Timinskas, A., Ruksenaite, A., Sasnauskas, G., Venclovas, Č., Siksnys, V., & Tamulai�s, G. (2023). Ribosomal
stalk-captured CARF-RelE ribonuclease inhibits transla�on following CRISPR signaling. Science, 382(6674), 1036–1041.
[5] Whyms, C., Addo-Yobo, D., He, H., Whi�ngton, A. C., Trasanidou, D., Salazar, C. R. P., Staals, R. H. J., Li, H. (2025). The twist-and-squeeze ac�vation
of CARF-fused adenosine deaminase by cyclic oligoadenylates. The EMBO Journal, 44, 6919-6943.
[6] Baca, C. F., Majumder, P., Hickling, J. H., Patel, D. J., Maraffini, L. A. (2025). Cat1 forms filament networks to degrade NAD+ during the type III
CRISPR-Cas an�viral response. Science, 388(6752), eadv9045.
[7] Altae-Tran, H., Kannan, S., Suberski, A. J., Mears, K. S., Demircioglu, F. E., Moeller, L., Kocalar, S., Oshiro, R., Makarova, K. S., Macrae, R. K., Koonin,
E. V., & Zhang, F. (2023). Uncovering the func�onal diversity of rare CRISPR-Cas systems with deep terascale clustering. Science, 382(6673).
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The an�bio�c resistance of Staphylococcus aureus bacteria (e.g., the spread of MRSA strains) remains a
significant clinical and public health issue; consequently, there is an increasing focus on alterna�ve an�microbial
strategies, including the neutraliza�on of virulence factors and their understanding [1]. One of the most cri�cal
virulence factors is��-hemolysin (Hla), a pore-forming toxin that inserts into host cell membranes and oligomerizes
into heptameric transmembrane pores, thereby compromising their barrier integrity and inducing cell lysis or death
[2]. Since Hla pore forma�on is modulated by the lipid composi�on of the membrane, this study examined three
tethered bilayer lipid membrane (tBLM) models with different composi�ons: phospha�dylcholine:cholesterol
(PC:Chol), red blood cell (RBC) mimicking, and brain capillary endothelial cell (BCEC) mimicking membranes.

In this study, tBLMs were formed on func�onalized gold electrodes via vesicle fusion. Vesicle solu�ons of
varying composi�ons were u�lized: a PC:Chol mixture (60:40 mol. %), an RBC composi�on (Chol:SM:PC:PE:PS,
45:15:15:15:10 mol. %), and a BCEC composi�on (Chol:SM:PC:PE:PS, 30:20:20:20:10 mol. %). The forma�on of the
tBLMs and the interac�on of �-hemolysin with these phospholipid membranes were monitored via electrochemical
impedance spectroscopy (EIS). Spectra were recorded in complex impedance coordinates across a frequency range
of 0.1 Hz to 100 kHz, with the resul�ng data presented in complex capacitance and Bode phase plots. Experimental
EIS data were modeled using custom Python-based so�ware and a physical tBLM impedance model, which enabled
the es�ma�on of defect (pore) probability density func�ons P(Ndef) and the calcula�on of the average defect density
⟨Ndef⟩ [3].

Based on the EIS data and subsequent modeling, three dis�nct tBLM composi�ons were formed on gold
electrodes: PC:Chol (60:40 mol. %), RBC-type, and BCEC-type lipid composi�ons. Their baseline (natural) defect
densi�es, es�mated from EIS modelling were 0.111; (SD = 0.059), 0.119; (SD = 0.165) and 0.281; (SD = 0.322)��m-2,
respec�vely. Further inves�ga�on into the interac�on with Hla revealed that Hla-induced defects (pores) exhibit a
heterogeneous distribu�on across all tested membrane composi�ons [4], independent of the Hla concentra�on
(range 1–150 nM). Nevertheless, based on the average defect density ⟨Ndef⟩, the lowest detectable Hla concentra�on
was observed in BCEC-type membranes (1 nM), whereas for RBC-type and PC:Chol tBLMs, the detec�on threshold
was higher (5 nM). The RBC and BCEC mimicking tBLMs demonstrated significantly higher sensi�vity than in the
PC:Chol tBLM: once the cri�cal concentra�on was reached, ⟨Ndef⟩ increased more steeply. An upper-limit plateau in
average defect densi�es was observed at 50–150 nM across all tBLM composi�ons. The maximum defect density
(satura�on) was highest in the RBC model, reaching approximately 40 defects/�m-2, whereas the BCEC mimicking
tBLM and the control PC:Chol model plateaued at 10–20 defects/�m-2.

These results demonstrate that the lipid composi�on of the membrane cri�cally modulates the extent of Hla-
induced damage, while biomimetic tBLM models provide a robust platform for comparing toxin ac�vity across
various biologically relevant membrane composi�ons.

[1] Lakhundi, S., & Zhang, K. (2018). Methicillin-resistant Staphylococcus aureus: Molecular characteriza�on, evolu�on, and epidemiology.
Clinical Microbiology Reviews, 31(4), e00020-18.
[2] Dal Peraro, M. and van der Goot, F. G. (2016). Pore-forming toxins: ancient, but never really out of fashion. Nature Reviews Microbiology,
14(2), pp. 77–92. doi: 10.1038/nrmicro.2015.3.
[3] Ambrulevicius, F. and Valincius, G. (2022). Electrochemical impedance spectrum reveals structural details of distribu�on of pores and defects
in supported phospholipid bilayers. Bioelectrochemistry, 146, 108092. h�ps://doi.org/10.1016/j.bioelechem.2022.108092
[4] Valincius, G., Mickevicius, M., Penkauskas, T. and Jankunec, M. (2016). Electrochemical Impedance Spectroscopy of Tethered Bilayer
Membranes: An Effect of Heterogeneous Distribution of Defects in Membranes. Electrochimica Acta, 222, pp. 904–913.
h�p://dx.doi.org/10.1016/j.electacta.2016.11.056.
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Epoxides have a wide range of uses across different industries. They are desirable intermediates in drug
synthesis due to versatile ring-opening reactions. Chiral epoxides are attractive intermediates in
pharmaceutical synthesis because, depending on their (S) or (R) configuration, active pharmaceutical
ingredients (APIs) can have vastly different effectiveness [1].This research studies PmlABCDEF (PML for short)
monooxygenase, which can oxidize a wide range of substrates, including ones bearing C=C double bond,
resulting in a chiral epoxide. PML exhibits regio- and stereoselective epoxidation, but for some targeted
substrates, these properties are suboptimal [2]. Our objective is to create a PML monooxygenase mutant that
can oxidize selected alkene substrates with higher enantioselectivity than wild type enzyme.

Using site-directed mutagenesis with our designed primers in PCR, we created PML monooxygenase
mutant library. These mutants were screened with four selected alkene substrates, to determine whether
epoxidation activity was present, we performed a color reaction with 4-(4-nitrobenzyl)pyridine. For mutants
that showed epoxidation activity with selected substrates, biocatalytic reaction products were extracted with
ethyl acetate and analyzed by thin-layer chromatography and high-performance liquid chromatography
(HPLC) coupled with MS/UV-VIS spectrometers.

Of the 19 created PML monooxygenase mutants, 11retained the ability to oxidize the C=C double bond
to an epoxide. Further investigation is needed to determine how these mutations affected regio and
stereoselectivity.

FFiigguurree 11.. Schematic representation of the biocatalytic oxidation performed using PmlABCDEF
monooxygenase.

[1] Gomes AR, Varela CL, Tavares-da-Silva EJ, Roleira FMF. Epoxide containing molecules: A good or a bad drug design approach. Eur J
Med Chem 2020;201. https://doi.org/10.1016/ j.ejmech.2020.112327.
[2] Mačiuitytė G, Malikėnas M, Meškys R, Petkevičius V. A non-heme diiron monooxygenase PmlABCDEF enables access to selective
oxidation of O-alkenyl substituted pyridines. Molecular Catalysis 2025;574. https:/ /doi.org/10.1016/ j.mcat.2025.114866.



8E
CHARACTERIZATION OF A NON-CANONICAL TYPE IV-A1 CRISPR-CAS

SYSTEM
Gintarė Žvejytė, Rimvydė Čepaitė, Aistė Skorupskaitė, Patrick Pausch

Life Sciences Centre - European Molecular Biology Laboratory (LSC-EMBL) Partnership Ins�tute for Genome Edi�ng
Technologies, Vilnius University, Vilnius, Lithuania

gintare.zvejyte@gmc.stud.vu.lt

CRISPR-Cas systems provide adap�ve immunity against mobile gene�c elements in bacteria and archaea. Among
them, type IV-A1 CRISPR-Cas systems are dis�nct from other CRISPR types in that they lack canonical DNA or RNA
nuclease ac�vity. Instead, these mul�subunit complexes recruit a DinG helicase, which unwinds target DNA and induces
transcrip�onal interference rather than cleavage, stopping the infec�on [1][2].

Structural and biochemical studies have primarily focused on canonical type IV-A1 systems, which employ a Cas8
homolog in combina�on with a Cas5 to mediate protospacer adjacent mo�f (PAM) recogni�on [3][4]. In contrast, a
recently reclassified non-canonical type IV-A1 system – formerly designated type IV-A2 – remains largely unexplored
[1]. For a long �me, it was accepted that these systems lack a Cas8 homolog, sugges�ng an alterna�ve mechanism of
target recogni�on [5]. However, it was shown that non-canonical type IV-A1 systems consistently co-occur with a small,
conserved, cas8-like gene located adjacent to the cas operon and transcribed in the opposite orienta�on. Elucida�ng
the func�on of the protein encoded by this gene may reveal a previously unrecognized component of type IV-A1
interference and expand our understanding of CRISPR-Cas systems diversity.

The aim of this study is to elucidate the structural basis and mechanism of ac�on of a non-canonical type IV-A1
CRISPR-Cas system. Here, we present early structural and mechanis�c characteriza�on of a representa�ve system using
cryo-electron microscopy, complemented with func�onal analyses to probe target recogni�on and interference.

[1] Makarova, K. S., Shmakov, S. A., Wolf, Y. I., Mutz, P., Altae-Tran, H., Beisel, C. L., Brouns, S. J. J., Charpen�er, E., Cheng, D., Doudna, J., Ha�, D. H.,
Horvath, P., Moineau, S., Mojica, F. J. M., Pausch, P., Pinilla-Redondo, R., Shah, S. A., Siksnys, V., Terns, M. P., . . . Koonin, E. V. (2025). An updated
evolu�onary classifica�on of CRISPR–Cas systems including rare variants. Nature Microbiology. h�ps://doi.org/10.1038/s41564-025-02180-8
[2] Crowley, V. M., Catching, A., Taylor, H. N., Borges, A. L., Metcalf, J., Bondy-Denomy, J., & Jackson, R. N. (2019). A Type IV-A CRISPR-Cas System in
Pseudomonas aeruginosa Mediates RNA-Guided Plasmid Interference In Vivo. The CRISPR Journal, 2(6), 434–440.
h�ps://doi.org/10.1089/crispr.2019.0048
[3] Čepaitė, R., Klein, N., Mikšys, A., Camara-Wilpert, S., Ragožius, V., Benz, F., Skorupskaitė, A., Becker, H., Žvejytė, G., Steube, N., Hochberg, G. K.
A., Randau, L., Pinilla-Redondo, R., Malinauskaitė, L., & Pausch, P. (2024). Structural varia�on of types IV-A1- and IV-A3-mediated CRISPR interference.
Nature Communica�ons, 15(1). h�ps://doi.org/10.1038/s41467-024-53778-1
[4] Cui, N., Zhang, J.-T., Liu, Y., Liu, Y., Liu, X.-Y., Wang, C., Huang, H., & Jia, N. (2023). Type IV-A CRISPR-Csf complex: Assembly, dsDNA targe�ng, and
CasDinG recruitment. Molecular Cell. h�ps://doi.org/10.1016/j.molcel.2023.05.036
[5] Pinilla-Redondo, R., Mayo-Muñoz, D., Russel, J., Garre�, R. A., Randau, L., Sørensen, S. J., & Shah, S. A. (2019). Type IV CRISPR–Cas systems are
highly diverse and involved in compe��on between plasmids. Nucleic Acids Research, 48(4), 2000–2012. h�ps://doi.org/10.1093/nar/gkz1197
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The ongoing arms race between bacteria and bacteriophages has led to the development of various defense
strategies in bacteria. Prokaryotes have evolved mechanisms to terminate viral infec�on at mul�ple stages of the phage
life cycle. Modifica�on or masking of cell surface receptors prevents phage recogni�on, while superinfec�on exclusion
systems (Sie) block the injection of bacteriophage nucleic acids if recogni�on occurs. Restric�on-modifica�on and the
adap�ve CRISPR-Cas systems target foreign nucleic acids that have entered the cell, and secondary metabolites can
inhibit viral replica�on or transcrip�on. Finally, abor�ve infec�on (Abi) systems halt bacteriophage propaga�on by
inducing cell dormancy or programmed cell death [1].

It is now known that genes encoding these an�viral defense systems tend to cluster in regions called defense
islands within the bacterial genome [2]. This observa�on has facilitated the discovery of previously unknown defense
systems around already characterized defense genes. A four-gene operon, QatABCD, is one of the novel defense systems
iden�fied this way [3]. However, its precise mechanism of ac�on remains unclear.

In this study, we inves�gate the effects of QatABCD components on Escherichia coli cell viability to determine a
poten�al effector of the system. The growth of bacterial cells carrying plasmids with different dele�on variants of the
operon was monitored by measuring op�cal density in a plate reader under uninfected condi�ons. Addi�onally, phage
infec�on dynamics were evaluated at varied mul�plici�es of infec�on (MOIs) using cells expressing the full QatABCD
system. We find that specific QatABCD constructs differen�ally affect cell viability, poin�ng to candidate effector
components of the system.

[1] Isaev, A. B., Musharova, O. S., & Severinov, K. V. (2021). Microbial Arsenal of An�viral Defenses – Part I. Biochemistry (Moscow), 86(3), 319–337.
[2] Makarova, K. S., Wolf, Y. I., Snir, S., & Koonin, E. V. (2011). Defense Islands in Bacterial and Archaeal Genomes and Predic�on of Novel Defense
Systems. Journal of Bacteriology, 193(21), 6039–6056.
[3] Gao, L., Altae-Tran, H., Böhning, F., Makarova, K. S., Segel, M., Schmid-Burgk, J. L., Koob, J., Wolf, Y. I., Koonin, E. V., & Zhang, F. (2020). Diverse
Enzyma�c Ac�vities Mediate An�viral Immunity in Prokaryotes. Science (New York, N.Y.), 369(6507), 1077–1084.
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Aceruloplasminemia (ACP) is a rare, autosomal recessive neurodegenerative disorder caused by
muta�ons in the ceruloplasmin (CP) gene, leading to iron buildup in the brain, liver, and pancreas. Current
therapies, including iron chelation and enzyme replacement, offer limited clinical benefits. To tackle these
challenges, we aim to develop a comprehensive gene therapy approach tailored for ACP.

Our strategy employs patient-derived induced pluripotent stem cells (iPSCs) and mouse organotypic brain
slices to investigate and correct CP deficiency. We aim to restore CP func�on using two complementary delivery
pla�orms: neurotropic, non-replicating HSV-1 vectors for targeted delivery of genome-editing tools to neural
tissue, and lipid nanoparticles (LNPs) for delivering CRISPR prime editing components. Prime editors enable
precise correc�on of point mutations in the CP gene, overcoming limitations of earlier CRISPR technologies. Lipid
compositions for LNP formulations will be optimized to enhance delivery efficiency and tissue targe�ng, with a
focus on the brain.

Our study evaluates HSV-mediated delivery of gene editing components into patient-derived iPSCs and
explores LNP-mediated delivery in mouse organotypic brain slices. By comparing these delivery pla�orms, we
aim to determine the best strategy that combines the most effective genome-editing method with the most
efficient delivery system, enabling assessment of therapeutic poten�al at both molecular and functional levels.
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The ongoing co -evolu�onary arms race between bacteria and bacteriophages has led to the
development of various defense and a�ack strategies. One of the bacterial defense systems against phages is
CRISPR -Cas. This system detects and integrates invading DN A into the CRISPR array . The transcript of the
CRISPR array is processed into small cr RNA molecules , which together with Cas proteins form
ribonucleoprotein effector complexes. Guided by crRNAs, these complexes recognize and cleave
complementary phage DNA, thereby providing adap�ve immunity [1]. To overcome CRISPR -Cas –mediated
defense, bacteriophages have evolved an� -CRISPR (Acr ) proteins that inhibit CRISPR -Cas ac�vity, most
commonly by preven�ng target DNA binding or nuclease func�on [2]. Beyond their biological relevance, Acr
proteins have a�racted considerable interest as regulators of CRISPR -Cas –based genome edi�ng
tech nologies [3 ,4]. Despite the rapid expansion in the number of iden�fied Acr proteins, detailed molecular
mechanisms of inhibi�on have been elucidated for only a small subset [4].

In this study, we analyse the inhibi�on mechanism of a previously uncharacterized AcrIF protein
targe�ng the type I -F CRISPR -Cas system . In vivo ac�vity assays demonstrate that this AcrIF protein inhibits
the CRISPR ribonucleoprotein effector complex. The protein was purified using liquid chromatography, and its
inhibitory ac�vity was assessed through a series of biochemical assays. Our current data indicates a unique
mode of ac�on for this AcrIF protein, the molecular basis of which we aim to elucidate.

[1] Amitai, G., & Sorek, R. (2016). CRISPR –Cas adapta�on: Insights into the mechanism of ac�on. Nature Reviews Microbiology, 14(2),
67–76.
[2] Davidson, A. R., Lu, W. -T., Stanley, S. Y., Wang, J., Mejdani, M., Trost, C. N., Hicks, B. T., Lee, J., & Sontheimer, E. J. (2020). An� -
CRISPRs: Protein Inhibitors of CRISPR -Cas Systems. Annual Review of Biochemistry, 89(Volume 89, 2020), 309 –332.
[3] Liu, G., Lin, Q., Jin, S., & Gao, C. (2022). The CRISPR -Cas toolbox and gene edi�ng technologies. Molecular Cell, 82(2), 333 –347.
[4] Jia, N., & Patel, D. J. (2021). Structure -based func�onal mechanisms and biotechnology applica�ons of an� -CRISPR proteins. Nature
Reviews Molecular Cell Biology, 22(8), 563 –579.
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Lactose, a disaccharide composed of glucose and galactose residues, is a primary component of milk and a
significant energy source in the human diet. However, as lactose intolerance affects a significant por�on of the global
popula�on, the dairy industry is increasingly priori�zing the produc�on of lactose-reduced and lactose-free
alterna�ves. [1] Consequently, the development of methods for the rapid and accurate detec�on of lactose levels is
essen�al for industrial quality control and consumer safety. [2]

Figure 1. The schema�c presenta�on of the dual-channel electrochemical biosensor

In this work, we developed a dual-channel biosensor capable of simultaneously quan�fying lactose and glucose
concentra�ons. The sensor architecture is composed of two gold working electrodes modified with gold nanopar�cles
and a polynoradrenaline layer sensi�ve to molecular oxygen. To achieve this selectivity, the first electrode was
func�onalized with a bi-enzyma�c system (β-galactosidase and glucose oxidase), while the second electrode was
func�onalized solely with glucose oxidase. Addi�onally, both electrodes were covered with a regenerated cellulose
membrane. This configura�on enables the parallel detection of both analytes by monitoring the enzyma�c depletion
of molecular oxygen. The biosensor was characterized, and its performance was validated using real milk samples,
demonstra�ng high selec�vity, sufficient sensi�vity and prac�cal feasibility for lactose detec�on in milk products.

Acknowledgement: This work was funded by the “Nanostructured Bioconjugates for Quantum Bioelectronics” project,
which has received funding from the Research Council of Lithuania (LMTLT), agreement no. S-ITP-25-11.

[1] Dekker, P. J. T., Koenders, D., & Bruins, M. J. (2019). Lactose-Free Dairy Products: Market Developments, Produc�on, Nutri�on and Health
Benefits. Nutrients, 11(3), 551.
[2] Wijayanti, S. D., Tsvik, L., & Haltrich, D. (2023). Recent Advances in Electrochemical Enzyme-Based Biosensors for Food and Beverage Analysis.
Foods, 12(18), 3355.
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Indirubin is the main bioac�ve component of Indigo naturalis, a tradi�onal Chinese medicine, with an�-
inflammatory proper�es, and it also exhibits an�cancer ac�vity. In recent years, modified indirubin deriva�ves have
been shown to display even stronger anti-inflammatory and an�cancer effects [1]. Although indirubin deriva�ves are
well known as cyclin-dependent kinase inhibitors, accumula�ng evidence suggests that they may act through addi�onal
molecular mechanisms, many of which remain poorly understood. In this study, we aimed to inves�gate and compare
the effects of 5 indirubin deriva�ves (Fig. 1) on human cancer cells using transcriptomic analysis.

Human breast cancer MCF-7 cells were treated with five indirubin deriva�ves (1, 2, 2a, 2b and 2c). Three
biological replicates were performed for each condi�on. Total RNA was isolated from treated cells and RNA sequencing
was performed (Seqvision, Vilnius, Lithuania). Differen�al gene expression was calculated using the EPI2ME analysis
pla�orm provided by Oxford Nanopore Technologies. Func�onal analyses were performed using bioinforma�cs tools
including Metascape, GOrilla, STRING, and NDEx IQ.

Figure 1. Chemical structures of indirubin and its deriva�ves (1, 2, 2a, 2b and 2c).

We expect that RNA sequencing will reveal clear differences in gene expression between treated and control
samples. Func�onal enrichment analyses are expected to highlight pathways associated with mitochondrial func�on
and cellular stress responses. These changes are consistent with published data showing that water-soluble indirubin
deriva�ves nega�vely affect mitochondria, leading to their disrup�on, increased produc�on of reac�ve oxygen species
(ROS), and ac�va�on of the intrinsic apopto�c pathway. [2, 3]

[1] L. Yang, X. Li, W. Huang, X. Rao, ir Y. Lai, “Pharmacological proper�es of indirubin and its deriva�ves,” Biomed. Pharmacother., vol. 151, p. 113112,
July 2022, doi: 10.1016/j.biopha.2022.113112.

[2] F. Wendt et al., “A Thia-Analogous Indirubin N-Glycoside Disrupts Mitochondrial Func�on and Causes the Death of Human Melanoma and
Cutaneous Squamous Cell Carcinoma Cells,” Cells, vol. 12, no. 19, p. 2409, Jan. 2023, doi: 10.3390/cells12192409.

[3] A. T. Varela et al., “Indirubin-3’-oxime impairs mitochondrial oxida�ve phosphoryla�on and prevents mitochondrial permeability transi�on
induc�on,” Toxicol. Appl. Pharmacol., vol. 233, no. 2, pp. 179–185, Dec. 2008, doi: 10.1016/j.taap.2008.08.005.
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Inser�on sequences (IS) are a class of mobile gene�c elements found in bacteria that encode only the genes
required for their propaga�on and maintenance. IS elements belonging to the IS200/IS605 and IS607 families represent
some of the simplest known transposable elements and contain genes encoding the TnpA and TnpB proteins. While
TnpA has long been known to be indispensable for transposon excision and integra�on, TnpB proteins func�on in
transposi�on has remained elusive, although sequence analyses have indicated a possible evolu�onary connec�on to
CRISPR-Cas nucleases [1, 2].

At present, the most widely used CRISPR-Cas nucleases for genome edi�ng are Cas9 and Cas12a, which serve as
RNA-guided DNA endonucleases that cleave DNA in a PAM (Protospacer Adjacent Mo�f)-dependent manner. Although
highly efficient, these nucleases exhibit several limita�ons, including off-target ac�vity, PAM sequence requirements,
and delivery challenges associated with their large protein size. Consequently, there is a growing demand for the
development of alterna�ve genome-edi�ng tools.

Recent studies suggest that TnpB nucleases share a minimal structural and func�onal core with the Cas12 protein
family, showing the greatest similarity to Cas12f. Like Cas12 nucleases, TnpB is guided by the transposon right-end
element-derived reRNA and requires a TAM (Transposon-Associated Mo�f) adjacent to the reRNA-complementary
target site. TnpB-mediated DNA cleavage has been demonstrated in vitro as well as in bacterial and eukaryo�c cells [3,
4]. However, natural TnpB variants generally exhibit lower edi�ng efficiencies than larger Cas editors, and only a subset
of TnpB proteins are ac�ve in human cells. To improve TnpB-based tools, mutagenesis and screening can be performed
directly in cells providing func�onal confirma�on of nuclease ac�vity.

This study aimed to iden�fy TnpB proteins that are ac�ve in E. coli cells. A set of TnpB proteins were selected for
evalua�on using a survival-based assay. In this system, nuclease ac�vity enabled cell survival, whereas inac�ve proteins
resulted in cell death.

The results indicate that TnpB nucleases with differing TAM sequences are ac�ve in E. coli. Owing to their
compact size, simplified architecture, and programmable nuclease ac�vity, these TnpB proteins represent promising
candidates for protein-engineering efforts aimed at improving performance and expanding targeting range.
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Modern semiconductor manufacturing has approached a cri�cal bo�leneck due to the limits of extreme
ultraviolet (EUV) lithography, which uses 13.5 nm wavelength light to print nanometer-scale circuit pa�erns onto
silicon wafers. [1] Consequently, achieving smaller nanostructures on chips has become increasingly complex. To
advance the future of nanoelectronics, the objec�ve is to develop single-molecule transistors with a total footprint
below 10 nm [2]. Building on our previous theore�cal [3] and experimental [4] findings that proteins can func�on as
semiconductors, we explore a new fron�er in bioelectronics: using individual protein molecules as func�onal
transistors or molecular switches.

Figure 1. A schema�c presenta�on of a molecular switch based on SAM of the bioconjugated glucose oxidase

A primary challenge in molecular electronics is the reproducible a�achment of single molecules to electrodes
to create stable molecular junc�ons. In this study, we prepared a self-assembled monolayer (SAM) of glucose oxidase
bioconjugated with N-(ferrocenylmethyl)-6-aminohexanoic acid via an amide bond (Figure 1). The topographic
distribu�on of individual enzymes within the monolayer was verified using atomic force microscopy (AFM).

Furthermore, we demonstrated that direct charge transfer occurs across this bioconjugated enzyme monolayer
in the presence of glucose. We established that this charge transport can be modulated, effec�vely switched ON or
OFF, at electrochemical poten�als of 0 V and 0.4 V (vs. Ag/AgCl). These results indicate that this biostructure func�ons
as a substrate-powered molecular switch. This technology will provide a scalable pathway for developing single-
molecule, glucose-powered bioelectronics.

Acknowledgement: This work was funded by the “Nanostructured Bioconjugates for Quantum Bioelectronics”
project, which has received funding from the Research Council of Lithuania (LMTLT), agreement no. S-ITP-25-11.

[1] Kazazis, D., Garcia Santaclara, J., van Schoot, J., Mochi, I., & Ekinci, Y. (2024). Extreme ultraviolet lithography. Nature Reviews Methods Primers,
4, 84.
[2] Yi, L., Yang, Y., Zeng, B., Liu, X., Edel, J. B., Ivanov, A. P., & Tang, L. (2026). Single-molecule quantum tunnelling sensors. Chemical Society
Reviews, 55, 765–818.
[3] Bagdžiūnas, G., & Ramanavičius, A. (2019). Towards direct enzyme wiring: a theoretical inves�gation of charge carrier transfer mechanisms
between glucose oxidase and organic semiconductors. Physical Chemistry Chemical Physics, 21, 2968–2976.
[4] Vecelytė, G., Dudkaitė, V., Šedo, O., Zdráhal, Z., & Bagdžiūnas, G. (2025). Tyrosine-specific bioconjuga�on allowing hole hopping along aroma�c
chains of glucose oxidase. Materials Horizons, 12, 6301–6309.
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The main indica�ons of Alzheimer’s disease are the accumula�on of aggregates called amyloids in the brain, which cause
inflamma�on and neuronal damage [1]. One example are calcium binding and neuroinflamma�on associated S100A
proteins, whose aggregates are found in Corpora Amylacea, spherical bodies of unknown func�on and origin, that form
during the ageing process and several neurodegenera�ve disorders [2]. One of the ini�al causes that accelerates
amyloid fibril forma�on is the liquid-liquid phase separa�on (LLPS) process, where proteins form membraneless
droplets based on their affinity for each other and a crowded environment [3]. Presently, the rela�onship between LLPS
and amyloid aggrega�on of S100 protein is unknown, therefore, the goal of this study is to determine whether a specific
S100A4 member undergoes LLPS in a crowded environment and if it causes protein aggrega�on.

A construct S100A4 fused with an N-terminal eEGP construct was formed using restric�on-free cloning. A�er
successfully selec�ng posi�ve colonies, plasmids containing eGFP-S100A4 insert were purified and sequenced. For
protein expression, BL21 Star™ (DE3) E. coli cells were transformed with the pET28b plasmid, containing eGFP-S100A4.
Cells were grown un�l 0.6 optical density and protein produc�on was induced with 0.1 mM IPTG. Harvested cells were
lysed using sonica�on, and the soluble medium was separated via centrifuga�on. Then, the protein was applied to the
Ni-NTA column, and the eluted frac�ons were concentrated. eGFP-S100A4 was further purified by size exclusion and
ion exchange chromatography. Amyloid aggrega�on was monitored using amyloid-specific ThT dye. LLPS assay was
conducted using different concentra�ons of eGFP-S100A4 and S100A4 mixture (1:99 ratio) and different polyethylene
glycol (PEG) concentra�ons, which were used to imitate cellular environment. LLPS assay was observed using Olympus
IX83 fluorescence microscope.

Ini�ally, we observed that S100A4 does not aggregate in a non-crowded environment, except at low pH condi�ons. The
addi�on of PEG induced the forma�on of S100A4 droplets at all 4 different protein concentra�ons (25, 50, 75, 100 µM),
although the most prominent droplets were found in 10% and 20% PEG solu�ons. A�er successfully perceiving LLPS of
S100A4, further research will include characteriza�on of S100A4 state (aggregates, oligomers) in the droplets and their
effect on the neuronal cells.

[1] D. J. Selkoe and J. Hardy, ‘The amyloid hypothesis of Alzheimer’s disease at 25 years’, EMBO Mol. Med., vol. 8, no. 6, pp. 595–608, Jun. 2016,
doi: 10.15252/emmm.201606210.

[2] E. Augé, I. Bechmann, N. Llor, J. Vilaplana, M. Krueger, and C. Pelegrí, ‘Corpora amylacea in human hippocampal brain �ssue are intracellular
bodies that exhibit a homogeneous distribution of neo-epitopes’, Sci. Rep., vol. 9, no. 1, p. 2063, Feb. 2019, doi: 10.1038/s41598-018-38010-7.

[3] S. Mukherjee, M. Poudyal, K. Dave, P. Kadu, and S. K. Maji, ‘Protein misfolding and amyloid nucleation through liquid–liquid phase separa�on’,
Chem. Soc. Rev., vol. 53, no. 10, pp. 4976–5013, 2024, doi: 10.1039/D3CS01065A.
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Purines and pyrimidines are heterocyclic bases that are present in all three Domains of Life and are essen�al for
nucleic acid structure, energy transfer and cofactor function [1]. Enzyme deficiency or overac�vity disrupts nucleotide
metabolism and can lead to major health disorders [2]. Additionally, many heterocyclic base derivates are used as active
ingredients in the therapy of autoimmune diseases, cancer or viral infections [3]. Auxotrophs are strains that have lost
their ability to synthetize important small molecules such as purines or pyrimidines. In metabolism research, auxotrophs
acts as a powerful in vivo system that allows to determine the relationship between bacterial cell growth and protein
synthesis [4]. In this study, auxotrophic Escherichia coli strains were applied to investigate the metabolism of modified
heterocyclic bases using two complementary approaches: metagenomic library screening and transposon mutagenesis.

Four independent metagenomic libraries were constructed using DNA isolated from soil samples and
transformed to auxotrophic E. coli ∆guaB::Km and E. coli ∆purH::Km strains. Growth complementation was assessed on
minimal M9 medium supplemented with modified purine bases whose metabolic pathways are not fully described in
the scien�fic literature. At the same time, as E. coli ∆guaB::Km mutant is able to grow using 2-amino-N6-methylpurine
as source of guanine, whereas N4-methylcytosine is used as source of uracil in E. coli ∆pyrF::Km strain [5], transposon
mutagenesis was used to iden�fy genes responsible for this phenotype. All transformants were individually screened
for the loss of growth complementation on selec�ve minimal M9 medium. Positive candidate mutants were selected
for genome sequencing and analysis.

This study demonstrates the applicability of auxotroph-based systems for func�onal iden�fication of enzymes
involved in the metabolism of modified heterocyclic bases. Further investigations will reveal the identity of genes
responsible for the observed growth complementation phenotypes.

This project has received funding from the Research Council of Lithuania (LMTLT), agreement No [S-MIP-25-95].
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Bacteria are constantly exposed to viral (bacteriophage) infections and have therefore evolved a diverse
repertoire of innate immune defense systems [1]. Among these, the Thoeris antiviral defense system relies on
Toll/interleukin-1 receptor (TIR) domain-mediated immune signaling [2]. Thoeris systems consist of two components: a
TIR-domain-containing protein that senses phage invasion and generates a specific ADP-ribose-based immune signaling
molecule, and an associated effector protein activated by this signal to induce cellular growth arrest or cell death,
thereby aborting phage replication. Although several Thoeris system types have been characterized, large-scale
genomic analyses have uncovered numerous Thoeris loci encoding previously uncharacterized effector proteins with
diverse domain architectures [3]. The frequent genomic association of TIR domains with genes encoding proteins of
unknown function suggests that many Thoeris effectors act through yet undescribed molecular mechanisms.

In this study, we investigated the in vivo function of a previously uncharacterized Thoeris effector protein to
define its role in TIR-mediated antiviral immunity. For functional analysis, the effector gene was cloned into E. coli
expression vectors and introduced either alone or together with a TIR-domain–encoding gene via dual-plasmid
electroporation, thereby establishing single-expression and co-expression conditions. Bacteriophage plaque assays
demonstrated that expression of the effector alone did not confer antiviral protection, whereas co-expression with the
TIR-domain protein resulted in phage resistance. These results indicate that the effector functions as a TIR-activated
antiviral protein. Next, the effector protein was heterologously expressed in several E. coli strains, and expression was
systematically evaluated across a range of induction conditions and growth temperatures to determine optimal protein
production. Following optimization, the protein was purified by affinity chromatography.

These findings establish a functional framework for this previously uncharacterized Thoeris effector and lay the
groundwork for future in vitro studies aimed at determining its molecular mechanism of action. Defining the function
of this effector will expand our understanding of the mechanistic diversity of Thoeris defense systems and provide
broader insight into conserved principles of TIR-mediated immune signaling across diverse biological domains.

[1] Tesson et al., Nucleic Acids Research (2025), DOI: 10.1093/nar/gkae1171
[2] Doron et al., Science (2018), DOI: 10.1126/science.aar4120
[3] Yirmiya et al., bioRxiv (2025), DOI: 10.64898/2025.12.03.692087



19E
HIGH-THROUGHPUT KINETIC PROFILING OF TNPB FOR PRECISION

GENOME EDITING
Marius Vinogradovas1, L. Krikščikaitė1, G. Druteika2, A. Šilanskas2,

T. Karvelis2, S. K. Jones Jr.1

1Life Sciences Center, EMBL Partnership Ins�tute, Vilnius University, Lithuania
2Life Sciences Center, Ins�tute of Biotechnology, Vilnius University, Lithuania

marius.vinogradovas@gmc.vu.lt

Genome edi�ng tools enabling precise DNA cleavage have rapidly advanced since the discovery and engineering
of programmable RNA-guided nucleases, like CRISPR-Cas9. However, it is s�ll challenging to comprehend these
nucleases’ mechanisms and to benchmark their specificity – that is, their ability to dis�nguish programmed targets from
all other DNAs. The recently discovered TnpB nuclease, derived from a transposon system, represents a compact
genome edi�ng tool with high poten�al. However, its func�onality, kine�cs, and editing capabili�es are not fully
understood [1].

This study aims to profile TnpB’s target specificity and kine�cs with the high-throughput NucleaSeq pla�orm [2].
Using NucleaSeq, we inves�gated the �me-resolved cleavage rates, cleavage pa�erns, and specifici�es across a library
of thousands of DNA targets that mispair with TnpB’s RNA guide but are nonetheless cut by TnpB.

We observed dis�nct cleavage rates and pa�erns that were driven by mispairing between DNA targets and
TnpB’s gRNA. TnpB works less specifically when compared to the more widely studied Cas12a [1]. When a mispair occurs
close to TAM, cleavage happens much slower than it does for targets with mispairs further from the TAM. Analysis
across different gRNA and DNA target libraries confirm this feature of TnpB.

We also observed that TnpB repeatedly cuts (i.e. trims) matched and mispaired targets. Mispairs altered where
and how much TnpB trims these targets. Currently, we are performing cell-based assays to compare these results with
edi�ng specificity and off-target ac�vity in a human cell line.

This research expands our knowledge about the specificity of TnpB, presen�ng TnpB as a compact CRISPR
nuclease alterna�ve for genome edi�ng. Its unique trimming features also provide opportuni�es for biotech
applica�ons.

[1] Karvelis, T., Druteika, G., Bigelyte, G., Budre, K., Zedaveinyte, R., Silanskas, A., Kazlauskas, D., Venclovas, Č., & Siksnys, V. (2021). Transposon-
associated TnpB is a programmable RNA-guided DNA endonuclease. Nature, 599(7886), 692–696.
[2] Jones, S. K., Hawkins, J. A., Johnson, N. V., Jung, C., Hu, K., Rybarski, J. R., Chen, J. S., Doudna, J. A., Press, W. H., & Finkelstein, I. J. (2020a).
Massively parallel kine�c profiling of natural and engineered CRISPR nucleases. Nature Biotechnology, 39(1), 84–93.



20E
PRODUCTION AND SUBSTRATE SPECIFICITY ASSESSMENT OF

RECOMBINANT ESCHERICIA COLI PURINE DEAMINASES
Ugnius Kamandulis, Jaunius Urbonavičius, Daiva Tauraitė

Department of Chemistry and Bioengineering, Vilnius Gediminas Technical University, Lithuania
ugnius.kamandulis@stud.vilniustech.lt

Purines are fundamental biomolecules that are found across all living systems. They are building blocks of DNA
and RNA, central to cellular energy metabolism (ATP), and par�cipate in intracellular and extracellular signalling through
cyclic nucleo�des and purinergic signalling networks. Disturbances in purine metabolic pathways can result in harmful
accumula�on of purine-related metabolites. Purine deaminases – enzymes that are involved in purine metabolism and
help to maintain purine homeostasis in cells. These enzymes catalyse deamina�on reac�ons in which e.g. guanine is
transformed into xanthine or adenine is converted into hypoxanthine [1]. Altera�ons in purine metabolism and
purinergic signalling have been associated with diverse pathological condi�ons, therefore systema�c biochemical
characteriza�on of enzymes involved in purine conversion remains relevant for both basic research and poten�al
applica�on-oriented work [2].

Aim of this study was to express recombinant deaminase enzymes in Escherichia coli strains, to purify them and
to confirm their func�onal activity using the adenine/adenosine and their modified deriva�ves as substrates.

The expression vectors pET21a(+) carrying either add or adeC genes that encode adenosine or adenine
deaminases were transformed to E. coli Rose�a (DE3) strain. Recombinant protein expression was induced using IPTG
C-terminus His-tagged recombinant proteins were purified using Ni2+ affinity chromatography. Expression and purity of
proteins were assessed by SDS-PAGE. Enzyma�c ac�vi�es were tested using adenine/adenosine and their methylated
counterparts as substrates, and TLC and HPLC were used as methods to monitor substrate conversion and quan�fica�on
of reac�on products.

During this study recombinant Add and AdeC proteins were expressed and purified to >99 % of purity. HPLC
analysis demonstrated enzyma�c conversion of adenine into hypoxanthine in the presence of AdeC enzyme, indica�ng
that the purified protein retained cataly�c func�on a�er purifica�on. However, the enzyma�c ac�vity was not detected
when N6 mono- and di-methylated adenines were used as substrates. Further experiments are aimed at the tes�ng of
the enzyma�c ac�vity of Add using the adenosine and N6-methylated adenosines as substrates to establish the
enzyma�c ac�vity and specificity of purine deaminase tested.

This project has received funding from the Research Council of Lithuania (LMTLT), agreement No [S-MIP-25-95].

[1] Wu, D., Yang, S., Yuan, C., Zhang, K., Tan, J., Guan, K., Zeng, H., & Huang, C. (2024). Targe�ng purine metabolism-related enzymes for therapeu�c
interven�on: A review from molecular mechanism to therapeutic breakthrough. Interna�onal Journal of Biological Macromolecules, 282, 136828.
h�ps://doi.org/10.1016/j.ijbiomac.2024.136828
[2] Huang, Z., Xie, N., Illes, P., Di Virgilio, F., Ulrich, H., Semyanov, A., Verkhratsky, A., Sperlagh, B., Yu, S.-G., Huang, C., & Tang, Y. (2021). From purines
to purinergic signalling: Molecular functions and human diseases. Signal Transduc�on and Targeted Therapy, 6(1), 1–20.
h�ps://doi.org/10.1038/s41392-021-00553-z
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DNA analyzers have a very broad scope of applica�on from pharmacogenetics, oncology, hereditary disease and
infec�ous disease to environmental and food safety or veterinary medicine. We have developed a pharmacogenetic
sensor for the cytochrome P450 2C19 enzyme, responsible for metabolizing a wide range of xenobio�cs. A DNA-based
approach can infer the enzyme behavior from any cell, without sampling the expression sites such as the liver or the
small intes�ne. Our sensor uses a PCR amplified saliva sample. [1]

To perform the sequence discrimina�on, we captured the target DNA onto electrodes, measured the kine�c
differences in the mel�ng rates (kd) between perfect match and mismatch duplexes at constant temperature and were
able to confidently iden�fy targeted sequences. Thus, we believe we have developed the first isothermal dissocia�on
kine�cs-based DNA biosensor. Using this approach, we can differen�ate between the homozygous and heterozygous
samples on a single electrode. The sensor was able to genotype real saliva samples directly from the PCR reac�on mix.

Figure 1. Discrimina�on between synthe�c samples. A – dissocia�on kine�cs, B – genotyping.
NM – normal metabolizer, RM – rapid metabolizer, UM – ultrarapid metabolizer

Interes�ngly, the dissocia�on kine�cs also allowed us to es�mate the relative binding affinity and consequently, the
target sequence dissocia�on ΔGvalue. While various base subs�tu�ons correlated well with theore�cal energy values,
one sequence had a measured energy offset corresponding to 1.9 ± 0.3 kcal mol-1. In this case, we believe we have
measured the loss of a GǀA base stacking interac�on.

[1] Serapinas, S.; Stakelyte,̇ D.; Tucıňskyte,̇ K.; Tomkuviene,̇ M.; Dagys, M.; Ratautas, D. (2025). Constant Temperature Electrochemical Biosensor for
SNP Detec�on in Human Genomic DNA Based on DNA Mel�ng Analysis. ACS Sens., 10 (9), 6819–6827. h�ps://doi.org/10.1021/acssensors.5c01577.
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Aim: One of the main global health concerns is the rising obesity rates. It is known that high-fat can induce
physiological, metabolic, behavioral, and neurodevelopmental altera�ons not only to the mother but their
offspring as well [1, 2]. During pregnancy and lacta�on, maternal diet-induced metabolic and inflammatory
changes may be transmitted to offspring [2]. Previous animal studies have demonstrated that mothers that were
fed high-fat diet (mHFD) show signs of impaired maternal care. Since mice are olfactory animals, it is thought that
high-fat diet disrupts the olfactory system of the mother reducing their ability to recognize and care for their
offspring. Therefore, altered olfactory cues may contribute to deficits in maternal behavior [3]. Offspring odor
profiles are determined by metabolic ac�vity and are reflected in the vola�lome. Changes in the offspring
vola�lome may modify olfactory signals cri�cal for maternal recogni�on and care [4]. However, the rela�onship
between maternal diet, olfactory disrup�on, and offspring vola�le profiles remains poorly understood.
Inves�ga�ng the offspring vola�lome may provide novel insight into how maternal high-fat diet exposure
influences maternal–offspring interac�ons and early-life programming of metabolic and behavioral outcomes.

Methods: Female C57Bl/6J mice, from weaning and during pairing, pregnancy and lactation, were fed with
either control diet (CD, 10% fat) or high-fat diet (HFD, 60% fat). The offspring were weaned to normal rodient diet.
P6 pups were placed inside the glass container kept on temperature-controlled hea�ng mat. Vola�lome samples
were then collected by inser�ng a sorbent tube and pump opera�ng at a flow rate of 20 mL/min. Collected
samples were sent to the Na�onal Public Health Surveillance Laboratory.

Results: We evaluated vola�lome samples from four li�ers of control diet (mKD) and high-fat diet (mRD)
offspring. A total of 18 vola�le compounds were identified and classified into eight func�onal groups of which
aldehydes are naturally occurring compounds commonly found on animal skin and in pheromone mixtures, playing
important role in recogni�on, signaling, and communica�on between animals. Notably, offspring from mHFD did
not emit specific compounds dis�nguished in mCD offspring. These findings suggest that maternal diet may alter
offspring vola�le profiles in ways that could affect olfactory-mediated maternal recognition and social interac�ons
and require further research.

[1] Piché, M.-E., Tchernof, A., Després, J.-P., 2020. Obesity Phenotypes, Diabetes, and Cardiovascular Diseases. Circ. Res. 126, 1477–1500.
[2] Urbonaite, G., Knyzeliene, A., Bunn, F.S., Smalskys, A., Neniskyte, U., 2022. The impact of maternal high-fat diet on offspring
neurodevelopment. Front. Neurosci. 16.
[3] Winther G, Elfving B, Müller HK, Lund S, Wegener G. Maternal High-fat Diet Programs Offspring Emo�onal Behavior in Adulthood.
Neuroscience. 2018 Sep 15;388:87-101.
[4] Lacalle-Bergeron, L., Goterris-Cerisuelo, R., Portolés, T., Beltran, J., Sancho, J. V., Navarro-Moreno, C., & Mar�nez-Garcia, F. (2021). Novel
sampling strategy for alive animal volatolome extrac�on combined with GC-MS based untargeted metabolomics: Iden�fying mouse pup
pheromones. Talanta, 235, 122786.
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Galec�n-7 is a β -galactoside-binding lectin implicated in epithelial homeostasis, wound healing and cancer
pathophysiology, yet its mechanis�c roles remain incompletely defined [1]. Chemical probes that selec�vely inhibit
galec�n-7 are therefore required to dissect its biological func�ons and evaluate its poten�al as a disease biomarker and
therapeu�c target. Most reported galec�n-7 ligands are carbohydrate-based and were originally developed for other
galec�ns. However, high hydrophilicity, limited oral absorption, rapid excre�on and insufficient selec�vity mo�vate the
development of non-carbohydrate scaffolds for targeted galec�n-7 inhibi�on [2].

In this study, two non-carbohydrate galec�n-7 inhibitor chemotypes iden�fied by virtual screening were pursued
to establish robust and deriva�zable synthe�c access. Compounds 1 and 2 (Fig. 1) were previously validated in a
fluorescence polariza�on assay, exhibi�ng galec�n-7 binding with dissocia�on constants of 4.9 ± 0.5 mM and 2.7 ± 0.2
mM, respec�vely. Compound 1 comprises an isopropyl-subs�tuted 2-pyridone isonico�nic acid coupled to a 3-(1,2,4-
triazolyl)aniline fragment. A concise and cost-efficient route to the pyridone building block was developed using a
Guareschi–Thorpe condensa�on followed by hydrolysis/decarboxyla�on, enabling straightforward varia�on of the
ketone input. Using this strategy, five addi�onal pyridone deriva�ves were synthesized to support systema�c structure–
ac�vity explora�on. The triazole aniline fragment was prepared from inexpensive 3-nitrobenzamide via chloral hydrate
ac�va�on, electrophilic chlorina�on, cycliza�on to the 3-aryl-1,2,4-triazole and subsequent nitro reduc�on. Final
coupling afforded compound 1 (50 mg isolated) in an overall yield of 3% over a nine-step synthesis.

For compound 2, the synthe�c route commenced with bromina�on of 3,3-dimethylbiphenyl, followed by
nucleophilic subs�tu�on with sodium azide and Staudinger reduc�on to generate the corresponding benzylamine
intermediate. Subsequent coupling with Fmoc-protected L- and D-alanine under HATU/HOBt condi�ons provided
enan�omerically defined intermediates in 98% and 70% yield, respec�vely. Fmoc deprotec�on using 1-octanethiol as
scavenger enabled access to the free amines, establishing a versa�le platform for installa�on of the terminal urea
func�onality and completion of the biphenyl–alanine–urea scaffold.

Overall, the established synthe�c routes provide scalable access to two computationally derived, non-
carbohydrate galec�n-7 ligand scaffolds and deliver a prac�cal framework for systema�c deriva�za�on and future
op�miza�on guided by binding assays and structural studies.

[1] V. Sundblad, V. Mathieu, R. Kiss, and G. A. Rabinovich, “Galec�ns: Key Players in the Tumor Microenvironment,” in Cancer Immunotherapy:
Immune Suppression and Tumor Growth: Second Edition, Elsevier Inc., 2013, pp. 537–563. doi: 10.1016/B978-0-12-394296-8.00031-2..
[2] N. V. Sewgobind, S. Albers, and R. J. Pieters, “Func�ons and inhibi�on of galec�n-7, an emerging target in cellular pathophysiology,” Biomolecules,
vol. 11, no. 11. MDPI, Nov. 01, 2021. doi: 10.3390/biom11111720.

Figure 1: Molecular structures of compound 1 and compound 2.
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TAR DNA-binding protein 43 (TDP-43) is a mul�func�onal protein primarily localizing in the cell nucleus, where
it binds to RNA and DNA1. It consists of 414 amino acids and is composed of four domains: N-terminal domain, two RNA-
binding domains (RRM1 and RRM2), and low-complexity prion-like C-terminal domain2. RRM domains are flanked by
nuclear export and import sequences, thereby enabling protein shu�ling between the nucleus and cytoplasm3. In both
the nucleus and cytoplasm, TDP-43 can form condensates through liquid-liquid phase separa�on (LLPS) – a biophysical
process involved in the forma�on of membraneless organelles4. Due to LLPS, protein cleavage, muta�ons, and
pos�ransla�onal modifica�ons, such as hyperphosphoryla�on, TDP-43 can aggregate and form insoluble neurotoxic
species, as well as disrupt downstream cellular processes5. TDP-43 aggregates are the hallmarks of several
neurodegenera�ve diseases: amyotrophic lateral sclerosis and frontotemporal lobar degenera�on2. However, the latest
studies have shown that phosphoryla�on of TDP-43 can greatly suppress the protein’s propensity to undergo LLPS and
slow TDP-43 aggrega�on into amyloid fibrils6. Alongside this, several members of 14-3-3 protein family, can interact
with TDP-43 or kinases and modulate their func�on7,8. Therefore, we aim to iden�fy key kinases implicated in
neurodegenera�on that can phosphorylate TDP-43 and to inves�gate the 14-3-3 family proteins impact on kinase
ac�vity.

In this study, we ini�ally optimized the purifica�on of full-length TDP-43. This protein is prone to degrada�on
and forms aggregates a�er cleavage of the purifica�on tag, making it difficult to purify. For the phosphoryla�on assay,
four different kinases were used: CK1α, PKA, PKR, and GSK3β. TDP-43 was mixed with different kinases and incubated
at room temperature overnight. Samples were taken right a�er mixing proteins, one hour a�er incuba�on, and the next
morning. To inves�gate 14-3-3 proteins’ interac�on with TDP-43 and kinases, seven 14-3-3 isoforms were purified: β, γ,
ε, ζ, η, θ, and σ. The phosphoryla�on of TDP-43 was evaluated by mobility shifts in SDS-PAGE electrophoresis.

Our preliminary results imply that CK1α and PKR kinases are the most effec�ve in phosphoryla�on of TDP-43.
A�er incuba�ng different isoforms of 14-3-3 with kinases (CK1α or PKR) and TDP-43, we observed increased
phosphoryla�on ac�vity in a sample containing 14-3-3 γ, PKR, and TDP-43. To further elucidate molecular mechanisms
of phosphoryla�on and complex forma�on processes, we will perform a more comprehensive analysis of kinase
efficiencies, aggregate species, and structure determina�on.

[1] Song, J. (2024). Molecular Mechanisms of Phase Separa�on and Amyloidosis of ALS/FTD-Linked FUS and TDP-43. Aging Dis., 15 (5), 2084–2112.
[2] Kumar, S. T.; Nazarov, S.; Porta, S.; Maharjan, N.; Cendrowska, U.; Kabani, M.; Finamore, F.; Xu, Y.; Lee, V. M.-Y.; Lashuel, H. A. (2023). Seeding
the Aggrega�on of TDP-43 Requires Post-Fibrilliza�on Proteoly�c Cleavage. Nat. Neurosci., 26 (6), 983–996.
[3] Wright, G. S. A.; Watanabe, T. F.; Amporndanai, K.; Plotkin, S. S.; Cashman, N. R.; Antonyuk, S. V.; Hasnain, S. S. (2020). Purifica�on and Structural
Characteriza�on of Aggrega�on-Prone Human TDP-43 Involved in Neurodegenera�ve Diseases. iScience, 23 (6), 101159.
[4] Schmidt, H. B.; Barreau, A.; Rohatgi, R. (2019). Phase Separa�on-Deficient TDP43 Remains Func�onal in Splicing. Nat. Commun., 10 (1), 4890.
[5] Burat�, E.; Baralle, F. E. (2012). TDP-43: Gumming up Neurons through Protein–Protein and Protein–RNA Interactions. Trends Biochem. Sci., 37
(6), 237–247.
[6] Haider, R.; Penumutchu, S.; Boyko, S.; Surewicz, W. K. (2024). Phosphomime�c Subs�tutions in TDP-43’s Transiently α-Helical Region Suppress
Phase Separa�on. Biophys. J., 123 (3), 361–373.
[7] Ke, Y. D.; van Hummel, A.; Au, C.; Chan, G.; Lee, W. S.; van der Hoven, J.; Przybyla, M.; Deng, Y.; Sabale, M.; Morey, N.; Bertz, J.; Feiten, A.; Ippa�,
S.; Stevens, C. H.; Yang, S.; Gladbach, A.; Haass, N. K.; Kril, J. J.; Blair, I. P.; Delerue, F.; I�ner, L. M. (2024). Targe�ng 14-3-3θ-Mediated TDP-43 Pathology
in Amyotrophic Lateral Sclerosis and Frontotemporal Demen�a Mice. Neuron, 112 (8), 1249-1264.
[8] Kent, C. B.; Shimada, T.; Ferraro, G. B.; Ri�er, B.; Yam, P. T.; McPherson, P. S.; Charron, F.; Kennedy, T. E.; Fournier, A. E. (2010) 14-3-3 Proteins
Regulate Protein Kinase A Ac�vity to Modulate Growth Cone Turning Responses. J. Neurosci., 30 (42), 14059–14067.
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The S100A family consists of 24 calcium-binding proteins that participate in a wide
range of cellular processes, including regulation of cell signaling, immune responses and other
vital functions. Dysregulation of S100A proteins has been associated with inflammatory and
neurodegenerative diseases [1], [2]. S100A8 and S100A9 are known to form amyloid-like
oligomers, fibrils or amorphous aggregates [3], whereas the stability of S100A12 under
physiological conditions is unknown, but has been proposed to exhibit moonlighting chaperone
behavior as a secondary function [4]. Therefore, we investigated whether S100A12 can alter
or inhibit the aggregation behavior of S100A8 and S100A9.

Protein aggregation was monitored in vitro using the amyloid-specific Thioflavin T
(ThT) fluorescent probe in a microplate reader in the presence or absence of calcium ions.
Protein thermal stability was determined by differential scanning fluorimetry (DSF) by
monitoring the fluorescence of the 8-anilinonaphthalene-1-sulfonic acid (ANS) dye.

The results (Fig. 1) showed that in the absence of Ca2+, S100A9 rapidly formed fibrils
and S100A8 aggregated more slowly, matching previously reported data [3], whereas the
S100A12 sample exhibited no increase in ThT fluorescence, indicating a lack of amyloid
formation. On the other hand, co-incubation with S100A12 significantly reduced the
aggregation of S100A9 in the presence of Ca2+, while altering the aggregation of S100A8.
Furthermore, the melting temperature of S100A12 was higher than that of S100A8 and
S100A9, in agreement with the aggregation experiments.

Overall, these results suggest that S100A12 can modulate the aggregation behavior of
the S100A protein family and is a stable protein.

Fig. 1. ThT fluorescence kinetics of S100A8, S100A9 and S100A12 aggregation in
the absence and presence of calcium ions

[1] J. S. Cristóvão and C. M. Gomes, “S100 Proteins in Alzheimer’s Disease,” Front. Neurosci., vol. 13, May 2019, doi:
10.3389/fnins.2019.00463.

[2] I. Marenholz, C. W. Heizmann, and G. Fritz, “S100 proteins in mouse and man: from evolution to function and pathology (including an
update of the nomenclature),” Biochem. Biophys. Res. Commun., vol. 322, no. 4, pp. 1111–1122, Oct. 2004, doi:
10.1016/j.bbrc.2004.07.096.

[3] I. Baronaitė, D. Šulskis, A. Kopustas, M. Tutkus, and V. Smirnovas, “Formation of Calprotectin Inhibits Amyloid Aggregation of S100A8̅
and S100A9 Proteins,” ACS Chem. Neurosci., vol. 15, no. 9, pp. 1915–1925, May 2024, doi: 10.1021/acschemneuro.4c00093.

[4] T. Hatakeyama, M. Okada, S. Shimamoto, Y. Kubota, and R. Kobayashi, “Identification of intracellular target proteins of the calcium-
signaling protein S100A12,” Eur. J. Biochem., vol. 271, no. 18, pp. 3765–3775, 2004, doi: 10.1111/j.1432-1033.2004.04318.x.
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As genome edi�ng technologies evolve, the scien�fic community remains dedicated to improving the tools that
drive these advancements. Presently CRISPR-Cas (Clustered regularly interspaced short palindromic repeats -
CRISPR associat-ed proteins) systems dominate the field of genome edi�ng, whereas compara�vely li�le a�en�on has
been given to alterna�ves, such as prokaryo�c Argonaute (pAgo) systems. Nonetheless, recent findings in pAgo research
indicate that the HEPN domain is vital for the ac�vity of certain pAgo systems [1], although the mechanisms underlying
their ac�va�on remain unclear.

In this research we examine the possible interac�ons between a pAgo system and a plasmid containing a CloDF13
origin of replica�on (ori) sequence. The pAgo system analyzed here includes a toxic effector protein harboring a HEPN
(higher eukaryotes and prokaryotes nucleo�de-binding domain) domain. HEPN domain displays toxicity when expressed
without its associated pAgo proteins. In some instances, pAgo systems are ac�vated by plasmids that carry a specific
CloDF13 ori [2]. By inves�gating an Argonaute-HEPN system in which the CloDF13 ori serves as a trigger, we seek to
clarify the ac�va�on mechanism of this pAgo system. This work establishes a founda�on for upcoming studies and holds
considerable promises for applica�ons in biotechnology.

This research employs two complementary in vivo methods to inves�gate the mechanisms of ac�va�on. Both
approaches are designed to evaluate the toxic effects of pAgo system toward host cells. A bacterial plaque assay is used
to quan�fy toxicity by assessing the extent to which ac�va�on of the system inhibits host cell growth. In addi�on to
plaque assays performed on solid nutrient medium, toxicity is also evaluated in liquid culture. Therefore, plate reader-
based growth curve analysis are conducted to monitor the toxic effects of the ac�vated system.

Exploring bacterial defense ac�va�on pathways offers important insight into the complex mechanisms bacteria
use to protect themselves from foreign nucleic acids, while simultaneously opening new avenues for innova�on in
biotechnology and genome edi�ng technologies.

[1] Pillon, M. C., Goslen, K. H., Gordon, J., Wells, M. L., Williams, J. G., & Stanley, R. E. (2020). It takes two (Las1 HEPN endoribonuclease domains) to
cut RNA correctly. Journal of Biological Chemistry, 295(18), 5857–5870. https://doi.org/10.1074/jbc.RA119.011193
[2] Zaremba, M., Dakineviciene, D., Golovinas, E., Zagorskaite, E., Stankunas, E., Lopa�na, A., Sorek, R., Manakova, E., Rukšėnaitė, A., Silanskas, A.,
Asmontas, S., Grybauskas, A., Tylenyte, U., Jurgelai�s, E., Grigai�s, R., Timinskas, K., Venclovas, Č., & Siksnys, V. (2022). Short prokaryotic Argonautes
provide defence against incoming mobile genetic elements through NAD deple�on. Nature Microbiology, 7, 1–13. h�ps://doi.org/10.1038/s41564-
022-01239-0
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Genome edi�ng is one of the fastest-growing innova�ons of this century, promising to treat a wide range of
gene�c diseases. The discovery of CRISPR-Cas systems, responsible for anti-phage defense in bacteria, revolu�onized
genome edi�ng by offering a selec�on of programmable nucleases. Currently, the majority of widely used genome
edi�ng tools are based on Cas9 and Cas12a effectors because they efficiently induce double-strand DNA breaks and
recognize target sequences with high precision. However, directly applying these nucleases in medical research is
challenging because the size of Cas9 and Cas12a, together with regulatory sequences, exceeds the limited packaging
capacity of adeno-associated viruses that are commonly used in in vivo therapy. Since the delivery of genome edi�ng
tools into a cell is a crucial step in treatment development, there is a growing interest in researching smaller
programmable nucleases that would be more suitable for medical applica�ons.

Recent studies have shown that Cas12 nucleases are derived from TnpB proteins encoded in the bacterial
IS200/IS605 family inser�on sequences [1]. TnpB proteins also exhibit RNA-guided nuclease ac�vity and are smaller
(~400 amino acids) than Cas12 family nucleases (500–1500 amino acids), and therefore are a�rac�ve candidates to be
used for genome edi�ng. The widely studied TnpB from Deinococcus radiodurans (ISDra2) can cleave genomic DNA in
eukaryo�c cells, but demonstrates lower ac�vity compared to modern genome-edi�ng tools [2]. Therefore, TnpB
protein engineering is an appealing strategy to increase its ac�vity, which in turn demands an effec�ve screening
system.

Therefore, in this study, we aimed to develop a cell-based platform to iden�fy the ac�ve TnpB variants. By
introducing DNA-encoded guide RNA and TnpB nuclease variants into cells, followed by direct sequencing, we
characterized selected TnpB nucleases. We demonstrate the feasibility of detec�ng TnpB nuclease ac�vity in a cellular
context that can be translated into genome edi�ng and outline the principles of a cell-based platform for screening TnpB
variants.

In the future, such cell-based screening could be applied to large-scale studies of protein evolu�on and to the
development of addi�onal nuclease proper�es such as target specificity or recogni�on of TAM sequences.

[1] Sasnauskas, G., Tamulai�ene, G., Druteika, G., Carabias, A., Silanskas, A., Kazlauskas, D., Venclovas, Č., Montoya, G., Karvelis, T., & Siksnys, V.
(2023). TnpB structure reveals minimal func�onal core of Cas12 nuclease family. Nature, 616(7956), 384–389. h�ps://doi.org/10.1038/s41586-023-
05826-x
[2] Karvelis, T., Druteika, G., Bigelyte, G., Budre, K., Zedaveinyte, R., Silanskas, A., Kazlauskas, D., Venclovas, Č., & Siksnys, V. (2021b). Transposon-
associated TnpB is a programmable RNA-guided DNA endonuclease. Nature, 599(7886), 692–696. h�ps://doi.org/10.1038/s41586-021-04058-1
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Bacterial and archaeal populations are continuously exposed to infection by bacteriophages, the most abundant
biological entities on Earth [1]. Under this sustained evolutionary pressure, prokaryotes have evolved antiphage defence
systems, while phages have concurrently developed strategies to evade them. This coevolutionary “arms race” has
driven a substantial diversification of antiphage systems, many of which exhibit unique and largely uncharacterised
mechanisms of action. A number of these systems have been harnessed for scientific and medical applications. For
instance, CRISPR-Cas systems have transformed genome editing, and restriction-modification systems have been
employed in DNA manipulation for over five decades [2].

In this study, we establish a foundation for the characterisation of a novel prokaryotic antiviral defence system
– Olokun, identified in the E. coli UMB0934 strain [3]. A phage-escaper workflow was used to select for bacteriophage
mutants capable of bypassing Olokun-mediated defence. Putative mutant bacteriophages were isolated and validated.
Following purification of phage genomic DNA, sequencing was performed using next-generation sequencing
technologies. Subsequent bioinformatic analysis of raw sequencing data enabled the identification of potential
determinants associated with phage sensitivity to Olokun.

This work contributes to a deeper understanding of prokaryotic antiphage defence systems and their potential
biotechnological applications.

[1] Zuppi, M., Hendrickson, H. L., O’Sullivan, J. M., & Vatanen, T. (2022). Phagesin the Gut Ecosystem. Frontiers in Cellular and Infection Microbiology,
11. https://doi.org/10.3389/fcimb.2021.822562
[2] Georjon, H., & Bernheim, A. (2023). The highly diverse antiphage defence systems of bacteria. Nature Reviews Microbiology, 21(10), 686–700.
https://doi.org/10.1038/s41579-023-00934-x
[3] Millman, A., Melamed, S., Leavitt, A., Doron, S., Bernheim, A., Hör, J., Lopatina, A., Ofir, G., Hochhauser, D., Stokar-Avihail, A., Tal, N., Sharir, S.,
Voichek, M., Erez, Z., Ferrer, J. L. M., Dar, D., Kacen, A., Amitai, G., & Sorek, R. (2022). An expanding arsenal of immune systems that protect bacteria
from phages. bioRxiv (Cold Spring Harbor Laboratory). https://doi.org/10.1101/2022.05.11.491447
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Mpro protease, also known as 3CLpro or nsp5, is the main protease of SARS -CoV -2 and other
betacoronaviruses, making it a prime an�viral target due to its essen�al role in viral replica�on. M pro cleaves the
viral polyproteins pp1a and pp1ab at 11 sites, processing them into func�onal non -structural proteins (nsps)
essen�al for viral transcrip�on and replica�on. Unlike many other proteases that have a cataly�c triad, M pro uses
a cataly�c dyad: Cys145 acts as a nucleophile, a�acking the pep�de bond of the substrate ; His41 acts as a standard
base, deprotona�ng the thiol group of Cys145, thereby ac�va�ng it. Water molecule replaces the missing third
member of the triad, stabilizing His41 via a hydrogen bond [1].

The selec�on and development of protease inhibitors as an�viral treatments is an important area of modern
medicine. More than 1,000 poten�al covalent inhibitors targe�ng Mpro have been tested , but only nirmatrelvir has
been approved by the FDA so far . Hence, c linical trials are ongoing to develop broader -spectrum M pro inhibitors
effec�ve against future coronaviruses and SARS -CoV -2 variants resistant to currently prescribed inhibitor s. The
resistance is mainly due to muta�ons in the M pro (3CLpro) gene, par�cularly at the inhibitor binding site.

The goal of this research was to develop a biosensor for detec�ng M pro protease inhibitors in E. coli using
posi�ve fluorescence detec�on. For this purpose, a GFP construct containing M pro protease target sites [2] was
created. The results showed that both protease and GFP sensor are well expressed as GST fusions , and the M pro

demonstrated proteoly�c ac�vity towards GFP constructs in E. coli cells. During the process, op�mized cul�va�on
and co -expression condi�ons for M pro protease and GFP sensor were determined. The sensi�vity of biosensor was
tested with 12 known protease inhibitors. The ac�vity of M pro protease against GFP with target sites was confirmed
by Western blo�ng using an�bodies and a Connectase -Cy5.5 detec�on system.

This proposed system has several unique features :
• Posi�ve selec�on: suppression of M pro protease enhances GFP fluorescence intensity, unlike most

inhibi�on methods, where a signal decrease is observed;
• High -throughput: the system was op�mized for a 96 -well plate test and can be adopted for a microfluidic

system ;
• The effect of inhibitors on Gram -nega�ve bacteria is assessed, which is important for preserving the

microbiota ;
• The E. coli cell wall is a barrier to inhibitors. It can be considered both an advantage and a disadvantage: it

complicates the inhibitor from entering cells, but it also provides informa�on about the cell membrane's
permeability to the drug.

[1] Kneller, D.W., Phillips, G., O’Neill, H.M. et al. (2020) . Structura l plas�city of SARS -CoV -2 3CL M pro ac�ve site cavity revealed by room
temperature X -ray crystallography. Nature Communica�ons 11, 3202 .
[2 ] Majid R. Abedi, Giordano Caponigro & Alexander Kamb . (1998 ). Green fluorescent protein as a scaffold for intracellular
presenta�on of pep�des . Nucleic Acids Research , 26(2) , 623 -630 .



30E
VISUALIZING COCONUT: A DUAL-LABELING APPROACH TO DISSECT

BACTERIAL ANTIVIRAL IMMUNITY
Domantas Vareika1, Ugnė Bagdonaitė1, Aurimas Kopūstas1, Jonas Juozapai�s1

1Ins�tute of Biotechnology, Life Sciences Center, Vilnius University, Lithuania
domantas.vareika@gmc.stud.vu.lt

Bacteria and archaea are frequently a�acked by viruses and other mobile genetic elements and rely on dedicated
an�viral defense systems, such as restric�on endonucleases and CRISPR, to survive. The enormous diversity of viruses
suggests that more types of defense systems exist than are currently know [1]. The vast McrBC systems fall under the
type IV restric�on enzymes, which contain at least two components: a dedicated specificity domain that recognizes
modified DNA, and an endonuclease domain that cleaves the target [2].

We focus on a previously uncharacterized branch of McrBC system that is denoted CoCoNuTs, named for their
defining features: extensive coiled-coil architectures and nuclease tandem domains. CoCoNuTs exhibit remarkable
diversity, comprising three dis�nct types and mul�ple subtypes. All CoCoNuTs encode domains predicted to interact
with components of the transla�on machinery. Here we aim to characterize type II CoCoNuT system dis�nct by
addi�onal HEPN ribonuclease protein [3].

Previous approaches to studying this system did not yield decisive insights. To overcome this, we developed a
fluorescence-based imaging strategy. Two proteins encoded within the CoCoNuT operon were engineered to carry
HaloTag fusions, enabling covalent labeling with specific fluorescent dyes. Cells expressing these constructs were
infected with a gene�cally modified bacteriophage λ bearing a fluorescently labeled capsid [4]. Using fluorescence
microscopy, we analyze the spa�al and temporal dynamics of labeled CoCoNuT proteins and phage particles during
infec�on.

Through this work, we aim to be�er grasp the mechanism of bacterial defense systems while establishing a
broadly applicable imaging-based method. This methodology may prove par�cularly valuable for studying defense other
bacterial defense systems.1

[1] Gao, L., Altae-Tran, H., Böhning, F., Makarova, K. S., Segel, M., Schmid-Burgk, J. L., Koob, J., Wolf, Y. I., Koonin, E. V., & Zhang, F. (2020). Diverse
enzyma�c ac�vi�es mediate an�viral immunity in prokaryotes. Science (New York, N.Y.), 369(6507), 1077–1084.
[2] Stewart, F. J., Panne, D., Bickle, T. A., & Raleigh, E. A. (2000). Methyl-specific DNA binding by McrBC, a modifica�on-dependent restric�on enzyme.
Journal of molecular biology, 298(4), 611–622.
[3] Bell, R. T., Sahakyan, H., Makarova, K. S., Wolf, Y. I., Koonin E., (2024) CoCoNuTs are a diverse subclass of Type IV restriction systems predicted to
target RNA eLife 13:RP94800.
[4] Trinh, J., Székely, T., Shao, Q. et al. Cell fate decisions emerge as phages cooperate or compete inside their host. Nat Commun 8, 14341 (2017).1
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Dysregulation of arginase activity disrupts arginine availability and nitric oxide signalling, causing multiple
downstream effects. The importance of arginase in metabolic disorders is evident through diseases such as diabetes
mellitus, obesity and metabolic syndrome, non-alcoholic fatty liver disease, cardiovascular disorders, or arginase
deficiency (an Inherited Metabolic Disorder) [1]. Thus, monitoring arginase activity is vital for early disease detection,
assessing progression and prognosis, and guiding targeted therapies.

This study focused on arginase activity as a biomarker in kidney perfusate due to its close association with key
pathophysiological processes, including tissue injury and inflammation. This type of biomarker has not yet been
explored, but its biochemical pathway shows potential for its application in the context of kidney perfusion, so
monitoring it could provide critical insights into organ viability. For monitoring of arginase activity, amperometric urea
biosensor was employed to measure enzyme activity in real time. Since arginase is a key enzyme in the urea cycle,
catalyzing the hydrolysis of L-arginine into urea and ornithine, the possibility of applying an amperometric urea
biosensor for activity monitoring has emerged. The biosensor has the potential to function even in turbid media that
offer significant advantages over conventional methods, such as ELISA, and other sophisticated methods.

In this study, an amperometric urease and thermally reduced graphene oxide based biosensor was developed
and applied to evaluate arginase activity in model kidney perfusate samples. The biosensor exhibited high sensitivity
and demonstrated excellent selectivity toward urea at 0 V vs. Ag/AgCl, with negligible interference from common
electroactive species found in biological media. Recovery tests confirmed good accuracy and repeatability, indicating
reliable urea quantification in complex matrices. The linear correlation between biosensor response and arginase
activity supports its applicability for monitoring arginase-catalyzed reactions and evaluating enzymatic activity through
urea detection in perfusate samples.

[1] Caldwell, RWilliam et al. “Arginase: A Multifaceted Enzyme Important in Health and Disease.” Physiological reviews vol. 98,2 (2018): 641-665.
doi:10.1152/physrev.00037.2016.



32E
SpCas9 off-target activities depend on DNA topology

Uršulė Barkauskaitė1, Ieva Jaskovikaitė, Stephen Knox Jones Jr.

1LSC-EMBL Partnership Institute, Vilnius University, Lithuania
ursule.barkauskaite@gmc.stud.vu.lt

Bacteria rely on CRISPR-Cas (Clustered Regularly Interspaced Short Palindromic Repeats and
Associated proteins) systems for adaptive immunity, protecting them against invading bacteriophages and other
mobile genetic elements [1]. A prime example, SpCas9, forms a complex with a two-part guide RNA (gRNA) made
of the CRISPR RNA and trans-activating RNA. The gRNA directs SpCas9 to its target DNA. However, Cas9’s
mismatch tolerance can lead to nuclease cleaving DNA sequences that are similar but not identical to the
intended target - off-targets. Furthermore, off-target effects depend on DNA topology, as studies show that off-
targets are cleaved more frequently when DNA is negatively supercoiled, due to DNA torsional stress, which
impacts the accessibility of DNA and Cas9 binding affinity [2], [3].

How to predict Cas9’s promiscuous behaviour remains of the utmost importance in terms of avoiding
potential off-target effects. Our study focused on a mispaired “insertion” off-target, where an extra, unpaired
nucleotide is present in the DNA sequence relative to gRNA, creating a DNA - bulge. An adenine base was inserted
between positions 3 and 4 to create an “insertion” off-target, in the study referred to as 3A4. We measured
cleavage and nicking rates by performing cleavage assays on supercoiled, linear and relaxed DNA with SpCas9.
To assess which catalytic domain is responsible for the initial nicking and Þnal cleavage of the off-target 3A4,
HNH-inactive nickase and RuvC-inactive nickase were used. Our results indicate a supercoiling-dependent
inactivation of HNH domain, turning a WT SpCas9 into an HNH-inactive nickase.

[1] Barrangou, R., Fremaux, C., Deveau, H., Richards, M., Boyaval, P., Moineau, S., Romero, D. A., & Horvath, P. (2007). CRISPR Provides
Acquired Resistance Against Viruses in Prokaryotes. Science, 315(5819), 1709–1712. https://doi.org/10.1126/science.1138140

[2] Ivanov, I. E., Wright, A. V., Cofsky, J. C., Aris, K. D. P., Doudna, J. A., & Bryant, Z. (2020). Cas9 interrogates DNA in discrete steps
modulated by mismatches and supercoiling. Proceedings of the National Academy of Sciences, 117(11), 5853–5860.
https://doi.org/10.1073/pnas.1913445117

[3] Newton, M. D., Losito, M., Smith, Q. M., Parnandi, N., Taylor, B. J., Akcakaya, P., Maresca, M., Eijk, P. van, Reed, S. H., Boulton, S. J., King, G.
A., Cuomo, M. E., & Rueda, D. S. (2023). Negative DNA supercoiling induces genome-wide Cas9 off-target activity. Molecular Cell,
83(19), 3533-3545.e5. https://doi.org/10.1016/j.molcel.2023.09.008
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Lactococcus lac�s (L. lac�s) are Gram-posi�ve, immobile, faculta�vely anaerobic, non-spore-forming lac�c acid
bacteria that have become an important model organism due to their industrial role as primary components of dairy
starter cultures and their impact on public health due to their probio�c proper�es [1]. To maintain and improve these
proper�es, it is important to understand how these microorganisms adapt to environmental changes, especially when
subjected to stress condi�ons. The bacterial cell wall plays an important role in withstanding environmental threats,
such as exposure to cell wall-targe�ng an�microbials, that lac�c acid bacteria such as Lactococcus lac�s encounter
during applica�on processes. Therefore, it becomes crucial to understand the response mechanisms of these bacteria
when exposed to such stressors.

Small regulatory RNAs (sRNAs) are gene-regula�ng RNAs that regulate the expression of target genes by binding
to complementary sequences of messenger RNR (mRNA), thereby altering the stability and/or transla�on of mRNAs [2].
The contribu�on of these small RNAs to the regula�on of cell wall defense mechanisms is crucial for protecting bacteria
from environmental threats, however much of the current understanding of RNA-based regula�on in an�microbial
responses stems from studies on Gram-nega�ve bacteria such as Escheria coli and Salmonella. Thus, expanding our
knowledge about Gram-posi�ve species, such as Lactococcus lac�s, is crucial in order to shed more light on the RNA-
based processes that underpin an�microbial resistance.

In the Department of Biological DNA Modifica�on, it was shown that transcrip�on of several small regulatory
RNAs is upregulated/downregulated a�er Lactococcus lactis treatment with cell wall-targe�ng an�microbials such as
lysozyme and penicillin G. One of the discovered sRNA, annotated as sLLM2-, was discovered to be a poten�al regulator
of L. lac�s response to men�oned an�microbials, therefore it is important to understand the mechanism behind this
phenomenon. Upon further inves�ga�on, a poten�al sRNA target was discovered – gene alr, encoding an alanine
racemase interconver�ng L-alanine to D-alanine.

The aim of this study is to determine the rela�onship between a small regulatory sRNA sLLM2- and its possible
target alr in L. lac�s. Firstly, we analyzed how a strain of L. lac�s lacking the alr gene with and without overexpression
of sRNAs responds when grown on agar plates with an�microbials lysozyme and penicillin G. Then, to confirm the sRNA-
mRNA interac�on, we u�lized MAPS assay technology. Finally, we set out to determine whether regula�on occurs at a
transcrip�onal or transla�onal level by rifampicin-based RNA stability assay.

The obtained results will help to understand the mechanisms of sRNAs func�on in L. lac�s and their role in gene
regula�on as well as response to an�microbials.

Acknowledgements: This work was supported by funding from Research Council of Lithuania [MIP-22-11 to GV].

[1] Khemariya, P., Singh, S., Nath, G., & Gula�, A. K. (2017). Probio�c Lactococcus lactis: A Review. Turkish Journal of Agriculture - Food Science and
Technology, 5(6), 556–562.
[2] Caswell, C. C., Oglesby-Sherrouse, A. G., & Murphy, E. R. (2014). Sibling rivalry: Related bacterial small RNAs and their redundant and non-
redundant roles. Fron�ers in Cellular and Infection Microbiology, 4.



34E
MYCOBIOME COMPOSITION OF THE RESPIRATORY TRACT IN

TUBERCULOSIS PATIENTS IN LITHUANIA
Aistė Popandopula1, Edvardas Danila2,3, Karolina Kėvelai�enė3, Rūta Mereškevičienė3, Vaiva
Kumpauskaitė3, Laima Vasiliauskaitė3,4, Aleksandras Konovalovas1, Julija Armalytė1

1Ins�tute of Biosciences, Life Sciences Center, Vilnius University, Vilnius, Lithuania
2Center of Pulmonology and Allergology, Vilnius University Hospital Santaros Klinikos, Vilnius, Lithuania

3Clinic of Chest Diseases, Immunology and Allergology, Ins�tute of Clinical Medicine, Faculty of Medicine, Vilnius
University, Vilnius, Lithuania

4Laboratory of Infec�ous Diseases and Tuberculosis, Centre of Laboratory Medicine, Vilnius University Hospital
Santaros Klinikos, Vilnius, Lithuania

a.popandopula@gmail.com

Tuberculosis (TB) remains a major global health concern despite advances in treatment and preven�on. It is
caused by Mycobacterium tuberculosis and transmi�ed through airborne droplets. While exposed individuals might
develop latent infec�on, only a small propor�on progress to ac�ve pulmonary disease, indica�ng that host and
environmental factors strongly influence disease outcomes. Lithuania has one of the highest TB and drug-resistant TB
rates in the European Union, underscoring the need for an improved understanding of disease drivers [1]. Increasing
evidence suggests that the respiratory tract microbiome may act as an ecological barrier or facilitator of Mycobacterium
tuberculosis coloniza�on [2]. Therefore, inves�ga�ng lung microbiome composi�on may provide cri�cal insight into TB
suscep�bility and progression.

Although microbiome research is rapidly expanding, the mycobiome, comprising fungal communi�es, remains
poorly understood, and there is a lack of standardiza�on in detec�on and iden�fica�on methods. Different studies use
a variety of tools for fungal iden�fica�on, including amplifica�on of different genome regions. This study aimed to
analyze sputum samples using 14 primer pairs, of which the three best-performing pairs were selected and applied to
118 sputum samples, obtained from pa�ents with TB and chronic lung diseases (CLD). A total of 39 sputum samples
were later analyzed by fungal ribosomal ITS amplicon sequencing.

Fungal presence detected by PCR was confirmed in 92% of samples, whereas conven�onal microbiological
methods iden�fied fungal species in only 16% of samples. The sputum mycobiome exhibited high species diversity. The
genera Malassezia, Saccharomyces, and Aspergillus were more frequently detected in the sputum of TB pa�ents,
whereas Crinipellis, Trichosporon, and Nakaseomyces were more common in CLD pa�ents. However, neither alpha nor
beta diversity analyses revealed sta�s�cally significant differences between the groups. No significant differences in
mycobiome composi�on or diversity were observed between drug-sensi�ve and drug-resistant TB.

In conclusion, sputum is a suitable and informa�ve sample for respiratory tract mycobiome studies, and the
mycobiomes of TB and CLD patients exhibit dis�nct pa�erns of dysbiosis. Interpreta�on of our findings is limited by the
small sample size, the lack of standardiza�on in mycobiome research, and the limited literature on respiratory tract
fungal communi�es as well as their interac�ons with the broader microbiome. Nevertheless, these results provide a
founda�on for future studies inves�ga�ng the role of the respiratory tract mycobiome in TB pathogenesis and
progression.

[1] European Centre for Disease Preven�on and Control/WHO Regional Office for Europe. (2025). Tuberculosis surveillance and monitoring in Europe
2025 – 2023 data. h�ps://www.ecdc.europa.eu/en/publica�ons-data/tuberculosis-surveillance-and-monitoring-europe-2025-2023-data
[2] Shah, T., Shah, Z., Baloch, Z., & Cui, X. M. (2021). The role of microbiota in respiratory health and diseases, par�cularly in tuberculosis. Biomedicine
& Pharmacotherapy, 143, 112108. h�ps://doi.org/10.1016/J.BIOPHA.2021.112108
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Lactococcus lac�s and Lac�caseibacillus paracasei are gram-posi�ve, anaerobic bacteria. Because of their
ability to produce lac�c acid they are the members of the lac�c acid bacteria (LAB) group and are very important
in the food industry for their use as flavour enhancers and starter cultures [1]. During food produc�on LAB face
many environmental stressors which can affect their growth and metabolism. To counter these stressors LAB,
ac�vate many mechanisms, including the regula�on of gene expression, in which small RNAs (sRNA) play an
important role [2].

sRNAs are post-transcrip�onal regulators of genes involved in important cellular processes and o�en they
target proteins or RNA transcripts to control these processes. Various proteins that interact with sRNA influence
the stability of bacterial messenger RNA (mRNA) by ensuring the interac�on between sRNA and mRNA. Many
proteins of this kind are found in gram-nega�ve bacterial species, however in gram-posi�ve bacterial species –
they are found less frequently [3].

The iden�fica�on of the 5’ and 3’ ends of sRNAs is important for characterising sRNA dependent
regulatory mechanisms and determining the regula�on of sRNA stability, localisa�on and targets. Recently it has
been shown that some sRNA species have nico�namide adenine dinucleo�de (NAD) or diadenosine
tetraphosphate (Ap4A) cap structure at their 5ʹ end, but their func�on, although associated with sRNA stability,
is not yet fully understood [4].

The Department of Biological DNA Modifica�on at the Life Science Center has iden�fied some L. lac�s
enzymes that perform decapping of the NAD or Ap4A structures in the 5' end of sRNA in vitro and studies of
these proteins showed a higher decapping ac�vity in the presence of Mn2+ ca�ons. The aim of our study is to
inves�gate the effect of Mn2+ ca�ons on L. lac�s sRNA decapping proteins, and to develop a method to enrich
proteins that interact with L. lac�s and L. paracasei sRNA. Firstly, to determine the effect of Mn2+ on decapping
ac�vity in vivo, L. lac�s culture was grown in a medium containing an increased concentra�on of the Mn2+ ca�on
and the level of 5'-NAD modifica�on in RNA was calculated using mass spectrometry. Secondly, to further
characterize these enzymes, we analysed decapping ac�vity in different Mn2+ concentra�ons. Lastly, to enrich
proteins interac�ng with sRNA and evaluate the quality of the enrichment method, differrentely bio�nylated
RNA was incubated with L. lac�s and L. paracasei lysate and the resul�ng RNA-protein complexes were then
purified using Dynabeads™ MyOne™ Streptavidin C1 magne�c par�cles.

The obtained results will help us to shed the light on the mechanisms of sRNA func�on and sRNA-
dependent stress response regula�on in lac�c acid bacteria.

Acknowledgements: This work was supported by funding from Research Council of Lithuania [MIP-22-11 to GV].

[1] Zhang, K., Zhang, T.-T., Guo, R.-R., Ye, Q., Zhao, H.-L., & Huang, X.-H. (2023). The regula�on of key flavor of tradi�onal fermented food
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Bacteriophages, the most abundant biological entities on Earth, drive bacterial evolution through
constant selective pressure. As a result, bacteria have evolved diverse defense strategies, including abortive
infection (Abi) systems that detect phage invasion and trigger growth arrest or cell death to prevent viral
replication. Among these, prokaryotic reverse transcriptase-associated Abi systems, such as AbiK and AbiP2,
have garnered attention for their unique mechanisms [1].

Recent discoveries of unknown group (UG) reverse transcriptases (RTs) have led to the characterization
of a novel group - defense-associated reverse transcriptases (DRTs) [2]. Notably type 4 DRT (DRT4, UG15)
shares structural and functional similarities to AbiK, including a homologous N-terminal RT domain and the
assembly of a homohexameric complex [3][4]. Despite these findings, the activation mechanism of DRT4
remains unclear. This study aims to characterize DRT4-mediated defense through bacteriophage infection
assays utilizing the BASEL phage collection. Analysis of phage escapers in Bas17 revealed mutations in phage-
encoded protein. This protein was subsequently employed to model potential interaction interfaces with DRT4.
Mutant DRT4 constructs were then generated based on these predicted binding sites, and their capacity to
mediate defense was evaluated against the Bas17 phage.

[1] Mestre, M. R., Gao, L. A., Shah, S. A., López-Beltrán, A., González-Delgado, A., Martínez-Abarca, F., Iranzo, J., Redrejo-Rodríguez, M.,
Zhang, F., & Toro, N. (2022). UG/Abi: A highly di-verse family of prokaryotic reverse transcriptases associated with defense functions.
Nucleic Acids Research, 50(11), 6084–6101.
[2] Gao, L., Altae-Tran, H., Böhning, F., Makarova, K. S., Segel, M., Schmid-Burgk, J. L., Koob, J., Wolf, Y. I., Koonin, E. V., & Zhang, F.
(2020). Diverse enzymatic activities mediate antiviral immunity in prokaryotes. Science, 369(6507), 1077–1084.
[3] Figiel, M., Gapińska, M., Czarnocki-Cieciura, M., Zajko, W., Sroka, M., Skowronek, K., & Nowotny, M. (2022). Mechanism of protein-
primed template-independent DNA synthesis by Abi polymerases. Nucleic Acids Research, 50(17), 10026–10040.
[4] Wang, Y., Wu, H., Li, J. et al. Anti-phage defense mechanism involving phage-encoded DNA binding protein and bacterial reverse
transcriptase DRT4. Nat Commun 17, 289 (2026).
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While most chemically modified guide RNAs rely on sugar and backbone alterations [1], systematic engineering
of nucleobase substitutions remains limited due to synthetic challenges and concerns about disrup�ng Cas9 binding and
catalytic activity [2]. Here, we site-specifically introduce fluorescent base analogues (FBAs) into guide RNAs to establish
a dual-function strategy in which a single chemical modification both modulates target specificity and reports target
interrogation through fluorescence.

We synthesized a library of FBA nucleosides that func�on as molecular rotors, designed to preserve Watson–
Crick base pairing while introducing environment-sensitive fluorescence – and incorporated them at defined spacer
positions within guide RNAs. Their ac�vity was evaluated using in vitro cleavage assays. Selected substitutions produced
position-dependent effects that enhanced mismatch discrimination without substantially reducing on-target ac�vity.
Notably, fluorescence measurements distinguished matched from mismatched DNA targets prior to cleavage, enabling
real-�me monitoring of target engagement.

Collectively, these findings establish internal nucleobase modification of guide RNAs as a dual tuning-and-
reporting platform to both control and visualize CRISPR–Cas9 target recognition, with potential implications for
improving gene-editing precision.

Figure 1. Site-specific guide RNA modifications for fluorescence-based mechanistic insights.

[1] Barber, H. M., Pater, A. A., Gagnon, K. T., Damha, M. J., & O’Reilly, D. (2025). Chemical engineering of CRISPR–Cas systems for therapeutic
application. Nature Reviews Drug Discovery, 24(3), 209–230.
[2] Rozners, E. (2022). Chemical Modifications of CRISPR RNAs to Improve Gene-Editing Activity and Specificity. JACS, 144(28), 12584–12594.
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CRISPR-Cas systems are adap�ve immune mechanisms in bacteria and archaea that protect these prokaryotes
from mobile gene�c elements. Owing to their programmable nuclease ac�vity, these systems have become widely used
tools for genome edi�ng. In bacteria, CRISPR-Cas systems are validated using plasmid interference, PAM depletion,
and/or phage assays [1,3]. In mammalian cells, CRISPR-Cas system valida�on is commonly performed using RT-qPCR,
Western blot and DNA sequencing [2,3]. These methods are �me-consuming and require specific equipment and
exper�se, which is why a more straigh�orward approach for valida�ng novel CRISPR-Cas systems is needed.

The aim of this study was to apply the mouse neuroblastoma Neuro-2a KI: EGFP-mRUBY2-PURO cell line,
generated in our laboratory, as a platform for rapid and efficient valida�on of CRISPR-Cas systems. These cells stably
express EGFP (green fluorescent protein) in their nuclei and mRuby2 (red fluorescent protein) in the membrane. To
assess whether this cell line is suitable for screening novel gene-edi�ng tools and evaluating their efficiency, Neuro-2a
KI: EGFP-mRUBY2-PURO cells were transfected with a plasmid encoding Staphylococcus aureus Cas9 (SaCas9) and EGFP-
targe�ng gRNA. EGFP knock-out efficiency was evaluated by fluorescence microscopy on days 3, 5, 7, and 10 a�er
transfec�on to determine the op�mal �me point for EGFP knock-out analysis.

The results demonstrated efficient disrup�on of the EGFP gene by SaCas9 at all analysed �me points. On day 5
post-transfec�on, less than 10% of transfected cells remained EGFP-posi�ve, compared to roughly 90% in the control
group. These findings indicate that fluorescent reporter Neuro-2a KI: EGFP-mRUBY2-PURO cell line may serve as a simple
and effec�ve pla�orm for screening and valida�on of novel CRISPR-Cas systems in mammalian cells.

[1] Burstein, D., Harrington, L. B., Stru�, S. C., Probst, A. J., Anantharaman, K., Thomas, B. C., . . . Banfield, J. F. (2016). New CRISPR–Cas systems from
uncul�vated microbes. Nature, 542(7640), 237–241. h�ps://doi.org/10.1038/nature21059
[2] Fueller, J., Herbst, K., Meurer, M., Gubicza, K., Kurtulmus, B., Knopf, J. D., . . . Knop, M. (2020). CRISPR-Cas12a–assisted PCR tagging of mammalian
genes. The Journal of Cell Biology, 219(6). h�ps://doi.org/10.1083/jcb.201910210
[3] Wang, Y., Liu, K.I., Sutrisnoh, NA.B. et al. Systema�c evalua�on of CRISPR-Cas systems reveals design principles for genome edi�ng in human cells.
Genome Biol 19, 62 (2018). h�ps://doi.org/10.1186/s13059-018-1445-x
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It is known that various tRNA modifica�ons play an important role in the adapta�on of bacteria to environmental
changes. 4-thiouridine (s4U) is one of the most abundant post-transcrip�onal modifica�ons of bacterial tRNA, primarily
located at posi�on 8 in the tRNA structure [1]. The tRNA s4U modifica�on acts as a photosensi�ve residue in tRNA,
crosslinking with structurally nearby cy�dine in the 13th posi�on upon exposure to near-UV radia�on and consequently
delaying bacterial growth by making some tRNAs poor aminoacyla�on substrates.

tRNA 4-thiouridine desulfidases (RudS) are a novel family of tRNA demodifying enzymes that specifically remove
the 4-thiouridine (s4U) modifica�on from tRNA, thereby directly contribu�ng to the cellular control of sulfur-modified
tRNAs under stress condi�ons [2]. However, the role of 4-thiouridine desulfidases (RudS) in bacterial adapta�on to
different light condi�ons and UV irradia�on remains poorly understood.

In this study, we inves�gated RudS-dependent tRNA s4U demodifica�on and its effect on Pseudomonas sp.
growth and survivability under visible light (LED) illumina�on and ultraviolet (UV) irradiation. Using rudS-containing and
knockout strains, we determined s4U levels in tRNA a�er LED illumina�on using HPLC-MS and analyzed the growth
dynamics of bacteria by measuring op�cal density at 600 nm a�er UVA/UVC irradia�on. Our results show that LED
illumina�on significantly reduced tRNA s4U levels in Pseudomonas strains containing rudS, indica�ng light-induced
demodifica�on. Although wild-type and ∆rudS mutant strains showed very similar growth dynamics upon UVA
exposure, a�er combined UVA+UVC irradia�on the wild-type strain displayed a shorter growth delay than ∆rudS
mutant. This indicates that func�onal RudS improves the recovery a�er combined UVA and UVC-induced damage.
Viability assays and gene expression analyses are also being implemented to determine the impact of RudS on bacterial
survival and stress responses.

Taken together, our data suggest that RudS-dependent tRNA 4-thiouridine demodifica�on contributes to
Pseudomonas sp. recovery after UV stress and reveals a novel role for tRNA modifica�ons in bacterial light stress
response.

[1] Sugio, Y., Yamagami, R., Shigi, N., & Hori, H. (2023). A selec�ve and sensi�ve detection system for 4-thiouridine modification in RNA. RNA (New
York, N.Y.), 29(2), 241–251.
[2] Jamontas, R., Laurynėnas, A., Povilaitytė, D., Meškys, R., & Aučynaitė, A. (2024). RudS: Bacterial desulfidase responsible for tRNA 4-thiouridine
de-modifica�on. Nucleic Acids Research, 52(17), 10543–10562.
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Enzyma�c methyla�on of DNA cytosines or adenines, RNA adenines or riboses, and histone amino acids is
a pivotal epigene�c mechanism involved in essen�al biological processes, including mammalian development,
differen�a�on, gene expression regula�on, maintenance of chroma�n structure, disease pathogenesis, and others.
Altera�ons in methyla�on - dependent processes frequently impair various biological func�ons, which appear to
lead to several diseases, such as cancer, neurodegenera�ve disorders, and immunodeficiency disorders. The
enzyma�c methyla�on reac�on is catalysed by a broad class of S -adenosyl -L-methionine (AdoMet) -dependent
methyltransferases (MTases), which transfer a chemically inert methyl group to specific biomolecular targets [1, 2] .
Recent advances in the development of synthe�c AdoMet cofactor analogues and in the engineering of MTases
with alkyltransferase ac�vity have enabled novel technologies for deciphering epigene�c and epitranscriptomic
changes and their regula�on even within cells [3, 4] . Nevertheless, the limited stability of synthe�c cofactors may
restrict their broader applica�on in biomolecular labelling [5] . To overcome this limita�on,
S -adenosyl -L-homocysteine (AdoHcy) analogues with modified carboxylate groups were designed to interrupt the
dominant degrada�on pathway of AdoMet – intramolecular cyclisa�on. To further improve the proper�es of the
deriva�ves, sulfur was subs�tuted with selenium to enhance their reac�vity. Based on these modifica�ons, we
hypothesised that the stability and reac�vity of the new deriva�ves would be increased under physiological
condi�ons. Consequently, the AdoHcy anal ogues were u�lised in halide methyltransferase (HMT) -mediated
chemoenzyma�c synthesis, yielding cofactors with diverse scaffolds suitable for nucleic acid labelling. The
func�onality of these newly synthesised cofactors was evaluated using nucleic acid -modifying enzymes. In
summary, the ra�onal design of more stable and reac�ve AdoMet analogues, combined with efficient
chemoenzyma�c synthesis, has the poten�al to expand the applica�ons of biomolecular labelling and offer
advanced tools for the inves�ga� on of epigene�c and epitranscriptomic processes .

[1] Greenberg, M. V. C., & Bourc’his, D. (2019). The diverse roles of DNA methyla�on in mammalian development and disease. Nature
Reviews Molecular Cell Biology , 20 (10), 590 –607. h�ps://doi.org/10.1038/s41580 -019-0159 -6

[2] Moore, L. D., Le, T., & Fan, G. (2013). DNA Methyla�on and Its Basic Func�on. Neuropsychopharmacology , 38 (1), 23 –38.
h�ps://doi.org/10.1038/npp.2012.112

[3] Tomkuvienė, M., Kriukienė, E., & Klimašauskas, S. (2022). DNA Labeling Using DNA Methyltransferases. In A. Jeltsch & R. Z.
Jurkowska (Eds), DNA Methyltransferases —Role and Func�on (Vol. 1389, pp. 535 –562). Springer Interna�onal Publishing.
h�ps://doi.org/10.1007/978 -3-031 -11454-0_19

[4] Vilkai�s, G., Masevičius, V., Kriukienė, E., & Klimašauskas, S. (2023). Chemical Expansion of the Methyltransferase Reac�on : Tools
for DNA Labeling and Epigenome Analysis. Accounts of Chemical Research , 56 (22), 3188 –3197. h�ps://doi.org/10.1021/acs.accounts.3c00471

[5] Zhang, J., & Zheng, Y. G. (2016). SAM/SAH Analogs as Versa�le Tools for SAM -Dependent Methyltransferases. ACS Chemical
Biology , 11(3), 583 –597. h�ps://doi.org/10.1021/acschembio.5b00812
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Pancrea�c cancer (PC) is one of the deadliest forms of cancer, with an alarmingly low survival rate. The
poor prognosis for pa�ents diagnosed with PC is in part due to the complicated nature of the disease and its
rela�onship with the tumour microenviro nment. The microenvironment of pancrea�c tumours is characterised
by hypoxia in rela�on to normoxic condi�ons, resul�ng in changes to the phenotypes of the cancer cells
themselves. However, the changes that occur in cancer cells in response to, and as a means of adap�ng to,
these hypoxic condi�ons are regulated by a transcrip�on factor called hypoxia - inducible factor (HIF). HIF
regulates an extensive network of genes and pathways that contribute to pancrea�c tumour progression. To
study the role th at HIF1A and HIF3A play in PDAC, a CRISPR -Cas9 knockout approach can be u�lised.

In PDAC, HIF1A is a characterised driver of hypoxia - dependent transcrip�on, while HIF3A may play a
similar role but with addi�onal and non -redundant func�ons. While future studies will inves�gate both genes
in PDAC, the immediate priority is to select single guide RNAs (sgRNAs) with consistent knockout efficiency,
par�cularly for CRISPR combina�ons where variable guide ac�vity can compromise dual -target edi�ng.

This project aims to establish a workflow to priori�se sgRNAs targe�ng HIF1A and HIF3A for knockout
studies, crea�ng the founda�on for future experiments to inves�gate the role of hypoxia signalling in PDAC.
Candidate sgRNAs targe�ng HIF1A and HIF3A will be selected based on published reports and CRISPR design
tools. These guides will be cloned into plasmid templates containing a T7 promoter sequence. The sgRNAs will
be transcribed in vitro from these templates, and Cas9 -sgRNA ribonucleoprotein (RNP) complexes will be
formed through their assembly with recombinant Cas9 protein. The cu�ng efficiency of Cas9 -sgRNA
complexes corresponding to candidate sgRNAs will be evaluated using an in vitro Cas9 cleavage assay. This
assay will use PCR amplicons span ning each genomic target sequence as substrates. The cleavage assay
products will be analysed by agarose gel electrophoresis. The Cas9 cu�ng efficiency of each sgRNA will be
quan�fied as a ra�o of cleaved to uncleaved DNA products.

This is a pre -experimental op�misa�on and design process, the focus of which is on the experiment
prepara�on rather than the experiment outcome. Outputs will consist of ranked sgRNA libraries for HIF1A and
HIF3A, according to the in vitro levels of clea vage ac�vity, the top single guide for each gene for single
knockouts, and suggested guide combina�ons for the pairings needed to enable double knockouts. These
outputs represent a func�onal guide for making decisions related to sgRNA choice that are t ied to the
robustness of follow -up PDAC hypoxia -pathway experiments.
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Genome analysis enables comprehensive inves�ga�on of gene�c varia�on and its rela�onship to biological
processes such as development, differen�a�on, and disease. Whole genome sequencing (WGS) allows detec�on of
single nucleo�de variants, inser�ons, dele�ons, structural rearrangements, and copy number altera�ons in a single
experiment, and has become central to genomics research and clinical diagnos�cs. Extending WGS to the single-cell
level (scWGS) provides critical insight into cellular heterogeneity and clonal evolu�on; however, current approaches
remain limited by amplifica�on bias, incomplete genome coverage and restricted multi-step processing.

Here, we present a novel scWGS workflow based on semi-permeable capsules (SPCs), a microfluidics-derived
platform designed to overcome limita�ons of droplet-based systems [1]. While droplet-based methods enable high-
throughput processing, reagent exchange and complex sequen�al biochemical reac�ons are difficult to implement. In
contrast, SPCs comprise a hydrogel core enclosed by a thin semi-permeable shell that retains cells and high-molecular-
weight genomic DNA while allowing passive diffusion of small molecules. This structure enables harsh lysis, removal of
inhibitory components, and sequen�al enzyma�c reac�ons within intact single-cell compartments.

We op�mized mul�ple library prepara�on condi�ons and selected the best-performing workflow based on
genome coverage metrics, achieving improved and reproducible coverage across single cells. Species-mixing
experiments using human K562 and mouse NIH/3T3 cells demonstrated accurate genome assignment and high-
specificity mapping, confirming robust compartmentaliza�on. Together, our results establish SPC-based scWGS as a
scalable and reliable pla�orm, with ongoing applica�ons targe�ng genomic analysis of clinical samples.

[1] Baronas, D., Norvaisis, S., Zvirblyte, J., Leonaviciene, G., Mikulenaite, V., Goda, K., Kaseta, V., Sablauskas, K., Griskevicius, L., Juzenas, S., & Mazu�s,
L. (2025). High-throughput single cell omics using semipermeable capsules. Science, eady7227.
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5-Methylcytosine, generated through methylation of CpG dinucleotides in the mammalian genome, is a
key epigenetic mark. It regulates gene expression, X-chromosome inactivation, genomic imprinting, and the
silencing of retrotransposable elements – processes essential for mammalian development and maintaining
normal cellular function [1]. DNA methylation is catalyzed by the DNA methyltransferase (DNMT) family, which
transfers a methyl group from the cofactor S-adenosyl-L-methionine (AdoMet) to the 5-carbon position of cytosine
within CpG sites. In mammals, DNMTs are commonly divided into two functional groups: the de novo
methyltransferases DNMT3A and DNMT3B, which establish genomic methylation patterns, and the maintenance
methyltransferase DNMT1, which preserves methylation patterns during cell division [2]. Global DNA methylation
proÞles derived from epigenomic sequencing reßect the aggregate outcome of locus-speciÞc methylation and
demethylation, governed by the coordinated activities of DNMT and TET enzymes [3]. However, methylome
proÞling alone cannot disentangle the speciÞc contributions of individual DNA methyltransferases to the cellular
methylation landscape. To overcome this constraint, recently Dnmt1-Top-Seq experimental platform was
developed, which employed structure-guided engineering of the Dnmt1 methyltransferase to enable catalytic
transfer of chemical tags onto DNA using synthetic AdoMet cofactor analogue, Ado-6-azide. This, in turn, permitted
tracking of DNMT1 methyltransferase speciÞc activity in live genome-edited mouse embryonic stem cells, thereby
enabling to dissect activity of individual DNA methyltransferases in vivo [4]. Furthermore, a similar genome
engineering of endogenous methionine adenosyltransferase Mat2a in mESCs enabled intracellular biosynthesis
of an AdoMet analogue from its precursor azido-methionine and parallel metabolic genome labeling of a DNMT1-
speciÞc methylome under physiologically relevant cellular conditions [5].

To apply a similar epigenome labeling strategy in human cells, this study aimed to select state-of-the-art
genome editing tools for the successful engineering of endogenous DNMT1, DNMT3A, DNMT3B, and MAT2A genes
for subsequent metabolic genome labeling in HEK293 cells. Using a variety of prime editing strategies, we were
able to derive HEK293 and HEK293T knock-in cell lines carrying targeted substitutions in the coding sequences
of corresponding genes. As a result, a further development of this approach using engineered HEK293/HEK293T
knock-in cell lines will provide an experimental foundation for deploying synthetic AdoMet and methionine
analogues, allowing downstream epigenomic assays to dissect an individual epigenic landscapes of each DNA
methyltransferase in human cells under normal and pathological conditions.

[1] Breiling, A., & Lyko, F. (2015). Epigenetic regulatory functions of DNA modiÞcations: 5-methylcytosine and beyond. Epigenetics &
Chromatin, 8(1), 24. https://doi.org/10.1186/s13072-015-0016-6
[2] Dhar, G. A., Saha, S., Mitra, P., & Nag Chaudhuri, R. (2021). DNA methylation and regulation of gene expression: Guardian ofour health. The
Nucleus, 64(3), 259–270. https://doi.org/10.1007/s13237-021-00367-y
[3] Gowher, H., & Jeltsch, A. (2018). Mammalian DNA methyltransferases: New discoveries and open questions. Biochemical Society
Transactions, 46(5), 1191–1202. https://doi.org/10.1042/BST20170574
[4] Stankevičius, V., Gibas, P., Masiulionytė, B., Gasiulė, L., Masevičius, V., Klimašauskas, S., & Vilkaitis, G. (2022). Selective chemical tracking
of Dnmt1 catalytic activity in live cells. Molecular Cell, 82(5), 1053-1065.e8. https://doi.org/10.1016/j.molcel.2022.02.008
[5] Gasiulė, L., Stankevičius, V., Kvederavičiu ̅tė, K., Rimšelis, J. M., Klimkevičius, V., Petraitytė, G., Rukšėnaitė, A., Masevičius, V., & Klimašauskas,
S. (2024). Engineered Methionine Adenosyltransferase Cascades for Metabolic Labeling of Individual DNA Methylomes in Live Cells. Journal
of the American Chemical Society, 146(27), 18722–18729. https://doi.org/10.1021/jacs.4c06529
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The ability to discriminate host DNA from foreign genetic material at the molecular level is fundamental to
bacterial survival and evolution. The bacterial defense forcesagainst genetic elementsof exogenousorigin are frequently
clustered within genomic regionsknown asdefense islands. Thispattern suggeststhat genesof unknown function, which
are consistently found near established defense systems, likely serve protective roles or may work synergistically with
adjacent systems[1], [2]. Three split prokaryotic Argonaute (pAgo) operons have been identified in the genomes of
thermophilic bacteria. Unpublished bioinformatic analyses from our laboratory indicate that these split pAgos, together
with associated HEPN domain-containing nucleases, are embedded within operons encoding type I restriction-
modification (RM) systems (Fig.1). This genomic co-localization suggests potential cooperation between these defense
pathways.

Investigating complex, multi-component bacterial defense systems presents significant challenges, particularly
with conventional multi-copy expression vectors that may introduce copy number variability and non-physiological
overexpression effects. To mitigate these limitations and better mimic the native conditions, genome integration was
implemented. Genetically engineered Escherichia coli strains carrying split pAgo and type I RM defense modules have
been constructed using Argonaute-mediated homologous recombination [3]. The constructed E. coli strains have been
successfully validated, demonstrating both viability and genetic stability. This creates a solid foundation for subsequent
cytotoxicity analyses and functional assays designed to evaluate protection against plasmid acquisition and
bacteriophage infection.

Understanding such alliances may provide insight into how bacteria deploy layered immune strategies
to limit the constant influx of invading genetic elements.

Figure 1. Schematic representation of the genomic region encoding the target defense systems. For comparison, the
domain architecture of a long pAgo is shown.

[1]S. Doron et al., ‘Systematic discovery of antiphage defense systems in the microbial pangenome’, Science, vol. 359, no. 6379, p. eaar4120, Mar.
2018, doi: 10.1126/science.aar4120.

[2]K. S. Makarova, Y. I. Wolf, S. Snir, and E. V. Koonin, ‘Defense Islands in Bacterial and Archaeal Genomes and Prediction of Novel Defense
Systems’, J. Bacteriol., vol. 193, no. 21, pp. 6039–6056, Nov. 2011, doi: 10.1128/JB.05535-11.

[3]L. Fu et al., ‘The prokaryotic Argonaute proteins enhance homology sequence-directed recombination in bacteria’, Nucleic Acids Res., vol. 47, no.
7, pp. 3568–3579, Apr. 2019, doi: 10.1093/nar/gkz040.
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The intense coevolu�onary arms race between bacteria and phages has resulted in an unexpectedly wide and
diverse array of an�phage defense systems [1]. While well-characterized an�viral systems such as CRISPR-Cas
and restric�on-modifica�on directly target bacteriophage gene�c material, abor�ve infec�on (Abi) systems func�on
by ac�va�ng toxic effectors upon infec�on, causing inhibition of metabolism or programmed death of the host cell to
halt bacteriophage proliferation and protect the bacterial colony [2]. Many Abi systems rely on proteins containing
HEPN (Higher Eukaryotes and Prokaryotes Nucleo�de-binding) domain, which possesses endoribonuclease
ac�vity and is important in a variety of bacterial immune responses [3].

Our research focuses on one such Abi system ApeA which encodes a single protein ApeA with a HEPN domain
variant as its key func�onal feature. While ApeA was previously shown to defend against a limited set of classic
T phages [4], the molecular mechanisms were not yet clear. Our earlier work expanded the known an�phage
spectrum of ApeA homologs and iden�fied a highly ac�ve homolog Ec2ApeA. Structural analysis of Ec2ApeA
revealed a loop, prominently changing its conforma�on during ac�va�on. The protein was also co-purified with a
dinucleo�de, sugges�ng a poten�al ac�va�on mechanism.

Here we aimed to explore the ac�va�on mechanism of Ec2ApeA further by assessing the func�onal importance
of the structurally dynamic loop, as well as the poten�al dinucleo�de signal in the cell. Targeted mutagenesis was
used to evaluate the role of the conforma�onally dynamic loop and co-expression of a dinucleo�de cleaving enzyme
was employed to test the requirement of dinucleo�des as signaling molecules in Ec2ApeA ac�va�on.

These experiments demonstrated that both the conformationally dynamic loop and the dinucleo�de signal are
cri�cal for Ec2ApeA protein ac�va�on.

[1] Georjon, H., & Bernheim, A. (2023). The highly diverse antiphage defence systems of bacteria. Nature Reviews Microbiology, 21, 686–700.
h�ps://doi.org/10.1038/s41579-023-00934-x.
[2] Lopa�na, A., Tal, N., & Sorek, R. (2020). Abor�ve infec�on: Bacterial suicide as an antiviral immune strategy. Annual Review of Virology, 7(1),
371–384. h�ps://doi.org/10.1146/annurev-virology-011620-040628
[3] Anantharaman, V., Makarova, K. S., Burroughs, A. M., & Koonin, E. V. (2013). Comprehensive analysis of the HEPN superfamily: Iden�fication of
novel roles in intra-genomic conflicts, defense, pathogenesis, and RNA processing. Biology Direct, 8, 15. h�ps://doi.org/10.1186/1745-6150-8-15
[4] Gao, L., Altae-Tran, H., Böhning, F., Makarova, K. S., Segel, M., Schmid-Burgk, J. L., Koob, J., Wolf, Y. I., Koonin, E. V., & Zhang, F. (2020). Diverse
enzyma�c ac�vities mediate an�viral immunity in prokaryotes. Science, 369(6507), 1077–1084. h�ps://doi.org/10.1126/science.aba0372
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Bacteriophages (phages) pose a constant threat to bacteria, driving the evolu�on of diverse anti-phage defense
mechanisms. Among these strategies, recently iden�fied anti-phage systems involve protein components related to
eukaryo�c ubiqui�na�on pathways. Characteriza�on of these proteins is essen�al for elucida�ng their roles in bacterial
immunity and phage evasion.

In this study, we focus on the func�onal characteriza�on of a bacterial anti-phage defense system using
bacteriophage spot �ter assays to evaluate protec�on against phage infec�on. By introducing and analyzing muta�ons
in system proteins, we assess how specific protein components and their variants contribute to effec�ve defense and
directly link protein-level changes to an�viral func�on. Greater knowledge of this bacterial anti-phage system could help
enable the use of its mechanisms as modulable tools in biotechnology.
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CRISPR-Cas is a prokaryotic adaptive immune system that protects against mobile genetic elements (e.g.,
phages) and is classified into 2 classes, 7 types, and 46 subtypes [1]. Among the most complex CRISPR-Cas systems are
those belonging to Class 1, Type III. These systems provide RNA-dependent, transcription-coupled immunity, in which
target RNA recognition triggers DNA cleavage. In addition, RNA recognition ac�vates the synthesis of cyclic
oligoadenylates (cOAs), which func�on as second messengers. cOAs ac�vate accessory nucleases (e.g., Csm6 or Csx1)
to degrade RNA, or engage effector proteins such as SAVED-CHAT or CalpL to induce proteolysis and host cell dormancy
[2, 3].

A notable example is the Type III-B system from Haliangium ochraceum, which utilizes cOA signalling to
strengthen the antiphage response through a cascade of targeted proteolytic events. This system comprises a canonical
Type III-B (Cmr1-Cmr6) effector complex together with associated genes encoding SAVED-CHAT, PCaspase (a
prokaryotic caspase), the sigma factor PC-σ, the protease inhibitor PCi, and a serine-threonine kinase (PCk). Upon target
RNA recognition, Cas10 (Cmr2) produces cyclic tri-adenosine monophosphate (cA3), which induces SAVED-CHAT
oligomerization and activates its CHAT protease domain. Activated SAVED-CHAT specifically cleaves and ac�vates
PCaspase, which subsequently func�ons as a promiscuous protease that degrades multiple protein substrates. In vivo,
this proteolytic cascade results in a strong abortive infection-like phenotype characterized by pronounced interference
and reduced cell viability in Escherichia coli [2].

While the Type III-B system from H. ochraceum was par�ally characterised both in vitro and in vivo, its study
relied on laborious and time-consuming approaches, including heterologous protein expression and purification, as well
as cloning of large, multi-component operons. These technical challenges complicated experimental workflows and
limited scalability. In addition, the putative kinase PCk could not be cloned or functionally characterized due to its
apparent toxicity, resulting in incomplete mechanistic understanding of the system. To overcome these limitations and
accelerate the characterization of protease-associated CRISPR-Cas systems, we implemented a cell-free transcription-
translation (TXTL) pla�orm combined with an in-gel fluorescent Connectase assay [4, 5].

Using this methodology, we demonstrate that cA3 induc�on triggers oligomerization and activation of SAVED-
CHAT, which cleaves and thereby ac�vates PCaspase. The observed proteolytic ac�vity was inhibited by the PCi,
consistent with both our assays and the findings by Steens et al. (2024). Importantly, the full protocol can be completed
in less than 20 hours, does not require cloning or recombinant protein produc�on and purification in E. coli, and requires
minimal hands-on time. Furthermore, our setup enabled efficient expression of otherwise toxic proteins such as PCk.
Our initial data highlight the power of this methodology and open the possibility to characterize other protease-
associated CRISPR-Cas systems, as well as other bacterial defence systems involving proteolytic cascades.

Our future work will focus on systematic characterization of genomic regions flanking Type III-associated loci
and on resolving outstanding mechanistic questions.

[1] Makarova, K.S., Shmakov, S.A., Wolf, Y.I., Mutz, P., Altae-Tran, H., Beisel, C.L., Brouns, S.J., Charpentier, E., Cheng,
D., Doudna, J. and Ha�, D.H., 2025. An updated evolutionary classification of CRISPR–Cas systems including rare variants.
Nature microbiology, pp.1-16.
[2] Steens, J.A., Bravo, J.P., Salazar, C.R.P., Yildiz, C., Amieiro, A.M., Köstlbacher, S., Prinsen, S.H., Andres, A.S., Patinios,
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Heracleum sosnowskyi is a fast-spreading plant considered invasive in Lithuania and the European Union. This
plant should be controlled for several reasons: contact with H. sosnowskyi sap and sunlight can cause severe burns to
human skin; it can harm herbivorous animals by causing burns to the muzzle and mucous membranes; and it has a
nega�ve effect on plant communi�es and o�en forms par�cularly large thickets [1].

The aim of this study was to determine the phytochemical composi�on of different morphological parts (flowers,
leaves, and roots) of H. sosnowskyi and to inves�gate the allelopathic effects of this invasive plant on a model species,
lettuce (Lactuca sativa), as well as on three native plant species: perennial ryegrass (Lolium perenne), white clover
(Trifolium repens), and �mothy grass (Phleum pratense), using aqueous extracts of leaves, roots, and flowers at different
concentra�ons. In addi�on, the study sought to iden�fy the most allelopathically active morphological part of H.
sosnowskyi. The phytochemical composi�on of the aqueous extracts was analyzed using GC/MS and HPLC/DAD/TOF,
while allelopathic activity was assessed through seed germina�on and seedling growth bioassays conducted using the
Petri dish method.

All morphological parts of H. sosnowskyi produce phenolic compounds that can poten�ally inhibit the
germina�on of other plant species [2]. The inflorescences contained predominantly isopsoralen, pimpinellin and
methoxsalen (Fig. 1.). The leaf extracts were characterized by the highest concentra�ons of isopsoralen, methoxsalen
and bergapten. The roots of H. sosnowskyi exhibited a greater diversity of furanocoumarins (isopimpinellin, bergapten,
isobergapten, pimpinellin, isopsoralen), although their concentra�ons were lower compared to those in the
inflorescences and leaves.

The allelopathic results obtained demonstrated the significant inhibitory effects of aqueous extracts of
Sosnowsky hogweed. The applica�on of flower and leaf extracts generally resulted in the most significant suppression
of germina�on and growth in the all tested plant species. Leaf extracts had stronger nega�ve effect on seed germina�on
and growth of letuce and clover; flower extracts – on reygras and �mothy. The root extracts demonstrated the weakest
inhibitory effects on all tested plant seeds.

The results of this study contribute to a deeper understanding of allelopathic interac�ons and may support the
management of invasive plant spread. The findings are relevant for monitoring and controlling the expansion of
aggressive H. sosnowskyi popula�ons, while also providing a scien�fic basis for the development of natural herbicides
derived from the phytotoxic compounds present in these plants.

Figure 1. Dominant furanocoumarins in different parts of H. sosnowskyi. Angular furanocoumarins are marked in
green, and linear furanocoumarins in red (prepared by the author).

[1] Gudžinskas, Z., Balčiauskas, L., Butkus, R., Dagys, M., Šidagytė, E., Vaitonis, G., Virbickas, T., Žalneravičius, E. (2017). Invazinės rūšys Lietuvoje.
Vilnius.
[2] Baležen�enė, L. (2012). Inhibitory effects of invasive Heracleum sosnowskyi on rapeseed and ryegrass germina�on. Allelopathy Journal, 30: 197-
208.
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Members of the genus Mesocestoides (Cyclophyllidea, Mesocestoididae) are found worldwide, and some species
are considered zoono�c [1]. These helminths infect canids (family: Canidae), felids (Felidae), and other carnivorous
mammals [2, 3]. However, some studies indicate that Mesocestoides spp. helminths have also been detected
parasi�zing humans [4]. Overall, 13 Mesocestoides spp. species have been recorded, of which M. li�eratus and M.
lineatus are most encountered in Europe [5]. The life cycle of these parasites typically involves three hosts: various
coprophagous arthropods (order: Oriba�da) or beetles (Coleoptera) serve as the primary intermediate hosts, which
become infected by inges�ng Mesocestoides spp. proglo�ids or eggs, from which the oncosphere develops. Various
vertebrates are iden�fied as secondary intermediate hosts, in which the oncosphere develops into the procercoid and
tetrathyridium [3, 6]. The defini�ve hosts are representa�ves of various taxa, such as red foxes (Vulpes vulpes), which
become infected by consuming an animal or its tissues containing tetrathyridia [7, 8].

In this study, we examined 30 intes�nal and/or fecal samples from red foxes collected between 2019 and 2025
in Lithuania. Mesocestoides spp. were morphologically iden�fied based on key diagnostic features by Khalil et al. [9]
using a stereomicroscope and a light microscope. PCR amplifica�on and sequencing of the cytochrome c oxidase subunit
I (Cox1) gene were used for Mesocestoides species iden�fica�on.

Based on morphological parameters, the prevalence of Mesocestoides spp. infec�on in intes�nal and/or fecal
samples of red fox was determined to be 56.7% (17/30). The adult Mesocestoides helminths were up to 30 cm in length
and had an anterior scolex, behind which was the ribbon-shaped, segmented body. The scolex dimensions were 40.9
μm × 79.4 μm, with no distinct rostellum or hooks observed. Behind the �p of the scolex were four elongate muscular
suckers. Each mature segment of Mesocestoides contained a single set of reproduc�ve organs, called a parauterine
organ, 96.9 μm × 46.5 μm in size. Using the Cox1 gene, M. litteratus was iden�fied for the first �me in Lithuania. A total
of 18 sequences of M. li�eratus were characterized, revealing 6 haplotypes with a sequence iden�ty ranging from 97.3%
to 99.7%. This is the first study to report the prevalence of M. li�eratus in the intes�nal and/or fecal samples from red
foxes in Lithuania. Furthermore, we observed high genetic variability within this species, which may indicate high
diversity within the parasite popula�on studied. Further research is required to monitor the na�onwide distribu�on of
these parasites and to evaluate the public health risks they pose as zoono�c agents.

[1] Chelladurai, J. R. J., & Brewer, M. T. (2021). Global prevalence of Mesocestoides infec�ons in animals–A systema�c review and meta-
analysis. Veterinary Parasitology, 298, 109537..
[2] Cameron, T. W. (1925). The cestode genus Mesocestoides Vaillant. Journal of Helminthology, 3(1), 33-44.
[3] Zaleśny, G., & Hildebrand, J. (2012). Molecular iden�fica�on of Mesocestoides spp. from intermediate hosts (rodents) in central Europe
(Poland). Parasitology research, 110(2), 1055-1061.
[4] Schultz, L. J., Roberto, R. R., Rutherford III, G. W., Hummert, B., & Lubell, I. (1992). Mesocestoides (Cestoda) infection in a California child. The
Pediatric infectious disease journal, 11(4), 332-333.
[5] Varcasia, A., Tamponi, C., Ahmed, F., Cappai, M. G., Porcu, F., Mehmood, N., ... & Scala, A. (2022). Taenia mul�ceps coenurosis: a review. Parasites
& Vectors, 15(1), 84.
[6] Sapp, S. G., & Bradbury, R. S. (2020). The forgo�en exotic tapeworms: a review of uncommon zoono�c Cyclophyllidea. Parasitology, 147(5), 533-
558.
[7] Saari, S., Näreaho, A., & Nikander, S. (2018). Canine parasites and parasi�c diseases. Academic press.
[8] Bajer, A., Alsarraf, M., Dwużnik, D., Mierzejewska, E. J., Kołodziej-Sobocińska, M., Behnke-Borowczyk, J., ... & Behnke, J. M. (2020). Rodents as
intermediate hosts of cestode parasites of mammalian carnivores and birds of prey in Poland, with the first data on the life-cycle of Mesocestoides
melesi. Parasites & vectors, 13(1), 95.
[9] Khalil, L. F., Jones, A., & Bray, R. A. (Eds.). (1994). Keys to the cestode parasites of vertebrates (pp. xiii+-751).
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Microorganisms exhibit valuable poten�al for conver�ng organic by-products into eco -friendly energy
sources and monomers that can serve as feedstock for new produc�on processes . They have been recognised
as a sustainable approach to address the global environmental emergency , specifically in by -product
management (e.g. the food industry accounts for 10% of global warming due to the by -products it generates
[1]), which remains a significant ecological and economic challenge , rendering them a real -world model of
circular economy implementa�on .

In this regard, th is study aims to conduct an in -depth analysis of the desirable proper�es of
microorganisms isolated from harsh condi�ons, par�cularly fungi and yeast, and their implementa�on in
ecological problem issues .

Essen�ally, chemical analysis of soil from road construc�on by-products was carried out. A serial
dilu�on method was used to isolate fungi and yeasts from soil using Potato Dextrose Agar (PDA ) at 28 °C for
5 to 7 days (Fig. 1) . The isolated strains were then purified to achieve single -strain colonies for the following
profile iden�fica�on by sequencing. Forward enzyma�c ac�vity assessments , notably celluloly�c, lipoly�c, and
pec�noly�c ac�vity , were performed using substrate exposure and a consequent absorbance assay .

Figure 1 . Depic�on of different microorganisms isolated from samples collected from road construc�on by -
products .

A total of 8 species of fungi and yeasts were iden�fied , exhibi�ng different lipase, cellulase, and
pec�nase ac�vi�es . The i solate “ F7” showed the most promising results in this research, expanding its
applica�on to the degrada�on of oil spills, tex�le waste, and food waste.

Finally, on the bas is of the acquired material, a conclusion on the comparable metabolic proper�es of
the microorganisms was drawn and analysed to control by-product disposal for a cost -effec�ve solu�on in a
way of maintaining a sustainable environment.

[1] Soon, W. L., Foo, J. L., & Chang, M. W. (2025). Microbial food waste valoriza�on: advances, challenges, and perspec�ves. Cu rrent
Opinion in Biotechnology, 94(2), 103323.
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The edge effect caused by forest fragmentation leads to significant changes in environmental
conditions, affecting both the forest floor and the soil ecosystems [1]. Organisms developing in the soil,
especially soil flies, are sensitive to the changes and can be used as bioindicators [2]. The aim of this study is
to assess the impact of the edge effect caused by deforestation on the diversity and abundance of soil flies
(Insecta: Diptera).

The study was conducted in the Punios šilas forest, in three different habitats: inside the forest, the
ecotone (edge zone) and the deforestation site. Flies developing in the soil were collected using emergence
traps [Fig. 1]. Based on morphological characteristics and identification keys, more than 30 different families
were identified.

Figure 1. Soil emergence trap. (Author: S. Slančiauskas)

The results of the study show that the structure of soil dipteran communities differs significantly
depending on the habitat. The highest abundance of specimens was found in the forest, while the highest
family richness was found at the deforestation site. The ecotone was distinguished by the lowest values of
both abundance and diversity. The results show that the edge effect and the changes that come with the
effect in environmental conditions have a significant impact on the diversity and distribution of soil dipterans
across different habitats.

[1] Young, R. (2012). Soil properties and behaviour (Vol. 5). Elsevier.

[2] Paoletti, M. G. (1999). Invertebrate biodiversity as bioindicators of sustainable landscapes. Practical use of invertebrates to assess
sustainable land use.
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Intensive agricultural management is widely recognized as a key driver of biodiversity decline, primarily through
habitat loss and altered ecosystem processes. One effective method for naturally increasing insect biodiversity in crop
planta�ons is the use of flowering strips [1]. Nevertheless, farmers remain concerned that flowering strips could
promote pest popula�ons. This study aims to evaluate the extent to which these concerns are jus�fied. Specifically, this
study assessed the effect of distance from flowering plant strips on beetle (Coleoptera) abundance and species diversity
in winter wheat fields in the Kupiškis district, Lithuania (Juodpėnai and Šileikiai villages).

Beetles were sampled over a two-week period from May 18 to June 2, 2023, using Barber pi�all traps (n = 36)
arranged in transects placed either directly within the flowering strip or, as a control, along the field margin (Fig. 1, I),
as well as at different distances within the adjacent winter wheat field (Fig. 1, II–IV).

A total of 10,835 beetle individuals represen�ng 60 species from 9 families were iden�fied. Carabidae dominated
in both species richness and abundance. The most abundant species were Poecilus cupreus (Linnaeus, 1758) and Nebria
brevicollis (Fabricius, 1792). Both fields with flowering strips showed higher beetle species richness compared to the
control field, although the highest beetle abundance (n = 2,068) was observed in the last transect (IV) of the control
field. The highest Shannon diversity index was recorded in the Šileikiai field with flowering strips (Hʹ = 2.40) (Fig. 1), and
it gradually decreased towards the centre of the field (transect IV).

Figure 1. Shannon diversity indices (Mean ± SE) of beetles in the Kupiškis district, Lithuania (Juodpėnai and Šileikiai
villages), in traps across transects I–IV: I – within the flowering plant strip or control field margin; II–IV – at 5, 25, and

55 m into the winter wheat field.

In summary, beetle diversity showed some variation among transects and field types, especially close
to field margins, but only in the Šileikiai field was a clear distance-related gradient evident, indica�ng a
context-dependent spa�al influence of flowering strips. The results suggest that flowering plant strips can
enhance beetle diversity locally, particularly near field margins, indica�ng their poten�al as a site-specific
measure for biodiversity conservation. The findings do not indicate an increase in pest insects associated
with flowering strips and suggest a poten�al contribu�on of predatory beetles to biological control..

Acknowledgments: This study was supported under R&D Service Agreement No (1.57) 15600-INS-43 between BASF SE
(Germany) and Vilnius University (Lithuania). We also thank S. and D. Slančiauskai , J. A. Skuja for assembling the traps.
[1] Durak, R., Materowska, M., Hadley, R., Oosterhuis, L., Durak, T., & Borowiak-Sobkowiak, B. (2025). The role of flower strips in increasing beneficial
insect biodiversity and pest control in vineyards. Sustainability, 17(5), 2018. h�ps://doi.org/10.3390/su17052018
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The increasing global demand for sustainable protein sources has intensified interest
in insect farming as an environmentally friendly alternative to conventional livestock
production. The yellow mealworm (Tenebrio molitor L.) is a promising species for food and
feed applications due to its high protein content and efficient feed conversion. However,
optimizing rearing practices remains essential for sustainable large-scale production,
including the choice of larval water source.

In industrial systems, carrots are commonly used to provide moisture, yet their use
may be economically inefficient and directly competes with human food resources.
Therefore, this study aimed to evaluate alternative water sources that avoid direct
competition with the human food chain. Under controlled laboratory conditions, T. molitor
larvae were reared using eight alternative water-source treatments representing (a)
beverage-industry by-products and (b) alternative water thickeners. Larvae were maintained
until pupation, and larval body weight was recorded weekly throughout development to
characterize growth dynamics.

Distinct differences in growth trajectories were observed among treatments. Certain
alternative water sources supported more favorable larval growth patterns, particularly
during later developmental stages, whereas others were associated with slower weight gain.
Overall, the findings underscore that water-source selection can meaningfully influence
mealworm growth performance and should be considered a key parameter in rearing
optimization. Evaluating non-food moisture sources, such as industrial by-products and
functional thickeners, may contribute to more sustainable and resource-efficient mealworm
production systems.
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Entomopathogenic nematodes (EPNs) are soil-dwelling, non-segmented roundworms that
parasi�ze insects and are widely used as environmentally sustainable alterna�ves to chemical insec�cides.
Although chemical cues are known to play a central role in host location, EPN-host interac�ons may be
more complex than currently understood. It remains unclear how EPNs respond to hosts that are already
infected with EPNs and dead. Therefore, vola�les released from EPN-infected insect cadavers represent
one potential source of such cues, but their functional significance remains largely unexplored. Improved
understanding of these processes could enhance the efficacy of EPNs as biocontrol agents.

The behavioral responses of infective juveniles of Steinernema carpocapsae (the free-living, non-
feeding stage that persists in soil and searches for suitable insect hosts) to 1-undecene, a vola�le
compound released by EPN-infected insect cadavers, were inves�gated. A two-choice assay was used to
test ten concentrations of 1-undecene. High concentra�ons (200-20 mM) were a�ractive, whereas lower
concentrations (2-0.02 mM) elicited neither attraction nor repellence. Because a�rac�on was observed at
high concentra�ons only, these results suggest that 1-undecene alone is unlikely to serve as a primary host-
location cue under natural condi�ons. Other chemical signals may therefore play a more important role in
EPN host recogni�on.
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Sarcocys�s species are pro�st parasites who can infect a wide range of animals, including rep�les, birds,
and mammals. Nowadays more than 220 species are known. The lifecycle of Sarcocystis is dixenous and includes
prey-predator rela�onships between hosts. Intermediate host (IH) gets infected through contaminated water or
food. Following this, Sarcocys�s species undergo asexual reproduc�on in IH’s muscles. Defini�ve host (DH)
contracts infec�on ea�ng meat contaminated with Sarcocys�s species. Subsequently, sexual reproduc�on occurs
in the intes�ne and ends with sporula�on of oocysts. The sporocysts formed are shed with faeces into the
environment where IH can consume it. In this study we aimed to establish the richness of Sarcocys�s species in
intes�nes of red fox (Vulpes vulpes), raccoon dog (Nyctereutes procyonoides) and grey wolf (Canis lupus)

A total of 67 animals were collected from 2019 to 2023 in Lithuania, namely 28 red foxes, 26 raccoon
dogs and 13 grey wolves. Scrapings of the intes�nal mucosa were analysed under light microscope. A two-step
nested PCR (nPCR) was performed targe�ng cytochrome c oxidase subunit I (cox1). Studies had proven that cox1
is a universal marker for the iden�fica�on of Sarcocys�s spp. that use ungulates as IH [1]. First step of nPCR was
conducted with genus-specific primers, second — with species-specific primers. Samples were tested for 16
Sarcocys�s species. The list of species and the IH (present in Lithuania) are: Caprinae — S. arie�canis (sheep), S.
tenella (sheep), S. taeniata (sheep), S. capracanis (goat, Barbary sheep, European mouflon); Suidae — S.
miescheriana (pig and wild boar); Equidae — S. bertrami (horse); Bovidae — S. cruzi (ca�le, European bison);
Cervidae — S. alces (moose), S. pilosa (sika deer, red deer), S. capreolicanis and S. gracilis (roe deer), S. hjor�
(moose, red deer, sika deer), S. iberica (red deer, sika deer), S. linearis (moose, red deer, roe deer, sika deer), S.
venatoria (red deer), S. morae (fallow deer, red deer, sika deer).

In total 27 of 28 (96.42%) red fox, 23 of 26 (88.46%) raccoon dog and 11 of 13 (84.62%) grey wolf samples
were posi�ve for Sarcocys�s spp. All 16 Sarcocys�s species have been identified in intestinal samples of canids.
Red fox samples were posi�ve for the greatest number of Sarcocys�s species, 13 of 16, being the only one tested
posi�ve for S. cruzi and S. bertrami (Fig. 1). The highest detec�on rate was recorded for S. hjor� whose IH are
cervids. Grey wolf samples were posi�ve for 12 of 16 Sarcocys�s species and were the only host posi�ve for S.
taeniata. Lastly, 11 of 16 raccoon dog samples were for Sarcocys�s spp. Notably, S. miescheriana that uses pigs
or wild boar as IH, was most o�en found in raccoon dogs. As these predators usually do not hunt in packs,
carcasses are a likely source of infection. Due to high variety of Sarcocys�s species identified, we can conclude
that canids play an important role in the distribu�on of Sarcocys�s spp.

Figure 1. Molecular analysis results of the Sarcocys�s species presence in intes�nal samples of grey wolf (black),
raccoon dog (grey) and red fox (yellow).

[1] Eglė Rudaitytė-Lukošienė, Petras Prakas, Dalius Butkauskas, Molecular identification of seven Sarcocystis species in red deer (Cervus
elaphus) from Lithuania, Parasitology International, Volume 85, 2021, 102419, ISSN 1383-5769,
h�ps://doi.org/10.1016/j.parint.2021.102419.
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Tenebrio molitor is an extensively studied species widely used in research and industrial mass rearing,
including produc�on for human consump�on. Its biology, developmental requirements, and responses to
environmental condi�ons under laboratory and farming set�ngs are well documented. In contrast, substan�ally less
informa�on is available for Tenebrio obscurus, despite its close relatedness to T. molitor and its current use as animal
feed. Given its poten�al for broader applica�on in human food produc�on, a detailed understanding of its rearing
requirements is needed; however, key developmental parameters, par�cularly temperature-dependent
development and survival during early life stages, remain insufficiently documented.

Temperature is a major abio�c driver of insect development, especially during embryonic and early larval
stages. Therefore, this study assessed the effects of four constant temperatures (21, 23, 25, and 27 °C) on egg
hatching success and early larval survival in T. molitor and T. obscurus under controlled laboratory condi�ons.

The results showed clear differences between the two species in both egg hatching and larval survival.
Tenebrio molitor exhibited rela�vely stable performance across a broad range of temperatures, whereas T. obscurus
showed stronger sensi�vity to temperature varia�on during early developmental stages. This indicates that
temperature plays a key role in shaping early developmental success in Tenebrio species and highlights the need for
species – specific op�miza�on of rearing condi�ons. Much remains unknown about the basic biology and rearing
requirements of T. obscurus, and addi�onal studies are needed to support its poten�al use in large-scale produc�on
and human food systems.
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Magne�c chitosan nanocomposites (MCNs) are advanced materials that combine the biocompatibility of chitosan
with the superparamagne�c properties of magnetite (Fe₃O₄), making them attrac�ve for various industrial and
biomedical applications [1,2]. Nonetheless, due to their capacity to bind and deliver biological substances, MCNs could
also serve as carriers for func�onal feed additives in aquaculture. However, despite these promising proper�es, their
suitability as probiotic carriers or enhancers has not yet been evaluated. Moreover, the long-term effects of dietary
MCNs supplementation on aquatic organisms are not sufficiently investigated. Consequently, a be�er understanding of
MCNs interac�ons with fish physiology and stress responses is essen�al to assess their efficacy and to prevent
unintended harm.

This study investigated the effects of dietary probiotics and MCNs on morphophysiological parameters and
oxidative stress biomarkers in Cyprinus carpio L. over a 21-day feeding period. Fish were divided into four experimental
groups: control, probiotic-only, MCN-only, and a combined treatment (MCN+P) and fed twice daily at a ration
corresponding to 4% of their average body weight. At the end of the experiment, fish morphophysiological parameters
were assessed, and organ samples were collected for biochemical analyses. Antioxidant enzyme ac�vities and oxidative
damage markers, including superoxide dismutase (SOD), catalase (CAT), malondialdehyde (MDA), and hydrogen
peroxide (H₂O₂), were measured in liver, gill, and muscle �ssues.

The results showed that after the 21-day feeding trial, neither MCNs nor probiotics induced significant changes
in the morphophysiological parameters of the fish. The body weight, Fulton’s condition factor, gill somatic index, and
hepatosomatic index did not differ significantly among dietary groups. Differences in MDA levels were also not
observed, indicating the absence of enhanced lipid peroxidation. In contrast, H₂O₂ concentrations were significantly
reduced in gill tissues of the MCN+P group, suggesting that MCNs together with probiotics could reduce oxidative stress
in fish. Ac�vi�es of SOD and CAT remained stable across treatment groups, further indicating that neither probiotics
nor MCNs induced oxidative stress in C. carpio under the tested condi�ons.

Overall, these findings highlight the poten�al compatibility of MCNs as a carrier system in aquaculture fish diets,
as they do not adversely affect fish growth or elicit harmful oxidative responses in C. carpio.

Acknowledgements This work was supported by the Research Council of Lithuania, agreement No. S-PD-24-44.
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Lycophytes are vascular plants that date back to late Silurian 420 million years ago and were crucial
for the formation of terrestrial ecosystems [1]. Due to their evolutionary significance, studies on the functioning of
extant lycophytes can provide valuable insights into their importance in contemporary ecosystems.

This work focuses on Lycopodium annotinum L. (interrupted clubmoss, syn. Spinulum annotinum (L.)
A. Haines), an extant lycophyte found in temperate and boreal forests of North America, Europe, and Asia [2]. This
species is included in the Red List of the International Union for Conserva�on of Nature (IUCN) and is classified as Least
Concern (LC) [3]. The life cycle of these plants consists of two independent stages: gametophytes and sporophytes.
Gametophytes are subterranean and usually less than 1 cm in size, while sporophytes can extend tens of meters and
make up a significant part of the forest understory layer. There is some data about carbon allocation in different organs
of L. annotinum [4]; however, due to their peculiar life cycle and clonal growth form in the sporophytic stage,
investigations into their functioning (especially nutrient allocation) across different habitats remain exceptionally sparse
and pose methodological challenges.

Methods which can be used to assess nutrient allocation in plants include stable isotope analysis (SIA).
SIA involves measuring carbon (13C/12C, expressed as δ13C) and nitrogen (15N/14N, expressed as δ15N) stable isotope
ratios. These ratios can be used as ecophysiological integrators which reflect the effects of environmental variations on
plants.

Therefore, the main aim of this study was to assess the carbon and nitrogen allocation in L. annotinum
sporophytes found in different habitats, encompassing segments from different stems and varying age. The main
objectives were 1) to evaluate C and N allocation differences between habitats, 2) to assess age-related C and N
distribution variation, and 3) to determine C and N allocation in different stem types. Specimens were collected in
September 2025 in two different habitats – a forest dominated by European spruce (Picea abies (L.) H. Karst.) and a
forest dominated by Scots pine (Pinus sylvestris L.). The specimens included orthotropic (vertical) and plagiotropic
(horizontal) stems of varying age. Specimens were cleaned, dried, separated into parts, and ground. δ13C and δ15N of L.
annotinum biomass was determined via isotope ratio mass spectrometry (IRMS).

Results of this study revealed that habitat type had a clear influence on the isotopic composition of L.
annotinum. Plants growing in spruce-dominated and pine-dominated forests had different δ¹³C and δ¹⁵N values,
indicating that environmental conditions strongly shape carbon and nitrogen allocation in this species. In addition, δ13C
values showed a small but significant difference between orthotropic and plagiotropic stems, as well as segments of
different age. In contrast, δ15N values did not differ between organs or shoot age, indicating that internal plant structure
has only a minor influence on nitrogen-related processes in L. annotinum. Overall, these results illustrate that
environmental se�ngs (extrinsic factors), rather than intrinsic factors, may be the main determinants influencing
nutrient allocation in L. annotinum.

[1] Kenrick, P., & Crane, P. R. (1997). The origin and early evolution of plants on land. Nature, 389, 33–39. h�ps://doi.org/10.1038/37918
[2] Chen, D.-K., Zhou, X.-M., Rothfels, C. J., Shepherd, L. D., Knapp, R., Zhang, L., Lu, N. T., Fan, X.-P., Wan, X., Gao, X.-F., He, H., & Zhang, L.-B. (2021).
A global phylogeny of Lycopodiaceae (Lycopodiales; lycophytes) with the description of a new genus, Brownseya, from Oceania. Taxon, 71(1), 25–51.
h�ps://doi.org/10.1002/tax.12597
[3] Christenhusz, M., Bento Elias, R., Dyer, R., Ivanenko, Y., Rouhan, G., Rumsey, F., & Väre, H. (2017). Lycopodium annotinum (Europe assessment).
The IUCN Red List of Threatened Species, 2017, e.T18821015A85433421. h�ps://doi.org/10.2305/IUCN.UK.2017-1.RLTS.T18821015A85433421.en
[4] Clarke, A. E., Rimgailė-Voicik, R., Paškauskas, R., Mažeika, J. (2022). δ13C in above-ground and below-ground organs of Spinulum annotinum
(Lycopodiaceae). Flora, 294, 152119. h�ps://doi.org/10.1016/j.flora.2022.152119
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Agricultural ecosystems integrate soil, water, feed, animals, and microbiota into a connected environmental
network in which antimicrobial resistance (AMR) can persist and circulate. Bacteria are a dominant component of
environmental microbial communities and play an essen�al role in ecosystem func�oning [1]. Antimicrobial resistance
(AMR) is disseminated among diverse bacterial species, leading to the emergence of poten�al pathogenic antibiotic-
resistant bacteria (ARB) that threaten both animal and human health [2]. Agricultural fields act as the hotspots for AMR,
where resistance genes transfer across ARB in the interconnected environmental compartments including soil, water,
and animal feed [3]. Horizontal transfer of antibiotic resistance genes (ARG) is typically mediated by plasmids [4].
Understanding how ARB are distributed within farmland ecosystems is necessary to establish baseline resistance levels
and to assess poten�al risks to animal and public health. This study investigates the antibiotic resistance genes, and
poten�al resistance plasmids of multidrug-resistant environmental bacteria from ecological dairy farms in Lithuanian.

This study examined selected antibiotic resistance genes (ARGs) and the presence of plasmids in antibiotic-
resistant bacteria isolated from ecological dairy farm environments in Lithuania. A previously characterized collection
of 44 antibiotic-resistant bacterial isolates originating from farmland-associated matrices was screened by PCR for genes
conferring resistance to ampicillin, streptomycin, tetracycline, and chloramphenicol. Plasmid extrac�on was performed
for each isolate using a commercial plasmid miniprep kit.

The blaTEM gene was the most abundant resistance gene detected, present in 50% of the isolates and in 22 of
33 ampicillin-resistant strains. Streptomycin resistance genes strA and strB were predominantly detected together, with
strA present in 11.36% and strB in 9.1% of the isolates. Out of five tetracycline-resistant farmland isolates, three strains
(6.82% of tota isolates) carried the tetA resistance gene. Furthermore, chloramphenicol resistance genes floR and cmlA
were detected in 11.36% and 2.27% of the isolates, respectively. Plasmids were detected in six isolates, with estimated
sizes ranging from approximately 1.2 to 7 kb.

The obtained results show the abundancy in certain resistance genes in multidrug-resistant bacteria isolated
from ecological farmland environments. Further work targe�ng a broader range of resistance genes and
characterization of plasmids would help clarify the mechanisms underlying the observed resistance pa�erns.

This project has received funding from the Research Council of Lithuania (LMTLT), agreement No S-MIP-23-7.

[1] Ma, L., Zhang, C., Feng, J., Yao, C., & Xu, X. (2025). Distinct roles of plant and microbial communities in ecosystem multifunctionality during
grassland degradation and restoration. Geoderma, 459, 117381. h�ps://doi.org/10.1016/J.GEODERMA.2025.117381

[2] Cleaveland, S., Laurenson, M. K., & Taylor, L. H. (2001). Diseases of humans and their domestic mammals: Pathogen characteris tics, host range
and the risk of emergence. Philosophical Transactions of the Royal Society B: Biological Sciences, 356(1411), 991–999.
h�ps://doi.org/10.1098/rstb.2001.0889

[3] Wang, F., Fu, Y. H., Sheng, H. J., Topp, E., Jiang, X., Zhu, Y. G., & Tiedje, J. M. (2021). Antibiotic resistance in the soil  ecosystem: A One Health
perspective. Current Opinion in Environmental Science & Health, 20, 100230. h�ps://doi.org/10.1016/J.COESH.2021.100230

[4] Castañeda-Barba, S., Top, E. M., & Stalder, T. (2023). Plasmids, a Molecular Cornerstone of Antimicrobial Resistance in the One Health Era. Nature
Reviews. Microbiology, 22(1), 18. h�ps://doi.org/10.1038/S41579-023-00926-X
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Climate change and global trade in plants are promo�ng the spread of invasive insect pests, posing an increasing
threat to agriculture and natural ecosystems. In Lithuania, two O�orhynchus (Coleoptera: Curculionidae) species have
rela�vely recently been recorded: O. armadillo was found in 2010 [1] and O. pseudonothus was detected in 2023 [2]. Both
weevil species are highly polyphagous pests damaging cul�vated and ornamental plants. However, their current
distribu�on, host plant range, and gene�c diversity in Lithuania remain insufficiently studied. The aim of this study was to
determine the distribu�on of these alien species in Lithuania, their trophic associa�ons, and molecular varia�on. In total,
344 O�orhynchus specimens were collected from 23 localities (six coun�es) in Lithuania. Based on morphological characters,
168 specimens were identified as O. armadillo and 176 as O. pseudonothus. O. armadillo had a wider geographical
distribu�on (14 locali�es in six coun�es) than O. pseudonothus (nine locali�es in three coun�es).

O. armadillo was collected on plants belonging to nine families, whereas O. pseudonothus was recorded on plants of
eight families, indica�ng a broad host plant range under Lithuanian condi�ons. Six plant genera were iden�fied as host
plants for both weevil species; the most frequent was Thuja sp. (Cupressaceae).

DNA barcoding based on a 657 bp fragment of the mtDNA CO1 region was performed for 25 Lithuanian specimens
(14 O. armadillo and 11 O. pseudonothus), which was compared with sequences available in GenBank [3] and BOLD [4]. The
two analysed species formed dis�nct clades; however, only O. pseudonothus exhibited well-supported topology (99%). O.
armadillo divided into two branches, sugges�ng possible cryp�c diversity. Eight of 14 European O. armadillo mitotypes and
four of 11 O. pseudonothus mitotypes were detected in Lithuania, several recorded for the first �me.

The wide distribu�on, host plant range, and rela�vely high intraspecific variability of O. armadillo and O.
pseudonothus in Lithuania indicate that both species are already established in the country. A considerable proportion of
mitotypes was recorded exclusively in Lithuania (35% of the detected O. armadillo mitotypes and 27% of O. pseudonothus
mitotypes), sugges�ng insufficient research of these species in other European countries.

[1] Ivinskis, P., Rimšaitė, J., Meržijevskij, A. (2013). Data on beetle (Coleoptera) species new for Lithuanian fauna. New and Rare for Lithuania Insect
Species, 25, 18–23.
[2] Orlovskytė, S., Būda, V., Radžiutė, S., Ferenca, R., Blažytė -C�ereškienė, L. (2024). Flightless traveller: �irst records ofOtiorhynchus
pseudonothusApfelbeck, 1897 (Coleoptera: Curculionidae) in Lithuania. Bulletin of the Lithuanian Entomological Society, 8, 14–19.
[3] Benson, D. A., Cavanaugh, M., Clark, K., Karsch-Mizrachi, I., Lipman, D. J., et al. (2013). GenBank. Nucleic Acids Research, 41, D36–D42.
[4] Ratnasingham, S., Wei, C., Chan, D., Agda, J., Agda, J., et al. (2024). BOLD v4: a centralized bioinformatics platform for DNA-based biodiversity
data. In DNA Barcoding: Methods and Protocols (pp. 403–441). New York, NY.
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Over the centuries, 20 subspecies of honey bees have evolved in Europe, each with its own historical range.
Na�ve to northwestern Europe, including Lithuania, is the Apis mellifera mellifera subspecies, which is endangered due
to habitat loss and gene�c introgression from imported non-na�ve honey bee queens and colonies.

The aim of this study was to inves�gate the honey bee popula�on in Dzūkija Na�onal Park and to assess how
managed bee colonies and swarms comply with the morphometric and gene�c criteria of A. mellifera mellifera. It also
seeks to iden�fy bee colonies that may be used in further studies and projects related to the conserva�on and
popula�on restora�on of A. mellifera mellifera in Lithuania.

38 bee colonies origina�ng from known A. mellifera mellifera queen bees and 21 captured bee swarms of
unknown origin were analyzed. The morphometric characteris�cs (discoidal shift and cubital index) as well as abdominal
tergite pigmenta�on of the workers in each colony were evaluated. Honey bee swarms were analyzed to determine
their maternal ancestry, using the COI–COII intergenic spacer sequences of mtDNA.

Morphometric analysis of bee colonies of known origin indicated that the cubital index of 73,5% of bee colonies
and the posi�on of the discoidal shift of 23,7% of bee colonies correspond to the characteris�cs of the Lithuanian
popula�on of A. mellifera mellifera described before 1984. Genetic analysis of captured swarms revealed that 52,3% of
the swarms were of the M maternal lineage, i.e., belonged to the na�ve A. mellifera mellifera subspecies, while the rest
belonged to lineages of non-na�ve subspecies. Analysis of the morphometric parameters of the M lineage swarms
revealed that 63,6% of swarms had a cubital index and another 63,6% had a discoidal shift that corresponded to the
limits of these criteria characteris�c to the Lithuanian A. mellifera mellifera.

8 honey bee colonies and 5 swarms of M lineage were selected which could be used in further bee breeding and
popula�on restora�on programs.



15F15F
HOW LONG CAN WITCHES’ CAULDRON FUNGUS FRUITING BODIES LIVE?

A STUDY OF SARCOSOMA GLOBOSUM LIFESPAN
Eglė Vabuolė1, Ernestas Kutorga 1

1Institute of Biosciences, Life Sciences Center, Vilnius University, Lithuania

egle.semaskaite@gmc.stud.vu.lt

The early spring fruiting Witches’ Cauldron (Sarcosoma globosum), an endangered and protected in
Lithuania ascomycete species, is associated mostly with old-growth, not or minimally disturbed Norway spruce (Picea
abies) forests. Therefore, this fungus is considered a valuable indicator of forest ecosystem naturalness. Due to its
fragmented distribution and irregular occurrence of fruiting bodies, the species has long been regarded as poorly studied,
with available biological data often limited to isolated records. During the last decade, an increasing number of
observations across Europe and North America has drawn attention to the distribution and annual variation in fruiting of
S. globosum [1–3]. However, the development and maturation of individual fruiting bodies remain insufficiently
documented. Knowledge on S. globosum lifespan is important since this fungus grow and survive quite adverse
environmental conditions, such as winter cold and snow, dry periods in early spring, and pest infestations. In particular,
little is known about the persistence of S. globosum fruiting bodies and the proportion that actually reach maturity and
produce ascospores. These aspects are crucial for assessing the reproductive potential of the species and the long-term
stability of its populations.

This study aimed to investigate the timing of appearance, longevity, and maturation dynamics of S.
globosum fruiting bodies. The research was based on individual-level observations conducted over three fruiting seasons
between 2021 and 2024. Field monitoring of fruiting bodies was carried out in three fungus localities in Lithuania,
namely, Grabĳolai forest, Antazavė pinewood and Labanoras forest. The localities were surveyed once per month during
the fruiting season.  Individual fruiting bodies were repeatedly counted, marked and measured (the diameter measured
with a digital caliper) during each visit. . The maturity of asci was examined microscopicaly by taking samples from the
hymenium of fruiting bodies in spring. Meteorological conditions were characterised using data from the Lithuanian
Hydrometeorological Service [4](LHMT) and the Global Historical Climatology Network Daily [5].

The results of the study showed that annual S. globosum fruiting bodies can start their development
considerably earlier than traditionally assumed for this species, in some cases already during pre-winter months and in
December. Individual fruiting bodies have tough and felty outer surface, gelatinous inside, and could overwinter under
snow. The lifespan of fruiting bodies varies, ranging from 2 to 7 months. Substantial proportion of observed fruiting
bodies did not reach full maturity, and failed to produce ascospores. This suggests that, although fruiting bodies may be
long-lasting, successful maturation may be constrained by various environmental factors, which shapes the reproductive
success and population viability of the species.

[1] Ruotsalainen, A. L., Kekki, T., Ohenoja, E., & von Bonsdorff, T. (2023). Increase in Sarcosoma globosum observations reveals new fungal
observation culture. Fungal Ecology, 65, 101282.
[2] Preston M.D., Ball A.P., Schibli T., Gillman K.D., Philpott T.J., Justo A., 2024. Expanded geographical distribution of Sarcosoma globosum (witches
cauldron) in Canada. Acta Mycologica, 59, 195530.
[3] Vabuolė, E., Juzėnas, S., & Kutorga, E. (2024). Habitat diversity, environmental conditions, and distribution of endangered fungus Sarcosoma
globosum (Ascomycota) in Lithuania. Journal of Fungi, 10(4), 263.
[4] Lithuanian Hydrometeorological Service. https://www.meteo.lt/
[5] National Oceanic and Atmospheric Administration, National Centers for Environmental Information. Global Historical Climatology Network
Daily. https://www.ncdc.noaa.gov/cdo-web/
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The European spruce bark beetle (Ips typographus) is one of the most widespread and damaging spruce pest
in Europe. Climate change is altering its behavior and popula�on, which is leading to increased forest losses across the
con�nent [1].

Research of the beetle’s microbiota provides insights into the diversity of microorganisms living in its gut, their
interac�ons, and the mechanisms that help the insect protect itself from the external environment and overcome the
tree’s defense systems [2].

The gut microbiota of I. typographus includes a variety of bacteria and fungi, such as symbionts, pathogens,
and non-pathogenic microorganisms. Numerous bacterial and yeast species have previously been documented in the
gut of Ips typographus, which mo�vated the primary objective of this study: the phenotypic characteriza�on of bacterial
and yeast isolates obtained from the gut of I. typographus using cul�va�on-based approaches, morphological
classifica�on, cell wall property assessment, and enzymatic assays. This study is a continua�on of ongoing research
conducted at the Laboratory of Plant Pathology. The study focuses on the microbiota associated with Ips typographus,
a collec�on of gut-associated microorganisms isolated from the beetle.

Microbial isolates were cultured and grouped according to the colony morphology and cell wall proper�es. To
further characterize the isolates, enzyma�c ac�vity tests were performed, and the isolates were evaluated for
antagonis�c ac�vity against entomopathogenic fungi. One representa�ve from each morphological group was
sequenced to determine its taxonomic iden�ty.

Understanding the gut microbiota of I. typographus may provide valuable insights into microbe-host
interac�ons that influence beetle fitness and could lead to the development of novel biocontrol strategies for this
economically important forest pest.

[1] Jakoby, O., Lischke, H., & Wermelinger, B. (2019). Climate change alters elevational phenology patterns of the European spruce bark
beetle (Ips typographus). Global Change Biology, 25(12), 4048–4063. https://doi.org/10.1111/gcb.14766
[2] Chakraborty, A., Ashraf, M. Z., Modlinger, R., Synek, J., Schlyter, F., & Roy, A. (2020). Unravelling the gut bacteriome of Ips
(Coleoptera: Curculionidae: Scolytinae): identifying core bacterial assemblage and their ecological relevance. Scientific Reports, 10(1),
18572. https://doi.org/10.1038/s41598-020-75203-5
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Entomopathogenic nematodes (EPNs) are among the most efficient biological control agents of insect pests.
However, knowledge regarding their distribu�on and species composi�on in Lithuania remains extremely limited.
Studying the diversity and distribu�on of locally occurring EPNs is essen�al for understanding their poten�al in
sustainable pest management. Since na�ve species are often better adapted to local environmental condi�ons and may
therefore control pests more effec�vely than commercially available strains, assessing their diversity becomes
par�cularly important. The aim of this research was to determine the occurrence, species diversity, and habitat
distribu�on of entomopathogenic nematodes in Vilnius County, Lithuania.

In this study, 20 soil samples were collected from meadow and forest habitats in Vilnius County (Lithuania). EPNs
were isolated from soil samples using the Galleria mellonella bai�ng technique [1], infec�ve juveniles were recovered
from infected larval cadavers using the White-traps method [2], and species identifica�on was performed by DNA
barcoding [3]. A total of five dis�nct EPN species were iden�fied across all soil samples. These results significantly
enhance current knowledge of the occurrence, species composi�on, and habitat-specific distribu�on of EPNs in Vilnius
County, par�cularly highlighting differences between meadow and forest habitats.

[1] Efficiency of the Galleria (wax moth) bai�ng technique for recovering infec�ve stages of entomopathogenic rhabdi�ds (Steinernema�dae and
Heterorhabdi�dae) from sand and soil.
[2] White, G. F. (1927). A Method for Obtaining Infective Nematode Larvae from Cultures. Science, 66(1709), 302–303.
[3] Hebert, P. D. N., Cywinska, A., Ball, S. L., & de Waard, J. R. (2003). Biological identifica�ons through DNA barcodes. Proceedings of the Royal Society
of London, 270, 313–321.
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Farmland birds in Europe are experiencing severe declines, with agricultural species nearly 18 times more likely
to decrease than those in other habitats [1]. Similar long-term trends are evident in Lithuania [2]. Flowering strips have
been suggested as a potential mitigation measure [3], and this study evaluated their effectiveness in Lithuanian
agricultural landscapes.

Bird surveys were conducted on a BASF FarmNetwork farm (owned by Zigmantas Aleksandravičius) in Kupiškis
District, Lithuania. Two areas were studied: Juodpėnai-Šileikiai (130 ha) with flower strips, and Puponys II (140 ha) as a
control. Surveys were carried out six times per year from April to June, 2021–2025, using a modified cartographic-point
methodology. Birds, including breeding species, were recorded in two monthly periods (1st–15th and 16th–end of
month), with at least five days between visits at the same site. Differences between fields with flower strip and control
fields were analysed using paired t-tests (separately for May and June).

In 2025, 2142 individuals and 84 bird species were recorded. Diversity (Shannon index, H') was highest in
Juodpėnai-Šileikiai in May II (H' = 3,24) and lowest in April II (H' = 1,95). Evenness (Pielou’s E) peaked in May II and June
I (E = 0,81) and was lowest in April II (E = 0,57). Bird density in fields with flower strips was 2,4 times higher than in
control fields in May and 1,3 times higher in June in 2025 (Fig. 1).

Figure 1. Temporal variation in bird density (individuals per 10 ha) and species richness in farmland during
the April–June period, 2025: orange boxes indicate fields with flowering strips; grey indicates control field.

The five-year results indicate that flowering strips contribute to higher bird species richness. Bird density tended
to be higher in fields with flower strips compared to control fields; however, the differences were not statistically
significant (May I: t = 2,19, p = 0,094; June I: t = 1,78, p = 0,149). In contrast, species richness was significantly higher in
flower strip fields in both May (t = 3, p = 0,04) and June (t = 8,28, p = 0,001). These findings suggest that flower strips
enhance bird species diversity, although their effect on overall density remains inconclusive over the five-year period.

Acknowledgments: We would like to thank Dr. Grita Skujienė for her guidance and direct help in conducting the
research. Financial support was provided by the VU-BASF R&D-SERVICE AGREEMENT No. (1.57) 15600-INS-43.
[1] McMahon B.J et al. The decline of ground nesting birds in Europe: Do we need to manage predation in addition to habitat? Global Ecology and
Conservation 55 (2024) e03213
[2] Lithuanian Ornithological Society. (2023). Assessing biodiversity shifts with bird populations on agricultural land in Lithuania [PDF]. EU CAP
Network. https://eu-cap-network.ec.europa.eu/publications/assessing-biodiversity-shi�s-bird-populations-agricultural-land-lithuania_en
[3] Schmidt A. et al. (2022). Effects of perennial wildflower strips and landscape structure on birds in intensively farmed agricultural landscapes. Basic
and Applied Ecology 58 (2022) 1525
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Members of the genus Porrocaecum (Rhabdi�da, Toxocaridae) are zooparasi�c nematodes, which
mainly parasi�ze various birds, occasionally occurring in mammals. Around 40 nominal species of Porrocaecum have
been reported worldwide [1]. The lifecycle and gene�c rela�onships of Porrocaecum species are poorly understood. The
parasite exhibits a heteroxenous, two-host prey–predator life cycle, involving an earthworm as the intermediate host
and a bird as the defini�ve intes�nal host. The morphological identifica�on is based on the analysis of the specific
features as rela�vely large lips and male reproduc�ve structures.

In this study, ten intes�nal samples from common starlings (Sturnus vulgaris) collected in Lithuania in 2025 were
examined. The genus of Porrocaecum was morphologically iden�fied based on key diagnos�c features of nematodes by
Levin[2] using a stereomicroscope and a light microscope. PCR amplifica�on and sequencing of the of the small ribosomal
(18S rRNR) subunit were used for Porrocaecum spp. iden�fica�on.

Based on morphological analysis, the prevalence of Porrocaecum spp. infec�on in intes�nal samples of common
starlings was 60% (6/10). The adult Porrocaecum helminths were up to 6 cm in length and had rela�vely large lips, the
dorsal lip has a pair of large, double subdorsal papillae. Between these lips there are well-defined interlabia, appearing
as a pointed triangular protrusion of the interlabial cu�cle. In males, several pairs of pre-anal and post-anal papillae are
present on the ventral surface of the posterior extremity. Females exhibit only one pair of post-anal papillae near the
�p of the tail. The spicules in males were almost equal in length [2]. Using the 18S rRNR gene, the genus Porrocaecum
was iden�fied in intes�nal samples of common starlings for the first �me in Lithuania. A total of four iden�cal
Porrocaecum spp. sequences were characterized, showing 99.9 % iden�ty with Porrocaecum re�culatum. Previously,
Porrocaecum ensicaudatum was reported in intes�nal samples of common starlings; however, sequencing of the
internal transcribed spacer 1 region is required for accurate species iden�fica�on. This is the first study to report the
prevalence of Porrocaecum spp. in the intes�nal samples of common starlings in Lithuania.

[1] Liu, G., Liu, Q., Zhang, W., & Shen, X. (2023). First reported porrocaecum angus�colle infec�on in griffon vulture (Gyps fulvus) in China. Frontiers
in Cellular and Infec�on Microbiology, 13. h�ps://doi.org/10.3389/fcimb.2023.1181999
[2] Levin, N. L. (1961). Life history studies on Porrocaecum ensicaudatum (Nematoda), an avian nematode. I. Experimental Observations in the
Chicken. The Journal of Parasitology, 47(1), 38. h�ps://doi.org/10.2307/3274973
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The Black Stork (Ciconia nigra Linnaeus, 1758) belongs to the order Ciconiiformes and the family Ciconiidae. The
popula�on of Black Storks in Lithuania has been declining since 1976 and according to data from 2017, the popula�on
does not exceed 480–720 breeding pairs. One of the conserva�on measures used to counteract this decline is the
installa�on of ar�ficial nests. This study inves�gated ar�ficial nests for Black Storks in Western Lithuania with the aim
of evalua�ng their occupancy and effec�veness for breeding. [1][2]

The fieldwork was conducted in Western Lithuania from July 11 to August 10, 2025. During this period, 33
ar�ficial nests were inspected (Fig. 1).

The research was based on previously collected nest data and coordinates obtained from the SRIS (Protected
Species Informa�on System) database, which were used for comparison with earlier monitoring records of the same
nests. The nest sites were studied using the “Maps.lt” website and the mobile applica�on “Geo Tracker.” All nests were
inspected in accordance with ethical research principles: loud talking, touching nests, or inten�onally disturbing birds
was strictly prohibited.[3]

The following equipment was used for nest inspec�on: 4×10 binoculars, a Sony Alpha 6000 digital camera, an
AIR 3S unmanned aerial vehicle (drone), a mobile phone with GPS (Geo Tracker application), Microso� Excel for data
organiza�on, and RStudio for sta�s�cal analysis. Nests were evaluated according to 6 specific criteria, including
occupancy, nest condi�on, tree condi�on, habitat condi�on, recorded nearby anthropogenic ac�vity and, if possible,
number of offspring.

Figure 1. Loca�on of verified ar�ficial nes�ng sites for Black Storks in Western Lithuania. [4]

The number of occupied nests fluctuated between 2018 and 2025: 6 in 2018 (out of 32), 1 in 2019, and 4 in 2025
(out of 33), and all breeding a�empts were successful. Two nests are no longer suitable due to tree falls, and five (21%)
require reconstruc�on. Of the four occupied nests recorded in 2025, the number of nestlings could be determined in
only one nest, which contained one chick. Three of the four occupied nests were in oak trees that were in good
condi�on. The surrounding habitat was generally suitable for breeding, although forestry ac�vity was recorded near
18% of nests.

In conclusion, ar�ficial nes�ng sites have been found to be a�rac�ve to these birds, but their use depends on
various circumstances. It was es�mated that the condition of the ar�ficial nes�ng sites studied had deteriorated
cri�cally over the past seven years: 6% of the nests needed to be restored, 21% needed to be reinforced.

________________________________________________________________________________________________
[1] Lietuvos Respublikos Seimas, 2010. Dėl Miško kir�mų taisyklių patvir�nimo (2010 – 01 – 27, Nr. D1 – 79). Prieiga per internetą: https://e-
seimas.lrs.lt/portal/legalAct/lt/TAD/TAIS.364764/EnsBCvSSTn [seen 2026-01-17].
[2] Treinys, R., 2021. Juodasis gandras Ciconia nigra (Linnaeus, 1758). In: V. Rašomavičius, ed. 2021. Lietuvos raudonoji knyga: Gyvūnai, Augalai,
Grybai / Red Data Book of Lithuania: Animals, Plants, Fungi. Vilnius: Aplinkos ministerija, pp.222–222.
[3] BC Hydro. 2015 Appendix A. Breeding season pre-clearing nest survey methodology. In: Site C Vegetation and Wildlife Mitiga�on and Monitoring
Plan Annual Report: 2015. [online] Available at: h�ps://www.sitecproject.com/sites/default/files/vegetation-and-wildlife-mi�ga�on-and-monitoring-
plan-annual-report-2015-appendices-part-1.pdf
[4] Projektas „Retų rūšių apsaugos ir invazinių rūšių gausos reguliavimo priemonių įgyvendinimas“ Nr. VP3-1.4-AM-02-V-01-013 (2012-2014),
Lietuvos medžiotojų ir žvejų draugija, Lietuvos ornitologų draugija, LR Aplinkos ministerija.
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The �ming of spring migra�on in birds is strongly dependent on climate and its variability. Long-term studies
have shown that spring arrival �mes of long-distance migrant passerines have shifted earlier in recent decades [1].
Those changes are associated with climate change and rising global temperatures. In this study we examine if arrival
date �ming of spring migra�on is related to April-May mean temperatures and winter (January-March) NAO (North
Atlan�c Oscilla�on) index for a long-distance migrant willow warbler (Phylloscopus trochilus) over a 37-year period
(1983–2020).

The ringing data was collected in Ventė cape using sta�onary traps (lower trap (rybachy type), small trap and 4
different zigzag traps) and mist-nets. The data was provided by Kaunas Tadas Ivanauskas Zoological Museum ringing
centre. Because the data collec�on standardiza�on changed throughout the ringing years in the sta�on, we filtered the
dataset to avoid data errors. Furthermore, we analysed which climate parameters would be suitable for our study and
processed the climate data. We then used GAM (Generalized Addi�ve Model) model (day of the year ~ temperature +
NAO) to evaluate the phenological shifts of spring migra�on.

Mean number of ringed willow warblers per study period over 37-years was 244 ± 134, range 82-712 individuals
(fig. 1). Willow warblers advanced their spring migra�on by 0.147 days a year (t = -2.94, p =0.006, n = 35) or 5.4 days
over 37 years. Overall, the model explained 61.7% of the total deviance, with April-May mean temperature having
strong influence on arrival (edf = 1, F = 14.834, p = 0.0006), while NAO had smaller, non-linear effect on spring migra�on
�ming (edf = 2.789, F = 3.58, p = 0.02).

These results show that a long-distance migrant – willow warbler has advanced their spring migra�on in rela�on
to warming temperatures. Furthermore, though smaller, NAO had significant non-linear effect on the �ming on willow
warbler spring migra�on.

Figure 1. Phylloscopus trochilus arrival date graph with different migra�on phases (5% of all bird arrivals from that year
season, 25% and 50%). The upper part shows sample size for the year.

Acknowledgments: We would like to thank Kaunas Tadas Ivanauskas Museum for providing us the ringing data.

[1] Remisiewicz, M., & Underhill, L. G. (2020). Clima�c varia�on in Africa and Europe has combined effects on �ming of spring migra�on in a long-
distance migrant Willow Warbler Phylloscopus trochilus. PeerJ, 8, e8770. https://doi.org/10.7717/peerj.8770
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Climate change poses a serious threat to agriculture, increases plant stress, and changes the effec�veness of
plant protec�on products, intensifying abio�c stressors such as temperature fluctua�ons and water regime instability.
This trend increases plant stress and reduces their produc�vity [1]. 2024 marked the first year in which the global
temperature exceeded +1.5 °C above pre-industrial levels, with 11 consecutive months surpassing this threshold [2].
These clima�c changes heighten the risk of extreme weather events, including hurricanes, unprecedented high or low
rainfall, droughts, and extreme cold periods. Such variability directly impacts plant health, produc�vity, and resistance
to stress, posing considerable challenges to global food security. In par�cular, staple crops such as winter wheat
(Tri�cum aes�vum L.) are vulnerable to these clima�c shi�s, facing persistent threats from weeds, pathogens, pests,
and intensified abio�c stresses [3].

The aim of this study was to compare the effects of two herbicides with different modes of ac�on on the growth
and physiological parameters of winter wheat under real field condi�ons. The study was conducted on farmers' fields
in northern Lithuania under natural agronomic condi�ons. Two widely used herbicides represen�ng different classes of
herbicides were selected: one of them acts by inhibi�ng essen�al plant growth processes through disrup�on of hormone
regula�on, the other by disrup�ng amino acid synthesis, which leads to faster growth inhibi�on and metabolic
imbalance in weeds. Growth and biomass parameters, including plant height, green biomass, and dry biomass, were
evaluated. Addi�onally, key physiological and biochemical indicators of stress were quan�fied. The obtained results
enabled a compara�ve assessment of the intensity of herbicide-induced oxida�ve stress and its impact on plant growth
and physiological status.

The differences identified between herbicides allow us to iden�fy the mechanisms of ac�on that influence the
physiology of crops under field condi�ons. These data form the basis for further research aimed at assessing the impact
of climate change on herbicide efficacy and plant physiological responses.

[1] Zandalinas, S. I., Fritschi, F. B., and Mittler, R. (2021). Global warming, climate change, and environmental pollution: recipe for a multifactorial
stress combination disaster. Trends Plant Sci. 26 (6), 588–599.
[2] Copernicus Climate Change Service (2025). Global Climate Highlights 2024. European Union.
[3] Ziska L. H. (2020). Climate Change and the Herbicide Paradigm: Visi�ng the Future. Agronomy, 10(12), 1953.
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Wetlands globally have declined three times faster than forests, making their conserva�on critically important
for biodiversity, water regulation, carbon storage, and other ecosystem services [1]. Molluscs, due to their sensitivity to
environmental changes and specific habitat requirements, are widely used as bioindicators in wetland ecosystems, as
distinct mollusc communities—including rare and sensitive taxa such as members of the family Vertiginidae—form in
response to habitat quality and overall species diversity [2]. This study aimed to determine the structure and species
composition of mollusc communities in ten wetlands of Kurtuvėnai Regional Park, Lithuania.

Sampling was conducted between 2019 and 2024 during the peak vegeta�on period (July–August). A total of 23
samples were collected from ten wetlands (Lygės, Gudmoniškių, Juodlės, Niaukos, S�kliuko, Maksvytės, Pageluvio,
Pakėvės, Smirdėlės and Bevardės) represen�ng three habitat types: 7230 (Calcareous fens), 7140 (Transition mires and
quaking bogs), and mixed habitats (7230/7140). Samples were air-dried and sieved, and molluscs were manually
separated from moss and other organic debris. Species iden�fication was carried out by Dr. G. Skujienė based on shell
morphology of adult individuals, following standard malacological keys (Kerney et al., 1983; Pokryszko, 1990).

A total of 29 mollusc species were recorded, including five freshwater species. The highest abundances were
observed for Euconulus alderi (Davies, 1979), Vallonia pulchella (O. F. Müller, 1774), and Vertigo antivertigo
(Draparnaud, 1801). Species richness (S) ranged from 3 to 16 species per sample, whereas total abundance (N) varied
between 121 and 2537 individuals. Shannon diversity index (Hʹ) values ranged from 0.62 to 2.30, indicating moderate
to high diversity and relatively even species distribution across most sampling sites. Shannon diversity index (Hʹ) did not
differ significantly among habitat types (Kruskal–Wallis test, p > 0.05), although transition mires (7140) exhibited lower
mean diversity compared to calcareous fens (7230) and mixed habitats (Fig. 1).

Figure 1. Mean Shannon diversity index (Hʹ) of mollusc communi�es across different habitat types in
Kurtuvėnai Regional Park wetlands.

Two European Community (EC) species were recorded: Vertigo angustior (Jeffreys, 1830), detected in a single
sample with one adult individual, and Vertigo geyeri (Lindholm, 1925), found in 17 samples. Detection of V. geyeri varied
among habitats, with the highest frequency in calcareous fens (7230; 88.9%) and the lowest in transition mires (7140;
50%), while only mixed habitats hosted both EC species.

The results indicate that calcareous and mixed wetlands support higher mollusc diversity and provide favourable
conditions for EC species. Notably, V. geyeri showed a clear preference for calcareous fens, where it was most abundant,
underscoring the conserva�on importance of this habitat type. This study provides updated data on mollusc community
structure and EC species distribution in Lithuanian Natura 2000 wetlands and highlights the ecological significance of
habitat heterogeneity for biodiversity conserva�on within protected areas.

Acknowledgments: We thank botanist S. Juzėnas and ecologist V. Lopeta for their help in selecting and identifying the
study sites, and J. Kuznecova for preparing (sieving) research material.
[1] Lewin, I. et al. Drivers for the Diversity of Mollusc Communities in Unique Calcareous Fen Habitats. Diversity 2024, 16, 350. h�ps://
doi.org/10.3390/d16060350
[2] Horsák, M., Hájek, M., Horsáková, V., Hlaváč, J., Hájková, P., Dítě, D., Peterka, T., Divíšek, J., Potůčková, A., & Preece, R. C. (2017). Refugial
occurrence and ecology of the land snail Vertigo lilljeborgi in fen habitats in temperate mainland Europe. Journal of Molluscan Studies, 83(4), 451–
460. h�ps://doi.org/10.1093/mollus/eyx0282
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Xylosaprotrophic fungi play a fundamental role in forest ecosystems by ensuring the decomposi�on of organic
ma�er and nutrient cycling. Some species, such as Gyromitra sphaerospora, are threatened with ex�nc�on due to the
loss of suitable habitats and removal of substrates, especially – coarse woody debris. The world popula�on of G.
sphaerospora is rela�vely small and globally declining. The fungus was assessed in the Interna�onal Union for
Conserva�on of Nature (IUCN) Global Fungal Red List as Near Threatened (NT) [1] and is na�onally red-listed in 9
European countries [2; 3; 4]. In Lithuania, this fungus was first discovered in 2003, it is considered to be very rare, and
is listed in the Lithuanian Red Data Book under the Endangered (EN) category [4]. Currently, only three locali�es of this
fungus are known in Lithuania.

The aim of this research was to inves�gate the habitats, substrates and fruc�fica�on of G. sphaerospora in all
three fungal locali�es in Lithuania, namely, Punia Pinewood Strict Nature Reserve in Nemunas Loops Regional Park,
Prienai Pinewood in Drubengis Botanical Reserve in Nemunas Loops Regional Park, and Dusetos Wood in Vosyna Strict
Nature Reserve in Sartai Regional Park. The field studies were conducted in 2024-2025. We counted the frui�ng bodies
of G. sphaerospora, iden�fied the substrate type, volume, wood decay stage of coarse Picea abies woody debris, and
habitat type. For the detailed analysis of habitat disturbance intensity we established 6 permanent sampling plots
(circular, 100 m² in size) – three plots in Dusetos Wood, and three plots in Punia Pinewood.

The results showed that G. sphaerospora grows in three habitat types listed in EU Habitats Direc�ve Annex I,
namely, 9010* Western Taiga (Dusetos Wood), 9020* Fennoscandian hemiboreal natural old broad-leaved deciduous
forests (Quercus, Tilia, Acer, Fraxinus or Ulmus) rich in epiphytes (Punia Pinewood and Dusetos Wood), and 9050
Fennoscandian herb-rich forests with Picea abies (Prienai Pinewood). The main substrate of this fungal species is P. abies
logs and stumps in the 3rd stage of wood decay, with an average volume of 1.17 m³. A new substrate type for this fungus
in Lithuania was recorded in Dusetos Wood – Tilia cordata log of the 3rd stage of decay.

The fruc�fica�on of G. sphaerospora varied between localities and study years: in Dusetos Wood we observed
166 frui�ng bodies in 2024, and 46 – in 2025, while in Punia Pinewood only 4 frui�ng bodies were observed in 2024,
and 9 – in 2025. In Prienai Pinewood only single frui�ng body was observed in both 2024 and 2025.

Only natural disturbances were observed in G. sphaerospora habitats, mainly windthrow, P. abies canopy dieback
and damage by Ips typographus. All fungal locali�es are situated in the protected territories, two of them are in strictly
controlled protected areas. However, likely the indirect anthropogenic threats could degrade habitat condi�ons or
induce habitat loss in the future, such as climate change intensified tree windthrow and P. abies deadly damage with
pest infesta�ons. Although the habitats of G. sphaerospora are legally protected, the long-term prognosis for the
conserva�on of this species in Lithuania remains unfavourable due to popula�on fragmenta�on and natural
disturbances of habitats.

[1] Popov, E. & Svetasheva, T. (2024). Gyromitra sphaerospora (amended version of 2019 assessment). The IUCN Red
List of Threatened Species 2024: e.T75118940A265038281.
[2] Holec, J., & Beran, M. (2007). Distribu�on, ecology and fruc�fica�on of a rare ascomycete, Pseudorhizina
sphaerospora, in the Czech Republic and its habitats in Europe. Czech Mycology. 59. 51-66.
[3] Matočec, N., & Kušan, I. (2008). Pseudorhizina sphaerospora (Peck) Pouzar (HRCP002942). Red List of Wild Species
of Croa�a. Ins�tute for Environmental and Nature Protec�on Ministry of Environmental Protec�on and Green
Transi�on.
[4] Kutorga, E. (2021). Apskritasporis bobausis. Gyromitra sphaerospora (Peck) Sacc. – In: Rašomavičius, V. (ed.), Red
Data Book of Lithuania. Animals, plants, fungi: 549. – Vilnius.
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Urban meadows represent important components of green infrastructure and contribute to plant diversity in
highly urbanized environments. Despite ongoing urban development, some meadow habitats in Vilnius had persisted
as open areas since 1995, providing an opportunity to assess their vegeta�on structure and ecological condi�on.

The aim of this study was to evaluate the vegeta�on composi�on and ecological condi�on of long-term urban
meadows in Vilnius. Poten�al sites were iden�fied using orthophotographic maps from 1995–2025, resul�ng in 35
candidate loca�ons. Field surveys were conducted in 24 sites that met the selec�on criteria. Vegeta�on was recorded
in 16 m² (4 × 4 m) plots, and species cover was es�mated using the Londo decimal scale [1].

A total of 141 vascular plant species belonging to 25 families were recorded. Species diversity was assessed using
the Shannon diversity index, and the propor�on of alien and invasive species was evaluated as an indicator of
anthropogenic pressure. To explore varia�on in species composi�on among sites, non-metric mul�dimensional scaling
(NMDS) ordina�on was applied. Ecological condi�ons were further interpreted using Ellenberg Indicator Values [2],
allowing indirect assessment of environmental gradients based on species composi�on.

Preliminary analyses suggested variability in species diversity and community structure among sites. Although
na�ve species dominated most plots, the presence of alien and invasive taxa indicated ongoing urban ecological
influence.

These findings highlighted the ecological relevance of persistent urban meadows in Vilnius and provided a
founda�on for future monitoring and management of urban green spaces.

[1] Londo, G. (1976). The decimal scale for releves of permanent quadrats. Vegeta�o, 33(1), 61–64.
[2] Ellenberg, H., Weber, H. E., Düll, R., Wirth, V., Werner, W., & Paulißen, D. (1992). Indicator values of plants in Central Europe. Scripta Geobotanica
18.
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All 13 amphibian species found in Lithuania play an extremely important role as environmental
indicators in terrestrial and aquatic ecosystems, reflecting habitat quality and prevailing changes . Due to
their permeable skin, their activity and phenological phenomena (such as migration to spawning grounds,
reproduction, hibernation, and others) are highly dependent on environmental temperature and weather
conditions . Therefore, to accurately assess the impact of these factors and understand phenological
changes, long-term systematic observations and recordings of amphibians are necessary. The aim of this
study is to collect and systematize data that allow assessment of how temperatures influence the
distribution, activity, and phenological characteristics of amphibians in Lithuanian territories, based on the
analysis of long-term historical and monitoring data.

Long-term and historical data on spring observations of Lithuanian amphibians were collected from
various sources and integrated into a common database. In addition, amphibians were monitored from the
beginning to the end of the breeding season in 2025 at three locations in Vilnius, each with different
habitats. This data was used to compare activity and phenological characteristics across sites.

The database results showed that most observations were recorded for protected species, with
limited long-term data available for more common Lithuanian species. Spring monitoring data from Vilnius
revealed significant differences in the occurrence and phenology patterns of amphibians depending on
different sites with species diversity and emergence dates primarily influenced by temperature and habitat
type. These findings highlight the need for expanded long-term monitoring of common species and
integrated climate modeling to predict future phenological shifts under ongoing climate change.

[1] Wells, K., 2007. The Ecology & Behavior of Amphibians. Bibliovault OAI Repository, the University of Chicago Press.

[2] Duellman W. E, Trueb L. Biology of Amphibians. New York: McGraw-Hill; 1986. Woodley, S.K., 2014. Chemical Signaling in
Amphibians, in: Mucignat-Caretta, C. (Ed.), Neurobiology of Chemical Communication, Frontiers in Neuroscience.
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Increasing freshwater salinization driven by human activi�es can disrupt local phytoplankton communities,
altering their structure and poten�ally favoring newly arrived halotolerant species. Such responses depend on the initial
community composition and species-specific tolerance to osmotic stress, which may suppress salt-intolerant taxa and
shift dominance towards halotolerant groups. These structural changes can facilitate the establishment of alien
halotolerant cyanobacteria. Chrysosporum bergii and Sphaerospermopsis aphanizomenoides are halotolerant
cyanobacteria of tropical-subtropical origin that have spread to European waters. The aim of this study was to assess
the impact of increasing salinity on native phytoplankton communities and the establishment of alien cyanobacteria in
freshwater ecosystems.

Two microcosm experiments were conducted using two alien Nostocalean cyanobacteria, Chrysosporum bergii
and Sphaerospermopsis aphanizomenoides, and phytoplankton communi�es collected from two mesotrophic artificial
reservoirs. The experiments included two groups: a native phytoplankton community (control) and a native community
inoculated with the alien species at the beginning of the experiment. Four NaCl concentrations (0, 0.2, 1 and 5 g/L NaCl)
were adjusted during 3 days of acclimatization, followed by 10 days of incubation. Samples from each microcosm were
fixed with Lugol's solution. Phytoplankton species were iden�fied using a light microscope, and abundance and biomass
were estimated using a Nageo�e counting chamber.

Local freshwater phytoplankton communities consisted of organisms from five taxonomic groups (Myzozoa,
Bacillariophytina, Chlorophytina, Ochrophytina and Cyanobacteria). Increasing salinity from 0 to 5 g/L NaCl affected the
biomass of phytoplankton communities differently: in the first experiment it varied with statistically significant
differences observed (p < 0.05), while in the second experiment, no significant effect was detected (p > 0.05). Salt-
sensitive algae from the Ochrophytina group disappeared, and halotolerant Chlorophytina genera dominated. The
relative biomass of alien cyanobacteria increased with rising salinity, indicating successful establishment of these
species in the communities. C. bergii biomass remained stable across all NaCl concentrations, whereas S.
aphanizomenoides biomass increased with rising NaCl concentrations, reaching the highest biomass at 5 g/L NaCl. In
conclusion, these results suggest that freshwater salinization can both restructure native phytoplankton and promote
the establishment of alien halotolerant cyanobacteria, which may affect ecosystem integrity and functioning.
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Sarcocys�s are protozoan parasites with a two-host life cycle, forming sarcocysts in the muscles of the
intermediate hosts, such as livestock, while defini�ve hosts (predators or omnivores) become infected by consuming
meat with those mature sarcocysts [1]. In humans, farm and wild animals, infec�on can cause muscular, neurological,
and gastrointes�nal disorders, depending on the Sarcocys�s species and host [2]. Despite the economic and health
relevance of these parasites, data on prevalence and species richness in equids are scarce, due to limited molecular
studies [3]. To date, five Sarcocys�s species have been described in equids: Sarcocys�s asinus, Sarcocys�s bertrami,
Sarcocys�s equicanis, Sarcocys�s fayeri, and Sarcocys�s neurona [1]. Nevertheless, taxonomic uncertain�es persist,
par�cularly regarding S. bertrami and S. fayeri, which may represent dis�nct or conspecific species. Microscopy alone is
insufficient for species iden�fica�on in horses due to long sarcocyst matura�on periods, highligh�ng the need for
molecular studies [4]. Therefore, the aim of this study was to inves�gate the species diversity of Sarcocys�s in different
muscle �ssues of domes�cated horses (Equus ferus caballus) and to assess the intensity and prevalence of these
parasites.

During 2023–2024, a total of 107 muscle samples were collected from domes�cated horses slaughtered at
aba�oirs in Lithuania. Three types of muscles were sampled: neck muscles (n = 59), cheek muscles (n = 23), and
mas�catory muscles (n = 25). Microscopical analysis was performed using methylene-blue-stained and unstained
muscle squash technique, followed by sarcocyst isola�on and DNA extrac�on. Molecular analysis was conducted
through PCR amplifica�on of cox1, 18S rRNA, and 28S rRNA genes, followed by sequencing and bioinforma�c analysis.

Microscopical analysis detected Sarcocys�s spp. in 23.4% of the examined horse muscle samples, with parasite
infec�on intensity ranging from 1 to 12 sarcocysts per gram of �ssue (x̄ = 3). Observed cysts were elongated, spindle-
shaped, and septated, with lengths of 400–6000 µm and widths of 30–225 µm, containing banana-shaped bradyzoites
measuring 10–16 × 2–4 µm. Molecular analyses confirmed all isolates as S. bertrami.

These results provide the first molecular characteriza�on of S. bertrami in Lithuanian horses and highlight the
importance of combining molecular and microscopic methods to resolve taxonomic ambigui�es and accurately assess
the diversity and distribu�on of Sarcocys�s in equids, with implica�ons for animal health and food safety.

[1] Dubey, J.P., Calero-Bernal, R., Rosenthal, B.M., Speer, C.A., Fayer, R. Sarcocystosis of Animals and Humans, 2nd ed.; CRC Press: Boca Raton, FL,
USA, 2016.

[2] Fayer, R., Esposito, D. H., Dubey, J. P. (2015). Human infec�ons with Sarcocys�s species. Clinical microbiology reviews, 28(2), 295-311.

[3] Fayer R. (2004). Sarcocys�s spp. in human infec�ons. Clinical microbiology reviews, 17(4), 894–902.

[4] Kamata, Y., Saito, M., Irikura, D., Yahata, Y., Ohnishi, T., Bessho, T., et al. (2014). A toxin isolated from Sarcocys�s fayeri in raw horsemeat may
be responsible for food poisoning. Journal of food protec�on, 77(5), 814-819
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The Bal�c Sea is heavily polluted with persistent organic pollutants (POPs), which bioaccumulate in marine
mammal blubber and transfer to offspring during gesta�on and lacta�on, increasing early-life exposure [1]. This study
inves�gated concentra�ons of POPs in rela�on to endocrine, hematology parameters and morphometric traits in free-
ranging (Innarahu, Estonia, 2024) grey seal pups (n=20; 10 females, 10 males).

Blubber POPs concentra�ons were quan�fied using gas chromatography–tandem mass spectrometry. Detected
groups included: polychlorinated biphenyls (PCBs), organochlorine pes�cides (OCPs), polybrominated diphenyl ethers
(PBDEs), polycyclic aroma�c hydrocarbons (PAHs), triphenyl phosphate (TPP), benzophenone (BPN), benzyl benzoate
(BB), diphenyl sulfone (DPS), homosalate (HOM), and bis(4-chlorophenyl)sulfone (BCS). Liquid chromatography-tandem
mass spectrometry was used to successfully quan�fy steroid hormones: cor�sol, cor�sone, cor�costerone,
androstenedione, 11-deoxycor�sol, 11-deoxycor�costerone, progesterone, pregnenolone, 17-OH-pregnenolone, 17-
OH-progesterone, dihydroprogesterone. In addi�on, hematological parameters (RBC, Hgb, WBC [MONO, LYM, GRA],
PLT) were measured using automa�c veterinarian hematology analyser.

Generalized linear mixed model (GLMM) was used to assess associa�ons between POPs concentra�ons and
morphometric parameters, sex, and developmental stage (suckling vs. weaning). POPs accumula�on was sex-
dependent, with males exhibi�ng significantly higher ΣPCBs and DPS levels. HOM and TPP had a posi�ve associa�on
with pup body mass and axillary girth.

Bivariate Spearman analysis revealed significant associa�ons between selected POPs, steroid hormones, and
hematological parameters. ΣPAHs and BPN were posi�vely correlated (p<0.05) with progesterone, pregnenolone, and
11-deoxycor�sol, sugges�ng poten�al disrup�on of steroidogenesis through altered steroid precursor dynamics. In
contrast, HOM was nega�vely correlated with pregnenolone, indica�ng a possible inhibitory effect on steroid hormone
synthesis. Monocyte concentra�ons were nega�vely associated with HOM and BB, poin�ng to poten�al immunotoxic
effects of POPs exposure. Overall, these findings suggest that early-life POPs exposure may disrupt steroid precursor
dynamics, steroidogenesis, and immune func�on in developing marine apex predators, and future studies will further
inves�gate these effects.

[1] Salcedo, S., Di Marzio, A., & Mar�nez-López, E. (2024). Biomonitoring of persistent pollutants in grey seal (Halichoerus seagrypus) pups from the
Gulf of Riga, Bal�c Sea. Marine Pollu�on Bulle�n, 209, 117198. h�ps://doi.org/10.1016/j.marpolbul.2024.117198
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Protozoan parasites of the Sarcocystis genus are commonly detected in bovine tissues. Their biological
diversity and epidemiological significance have caused them to remain underexplored for a long time [1]. In
recent years, an increasing number of studies have reported novel Sarcocys�s species in ca�le, some of which
exhibit zoonotic poten�al and pose risks to food safety and public health [2]. Accurate species iden�fication
is complicated by pronounced morphological similarities among Sarcocys�s species, limi�ng the reliability of
microscopic methods [3]. The aim of this study was to assess the prevalence and species of Sarcocystis
parasites in the cardiac muscle and diaphragm of ca�le raised in Lithuania.

A total of 56 ca�le �ssue samples, including 28 heart and 28 diaphragm samples, were examined, and
parasite abundance was assessed using a methylene blue–stained muscle squash compression microscopy
method. Species iden�fication was performed following ar�ficial digestion with pepsin, gDNA extrac�on, and
nested PCR. Mitochondrial cox1 gene fragments were targeted for species discrimina�on, and nPCR products
were analysed using electrophoresis, sequencing, and bioinformatic analysis.

Microscopical analysis revealed a lower prevalence of Sarcocys�s parasites in cardiac muscle compared
to the diaphragm, and also lower than detected by molecular methods, as only low to moderate parasite
loads (0–20 sarcocysts/g) were observed. Using internal species-specific primer pairs, two species,
Sarcocystis cruzi and Sarcocys�s bovifelis, were identified in ca�le �ssues from Lithuania.

These findings indicate that Sarcocys�s infections are common in cattle cardiac muscle, but species
diversity may be underestimated when relying solely on conven�onal diagnostics. Integration of molecular
techniques is essen�al for accurate iden�fica�on of zoono�c Sarcocys�s species and for improving food
safety and public health risk assessments.

[1] Dubey, J. P., Van Wilpe, E., Calero-Bernal, R., Verma, S. K., & Fayer, R. (2015). Sarcocys�s heydorni, n. sp. with cattle and human cycle. Parasitology
Research, 114(11), 4143–4147. h�ps://doi.org/10.1007/s00436-015-4645-2
[2] Oduori, D. O., et al. (2024). Taenia saginata and Sarcocys�s spp. co-occurrence in Kenyan cattle. Journal of Helminthology, 98, e20.
h�ps://doi.org/10.1017/S0022149X24000129
[3] Ng, Y. H., Fong, M. Y., Subramaniam, V., Shahari, S., & Lau, Y. L. (2015). Short communica�on: Genetic variants of Sarcocystis cruzi in infected
Malaysian cattle based on 18S rDNA. Research in Veterinary Science, 103, 201–204. h�ps://doi.org/10.1016/j.rvsc.2015.10.009
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Members of the genus Sarcocys�s are widespread Apicomplexan parasites that can infect mammals, birds and
rep�les. These parasites u�lize two hosts to complete their lifecycle: the intermediate host gets infected from
contaminated food or water, while defini�ve hosts become infected a�er consump�on of �ssues with fully developed
sarcocysts. Depending on the species, Sarcocys�s parasites can form sarcocysts either in muscle �ssues or in the CNS of
the intermediate host.

To date, more than 40 Sarcocys�s sp. are known to use small mammals as intermediate hosts, along with a
substan�al number of novel Sarcocys�s spp. that have yet to be discovered. In recent years, new species have been
described using both morphological and molecular methods; however, species characterised before the widespread use
of molecular markers remain largely unexamined with these tools. As such, the lack of data hinders some research, and
the need to fill this knowledge gap is immense.

The aim of the study was to assess Sarcocys�s prevalence in brains of small mammals (mice, voles, and shrews)
from Lithuania and to comprehensively characterize their gene�c variability using nuclear, mitochondrial, and apicoplast
gene�c markers. In total, 2.2 % (15/687) of analysed samples were posi�ve for Sarcocys�s glareoli. This parasite was
observed in three rodent species – bank vole, common vole, and yellow-necked mouse, as well as a single eulipotyphlan
species – common shrew. This is the first documented case of S. glareoli infec�ng an eulipotyphlan host. Moreover, the
ITS2, cox1, cytB, and rpoB sequences of S. glareoli have been reported for the first �me.

In conclusion, results obtained contribute to epidemiological research, improve discrimina�on of S. glareoli from
closely related species, and are significant for the phylogene�c studies of Sarcocys�s spp. that use small mammals as
intermediate hosts and birds as defini�ve hosts.

The research was funded by the Research Council of Lithuania (Grant Number S-MIP-23-4).
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The Oriental click beetle genus Campsosternus Latreille, 1834 (Coleoptera: Elateridae) comprises approximately
80 described species distributed primarily throughout the Oriental Region, with a single representative extending into
New Guinea. Despite the high diversity of the genus in Southeast Asia, the Philippine fauna has remained poorly
understood and taxonomically unstable. Historically, only three nominal species were recorded from the archipelago,
but their status has long been unclear due to vague original descrip�ons and an excessive emphasis on variable external
colora�on.

This study presents a revision of the Philippine species of Campsosternus based on material from the Daugavpils
University Beetle Collec�on (DUBC) and examina�on of type specimens in the Oxford University Museum of Natural
History (OUMNH). The study is based on compara�ve morphological analysis of external characters and male genitalia,
including direct examina�on of type specimens.

As a result of this revision, one new species and two new subspecies are described. Campsosternus mindorensis
sp. nov., from Mindoro Island, is characterized by a more slender body and the presence of fine grey pubescence on
both dorsal and ventral thoracic surfaces – a feature absent in other Philippine taxa. Within Campsosternus ru�lans,
two geographically structured subspecies are recognized: C. ru�lans mindanaoensis ssp. nov. from Mindanao,
dis�nguished by its ma�e dorsum and coarse, dense pronotal puncta�on, and C. ru�lans cupreus ssp. nov. from Panay
and Negros, characterized by coppery to reddish-bronze coloration and finer puncta�on. Although colora�on varies
considerably, consistent differences in puncta�on, surface sculpture, and genital morphology support recogni�on of
these taxa as geographically differen�ated lineages.

Male genitalia were examined and illustrated for all Philippine taxa. In contrast to previous studies on Taiwanese
species [1], where these characters were considered of limited diagnos�c value, the aedeagus was found to provide
reliable species-level characters in the Philippine fauna. However, overlapping variation among subspecies supports
their interpreta�on as geographically differen�ated popula�ons rather than dis�nct species.

Two new synonymies are proposed following direct examina�on of type material: C. proteus Hope, 1843 is
synonymized with C. ru�lans (Chevrolat, 1841), and C. eschscholtzii Hope, 1843 is placed in synonymy with C. leachii
Hope, 1843. These conclusions resolve long-standing nomenclatural confusion origina�ng from mixed type series and
color-based diagnoses in early descrip�ons.

The results clarify species limits within Philippine Campsosternus and document geographically structured
morphological varia�on across the archipelago. A diagnostic key to all Philippine species and subspecies is included in
the present study.

[1] Hsieh, J. F., Jeng, M. L., Hsieh, C. H., Ko, C. C., & Yang, P. S. (2014). Phylogene�c diversity and conserva�on of protected click beetles
(Campsosternus spp.) in Taiwan: a molecular approach to clarifying species status. Journal of insect conservation, 18. p. 1059-1071.
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Studies of digenean trematode (Digenea) cercariae, the motile larval stages developing in molluscs as
intermediate hosts, are essen�al for understanding parasite diversity, life cycles, and distribution. Trematodes are of
medical and veterinary importance, causing severe diseases (trematodiases) in humans and animals. These infections
are also linked to economic losses in livestock produc�on, including reduced produc�vity and increased mortality [1].
As investigations of cercarial infections in freshwater molluscs remain limited in our region compared to Central Europe,
further research is warranted [2].

The aim of this study was to evaluate the prevalence of digenean trematode cercariae in freshwater molluscs
from the Babtai (Kaunas District, Lithuania) and to assess the morphological diversity of the detected cercariae.
Freshwater molluscs were collected from three different water bodies and transported to the laboratory. Cercarial
emergence was subsequently examined, and the released larvae were observed and documented using light microscopy
[Fig. 1].

Figure 1. Cercariae released from freshwater mollusks.

Of the 582 freshwater mollusks collected, 187 individuals (32.1%) were infected with digenean cercariae. The
prevalence of infection varied depending on the season, peaking in August, and was higher in stagnant water bodies,
indicating favorable conditions for transmission. Infections were mainly detected in the mollusk species Lymnaeidae
and Planorbidae. Larger, probably older individuals were more susceptible to infection, indicating a link between host
maturity and parasite establishment. The results showed that freshwater mollusks are an important aspect in better
understanding the ecology and life cycle of the parasite.

[1] Cro�i, M. (2013). Digenetic trematodes: An existence as parasites. Brief general overview. Microbiologia Medica, 28(2).
[2] Faltýnková, A., & Hoberg, E. P. (2007). Larval trematodes (Digenea) of the great pond snail, Lymnaea stagnalis (L.), (Gastropoda, Pulmonata) in
Central Europe: a survey of species and key to their identification. Parasite, 14(1), 39–51.
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Ongoing climate warming increases the frequency of high irradiance, drought, and heat events that promote
energy absorp�on in excess (EAE) in plant leaves. Under such condi�ons, absorbed light energy must be dynamically
redistributed between photochemistry, fluorescence, and thermal dissipa�on to prevent photodamage and oxida�ve
stress [1, 2]. Although non-photochemical quenching (NPQ) and transpira�on are recognized as central photoprotec�ve
processes, their integrated contribu�on to real-�me foliar heat emission and thermal balance under EAE remains poorly
quan�fied.

The objec�ve of this study was to (i) directly quan�fy leaf heat emission under moderate and high EAE, (ii)
determine how coordinated or disrupted interac�ons among NPQ, photosynthe�c electron transport, and transpira�on
shape foliar temperature dynamics, and (iii) evaluate how par�al suppression of these pathways alters thermal and
physiological stress responses. To address these aims, we combined high-resolu�on thermal imaging with direct photo-
calorimetric measurements to assess spa�al and temporal pa�erns of leaf temperature and heat flux in several plant
species under controlled and semi-natural condi�ons.

Leaves exposed to moderate EAE emitted approximately 103–111 W m⁻², corresponding to ~30 ± 7% of absorbed
light energy, substan�ally higher than previous theore�cal and modeling es�mates. Thermal responses were rapid,
spa�ally heterogeneous, and developmentally dependent. Inhibi�on of transpira�on increased foliar temperature
without compensatory NPQ enhancement, confirming the importance of stomatal cooling in maintaining thermal
stability. Unexpectedly, partial inhibi�on of photosystem II electron transport and NPQ reduced maximum foliar
temperature under high irradiance, revealing a linear rela�onship between temperature amplitude and declines in NPQ
and Fv/Fm. Under combined drought and excess light, par�al suppression of electron transport by DCMU decreased
heat emission and a�enuated stress responses without increasing membrane damage.

Together, these results demonstrate that reciprocal coordina�on among photochemistry, energy dissipa�on,
and stomatal conductance governs foliar thermal balance under EAE. When extrapolated to the forest canopy scale,
condi�onal shifts in leaf heat emission could reach terawa� magnitudes per 1,000,000 km², highligh�ng a poten�ally
overlooked and dynamic component of land–atmosphere energy exchange in climate feedback processes.

[1] Ort, D. R. (2001). "When there is too much light." Plant Physiology, 125(1), 29–32 S.
[2] Ruban, A. V. (2016). "Nonphotochemical chlorophyll fluorescence quenching: mechanism and effectiveness in protec�ng plants from
photodamage." Plant Physiology, 170(4), 1903–1916.
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Jumping plant lice occupy an important ecological niche as highly specialized plant parasites. During feeding,
these insects can change the phenotypes of their host plants and transmit pathogens, thus directly affecting entire
ecosystems [1]. By damaging cultivated plants such as citrus, apple and pear trees, psyllids also impact the economy [1]
[2]. Therefore, a better understanding of the ecology and distribution of these insects is of particular importance, given
the significant research gap in this field. While about 100 species are recorded in neighboring countries such as Poland
or Sweden [1] [3], only 16 have been identified in Lithuania so far [4] [5]. This study aims to fill the research gap by
providing the first comprehensive overview of this important insect group in the country, which will provide a basis for
future research.

Insects were collected from 2017 to 2024 by different collectors using nets and Malaise traps in various areas of
Lithuania. Also, from 2025-04-12 to 2025-09-23, psyllids were purposefully collected from their host plants using
entomological net (Leg. Ž. Ivanavičius, A. Petrašiūnas, E. Sriubaitė) and stored in 70% ethanol. Given that, in many
species, only the fifth instar nymphs have established identification keys, nymphs were not collected. Collected insect
specimens were observed with stereomicroscopes and identified using identification keys [1] [2] [6] [7].

A total of 1517 identifiable insects were collected, which were later successfully identified to species level. In
total, 12 species belonging to the family Aphalaridae (70 individuals), 4 species belonging to the family Liviidae (86
individuals), 24 species belonging to the family Psyllidae (1037 individuals) and 11 species belonging to the family
Triozidae (324 individuals) were identified (Fig 1). 35 of the identified species were not previously recorded in Lithuania,
including the entire Aphalaridae family.

Figure 1. Members of the four identified families: (1) Rhinocola aceris, ♂ (Aphalaridae); (2) Livia crefeldensis, ♀
(Liviidae); (3) Cacopsylla visci, ♂ (Psyllidae); (4) Bactericera albiventris, ♀(Triozidae). Insect pigmentation altered by

ethanol exposure (photos by Ž. Ivanavičius).

[1] Ossiannilsson, F. (1992). The psylloidea (Homoptera) of fennoscandia and denmark (Vol. 26). Brill.
[2] Hodkinson, I. D., & White, I. M. (1979). Homoptera Psylloidea. Handbooks for the Identification of British Insects. 2 (5a): 98 pp. Royal
Entomological Society of London, London (Great Britain).
[3] Drohojowska, J., & Klasa, A. (2019). Jumping plant lice (Hemiptera: Psylloidea) of the Ojców National Park (Southern Poland). Fragmenta
Faunistica, 62(1), 27–37.
[4] Vengeliauskaitė, A., Pileckis, S., Žuklys, L., Žuklienė, R., & Lešinskas, A. (1974). Augalų apsaugos darbuotojų žinynas.
[5] Malumphy, C., Ostrauskas, H., & Pye, D. (2009). Contribution to the knowledge of jumping plant-lice (Hemiptera, Psylloidea) of Lithuania. Acta
Zoologica Lituanica, 19 (2), 128–131.
[6] Burckhardt, D., & Lauterer, P. (1997). Systematics and biology of the Aphalara exilis (Weber & Mohr) species assemblage (Hemiptera: Psyllidae).
Insect Systematics & Evolution, 28(3), 271–305.
[7] Serbina, L., Burckhardt, D., & Borodin, O. (2020). The jumping plant-lice (Hemiptera: Psylloidea) of Belarus. Revue suisse de Zoologie, 122 (1),
7-44.
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Ticks are important vectors of numerous pathogens of medical and veterinary significance, including Borrelia
burgdorferi s.l., Anaplasma phagocytophilum, Ricke�sia spp., Babesia spp., and Candidatus Neoehrlichia mikurensis [1].
Wild carnivorous mammals may act as reservoir hosts for these pathogens, thereby contribu�ng to their long-term
maintenance and circula�on within natural ecosystems [2,3]. Mustelids (Mustelidae) are widely distributed by small
carnivores inhabi�ng diverse environments and, due to their ecology and behavior, are frequently exposed to �ck
infesta�on [2]. However, data on the occurrence of �ck-borne pathogens in mustelids remain scarce in many European
countries, including Lithuania [3]. The aim of this study was to inves�gate the occurrence of tick-borne pathogens in
wild mustelids in Lithuania using molecular methods.

Samples from mustelids were collected in various regions of Lithuania between 2013 and 2025. The study
included stone marten (Martes foina; n=28), pine marten (Martes martes; n=54), American mink (Neovison vison; n=61),
and European polecat (Mustela putorius; n=55). Ini�al screening for �ck-borne pathogens was performed using duplex
and triplex real-time PCR assays. Posi�ve samples were further analyzed by nested, semi-nested, and conven�onal PCR
targe�ng pathogen-specific genes: Ricke�sia spp. (17 kDa, gltA), Bartonella spp. (ITS, groEL, rpoB), and
Anaplasma/Ehrlichia spp. (16S rRNA, msp4, groEL). Posi�ve PCR products were sequenced for pathogen iden�fica�on.

Molecular analyses revealed the presence of several �ck-borne pathogens in wild mustelids, including Babesia
spp., Anaplasma/Ehrlichia spp., Ricke�sia spp., Bartonella spp., and Borrelia spp. Pathogen occurrence varied among
host species and sampled �ssues. Sequence analysis revealed the presence of Anaplasma phagocytophilum, Ricke�sia
raoul�i, and Ehrlichia muris. Anaplasma phagocytophilum was iden�fied in the European polecat, Ricke�sia raoul�i in
the stone marten, and Ehrlichia muris in the American mink. These findings indicate the poten�al involvement of
mustelids in the maintenance and transmission cycles of zoono�c and other vector-borne pathogens.

This study represents one of the first comprehensive molecular surveys of �ck-borne pathogens in wild mustelids
in Lithuania and provides new insights into their ecological role in pathogen circula�on.

The study was conducted within the framework of the Vytautas Magnus University KLIGEN Founda�on project
“Tick-borne pathogens of mustelids (Mustelidae) in Lithuania” (project no. P-N-25-03).

[1] Moraga-Fernández, A., Muñoz-Hernández, C., Sánchez-Sánchez, M., Fernández de Mera, I. G., & de la Fuente, J. (2023).
Exploring the diversity of �ck-borne pathogens: The case of bacteria (Anaplasma, Ricke�sia, Coxiella and Borrelia), protozoa (Babesia and Theileria)
and viruses (Orthonairovirus, �ck-borne encephali�s virus and louping ill virus) in the European con�nent.
Veterinary Microbiology, 281, 109892.
[2] Millán, J., Proboste, T., Fernández de Mera, I. G., Chirife, A. D., de la Fuente, J., & Altet, L. (2016). Molecular detection of vector-borne pathogens
in wild carnivores. Frontiers in Veterinary Science, 3, 57.
[3] Król, N., Obiegala, A., Kretschmar, F. M., Hamel, D., & Pfeffer, M. (2019). Tick-borne pathogens in the European polecat (Mustela putorius) and in
a�ached Ixodes hexagonus �cks from Germany. Ticks and Tick-borne Diseases, 10(4), 778–783.
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Melanoma is the third most common form of skin cancer and is associated with a high risk of metastasis.
Incidence and mortality rates are increasing each year, and it is predicted that the number of melanoma cases
will continue to rise rapidly in the coming decades [1]. For these reasons, further research is needed to better
understand melanoma biology, particularly the influence of three-dimensional tumour architecture and
spheroid size on melanoma growth behaviour in vitro and develop more effective therapeutic approaches [2].

In this study, in vitro 3D culture modelling was used to investigate the formation and growth dynamics
of human melanoma spheroids. Two commonly applied spheroid formation methods were employed: the
hanging drop method and the non-adhesive surface formation method [3]. These approaches allow the
generation of multicellular spheroids that better mimic the three-dimensional architecture of tumors
compared to conventional two-dimensional cultures. Two human melanoma cell lines, IGR39 and A375,
characterised by different genetic backgrounds, were used to evaluate how the spheroid formation method
influences spheroid size and growth dynamics [4]. Spheroids were formed from different initial cell numbers
and cultured under identical conditions.

Spheroid growth was monitored over a 10-day period using phase-contrast microscopy. Growth
dynamics were assessed by measuring changes in spheroid diameter at defined time points. This approach
enabled a quantitative comparison of spheroid development between the two formation methods and between
the two cell lines.

On the second day, the A375 spheroids formed using the hanging drop method were 1.2-1.3 times smaller
than those formed using the non-adhesive surface method. However, this difference was not observed at later
time points, indicating comparable growth dynamics regardless of the formation methods. In contrast, IGR39
spheroids formed using the hanging drop method from 500 and 1000 cells remained consistently larger than
spheroids formed on a non-adhesive surface throughout the ten days.

Overall, the results demonstrate that spheroid size and growth dynamics depend on both the used cell
line and the formation method. While A375 spheroids exhibit similar growth patterns regardless of the method
used, the growth of IGR39 spheroids is influenced by the spheroid formation technique.

[1] Nurla, L. A., & Forsea, A.-M. (2024). Melanoma epidemiology in Europe: What is new? Italian Journal of Dermatology and Venereology,
159(2). https://doi.org/10.23736/S2784-8671.24.07811-3

[2] Ostrowski, S. M., & Fisher, D. E. (2021). Biology of Melanoma. Hematology/Oncology Clinics of North America, 35(1), 29–56.
https://doi.org/10.1016/j.hoc.2020.08.010

[3] Amaral, R. L. F., Miranda, M., Marcato, P. D., & Swiech, K. (2017). Comparative Analysis of 3D Bladder Tumor Spheroids Obtained by
Forced Floating and Hanging Drop Methods for Drug Screening. Frontiers in Physiology, 8, 605.
https://doi.org/10.3389/fphys.2017.00605

[4] Marzagalli, M., Casati, L., Moretti, R.M., Montagnani Marelli, M., & Limonta,P.(2015).Estrogen Receptor β Agonists Differentially Affect
the Growth of Human Melanoma Cell Lines. PLOS ONE, 10(7), e0134396. https://doi.org/10.1371/journal.pone.0134396
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Endometrial cancer is the sixth most common cancer in women in the world, and Lithuania and Poland lead the
way in Europe in terms of the number of cases of this cancer [1]. The most common risk factors for endometrial cancer
are older age, obesity, type 2 diabetes and certain gene�c disorders [2], but it is not yet clear why the majority of cases
of this cancer are detected in Lithuania and Poland.

The main treatment for endometrial cancer is surgery, but often such therapy helps only in the early stages of
endometrial cancer, and the treatment of advanced and/or recurrent tumors requires addi�onal therapy. After surgery,
if there is even the slightest risk of tumor recurrence, chemotherapy or radia�on therapy is addi�onally used. Currently,
classical chemotherapy drugs such as paclitaxel, cispla�n and carbopla�n are mainly used in the clinic, unfortunately,
they have a number of disadvantages, such as low efficacy and significant side effects, therefore, it is urgent to search
for more effec�ve and specific treatment strategies. As an alterna�ve to classical chemotherapy, promising targeted
therapy drugs are constantly being developed and ac�vely inves�gated, which interfere with various oncogenic
molecular pathways essential for the survival and prolifera�on of cancer cells [3]. Targeted therapy compounds affect
specific molecular targets in cancer cells, and therefore, compared to classical chemotherapy, they have a higher
selec�vity for cancer �ssue. This specificity can increase the effectiveness of treatment and reduce toxicity to healthy
cells. These compounds are also widely applicable for personalized therapy [4]. The PI3K/AKT/mTOR pathway, receptor
tyrosine kinases, various cell cycle, proliferation and survival regulators, PARP polymerase and the nuclear transport
system have been identified as poten�al targets for endometrial cancer therapy.

To accurately evaluate these novel compounds, preclinical models must bridge the gap between laboratory
findings and clinical reality. While traditional 2D monolayers have long been the research standard, they fail to replicate
the tumor's spa�al architecture, cellular crosstalk, and the surrounding microenvironment. In contrast, three-
dimensional (3D) models, such as spheroids, be�er simulate in vivo conditions by recrea�ng nutrient diffusion gradients,
tumor heterogeneity, and extracellular matrix signaling [5].

In our previous studies the efficacy of targeted therapeu�c agents across both 2D and 3D endometrial cancer
models was evaluated. In this work ini�al assessments focused on metabolic ac�vity, which were further refined
through fluorescence microscopy to visually differen�ate and quantify between metabolic suppression and cell death
within the 3D structures. Addi�onally, quantita�ve PCR (qPCR) was employed to characterize 3D cultures by changes in
the expression of endometrial cancer and stemness markers compared to 2D models. This multi-layered methodological
approach allows for a more robust understanding of how endometrial cancer cells respond to precision medicine.

This work was funded by Vilnius University Science Promo�on Fund (project no. MSF-JM-17/2022), Future
Biomedicine Fund (project no. (1.78) SU-442) and Research Council of Lithuania (project no. S-ST-24-101).

[1] Bray, F., Laversanne, M., Sung, H., Ferlay, J., Siegel, R. L., Soerjomataram, I., & Jemal, A. (2024). Global cancer sta�stics 2022: GLOBOCAN es�mates
of incidence and mortality worldwide for 36 cancers in 185 countries. CA: A Cancer Journal for Clinicians, 74(3), 229–263.
[2] Raglan, O., Kalliala, I., Markozannes, G., Cividini, S., Gunter, M. J., Nau�yal, J., Gabra, H., Paraskevaidis, E., Mar�n-Hirsch, P., Tsilidis, K. K., &
Kyrgiou, M. (2019). Risk factors for endometrial cancer: An umbrella review of the literature. Interna�onal Journal of Cancer, 145(7), 1719–1730.
[3] Remmerie, M., & Janssens, V. (2018). Targeted Therapies in Type II Endometrial Cancers: Too Li�le, but Not Too Late. Interna�onal Journal of
Molecular Sciences, 19(8), 2380.
[4] Saeed, R. F., Awan, U. A., Saeed, S., Mumtaz, S., Akhtar, N., & Aslam, S. (2023). Targeted Therapy and Personalized Medicine (pp. 177–205).
[5] Salinas-Vera YM, Valdés J, Pérez-Navarro Y, Mandujano-Lazaro G, Marchat LA, Ramos-Payán R, Nuñez-Olvera SI, Pérez-Plascencia C, López-
Camarillo C. Three-Dimensional 3D Culture Models in Gynecological and Breast Cancer Research. Front Oncol. 2022 May 26;12:826113.
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The blood–brain barrier (BBB) is a highly selec�ve, semi-permeable interface separa�ng the systemic circula�on
from the central nervous system (CNS) (Dotiwala et al., 2023). Its func�onal integrity is maintained by �ght junc�ons
between brain endothelial cells, which strictly regulate paracellular and transcellular transport (Alahmari, 2021). While
this selec�vity protects neural �ssue from toxins and immune ac�va�on, it also represents a major obstacle for the
delivery of therapeu�c agents to the CNS. Therefore, evalua�ng the ability of therapeu�c biomolecules or nanopar�cle-
based systems to cross the BBB is a cri�cal step in CNS drug development.

In vitro BBB models provide a reproducible and ethically advantageous pla�orm for studying transport
mechanisms under controlled experimental condi�ons. These models are commonly based on culturing brain-derived
endothelial cells on semi-permeable membrane inserts, where they form a confluent monolayer that mimics key
structural and func�onal proper�es of the in vivo barrier. Such systems allow the quan�ta�ve evalua�on of par�cle
permeability and facilitate the screening of poten�al delivery vehicles prior to in vivo valida�on.

In the present study, we aimed to characterize the dynamics of �ght junc�on protein expression in an in vitro
blood–brain barrier system established using murine brain endothelial cells. The in vitro BBB model was generated by
culturing bEnd.3 endothelial cells on transwell membrane inserts (fig.1), allowing the cells to form a con�nuous
monolayer on the porous membrane surface. At defined time points, the development of the endothelial barrier was
evaluated by analyzing the forma�on and matura�on of �ght junc�ons. These junc�ons are essen�al for maintaining
the structural stability and proper func�on of the blood–brain barrier (BBB). Immunofluorescence analysis was
performed to examine the spa�al distribu�on and changes of �ght junc�on proteins—occludin, zonula occludens-1 (ZO-
1), and claudin-5, enabling visualiza�on of junc�onal organiza�on and con�nuity along cell–cell borders. We then
evaluated the integrity and confluency of the cell monolayer on membrane inserts to determine whether bEnd.3 cells
form a con�nuous endothelial layer appropriate for in vitro BBB modeling. This approach enables a systema�c and
reliable evalua�on of �ght junc�on forma�on in bEnd.3 cells by examining both their structural organiza�on and degree
of matura�on over �me. By analyzing how these intercellular junc�ons develop and become more complex, it is possible
to assess whether the cells establish the close cell–cell contacts required for effec�ve barrier func�on. Through this
detailed assessment, the suitability of bEnd.3 cells as an in vitro model of the blood–brain barrier can be more accurately
determined, par�cularly in terms of their ability to mimic key structural and func�onal characteris�cs of the BBB
observed in vivo.

Figure 1. Experimental design of the in vitro blood–brain barrier model. Created with BioRender.com.

[1] Do�wala, A. K., McCausland, C., & Samra, N. S. (2023). Anatomy, Head and Neck: Blood Brain Barrier. StatPearls.
h�ps://www.ncbi.nlm.nih.gov/books/NBK519556/
[2] Alahmari, A. (2021). Blood-Brain Barrier Overview: Structural and Func�onal Correla�on. Neural Plas�city, 2021.
h�ps://doi.org/10.1155/2021/6564585
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Successful embryo implantation is a highly coordinated process that depends not only on embryo quality but
also on the functional competence of the endometrium, as implantation failure and infertility are often associated with
abnormalities of the maternal endometrium [1]. In addition, the establishment of early pregnancy relies on effective
decidualization of stromal cells and their ability to respond to early pregnancy signals, such as human chorionic
gonadotropin (hCG), within the endometrium. However, the molecular mechanisms involved in this process, including
the regulation of classical decidualization markers, such as PRL and IGFBP, transcription factors and associated signaling
pathways, as well as metabolic reprogramming, remain not fully understood [2,3].

In this study, we aimed to evaluate decidualization efficiency in patient-derived endometrial stromal cells (ESCs)
and to examine their molecular response to the early pregnancy signal, hCG. Firstly, primary ESCs were isolated from
female patients with fertility disorders, undergoing assisted reproduction procedures, and cultured in vitro.  Then,
decidualization was induced using cyclic AMP and medroxyprogesterone acetate (mPA) for 3 days. Additionally, ESCs
were treated with hCG for 24 hours during decidualization to evaluate their responsiveness to early pregnancy signals.
Decidualization efficiency and molecular changes were examined by measuring gene and protein expression levels using
RT-qPCR and Western blot. Moreover, metabolic mitochondrial function was analyzed using the Seahorse XFp Cell Mito
Stress test and ATP rate assay kits.

Our results demonstrate that decidualization significantly increases the expression of classical decidualization
markers, including PRL and IGFBP1, as well as transcription factors FOXO1 and WNT4, compared to non-treated ESCs.
ESCs’ treatment with decidualization inducers and hCG also modulates the expression levels of receptivity and
immunomodulation-related genes such as SPP1, VEGFA, IL8, and others. Furthermore, changes in ESCs' oxygen
consumption rate (OCR) and intracellular ATP production were detected a�er decidualization and hCG induction.

Overall, our findings suggest that these molecular changes play an essential role in decidualization and may
contribute to a better understanding of endometrial function, providing a foundation for future infertility research.

[1] Opuchlik, K., Pankiewicz, K., Pierzyński, P., Sierdziński, J., Aleksejeva, E., Salumets, A., Issat, T., & Laudański, P. (2025). Factors influencing
endometrial receptivity in women with recurrent implantation failure. BMCWomen’s Health, 25(1), 15. https://doi.org/10.1186/s12905-024-03531-
z

[2] Voros, C., Chatzinikolaou, F., Papadimas, G., Polykalas, S., Koulakmanidis, A.-M., Athanasiou, D., Kanaka, V., Kanaka, M., Bananis, K., Athanasiou,
Antonia, Athanasiou, Aikaterini, Papapanagiotou, I., Tsimpoukelis, C., Daskalaki, M. A., Theodora, M., Thomakos, N., Antsaklis, P., Loutradis , D., &
Daskalakis, G. (2025). Molecular Crosstalk Between Intrauterine hCG and Endometrial Receptivity: Signalling Pathways, Immun e Modulation, and
Translational Perspectives in IVF. International Journal of Molecular Sciences, 27(1), 278. https://doi.org/10.3390/ijms27010278
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Polyamines (putrescine, spermidine, and spermine) are ubiquitous metabolites involved in the
regulation of cellular proliferation, redox homeostasis, gene expression, and immune responses. Dysregulation of
polyamine metabolism has been linked to neurodegenerative diseases, especially Parkinson’s disease; however, their
involvement in neuroinflammation is insufficiently characterized. Chronic neuroinflammation is primarily mediated by
ac�vated microglia and it is a key contributor to the progression of neurodegenerative diseases, therefore it is important
to understand metabolic pathways that shape microglial inflammatory responses [1].

In this study, we investigated the transcriptional regulation of polyamine synthesis, degradation, and transport
in microglia under inflammatory conditions. Murine BV-2 microglial cells were ac�vated using the TLR4 ligand
lipopolysaccharide (LPS). Microglial ac�vation was confirmed by measuring extracellular nitric oxide (NO) levels.
Transcriptional changes in genes associated with polyamine synthesis (Odc1, Amd1), transport (Slc3a2, Atp13a2), and
degradation (Sat1, Paox) were analyzed using quan�tative real-�me PCR (qRT-PCR).

Our results demonstrate that LPS-induced microglial activation leads to a significant upregulation of Odc1,
indicating enhanced polyamine biosynthesis. In contrast, expression of Atp13a2, a lysosomal polyamine transporter
linked to Parkinsonian pathology, was significantly reduced following LPS stimulation. These data suggest that
inflammatory ac�vation of microglia is associated with coordinated transcriptional reprogramming of polyamine
metabolic pathways, which may influence microglial inflammatory func�on under neurodegenerative conditions.

[1] Vrijsen S, Houdou M, Cascalho A, Eggermont J, Vangheluwe P. Polyamines in Parkinson’s disease: balancing between neurotoxicit y and
neuroprotection. Annu Rev Biochem. 2023;92:435–464.
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INTRODUCTION. Central nervous system (CNS) tumors cause significant morbidity and mortality in patients of all
ages [1]. There is an urgent need to iden�fy novel targets in these patients. Carbonic anhydrase IX (CAIX) helps cancer
cells survive in a hypoxic environment and can be and a�ractive target for therapeutics [2]. How immune environment
shapes tumor response to CAIX inhibition needs to be investigated to design effective therapies. We have identified a
CAIX inhibitor that can cross blood-brain barrier based on preliminary studies. We aimed to study the effects of this
compound in vitro in CNS cancer glioblastoma cell line A172 with or without presence of proinflammatory cytokine IFNg
[3].

MATERIALS AND METHODS. MZ24-93 and SS25-18 are small-molecule CAIX inhibitors with potential for blood-
brain barrier penetration. We performed a flow cytometry analysis for CAIX expression on A172 cells together with IFNg
exposure. A172 cell line express minimal CAIX, with some increase with addition of IFNg. Next, we performed wound
closure assay and 3D spheroid assay on these cells to assess compound effects on cell proliferation and motility with or
without IFNg.

RESULTS. A172 cell line express minimal CAIX, with some increase in expression with addition of IFNg. A 3D
spheroid assay performed on A172 cells showed an increased effect of CAIX inhibition under hypoxia with CAIX
inhibition. Wound closure assay showed impaired cell motility in A172 cells under hypoxia and in the presence of IFNg.

CONCLUSION. Our data shows that the addi�on of cytokine IFNg can alter A172 cell response to CAIX inhibition,
even though these cells have minimal CAIX expression. This could be off target effect. Further studies are needed to
decipher the mechanisms.

[1] Ostrom, Q.T., S.S. Francis, and J.S. Barnholtz-Sloan, Epidemiology of Brain and Other CNS Tumors. Curr Neurol Neurosci Rep, 2021. 21(12): p. 68.
[2] Pastorekova, S. and R.J. Gillies, The role of carbonic anhydrase IX in cancer development: links to hypoxia, acidosis, and beyond. Cancer Metastasis
Rev, 2019. 38(1-2): p. 65-77.
[3] Zamora-Salas, S.X., M. Macías-Silva, and A.C. Tecalco-Cruz, Upregulation of the canonical signaling pathway of interferon-gamma is associated
with glioblastoma progression. Mol Biol Rep, 2024. 51(1): p. 64.
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In regenera�ve medicine, electrically conduc�ve scaffolds are gaining a�en�on because they can mimic
the natural extracellular matrix and promote cell prolifera�on and differen�a�on, suppor�ng �ssue
regenera�on and wound healing [1]. MXenes, a family of two -dimensional transi�on metal carbides, nitrides,
and carbonitrides, are promising candidates for such scaffolds due to their unique physical and chemical
proper�es [2].

The biological effects of MXenes can vary depending on their synthesis method, chemical composi�on,
surface modifica�ons, and par�cle size [3]. However, data on their cytotoxicity and genotoxicity are s�ll
limited, highligh�ng the need for careful evalua�on before biomedical applica�ons.

In this study, mul�layer �tanium carbide MXenes were synthesized from a Ti₃AlC₂ precursor by selec�ve
chemical etching, and single - layer flakes were obtained by LiCl -assisted delamina�on (Fig. 1) . MXenes were
characterized by X -ray diffrac�on. In vitro studies were performed on both mul�layer and single - layer MXenes.
Cytotoxic effects were examined using human umbilical vein endothelial cells (HUVEC), and genotoxic effects
were assessed in human peripheral blood lymphocytes.

These results provide a comparison of cytotoxic and genotoxic effects between mul�layer and single -
layer MXenes on human cells, offering important insights for their poten�al use in regenera�ve medicine.

Figure 1 . M₃X₂Tₓ MXene structure showing metal layers (M), carbon layers (X), and surface groups (Tₓ)

[1] Yu, R., Zhang, H., & Guo, B. (2021). Conduc�ve Biomaterials as Bioac�ve Wound Dressing for Wound Healing and Skin Tissue
Engineering. Nano-Micro Le�ers , 14(1). h�ps://doi.org/10.1016/j.mtcomm.2024.109929

[2] Amani, A. M., Tayebi, L., Vafa, E., Jahanbin, A., Abbasi, M., Vaez, A., Kamyab, H., & Chelliapan, S. (2024). Innova�on appli ca�ons of
MXenes in biomedicine. Materials Today Communica�ons, 40, 109929. h�ps://doi.org/10.1016/j.mtcomm.2024.109929

[3] Maleki, A., Ghomi, M., Nikfarjam, N., Akbari, M., Sharifi, E., Shahbazi, M., Kermanian, M., Seyedhamzeh, M., Zare, E. N., Meh rali, M.,
Moradi, O., Sefat, F., Ma�oli, V., Makvandi, P., & Chen, Y. (2022). Biomedical applica�ons of MXENE-Integrated composit es: regenera�ve
medicine, infec�on therapy, cancer treatment, and biosensing. Advanced Func�onal Materials , 32 (34).
h�ps://doi.org/10.1002/adfm.202203430
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Endometriosis is a chronic gynaecological disease characterised by the spread of endometrial tissue outside the
uterine cavity [1]. The abnormal growth most commonly happens in the ovaries, fallopian tubes, and pelvic cavity, and
in rare cases in other organs, such as the chest or cervix [2]. This condition affects approximately 10–20% of women of
reproductive age, and it can cause a wide range of symptoms, including pelvic pain, menstrual cycle irregularities, painful
menstruation, dyspareunia, and infertility. The etiology of endometriosis depends on the combined influence of
immunological, hormonal, genetic, and environmental factors. Therefore, several theories of the disease’s pathogenesis
have been proposed, including coelomic metaplasia, lymphatic and vascular dissemination, hematogenous transport,
however, retrograde menstruation remains the most widely accepted theory. Endometrial lesions are associated with
changes in hormonal status and aberrant immunological responses [2, 3].

Recently, it has been proposed that the microbiome may contribute to the development of various diseases,
including endometriosis, by influencing inflammatory processes, hormonal regulation, and immune system activity [4].
The microbiota of patients with endometriosis is associated with reduced abundance of Lactobacillus species, an increased
abundance of bacteria linked to bacterial vaginosis, and other opportunistic pathogens. Possible explanations for the
impact of dysbiosis on endometriosis include activation of the immune system, cytokine-mediated disruption of intestinal
function, altered estrogen metabolism, and impaired homeostasis of progenitor and stem cells. This could potentially be
used for the treatment of endometriosis since the conventional methods often include treatment with hormonal
medications [5]. Moreover, the local inflammatory microenvironment characteristic of endometriotic lesions could be
modulated by probiotic microorganisms and their metabolic products [4].

The goal of this study was to characterise the microbial profile of endometriotic tissue and to evaluate the effects
of probiotic bacterium Lacticaseibacillus casei on stromal cells isolated from endometriotic tissue. Stromal cells were
obtained from both endometriotic lesions and endometriotic cysts.  The cells were treated with L.  casei cell-free
supernatant (CF-S), and the probiotic-mediated effects were evaluated by studying cellular proliferation, metabolic
phenotype, and gene expression profiles. Proliferative activity was assessed using the XTT assay at 24, 48, and 72 hours.
Metabolic phenotype was evaluated under basal conditions and after treatment with CF-S after 24 hours by assessing
mitochondrial function. Finally, the expression of genes associated with metabolic function was carried out by employing
RT-qPCR.

Analysis of the 16S rRNA sequencing data demonstrated distinct microbial profiles between endometriotic lesion
and cyst-derived tissues. The predominant genera in lesion samples were Corynebacterium (26%) and Prevotella (20%),
in contrast, in cyst tissue, Lactobacillus (48%). XTT assay revealed that higher concentrations of L. casei CF-S notably
reduced proliferative activity of stromal cells derived from both tissue types. On the contrary, lower concentrations of
CF-S induced modest modulation of proliferation, but did not have a cytotoxic effect on stromal cells. Furthermore,
analyses of metabolic phenotype and gene expression indicated subtle alterations in their profiles dependent on both tissue
type (lesion or cyst) and CF-S concentration.

[1] Ochoa Bernal, M. A., & Fazleabas, A. T. (2024). The Known, the Unknown and the Future of the Pathophysiology of Endometriosis. Interna�onal
Journal of Molecular Sciences, 25(11), 5815.
[2] Ribeiro, B., Mariana, M., Lorigo, M., Oliani, D., Ramalhinho, A. C., & Cairrao, E. (2024). Associa�on between the Exposure to Phthalates and the
Risk of Endometriosis: An Updated Review. Biomedicines, 12(8), 1932.
[3] Neri, M., Sanna, E., Ferrari, P. A., Madeddu, C., Lai, E., Vallerino, V., & Macciò, A. (2025). Divergent Immune–Metabolic Profiles in Endometriosis
and Ovarian Cancer: A Cross-Sec�onal Analysis. Cancers, 17(14), 2325.
[4] Sanabani, S.S. (2025). The Role of the Microbiome in Endometriosis. Reprod. Sci. 32, 3443–3456.
[5] Jiang, I., Yong, P. J., Allaire, C., & Bedaiwy, M. A. (2021). Intricate Connections between the Microbiota and Endometriosis. Interna�onal Journal of
Molecular Sciences, 22(11), 5644.



9G9G
3D Scaffolds for Next-Genera�on BBB Model Systems

L. Ališauskas1, V. Petrikaitė1,2

1 Laboratory of Drug Targets Histopathology, Institute of Cardiology, Lithuanian University of Health Sciences
2 Ins�tute of Biotechnology, Life Sciences Center, Vilnius University, Vilnius, Lithuania 1

lukas.alisauskas@lsmu.lt

The development of physiologically relevant in vitro systems has become increasingly important for reducing the
reliance on animal experimenta�on and suppor�ng the 3R principles in animal tes�ng (replacement, reduc�on and
refinement) [1]. Three-dimensional (3D) cell culture scaffolds offer advantages over two-dimensional (2D) models by
allowing more realis�c cell-matrix and cell-cell interac�ons, thereby improving the physiological accuracy of relevant in
vitro models [2]. These advantages are especially cri�cal for modelling complex structures such as the blood-brain
barrier (BBB), where 3D matrices can better replicate the extracellular architecture and barrier func�on compared to
2D substrates [3]. Before such scaffolds can be used in novel BBB model development, it is essen�al to assess their
poten�al cytotoxicity in accordance with ISO 10993-5, which outlines standardized in vitro methods for evalua�ng the
cytotoxicity of materials intended for biomedical applications. Ensuring scaffold biocompa�bility at an early stage is
crucial for reliable BBB modelling and for advancing relevant research alterna�ves.

Our study aimed to evaluate the cytotoxicity of newly developed 3D scaffolds and test their biocompa�bility in
vitro.

In vitro cytotoxicity was assessed in accordance with ISO 10993-5 using L929 mouse fibroblasts and the MTT
assay on the extracts. Extracts were prepared from 3D scaffolds at a ra�o of 0.1 g of material per 1 ml of culture medium.
These extracts were added to the L929 cells undiluted and at dilu�ons of 1:2 and 1:4. Cell viability was evaluated a�er
24 and 72 h of incuba�on. For the assessment of biocompa�bility under direct contact condi�ons, L929 cells were
seeded onto the 3D scaffolds and cultured for 1, 3, and 7 days, with culture medium renewed every 3 days. All
experiments included posi�ve and nega�ve controls and were performed in triplicate.

The MTT assay results demonstrated high cell viability on the 3D scaffolds. A�er 24 hours of incuba�on, L929
cells seeded onto the scaffolds exhibited a rela�ve metabolic ac�vity of 203 ± 25%, indica�ng enhanced prolifera�on
compared to the 2D control. Prolonged incuba�on for 3 and 7 days further supported this trend, with scaffold-cultured
cells displaying higher rela�ve ac�vity than cells maintained in 2D condi�ons (106 ± 20% and 122 ± 15%, respec�vely).
Cytotoxicity tes�ng of scaffold extracts showed no evidence of cytotoxic effects across the tested dilu�ons. A�er 24
hours, rela�ve viability values ranged from 92% to 110%, while 72-hour exposure resulted in viability values between
91% and 96%. As ISO 10993-5 specifies that cell viability above 70% indicates non-cytotoxicity, all extract condi�ons
met the criteria for biocompa�bility.

Conclusion: The results demonstrate that the newly developed 3D scaffolds support high L929 cell viability and
show no cytotoxic effects, as all extract-treated condi�ons exceeded the viability threshold of 70%. The confirmed
biocompa�bility of scaffolds and their extracts indicates that these scaffolds are suitable for use in the development of
advanced BBB models.

[1] Lauwereyns, J., Bajramovic, J., Bert, B., Camenzind, S., De Kock, J., Elezović, A., Erden, S., Gonzalez-Uarquin, F., Ulman, Y. I., Hoffmann, O. I., Kitsara,
M., Kostomitsopoulos, N., Neuhaus, W., Pe�t-Demouliere, B., Pollo, S., Riso, B., Schober, S., Sotiropoulos, A., Thomas, A., & Vitale, A. (2024). Toward
a common interpretation of the 3Rs principles in animal research. Lab Animal, 53(12), 347–350.
[2] Rohde, F., Danz, K., Jung, N., Wagner, S., & Windbergs, M. (2022). Electrospun Scaffolds as Cell Culture Substrates for the Cultiva�on of an In Vitro
Blood–Brain Barrier Model Using Human Induced Pluripotent Stem Cells. Pharmaceu�cs, 14(6), 1308.
[3] O’Halloran, L., Olutoyosi Akinsete, Kogan, A. L., Wrona, M., & Mahdi, A. F. (2025). 3D in vitro blood–brain barrier models: recent advances and
their role in brain disease research and therapy. Frontiers in Pharmacology, 16.
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Tumor hypoxia is a critical component of the tumor microenvironment, promoting cancer progression, immune
evasion, and therapeu�c resistance [1]. Hypoxia-driven ac�va�on of HIF-dependent transcriptional programs
contributes to metabolic adaptation, invasiveness, and the establishment of immunosuppressive (“cold”) tumor
phenotypes [1,2]. Epigenetic regulators, par�cularly protein arginine methyltransferases PRMT1 and PRMT5, have
emerged as key modulators of transcriptional plasticity and hypoxia-associated signaling [3]. Increasing evidence
suggests that PRMT inhibition may not only suppress tumor growth but also modulate the immune phenotype of cancer
cells [4].

The aim of this study was to evaluate how PRMT1 and PRMT5 inhibition affects tumor cell invasiveness and
immunophenotype under normoxic and hypoxic conditions. Human solid tumor cell lines with distinct phenotypic
characteristics were analyzed using flow cytometry and Transwell migration assays following treatment with selec�ve
PRMT inhibitors.

Hypoxia induced cell line-specific phenotypic adaptations, particularly in more invasive models. PRMT inhibition
predominantly affected immune- and invasion-related surface markers in aggressive cell lines, while epithelial, less
invasive lines remained relatively stable. Notably, modulation of CD73 (NT5E), CD44, CD54 (ICAM1), and PD-L1 (CD274)
expression suggested that PRMT targe�ng may interfere with hypoxia-associated immunosuppressive and pro-invasive
pathways.

Overall, these findings support the concept that PRMT1 and PRMT5 represent promising epigenetic targets for
modifying hypoxia-driven tumor plasticity and potentially shifting tumors toward a more immunogenic phenotype.

[1] Barsoum, I. B., Smallwood, C. A., Siemens, D. R., & Graham, C. H. (2014). A mechanism of hypoxia-mediated escape from adaptive immunity in
cancer cells. Cancer Research, 74(3), 665–674.
[2] Kong, X., Ou, S., Wei, Z., Ye, X., Chen, S., Shi, X., & Zhang, R. (2025). Transforming “cold” tumors to “hot” tumors: Strategies for immune
activation. Biochemical Pharmacology, 241, 117194.
[3] Yang, Y., & Bedford, M. T. (2013). Protein arginine methyltransferases and cancer. Nature Reviews Cancer, 13(1), 37–50.
[4] Bonday, Z. Q., Cortez, G. S., Grogan, M. J., Antonysamy, S., Weichert, K., Bocchinfuso, W. P., Li, F., Kennedy, S., Li, B., Mader, M. M., Arrowsmith,
C. H., Brown, P. J., Eram, M. S., Szewczyk, M. M., Barsyte-Lovejoy, D., Vedadi, M., Guccione, E., & Campbell, R. M. (2018). LLY-283, a potent and
selective inhibitor of arginine methyltransferase 5 (PRMT5), with antitumor activity. ACS Medicinal Chemistry Le�ers, 9(7), 612–617.
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INTRODUCTION. Despite significant advances in glioblastoma (GBM) treatment, outcomes remain poor [1].
Hypoxia is an important factor in GBM progression [2]. Carbonic anhydrase IX (CAIX) enzyme helps cancer cells survive
in tumor hypoxia by maintaining the physiological pH in cancer cells and acidifying the tumor microenvironment [3].
Our laboratory has developed several CAIX inhibitors (MZ24-93, SS25-18, SS25-27). Among these, MZ24-93 has
demonstrated the ability to cross the blood–brain barrier in preliminary studies. We aimed to study the effects of these
compounds in vitro in the GBM cell line U87 and to determine whether addi�onal factors, such as exposure to
interferon-gamma (IFNγ), can alter the response to these inhibitors in the U87 cell 3D spheroid model.

MATERIALS AND METHODS. CAIX expression under hypoxia, with or without IFNγ, was assessed by flow
cytometry in U87 cells. A 3D spheroid growth assay was subsequently performed to evaluate the effects on these cells
of CAIX inhibitors SS25-18, SS25-27, MZ24-93 as monotherapy and MZ24-93 in combina�on with IFNγ.
RESULTS. The U87 cell line exhibited high CAIX expression under hypoxia compared to normoxia. The addi�on of IFNγ
to these cells upregulated CAIX expression minimally. In the 3D spheroid model, treatment with the compounds alone
did not produce a significant effect on spheroid growth. However, diminished spheroid growth under hypoxia was
observed when MZ24-93 was delivered in combina�on with IFNγ.

CONCLUSION. Our data show that the addi�on of cytokine IFNγ enhances the efficacy of CAIX inhibi�on in a 3D
GBM model. The underlying mechanisms of this interac�on require further inves�ga�on.

[1] Schaff, L.R. and I.K. Mellinghoff, Glioblastoma and Other Primary Brain Malignancies in Adults: A Review. JAMA, 2023. 329(7): p. 574-587.
[2] Bou-Gharios, J., G. Noël, and H. Burckel, Preclinical and clinical advances to overcome hypoxia in glioblastoma mul�forme. Cell Death Dis, 2024.
15(7): p. 503.
[3] Pastorekova, S. and R.J. Gillies, The role of carbonic anhydrase IX in cancer development: links to hypoxia, acidosis, and beyond. Cancer Metastasis
Rev, 2019. 38(1-2): p. 65-77.
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Colorectal cancer is an oncological disease with one of the highest mortality rates worldwide. A major challenge
in its treatment is chemoresistance, which limits the effectiveness of conven�onal chemotherapy [1]. Cancer cells that
resist the ini�a�on of cell death may ac�vate molecular pathways that not only confer chemoresistance but also
modulate the expression of molecules, regula�ng immune response. Immune checkpoint proteins are responsible for
communica�on between soma�c and immune cells and may enable cancer cells to evade the immune response [2].
Immune checkpoint proteins, including members of the B7 family, have been reported to exert func�ons beyond
immune suppression. We hypothesize that these molecules may directly contribute to chemoresistance, and elucida�ng
their cancer cell-intrinsic roles could reveal novel mechanisms of therapy resistance.

The aim of this study was to determine the significance of B7 family proteins CD80, ICOSLG, NCR3LG1, PD-L1 and
VTCN1 for the chemoresistance of HCT116 colorectal cancer cells to 5-fluorouracil and oxalipla�n. Specific shRNAs were
transduced into HCT116 cells to achieve stable knockdown. Cell viability was evaluated following treatment with
5-fluorouracil or oxalipla�n. We have found that reducing the levels of CD80, ICOSLG, NCR3LG1, PD-L1 or VTCN1
increases the sensi�vity of HCT116 cells to 5-fluorouracil. Furthermore, we have shown that reduced levels of ICOSLG,
NCR3LG1, PD-L1 or VTCN1 increase the sensi�vity of these cells to oxalipla�n. Our findings indicate that B7 family
proteins regulate molecular pathways that contribute to chemoresistance.

[1] Hossain, Md. S., Karuniawa�, H., Jairoun, A. A., Urbi, Z., Ooi, D. J., John, A., Lim, Y. C., Kibria, K. M. K., Mohiuddin, A. K. M., Ming, L. C., Goh, K. W.,
& Hadi, M. A. (2022). Colorectal Cancer: A Review of Carcinogenesis, Global Epidemiology, Current Challenges, Risk Factors, Preven�ve and Treatment
Strategies. Cancers, 14(7), 1732.
[2] Rui, R., Zhou, L., & He, S. (2023). Cancer immunotherapies: advances and bo�lenecks. Fron�ers in Immunology, 14, 1212476.
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Achromobacter species are Gram-negative opportunistic pathogens that cause chronic pulmonary infections in
people with cystic fibrosis (pwCF). These bacteria pose a growing public health concern due to their innate and acquired
resistance to antibiotics and their increasing prevalence��-3�.

Here, we are developing an interac�ve web application for visualising the geographical distribution
of Achromobacter spp. isolates and their phylogene�c relationship, following the design principles of pla�orms such as
Nextstrain [4] and Microreact [5].

The web application features a decoupled architecture, where the R backend and React frontend are hosted in
separate Docker containers. The backend is built using the Plumber API, which handles HTTP requests and routes them
to the R-based analytical engine [6]. The frontend was developed using the Vite React Template to ensure seamless
integration with the backend [7]. Visualisation of large datasets is an essen�al component of this application; geographic
data are visualised using the Leaflet.js [8] library, while phylogenetic trees are rendered using the D3.js visualisation
framework and the phylotree.js library [9, 10].

Following its initial release, AchroEx will support professionals worldwide in epidemiological research and public
healthcare. The pla�orm will enable researchers to visualise the geographical spread of strains and their phylogene�c
relationships. Furthermore, AchroEx will constitute the largest publicly available Achromobacter spp. metadata and
phylogene�c dataset, facilitating more robust and conclusive analyses in Achromobacter spp. research.

Figure 1. A screenshot of ACHROEX – The Interac�ve Achromobacter Explorer.

���� Hansen, C. R., Pressler, T., Nielsen, K. G., Jensen, P. Ø., Bjarnsholt, T., & Høiby, N. (2010). Inflammation in Achromobacter xylosoxidans infected
cystic fibrosis patients. Journal of Cystic Fibrosis, 9(1), 51–58. h�ps://doi.org/10.1016/j.jcf.2009.10.005
[2] Zolin, A., Adamoli, A. & Bakkeheim, E. ECFSPR Annual Report 2023. (2025).
[3] Zolin, A., Orenti, A., Naehrlich, L., Jung, A. & van Rens, J. ECFSPR Annual Report 2018. (2020)
[4] James Hadfield, Colin Megill, Sidney M Bell, John Huddleston, Barney Po�er, Charlton Callender, Pavel Sagulenko, Trevor Bedford, Richard A
Neher, Nextstrain: real-time tracking of pathogen evolution, Bioinformatics, Volume 34, Issue 23, December 2018, Pages 4121–
4123, h�ps://doi.org/10.1093/bioinformatics/bty407
[5] Argimón, S., Abudahab, K., Goater, R. J. E., Fedosejev, A., Bhai, J., Glasner, C., Feil, E. J., Holden, M. T. G., Yeats, C. A., Grundmann, H., Spra�, B.
G., & Aanensen, D. M. (2016). Microreact: Visualizing and sharing data for genomic epidemiology and phylogeography. Microbial Genomics, 2(11),
Article e000093. h�ps://doi.org/10.1099/mgen.0.000093
[6] Schloerke, B, Allen, J (2026). plumber: An API Generator for R. R package version 1.3.3, h�ps://www.rplumber.io.
[8] Horbiński, T., & Lorek, D. (2020). The use of Leaflet and GeoJSON files for creating the interactive web map of the preindustrial state of the
natural environment. Journal of Spatial Science, 67, 61 - 77.
[9] Bostock, M., Ogievetsky, V., & Heer, J. (2011). D³: Data-driven documents. IEEE Transactions on Visualization and Computer Graphics, 17(12),
2301–2309. h�ps://doi.org/10.1109/TVCG.2011.185
[10] Shank, S. D., Weaver, S., & Kosakovsky Pond, S. L. (2018). phylotree.js - a JavaScript library for application development and interactive data
visualization in phylogenetics. BMC bioinformatics, 19(1), 276. h�ps://doi.org/10.1186/s12859-018-2283-2
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Advances in high-throughput sequencing and reduced costs in metagenomic analysis have significantly expanded
the known diversity of the Orthomyxoviridae, a family of RNA viruses that includes influenza and infec�ous salmon
anemia, revealing a wide array of influenza-like viruses in aqua�c vertebrates and invertebrates [1], [2]. Within this
family, influenza-like virus viral entry and exit are mediated by two glycoprotein types: mul�func�onal HEF
(hemagglu�nin-esterase-fusion) protein found in influenza C and D viruses, and HA (hemagglu�nin) protein, which lacks
an esterase domain and requires a separate NA (neuraminidase) protein to release viruses, as seen in influenza A and B
viruses [3]. However, it is s�ll unknown whether HA emerged from ancestral HEF or vice versa.

To gain a be�er understanding of the evolu�on of influenza-like viruses we reconstructed phylogene�c trees of
PB1 (coding for the cataly�c subunit of the RNA-dependent RNA polymerase) and HA/HEF proteins using amino acid
sequence and structural representa�on (3Di) alignments. Protein structures were predicted using AlphaFold3, although
there were significant limita�ons in predic�ng the structures of divergent HA/HEF sequences of viruses discovered in
tunicates which we could not align reliably. Structural alignments were performed using FoldMason and phylogene�c
inference was conducted using IQ-TREE 2 and Phylobayes. To determine the roots of the trees we used outgroup roo�ng
using isaviruses (a group of orthomyxoviruses that includes infec�ous salmon anemia) as the outgroup for both PB1 and
glycoprotein trees.

The topologies of both amino acid and 3Di-based trees consistently placed viruses containing HEFs in basal
posi�ons, when rooted with isaviruses. Analysing the amino acid alignment, we were able to iden�fy the FGDSR mo�f
conserved amongst HEFs that contains the serine of the esterase cataly�c triad [3], [4]. The region was also found in
some sequences that were previously thought to be HAs - DBA45440.1 (Sturgeon influenza-like virus) [1] and
WWP49491.1 (Orthomyxoviridae sp., frog).

Our current results indicate that HEF is the ancestral glycoprotein form of influenza-like viruses. Furthermore,
the distribu�on of hosts across the phylogeny reveals broad host plas�city in influenza-like like viruses, that includes
both vertebrates and invertebrates. The viral tree topology does not mirror the host evolu�onary history, sugges�ng a
history of host jumping among divergent taxa inconsistent with virus-host co-divergence.

[1] Petrone, M. E., Parry, R., Mifsud, J. C. O., Van Brussel, K., Voorhees, I. E. H., Richards, Z. T., & Holmes, E. C. (2023). Evidence for an ancient aqua�c
origin of the RNA viral order Ar�culavirales. Proceedings of the Na�onal Academy of Sciences, 120(45), e2310529120.
h�ps://doi.org/10.1073/pnas.2310529120
[2] Shi, M., Lin, X., Chen, X., Tian, J., Chen, L., Li, K., Wang, W., Eden, J., Shen, J., Liu, L., Holmes, E. C., & Zhang, Y. (2018). The evolu�onary history of
vertebrate RNA viruses. Nature, 556(7700), 197–202. h�ps://doi.org/10.1038/s41586-018-0012-7
[3] Wang, M., & Veit, M. (2015). Hemagglu�nin-esterase-fusion (HEF) protein of influenza C virus. Protein & Cell, 7(1), 28–45.
h�ps://doi.org/10.1007/s13238-015-0193-x
[4] Zhang X, Rosenthal PB, Formanowski F, Fitz W, Wong CH, Meier-Ewert H, Skehel JJ, Wiley DC (1999) X-ray crystallographic determina�on of the
structure of the influenza C virus haemagglu�nin-esterase-fusion glycoprotein. Acta Crystallogr D Biol Crystallogr 55:945–961
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CRISPR-Cas is an adaptive immune system found in most bacteria and archaea that protects against
invading viruses. It recognizes and destroys foreign nucleic acids with the help of effector complexes. Class I
CRISPR-Cas systems use multi-protein effector complexes to perform this function and comprise 90% of all
CRISPR-Cas loci [1].

One of the proteins, Cas7, has an RNA-Recognition Motif (RRM) domain, forms the basis of Class I
CRISPR-Cas effector complex and plays a key role in binding and protecting crRNA guide sequence [2]. Cas7
homologue (gp87) was identified in E. coli VpaE1 bacteriophage which is a member of the Felix01likevirus
genus. Experimental results show that gp87can bind RNA. In addition, the three-dimensional structures of type
III Cas7 homologues and the gp87 protein are similar, even though the sequences themselves are very
different.

RNA sequencing of gp87-RNA complex helped us to identify intergenic regions and detect GGTNN
repeats. However, it is not known whether there are repeats in all other gp87 homologue groups, as they are
different and come from different organisms: viruses, archaea and bacteria.

The aim of this research was to find and model the repeat regions that contain high amounts of GG and
CC, because gp87 protein might interact with these regions. To achieve this goal, deep learning models (AIDO,
DNABERT-2, Evo2) were used for sequence classification task. Fine-tuned models were deployed to find
repeats in 794 genome regions. Sequences containing repeats were subjected to AlphaFold modelling of
complexes together with gp87. Detailed results will be presented during the poster session.

[1] Makarova, K. S., Zhang, F., & Koonin, E. V. (2017). SnapShot: Class 1 CRISPR-Cas Systems. Cell, 168(5), 946–946.e1.
https://doi.org/10.1016/j.cell.2017.02.018
[2] Makarova, K. S., & Koonin, E. V. (2015). Annotation and classification of CRISPR-Cas systems. In M. Lundgren, E. Charpentier, & P.
Fineran (Eds.), CRISPR: Methods and protocols (Vol. 1311, pp. 47–75). Humana Press. https://doi.org/10.1007/978-1-4939-2687-9_4
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Achromobacter genus bacteria are emerging opportunis�c pathogens commonly linked to chronic
infec�ons in people with cys�c fibrosis. Their combina�on of intrinsic and acquired resistance to numerous
an�bio�cs presents a growing challenge and threat in clinical treatment.

The aim of this study was to inspect, iden�fy, and compare gene�c factors contribu�ng to an�bio�c
resistance in Achromobacter spp. whole genome sequenced isolates using mul�ple analy�cal approaches:
reference resistance databases (AMRFinderPlus), ML -based resistance iden�fica�on tools (DeepARG), and
genome -wide associa�on tools (Pyseer and DBGWAS).

A total of 302 clinical Achromobacter spp. samples were analysed together with their an�bio�c
resistance profiles. A pangenome comprising 33,344 genes was constructed using Panaroo. The resul�ng
phylogene�c tree was subsequently analysed and recombina�on -corrected using ClonalFrameML (Fig. 1) .

To comprehensively assess the gene�c basis of an�microbial resistance, four dis�nct analy�cal
pipelines were employed : (1) AMRFinderPlus was used to annotate all well -characterized an�microbial
resistance genes across the 302 isolates ; (2) DeepARG, leveraging machine learning algorithms, predicted
both recognised and poten�al novel resistance determinants, including non -standard gene variants ; (3) Pyseer
was used to conduct three complementary analyses based on uni�gs, gene presence -absence matrices , and
single nucleo�de variants to detect associa�ons between genomic features and resistance phenotypes at
mul�ple scales ; (4) finally, with DBGWAS we iden�fied top 10 most significant genomic components for each
of the 10 tested an�bio�cs.

AMRFinderPlus showed that our isolates carry many well -known resistance genes, including several
beta -lactamases, target modifica�ons and efflux pumps. DeepARG revealed a resistome dominated by
vancomycin -related genes and mul�ple mul�drug efflux systems, plus addi�onal genes for beta -lactam
resistance, p oin�ng to strong mul�drug resistance poten�al. Pyseer indicated that significant hits are related
to COG categories for metabolism and cellular processes/ signaling , with informa�on storage/processing also
being common, sugges�ng that resistance involves many genes affec�ng basic cellular func�ons rather than
a single pathway. DBGWAS iden�fied a smaller set of variants in comparable COG categories, suppor�ng the
idea that resistance is driven by both classical AMR genes and broader changes in housekeeping, regulatory
and transport func�ons.

Figure 1 . Phylogene�c tree of Achromobacter species isolates used in the analysis.
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Antimicrobial resistance (AMR) genes encode proteins that allow bacteria to survive antibiotic
treatment, making infections increasingly difficult to treat [1]. Defense mechanism genes encode systems that
protect bacteria from various environmental threats, including bacterial competitors, bacteriophages, and
host immune responses [2]. Both AMR and mechanism genes can be transferred between bacteria through
horizontal gene transfer (HGT), thereby increasing the spread of resistance and survival traits [3].
Understanding the genomic context and origins of these genes is essential for identifying transmission
pathways, tracking resistance spread across bacterial populations, and recognising high-risk mobile elements
[4].

In this study, we developed a workflow to identify AMR and defense mechanism genes and characterise
their genomic context. The bioinformatic workflow was built using Snakemake [5] integrating Python scripts
and bioinformatics tools including Bakta [6] for genome annotation, ABRicate [7] with NCBI AMRFinderPlus
[8], CARD [9], Resfinder [10] databases for AMR gene detection, eggNOG-mapper [11] for functional
classification and COG category assignment, and Metagraph [12] for analysis of defense mechanism (COG V)
genes. Ultimately, the pipeline enables rapid and reproducible identification of AMR and defense mechanism
genes directly from FASTA sequences, facilitating efficient gene content analysis. Future developments will
extend the pipeline with additional functional annotation and gene origin inference modules.
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Achromobacter xylosoxidans is an emerging opportunistic Gram-negative pathogen increasingly recovered
from chronic respiratory infections, with prevalence rising from ~2–3% in the early 2000s to 20% by 2023 [1-4]. It is
detected most frequently in individuals with cystic fibrosis and in healthcare-associated settings, and it commonly
exhibits both intrinsic and acquired antimicrobial resistance [1–3]. Current Achromobacter spp. iden�fication in clinical
se�ngs still relies largely on biochemical assays, MALDI-TOF MS, API N20 typing, or marker-based approaches such as
OXA-gene profiling, none of these provide reliable species-level assignment [5]. cgMLST has become a widely adopted
approach for high-resolution genomic epidemiology across many pathogens; however, A. xylosoxidans lacks a
community adopted cgMLST nomenclature resource comparable to those established for other well-studied species
[6-7]. Here we aim to develop and validate a species-specific cgMLST scheme for A. xylosoxidans using 489 A.
xylosoxidans whole genomes, enabling standardised allele-based comparisons across the genomes.

Ini�ally, 489 A. xylosoxidans assemblies underwent quality control to remove low-quality or incomplete
genomes, followed by k-mer entropy filtering to exclude low-complexity sequences. The resulting high-quality
genomes were processed with Panaroo (v1.6.0) and chewBBACA (v3.5.1) to construct and compare core genomes.
cgMLST scheme development followed the chewBBACA workflow, including Prodigal training, paralog detection,
recombination filtering, and evaluation of locus stability using dN/dS. A provisional allele catalog was then iteratively
refined to generate a curated, species-specific cgMLST scheme and allele matrix for downstream comparative
analyses.

Out of an initial set of 489 A. xylosoxidans genomes, a�er applying assembly quality and k-mer entropy filters,
471 genomes were retained. To improve gene predic�on accuracy during schema construction, 50 high-quality
genomes were randomly selected to train Prodigal, which subsequently iden�fied 21,603 loci with no paralogous
genes. Using core-definition of 95%, 99%, and 100% yielded cgMLST schemes containing 3,875, 2,292, and 780 core
loci, respectively. In parallel, Panaroo identified 3,327 core loci using a 95% threshold. chewBBACA retains more loci as
core, whereas Panaroo applies a more conserva�ve approach. Despite these differences, we confirmed a strong
overlap between the two core sets. The core genome aligns with the expected genomic diversity of A. xylosoxidans
and is comparable in scale to established schemes for other diverse Gram-negative pathogens such as Pseudomonas
aeruginosa (3,867 loci) and Burkholderia pseudomallei (4,221 loci). Allele profiling across the 489 isolates resolved
multiple lineages and offered strong discriminatory power among closely related strains, reflecting the pronounced
genomic heterogeneity of A. xylosoxidans.
The species-specific cgMLST scheme provides a unified framework for classifying A. xylosoxidans isolates, resolving
circulating lineages, and distinguishing outbreak-related strains. It enables consistent comparisons across studies and
laboratories, improving transmission tracking, popula�on-structure analysis, and detection of emerging clones. This
scheme strengthens genomic epidemiology and supports more effective clinical and public-health surveillance.

[1] A., Adamoli, A., & Bakkeheim, E. (2025). ECFSPR Annual Report 2023.
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h�ps://pubmed.ncbi.nlm.nih.gov/21835703/
[3] Somayaji, R., Stanojevic, S., Tullis, D. E., Stephenson, A. L., Ratjen, F., & Waters, V. (2017). Clinical outcomes associated with Achromobacter
species infection in patients with cystic fibrosis. Annals of the American Thoracic Society, 14(9), 1412–1418.
h�ps://pubmed.ncbi.nlm.nih.gov/28406714/
[4] Marsac, C., Berdah, L., Thouvenin, G., Sermet-Gaudelus, I., & Corvol, H. (2021). Achromobacter xylosoxidans airway infection is associated with
lung disease severity in children with cystic fibrosis. ERJ Open Research, 7(2), 00076–2021. h�ps://pubmed.ncbi.nlm.nih.gov/34084788/
[5] Garrigos, T., Dollat, M., Magallon, A., Folletet, A., Bador, J., Abid, M., et al. (2022). Distribution of Achromobacter species in 12 French cystic
fibrosis centers in 2020 by a retrospective MALDI-TOF MS spectrum analysis. Journal of Clinical Microbiology, 60(6), e0242221.
h�ps://pubmed.ncbi.nlm.nih.gov/35510500/
[6] Bhowmik, N., & Stubbendieck, R. M. (2025). Achromobacter spp.: Emerging pathogens in the cystic fibrosis lung. PLoS Pathogens , 21(4), e1013067.
[7] Bar-On, O., Mei-Zahav, M., Levine, H., Mussaffi, H., Blau, H., Ben Zvi, H., Prais, D., & Stafler, P. (2025). The association of Achromobacter
xylosoxidans airway infection with disease severity in cystic fibrosis. Journal of Clinical Medicine, 14(7), 2437.
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Mycobacterium tuberculosis (Mtb) remains a major global health threat, and mul�drug-resistant disease
con�nues to challenge clinical control in Lithuania. Short-read whole-genome sequencing is widely used for lineage
assignment and drug-resistance prediction; however, it has limited ability to resolve GC-rich repe��ve regions and
genome-architecture changes. This is par�cularly relevant for rapidly evolving compartments such as the PE/PPE gene
families, which account for roughly 10% of Mtb coding capacity and are o�en under-resolved in short-read analyses.

The aim of this study was to quan�fy how short and long-read sequencing differ in the reconstruc�on of
repe��ve loci and detec�on of genome-architecture variation in Mtb, beyond rou�ne SNP-centric genotyping.

Publicly available multi-technology data from the European Nucleo�de Archive have been leveraged to analyse
213 Mtb isolates, using sequencing data from mul�ple approaches. Short and long-read strategies using read-based
genotyping for lineage and drug-resistance predic�on have been compared, alongside assembly-centred reconstruc�on
to assess genome con�nuity, access to repe��ve loci, and detec�on of structural variants and rearrangements.

Lineage calls and predicted resistance to first-line drugs have been largely concordant between short and long-
read data. The major differences have emerged beyond SNP-centric genotyping: long reads have improved
reconstruc�on across repe�tive loci and enabled clearer detec�on of structural variants and genome rearrangements
that are o�en fragmented or ambiguous with short-read data. These findings show that public multi-technology
datasets can be used not only to benchmark rou�ne genotyping but also to quan�fy how sequencing strategies shape
what we can infer about Mtb genome evolu�on and architectural dynamics.
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Class 2 CRISPR-Cas effector proteins (C2EPs) such as Cas9 and Cas12 are large, multidomain RNA-guided
nucleases that likely evolved from the IS200/IS605 transposon-associated superfamily, IscB and TnpB.[1,2] However,
the evolutionary relationships among IscB, TnpB, and C2EPs in terms of domain accretion and architectural
diversification remain insufficiently characterized. A key feature conserved among these proteins is the RuvC nuclease
domain, a member of the Ribonuclease H (RnaseH)-like fold superfamily and represents the catalytic core responsible
for nuclease ac�vity. In this study, we systematically investigated the diversity of domains and protein architectures
associated with IscB/TnpB/C2EPs-related proteins by focusing on the conserved RuvC nuclease domain.

We collected a large dataset of Cas9/Cas12/IscB/TnpB representa�ve proteins from published studies and
expanded it with new homologs iden�fied through structural similarity searches in the PDB using DALI. These proteins
were split into domains, RuvC domains were iden�fied, and homologs were searched in the UniRef50 database using
Foldseek.[3] The hits were further divided into domains using boundary predictions provided by the DPAM-AI tool [4]
and classified by structural comparison with the ECOD, CATH, and PDB databases. We collected ~68k RuvC homologs,
containing ~148k domains, of which ~133k were classified after iterative structural clustering and database searches.
From this dataset, we reconstructed the domain architectures of RuvC homolog proteins, calculated the frequency of
each unique architecture, and the average domain coverage across all corresponding proteins.

Our results indicate that proteins containing single or double RNase H fold domains are the most abundant,
collectively constituting ~55% of all architectures, followed by several cases where this domain architecture integrates
other DNA-binding domains, such as winged HTH, MutS domains, and P-loop NTPase domains. Additionally, we
iden�fied several protein architectures with <70% domain coverage, suggesting the presence of uncharacterized
domains. Overall, our preliminary findings primarily describe the diversity of domain organizations associated with the
RNase H fold and establish a structural dataset that can be used for subsequent evolutionary and functional
investigations.

________________________________________________________________________________________________
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Bacteriophages play crucial roles across environmental and clinical domains. Their functional annotation is o�en
limited by sequence divergence. While homology-based methods annotate well-characterized sequences, novel
proteins lacking detectable homologs and with unique evolutionary trajectories leave a large frac�on of the proteome
func�onally uncharacterized [1]. In this study, a combination of AI-based structure and func�onal model predictions
[2,3] was employed to investigate these unannotated regions. For initial structural models with low confidence, a
structural refinement strategy incorporating custom alignments and modeling parameters was applied. Model quality
was assessed using the tessella�on-based VoroMQA [4], revealing improved local inter-atomic packing for a subset of
previously unresolved proteins. Improved structural models and disorder-func�on aware AI predic�ons [5] suggested
that some hypothetical proteins exhibit nucleic acid binding poten�al, which was further supported by high interface
scores (iPTM) from complex modeling. Conversely, a subset of hypothe�cal proteins (<50-100 aa in length) remained
unannotated by both sequence- and structure-based approaches. Mathematical representations from Evo2 revealed
that some of these sequences cluster with non-coding regions rather than protein-coding. While their biological roles
remain unclear, they may represent false-positive predictions from gene callers or sequences unique to this phage.
Together, these results indicate that integrating structure-based refinement with AI-based computa�onal models can
assist in func�onal investigation of divergent viral proteins that are otherwise missed by standard annotation methods.

_______________________________________________________________________________________
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Background: Longevity research is expanding rapidly across model organisms, observa�onal cohorts, and clinical
trials. Yet claims such as “X slows aging” are hard to evaluate because studies differ in species, popula�ons, endpoints,
and the proximity of outcomes to meaningful healthspan. Evidence is therefore sca�ered and difficult to compare
consistently.

Objec�ve: We develop an updatable computa�onal framework that maps longevity-related claims to suppor�ng
or contradic�ng evidence in the biomedical literature. The core representa�on is an Atomic Claim Unit (ACU): a minimal
popula�on–interven�on/exposure–endpoint statement with effect direc�on and study context.

Methods: PubMed records are retrieved and filtered into interven�onal and observa�onal sets. We extract ACUs
from abstracts using schema-constrained large language model prompts, then normalise interven�ons/exposures and
endpoints to canonical labels. Endpoints are assigned to four proximity �ers (E1: survival/mortality; E2:
clinical/func�onal; E3: physiological/imaging; E4: molecular/ageing clocks) and mechanis�c endpoints are mapped to
the 12 hallmarks of ageing [1]. ACUs are linked back to publica�ons and assigned evidence �ers based on study design
(e.g., RCT vs observa�onal) and endpoint proximity. The resul�ng map enables querying by interven�on or outcome
across all normalised claims.

Expected results: We an�cipate genera�ng a large, con�nuously updatable set of normalized ACUs that enables:
(i) fast search for interven�ons and outcomes, (ii) systema�c iden�fica�on of agreement and contradic�ons across
studies, and (iii) transparent summaries of evidence strength and indirectness from animal to human endpoints.

Significance: A claim-centric, normalized evidence map can help researchers and non-specialists navigate
longevity literature, priori�ze interven�ons for follow-up, and highlight where evidence remains indirect or uncertain.

[1] López-O�n, C., et al. (2023). Hallmarks of aging: An expanding universe. Cell, 186(2), 243–278.
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Honey bees (Apis mellifera) are primary pollinators that support global agriculture, ensure biodiversity
in the natural environment, and contribute to human well-being. Nowadays, the increasing mortality of honey
bees has become a serious concern, with one possible cause being the spread of pathogenic and opportunistic
microorganisms. Microorganisms found on the surface of dead bees can reflect both environmental microbial
contamination and the health status of the colony, as well as potential outbreaks of infectious diseases. The
identification of microorganisms found on the surface of dead honey bees is a crucial step for early disease
diagnosis, allowing for the optimization of preventive measures and the containment of mass pathogen spread
within apiaries.

In this study, cultivable bacterial and fungal microorganisms on dead honey bees were isolated and
investigated using microbiological and molecular methods. The honey bees were collected in 2025 early spring
from different apiaries across Lithuania (Derviniai, Antazavė, Maniuliškės, Kašėtos, Šakiai, and Vilkaviškis). In
the laboratory, honey bees were incubated in MD media, and the collected outwashes were plated on selective
media for the isolation of cultivable microorganisms and their identification. Colony size, shape, and color were
conducted as well as cells were analyzed morphologically. Subsequently, molecular analyses were performed
- gDNA extraction, PCR amplification of marker genes (region between the 18S and 28S rRNA genes for yeasts;
16S rRNA genes for bacteria), restriction fragment length polymorphism (RFLP) analysis using the restriction
endonucleases HinfI and HhaI, electrophoretic visualization of the obtained DNA fragments, and sequencing.
The most frequently isolated bacteria on dead honey bees in Derviniai, and Kašėtos apiaries were Serratia sp.
(98,7%, 75,6%, respectively). The greatest bacterial diversity was found in Vilkaviškis apiary, with dominating
Hafnia (23%), Pseudomonas (14%), and Enterococcus (12%) species. Among fungal microorganisms, only
Debaryomyces sp. was recorded in Šakiai (39%), Vilkaviškis (22%) and Kašėtos (3%) apiaries.

These data are important for understanding the causes of honey bee mortality and for developing
effective strategies to protect bee health. This study has received funding from the Research Council of
Lithuania, agreement No. S-MIP-24-55.
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Honeybees (Apis mellifera) play a vital role in natural ecosystems and agricultural produc�on. In addi�on
to their importance as pollinators, honeybees provide valuable hive-derived products, including honey, propolis
and beebread, which are widely used for nutri�onal and medical purposes. Honeybee colonies harbor diverse
microbial communi�es, due to ubiquitous presence of microorganisms in the environment. In recent years,
honeybee popula�ons have declined as a result of mul�ple stressors, such as pes�cide exposure, pathogens,
parasites and environmental factors, highligh�ng the importance of maintaining hive health. Effec�ve hive
health management requires the iden�fica�on and characteriza�on of microorganisms associated with the hive
environment. Plant essen�al oils (EO), hydrophobic mixtures of secondary metabolites derived from plants, are
known for their an�microbial proper�es. The aim of this study was to analyse the impact of mandarin (Citrus
re�culata Blanco) essen�al oil on the diversity of honeycomb-associated microorganisms.

In this study, mandarin essential oil was applied by diffusion inside the hive over one-month period, with
two to three drops added weekly to the top of the hive. Following the treatment, honeycomb samples were
collected from EO-exposed and control hives and subjected to microorganism isola�on. Dis�nct morphologies
exhibi�ng colonies were purified and iden�fied using molecular methods, including PCR amplifica�on,
restric�on analysis, and DNA sequencing. In addi�on, bacterial and yeast cultures grown on solid media were
exposed to mandarin EO vapors under laboratory conditions to evaluate their effects on microbial growth.
An�bacterial and an�fungal ac�vi�es were assessed by measuring growth inhibi�on zones.

In control honeycomb samples, three bacterial (Pantoea, Staphylococcus and Enterobacter) and three
yeast (Aureobasidium, Debaryomyces and Zygosaccharomyces) genera were detected. Honeycomb samples
from EO-exposed hives showed differences in microbial composi�on, with a higher abundance of Gram-nega�ve
bacteria, including Klebsiella, Pseudomonas, Serra�a and Enterobacter, as well as the Gram-posi�ve genus
Staphylococcus. In addi�on, the Gram-posi�ve Kocuria was detected while Pantoea was no longer observed.
Following EO exposure, only two yeast genera (Aureobasidium and Cystobasidium) were detected, whereas
Debaryomyces and Zygosaccharomyces were absent. Based on sequencing results and literature data,
representa�ve bacterial (Pseudomonas, Bacillus, Staphylococcus, Streptococcus, Levilactobacillus and
Lac�plan�bacillus) and yeasts (Aureobasidium, Debaryomyces, Zygosaccharomyces and Cystobasidium) strains
associated with Apis mellifera were selected for further analysis.

This study indicates that mandarin essen�al oil diffusion may influence the diversity of microorganisms
associated with honeycombs and suggest its poten�al as a natural an�microbial in beekeeping. Further research
is required to determine optimal applica�on strategies and to evaluate the long-term effects on hive health.

This study has received funding from the Research Council of Lithuania, agreement No. S-MIP-24-55.
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β- Carotene and ot her structurally related compounds, including α - carotene, γ - carotene, and
lycopene, belong to the carotenoid group. Carotenoids are organic molecules of isoprenoid origin that occur
in cells as red, orange, or yellow pigments. Among them, β - carotene is one of the most important
carotenoids for human health, as it exhibits an�cancer and an�microbial ac�vi�es, protects skin cells from
oxida�ve stress, slows skin aging, and may inhibit the development of neurodegenera�ve diseases. Due to
the increasing global demand for carotenoids, considerable interest has emerged in alterna�ve and
sustainable produc�on approaches, including carotenoid produc�on using yeast. Yeast - based produc�on of
β- carotene is advantageous because it is cost - effec�ve, easily scalable, and more sustainable than
tradi�onal sources such as plants or chemical synthesis. However, only a limited number of pigmented
yeast species have been extensively studied, and carotenoid yields may be significantly improved through
op�miza�on of cul�va�on condi�ons. Therefore, the aim of this study was to op�mize the growth condi�ons
of li�le - studied pigmented yeasts and to iden�fy suitable culture media for efficient β - carotene produc�on.

Yeasts were isolated from environm ental samples, including water and berries. Based on the
morphological characteris�cs of the cultures, pigmented yeast strains were selected and subsequently
iden�fied using mol ecular biology techniques. In total, eight yeast strains were selected for further analysis
(Cysto filo basidium capitatum, C ystobasi dium . minutum, C. psychroaqua�cum, S porobolom yces pararozeus,
S. ruberrimus, S. roseus, Erythro bas idium hasegawianum, and Krasilnikovozyma spp. ). The cul�vable
strains were grown at 4 °C, 16 °C, 22 °C, 26 °C, and 37 °C on various solid media, including PCA, SMA , SDA,
CASO, MRS, YEPD, and MHA, to evaluate the effects of temperature and medium composi�on on yeast
growth. Addi�onally, growth dynamics were assessed in liquid YEPD medium at 22 °C and 26 °C over a 42 -
hour cul�va�on period. The results showed that C. psychroaqua�cum , Krasilnikovozyma spp., S.
pararozeus , S. ruberrimus , C. minutum , and S. roseus exhibited stable growth across a wide temperature
range (16 –26 °C) on YEPD and MRS media. Moderate growth was observed on SMA and CASO media at
these temperatures, whereas growth at 4 °C was minimal or absent for most strains. Only
Krasilnikovozyma spp. and S . roseus demonstrated moderate growth at 37 °C on SMA, CASO, MRS, and
MHA media. Growth in liquid YEPD medium was further assessed at 22 °C and 26 °C. During 42 hours of
cul�va�on, C. psychroaqua�cum , S. pararozeus , and Cystofilob asidium capitatum grew more efficiently at
22 °C, whereas S. roseus and Erythro bas idium hasegawianum showed improved growth at 26 °C. In
contrast, S. ruberrimus , Krasilnikovozyma spp., and C. minutum exhibited similar growth rates at both
temperatures.

Overall, the obtained results provide a founda�on for further op�miza�on of cul�va�on strategies
aimed at maximizing pigmented yeast biomass, which can subsequently be used for efficient β - carotene
biosynthesis.
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Mul�ferroic materials are compounds that simultaneously exhibit two or more ferroic orders, such as
ferroelectricity, ferromagne�sm, and ferro elasticity, making them highly attrac�ve for spintronics, data storage,
sensors, and energy efficient electronics [1-3]. Among these, hexagonal manganites (RMnO3, where R = Y, In,
Sc, Ho-Lu) are of par�cular interest due to their layered structure and strong coupling between lattice, magne�c,
and ferroelectric proper�es. However, the synthesis of pure hexagonal RMnO3 phases is challenging [4].
Problems such as oxygen stoichiometry control, multiple Mn oxidation states, phase competition, and secondary
phase formation often arise [5-8]. To address these issues, soft chemistry approaches offer advantages such as
low temperature processing, homogeneous mixing at the molecular level, and precise morphology control.

This study compares two soft chemistry methods, chemical bath synthesis (CBS) and sol-gel
polyacrylamide synthesis, analyzing their effectiveness in producing phase pure RMnO3 materials. Main practice
objectives:

1) To synthesize hexagonal RMnO3 (R = Y, In, Sc, Ho-Lu) using CBS and sol-gel polyacrylamide methods.
2) To investigate the effects of coprecipitation agents, complexing agents, and annealing temperatures.
3) To compare the phase purity and structural control provided by each method.
The chemical bath method relied on controlled coprecipitation using ammonia in combination with urea

or hydrogen peroxide, followed by high temperature annealing. While phase pure YMnO3 could be obtained
under optimized conditions, the method showed limited applicability to other rare earth manganites and often
resulted in impurity phases. In contrast, the sol–gel polyacrylamide method produced a homogeneous precursor
through polymer network formation, enabling improved cation distribution and phase control. This approach
allowed the successful synthesis of monophasic hexagonal RMnO3 for most rare earth elements at lower
annealing temperatures. Structural and morphological characterization by X-ray diffrac�on and scanning
electron microscopy revealed nanosized par�cles with porous morphology. Overall, the sol–gel polyacrylamide
route proved to be a more versatile and reliable method for the preparation of hexagonal manganites.

References:
[1]. N. Bonanos, K. S. Knight, B. Ellis, Solid State Ionics. 79, 161–170 (1995).
[2]. R. Sharif, A. Khalid, S. W. Ahmad, A. Rehman, H. G. Qutab, H. H. Akhtar, K. Mahmood, S. Afzal, and F. Saleem, "A comprehensive review
of the current progresses and material advances in perovskite solar cells," Nanoscale Advances, vol. 5, no. 15, pp. 3803–3833, 2023.
[3]. J. Zhao and D. Pugliese, "Perovskite Solar Cells: A Review of the Latest Advances in Materials, Fabrication Techniques, and Stability
Enhancement Strategies," Micromachines, vol. 15, no. 2, p. 192, 2024.
[4]. Y. Lee, P. Peng, W. Chang, C. Huang. Hierarchical meso-macroporous LaMnO 3 electrode material for rechargeable zinc – air ba�eries.
J. Taiwan Inst. Chem. Eng, 45 (2014), pp. 2334-2339, 10.1016/j.jtice.2014.05.023.
[5]. S. Eom, S. Ahn, S. Jeong. Electrochemical activity of a La 0.9 Ca 0.1 Co 1− x Fe x O 3 catalyst for a zinc air ba�ery electrode. J. Nanomater.,
2015 (2015), pp. 1-6, 10.1155/2015/724064
[6]. Dong S, Gao F, Wang ZQ, Liu JM, Ren ZF (2007) Surface phase separation in nanosized charge-ordered manganites. Appl Phys Le�
90:082508.
[7]. Wei J, Natelson D (2011) Nanostructure studies of strongly correlated materials. Nanoscale 3:3509.
[8.] Tian YF, Bakaul SR, Wu T (2012) Oxide nanowires for spintronics: materials and devices. Nanoscale 4:1529.
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Enterococcus faecium is an opportunis�c pathogen that is commonly an�bio�c -resistant in healthcare
se�ngs and causes severe infec�ons, including urinary tract infec�ons, bacter aemia, and endocardi�s [1]. The
increasing clinical relevance of E. faecium is strongly influenced by the presence of an�microbial resistance genes,
which poses a challenge in infec�on control and clinical treatment strategies [2] .

The aim of this study was to characterize resistance genes and evaluate their phenotypic expressions in
clinical E. faecium isolates . A total of 59 clinical E. faecium isolates were collected from two Lithuanian hospitals
between January and November 2024. An�microbial suscep�bility tes�ng was performed using the disk diffusion
method in accordance with EUCAST recommenda�ons, with quinupris�n -dalfopris�n (15 µg), trimethoprim (5 µg),
teicoplanin (30 µg), ampicillin (2 µg), imipenem (10 µg), linezolid (10 µg), ciprofloxacin (5 µg), nitrofurantoin (100 µg),
gentamicin (30 µg) and trimethoprim -sulfamethoxazole (1.25 –23.75 µg) disks. In addi�on to the disk diffusion
method, the E -test was used to characterize and detect vancomycin resistance. Molecular typing using the
mul�plex PCR method was used to detect genes associated with adhesion, biofilm forma�on and an�bio�c
resistance . Biofilm forma�on by enterococci was determined using micro�ter plate method. Sta�s�cal analysis of
gene and virulence factor distribu�ons and biofilm forma�on type was performed using the Chi -squared and
Fisher's exact tests .

An�microbial suscep�bility tes�ng showed that all tested clinical E. faecium isolates were resistant to
imipenem and ampicillin. Linezolid was effec�ve against all tested isolates, whereas ciprofloxacin was ac�ve
against only one isolate. Resistance to trimethoprim -sulfamethoxazole, trimethoprim and nitrofurantoin was
observed i n more than half of the tested isolates (73.2%, 66.1% and 66.1%, respec�vely). Teicoplanin (21.4%
resistant isolates), quinupris�n -dalfopris�n (28.6%) and gentamicin (41.1%) were more effec�ve against the tested
E. faecium isolates. Evalua�on of E -test results showed that most isolates (94.6%) were vancomycin -resistant .

Molecular analysis revealed six dis�nct vancomycin resistance genes: vanA , vanB , vanC1/2 , vanD , vanE , and
vanG . VanA resistance gene was the most prevalent vancomycin resistance gene, detected in 26 isolates (44 .07%) .
Furthermore, all tested virulence factors ( esp , ace , acm , gelE , cylA) were iden�fied . The most common virulence
factor was acm , found in 58 isolates (98 .3%). The micro�ter plate method revealed that 44 isolates (72.13 %)
formed biofilm, whereas 17 isolates did not . The detec�on of resistance and virulence genes suggests a poten�al
contribu�on of gene�c traits , elevated biofilm forma�on and an�bio�c tolerance .

This research demonstrates the poten�al threat of E. faecium biofilms to the tolerance of commonly used
an�bio�cs in healthcare ins�tu�ons and may be linked to underlying gene�c determinants and healthcare -
associated infec�ons. These findings emphasize the need to design new and effec�ve infec�on control strategies
in clinical environments.

[1] Hashem, Y. A., Abdelrahman, K. A., & Aziz, R. K. (2021). Phenotype –Genotype Correla�ons and Distribu�on of Key Virulence Factors in
Enterococcus faecalis Isolated from Pa�ents with Urinary Tract Infec�ons. Infec�on and Drug Resistance , Volume 14, 1713–1723.
[2] Ghazvinian, M., Asgharzadeh Marghmalek, S., Gholami, M., Amir Gholami, S., Amiri, E., & Goli, H. R. (2024). An�microbial res istance
pa�erns, virulence genes, and biofilm forma�on in enterococci strains collected from different sources. BMC Infec�ous Diseases , 24 (1), 274.
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Lipoxygenases (LOX) are enzymes that catalyse the peroxida�on of unsaturated fa�y acids into fa�y acid
hydroperoxides, which serve as key intermediates for the genera�on of a wide range of value-added compounds. These
products are used in diverse applica�ons, including the produc�on of oleochemicals and flavour compounds, and the
synthesis of signalling molecules. While lipoxygenases from human and plant sources have been extensively studied,
bacterial lipoxygenases have only recently been iden�fied, and their poten�al remains largely unexplored [1]. To
facilitate the inves�ga�on and applica�on of bacterial lipoxygenases, access to a purified and cataly�cally ac�ve enzyme
is required.

The object of this study is the bacterial Pseudomonas aeruginosa lipoxygenase (PaLOX), which is dis�nguished
by its broad substrate spectrum, oxidising linoleic, linolenic, arachidonic, and oleic acids [2]. In previous studies,
transgenic Pichia pastoris strains carrying the integra�ve vector with the palox gene were constructed. The expression
system enabled methanol-induced gene expression and secre�on of the recombinant enzyme into the culture medium.
Ini�al purifica�on a�empts did not achieve sufficient lipoxygenase purity; therefore, the aim of the present study was
to op�mise the purifica�on of recombinant PaLOX.

PaLOX was purified from the yeast culture supernatant using immobilised metal affinity chromatography (IMAC)
via an engineered his�dine tag. Purifica�on condi�ons were op�mised by varying the elu�on gradient, the composi�on
of purifica�on buffers, as well as the incuba�on �me of the protein with the IMAC sorbent. Protein recovery and purity
were evaluated using protein concentra�on measurements and SDS-PAGE analysis, while cataly�c ac�vity was
monitored using the lipoxygenase ac�vity assay. A comprehensive presenta�on of the results will be showcased at the
poster session.

[1] Chrisnasari, R., Hennebelle, M., Vincken, J., Van Berkel, W., & Ewing, T. A. (2022). Bacterial lipoxygenases: Biochemical characteris�cs, molecular
structure and applica�ons. Biotechnology Advances, 61, 108046.
[2] Hashem, C., Stolterfoht, H., Rinnofner, C., Steinberger, S., Winkler, M., & Pichler, H. (2020). Secre�on of Pseudomonas aeruginosa Lipoxygenase
by Pichia pastoris upon Glycerol Feed. Biotechnology Journal, 15(11).
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In the industrial sector, a�ention has been given to the use of vegetable residual materials in the produc�on of
bio-colorants. Betalain pigments extracted from red beetroot (Beta vulgaris) waste provide a natural alterna�ve to
synthe�c red dyes. These pigments have been successfully used in commercial food coloring, primarily due to their
natural, non-toxic proper�es; rich color and hydrophilicity. However, as pigments, they are slightly unstable and
sensi�ve to environmental changes, such as pH, oxygen, and light, but mainly temperature [1]. To overcome these
limita�ons, various delivery systems are being developed.

The aim of this work was to increase the stability and func�onality of betalains by using κ–carrageenan, one of
the most abundant seaweed polysaccharides extracted from marine red algae. κ-Carrageenan has various beneficial
biological proper�es (including an�tumor, an�hyperlipidemic, an�-aging, an�coagulant and an�oxidant ac�vi�es) and,
being biodegradable and nontoxic, is widely used in the cosme�cs and food industries. κ-Carrageenan’s
biocompa�bility, mechanical strength, and water-holding capacity support its use as a gelling and stabilizing agent, while
low cost and biodegradability enable broad applica�on in encapsula�on systems [2,3].

Betalains were extracted from Cylindra beetroot waste by s�rring it for 1 hour in water using a rotator s�rrer.
The resul�ng extract was mixed with carrageenan solu�ons of different concentra�ons. A delivery system mixture
containing 50% extract and carrageenan at concentra�ons of 0.3%, 0.5%, and 1% was processed using either spray-
drying or freeze-drying. The acquired samples were stored under various condi�ons: at 4°C in the dark, at room
temperature in the dark and light, as well as at 40 and 80°C in the dark, and their stability was measured at appropriate
�me intervals. Other properties were also evaluated, including polyphenol content, an�oxidant ac�vity and colour
parameters.

The resul�ng encapsulated par�cles exhibited greater stability in dry form compared to the unencapsulated
extract. Under milder condi�ons, par�cles stability showed minimal change over four weeks, whereas at 40°C, it
decreased to 80% within two weeks. Meanwhile, the unencapsulated extract lost 30–40% of its ac�vity within two
weeks even under mild condi�ons. The stability of the par�cle solu�ons increased insignificantly compared to the
unencapsulated extract. However, lyophilized and spray-dried capsules containing 0.5% κ-carrageenan showed more
promising results compared to the others. A higher content of phenols and an�oxidant ac�vity was observed in par�cles
with a lower percentage of carrageenan.

In conclusion, the addi�onal coa�ng of betalains with polysaccharides helps to obtain more func�onal and stable
formula�ons, which have prospects for wider use.

[1] Attia G., Moussa M., Sheashea E. (2013). Characteriza�on of red pigment extracted from red beet (Beta Vulgaris L.) and its poten�al uses as
an�oxidant and natural food colorants. Egyp�an Journal of Agricultural Research, 91(3): 1095-1110.
[2] Shafie, M. H., Kamal, M. L., Zulkiflee, F. F., Hasan, S., Uyup, N. H., Abdullah, S., Hussin, A. A. M., Tan, Y. C., Zafarina, Z. (2022). Applica�on of
Carrageenan extract from red seaweed (Rhodophyta) in cosme�c products: A review. Journal of the Indian Chemical Society 99, 100613.
[3] Radosavljević, M., Lević, S., Pejin, J., Mojović, L., & Nedović, V. (2022). Encapsula�on technology of lac�c acid bacteria in food fermenta�on. Lactic
Acid Bacteria in Food Biotechnology: Innova�ons and Func�onal Aspects, 319–347.
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At the end of 2019, a novel coronavirus disease (COVID-19, Coronavirus Disease 2019) emerged in Wuhan, Hubei
Province, China. Its causative agent, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), is responsible for
the global pandemic that emerged in late 2019 and rapidly spread worldwide [1]. During viral replica�on, the main
SARS-CoV-2 protease, Mpro (Major protease), mediates the proteoly�c cleavage of viral polyproteins. This protease is
indispensable for viral replica�on and lacks structural homologs in the human genome, making it an a�rac�ve target
for an�viral drug therapy [2]. With the appearance of resistant variants, concerns about the long-term efficacy of Mpro
inhibitors have increased. Muta�ons in the Mpro ac�ve site and surrounding regions have been linked to reduced
suscep�bility to protease inhibitors, including clinically used compounds, indica�ng a growing need for the development
of novel antiviral inhibitors [3]. To enable rapid and efficient screening of poten�al Mpro-specific inhibitors, various
biosensor-based approaches can be employed. The objec�ve of this study is to develop a fluorescence-based biosensor
in yeast and to apply it for the assessment of SARS-CoV-2 Mpro ac�vity.

A sfGFP engineered to contain Mpro protease cleavage sites was co-expressed with either the ac�ve or a
cataly�cally inac�ve Mpro protease. In the inac�ve variant, the cataly�c cysteine at posi�on 145 is subs�tuted with
alanine, preven�ng forma�on of the acyl–enzyme intermediate and thereby abolishing proteoly�c ac�vity [4].
Recombinant protein expression was induced by galactose-regulated promoters. Transformed yeast were cul�vated on
glucose-containing (non-inducing) and galactose-containing (inducing) media, and fluorescence intensity was evaluated
using imaging systems.

Expression of the cataly�cally inac�ve mutant (Mpro_C145A) in Saccharomyces cerevisiae, Gcn2 strain, did not
affect fluorescence intensity or cell growth. On the other hand, induc�on of ac�ve Mpro in S. cerevisiae resulted in
stagnant cell growth, indica�ng cytotoxicity. Similar growth inhibi�on upon SARS-CoV-2 Mpro expression in S. cerevisiae
has been reported recently. Reaserch group from Poland iden�fied that ac�ve Mpro caused respiratory suppression
and altera�ons in mitochondrial morphology, sugges�ng a direct impairment of mitochondrial func�on [5]. To assess
whether the observed cytotoxicity is specific to S. cerevisiae or represents a general effect in yeast cells, the same
experimental approach was extended to other yeast species, like Kluyveromyces marxianus or Kluyveromyces lac�s. As
a phylogene�cally related yet physiologically dis�nct yeast species, Kluyveromyces spp. provides a compara�ve model
for evalua�ng host-dependent effects of Mpro expression. Comparable growth inhibi�on in both species would indicate
perturba�on of conserved fungal cellular processes, whereas divergent responses would indicate species-specific
effects of Mpro expression.

[1] van Eijk LE, Binkhorst M, Bourgonje AR, Offringa AK, Mulder DJ, Bos EM, et al. COVID-19: immunopathology, pathophysiological mechanisms, and
treatment options. Vol. 254, Journal of Pathology. 2021.
[2] Pillaiyar T, Manickam M, Namasivayam V, Hayashi Y, Jung SH. An overview of severe acute respiratory syndrome-coronavirus (SARS-CoV) 3CL
protease inhibitors: Pep�domime�cs and small molecule chemotherapy. Vol. 59, Journal of Medicinal Chemistry. 2016.
[3] Kiso M, Furusawa Y, Uraki R, Imai M, Yamayoshi S, Kawaoka Y. In vitro and in vivo characteriza�on of SARS-CoV-2 strains resistant to nirmatrelvir.
Nat Commun. 2023 Dec 1;14(1).
[4] Lee J, Worrall LJ, Vuckovic M, Rosell FI, Gen�le F, Ton AT, et al. Crystallographic structure of wild-type SARS-CoV-2 main protease acyl-enzyme
intermediate with physiological C-terminal autoprocessing site. Nat Commun. 2020;11(1).
[5] Grabiński W, Kicińska A, Funtowicz K, Skrzypczak T, Karachitos A. The SARS-CoV-2 main protease causes mitochondrial dysfunc�on in a yeast
model. Sci Rep. 2025;15(1).
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An�bio�c resistance remains a major global public health concern, empha sising the need for reliable
and efficient methods to assess bacterial metabolic ac�vity and an�bio�c suscep�bility [ 3]. In recent years,
electrochemical biosensor -based approaches have emerged as promising tools for rapid monitoring of
bacterial biofilm responses to an�microbial agents [ 1], [ 2]. Staphylococcus aureus is a clinically important
pathogen o�en associated with persistent infec�ons, while biofilm forma�on increases an�bio�c tolerance
and alters metabolic ac�vity [4]. The aim of this study w as to evaluate the applicability of chronoamperometry
as a simple, inexpensive tool for monitoring metabolic ac�vity and an�bio�c suscep�bility in S. aureus -based
biofilms.

Chronoamperometric measurements were performed for 24 h using a three -electrode system
consis�ng of a carbon cloth working electrode, an Ag/AgCl reference electrode, and a �tanium foil counter
electrode. Experiments were conducted at an applied poten�al of 0.0 and 0.1 V.

Chronoamperometric profiles revealed an�bio�c -dependent changes in current response. Among the
tested an�bio�cs, four, including penicillin G sodium, ampicillin sodium salt, gentamicin sulphate, and
erythromycin, exhibited pronounced effects on bacterial extracellular electron transfer (EET) . Penicillin G
sodium caused the most significant decrease in current (Fig. 1), with mean values declining from 0.259 ± 0.016
µA during ac�ve growth (2 –6 h) to 0.052 ± 0.007 µA a�er prolonged exposure (15 –22 h), i ndica�ng a
substan�al reduc�on in electrochemical ac�vity.

Figure 1 . Chronoamperometric inves�ga�ons of biofilms hos�ng a carbon cloth electrode in LB media
inoculated with ~10 6 S. aureus at 35 °C . The Ti foil was used as a counter electrode. The applied poten�al: 0.1

V.

These findings demonstrate that chronoamperometry enables sensi�ve, real -�me monitoring of
bacterial responses to an�bio�c s and highlights its poten�al as a rapid method for evalua�ng S. aureus
suscep�bility.

[1] Khan, M., Rahman, M., Zahan, N., Masud, M., Sarker, S., & Haque, Md. H. (2025). Electrochemical Biosensing for An�bio�c -Resistant
Bacteria: Advances, Challenges, and Future Direc�ons. Micromachines, 16, 986. h�ps://doi.org/10.3390/mi16090986

[2] Kim, D., & Yoo, S. (2022). Electrochemical Sensors for An�bio�c Suscep�bility Tes�ng: Strategies and Applica�ons. Chemos ensors,
10, 53. h�ps://doi.org/10.3390/chemosensors10020053

[3] Pres�naci, F., Pezzo�, P., & Pantos�, A. (2015). An�microbial resistance: A global mul�faceted phenomenon. Pathogens an d Global
Health, 109, 2047773215Y0000000030. h�ps://doi.org/10.1179/2047773215Y.0000000030

[4] Thirabowonkitphithan, P., Žalnėravičius, R., Shafaat, A., Jakubauskas, D., Neilands, J., Laiwa�anapaisal, W., & Ruzgas, T. ( 2023).
Electrogenicity of microbial biofilms of medically relevant microorganisms: Poten�ometric, amperometric and wireless detect ion.
Biosensors and Bioelectronics, 246, 115892. h�ps://doi.org/10.1016/j.bios.2023.115892
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Chronic wound infections are a major clinical challenge, largely due to the persistence of bacterial biofilms and
the increasing prevalence of antimicrobial resistance. Conventional antibiotic therapies often fail to eradicate these
infections, highlighting the need for alternative antimicrobial strategies. Antimicrobial photodynamic therapy (aPDT)
offers a non-antibiotic approach based on the light-induced generation of reac�ve oxygen species (ROS), which cause
rapid and irreversible damage to bacterial cells without promoting resistance. However, the effectiveness of aPDT
depends on precise spatial and �me control of photosensitizer ac�vity within the infected �ssue [1].

Methylene blue (MB) is a clinically established photosensitizer with broad antimicrobial ac�vity and strong
absorption in the red spectral region (660–670 nm), making it well suited for treating infected wounds where deeper
light penetration is required [2]. To localize photodynamic ac�on and reduce off-target effects, MB is commonly
immobilized in alginate-based hydrogels that are biocompatible and supportive of wound healing. Despite their
biological advantages, current alginate systems—typically bulk gels or polydisperse beads produced by batch
emulsification—provide limited control over bead size and MB loading. Consequently, photodynamic dosing at the
biological level remains poorly defined, and the relationship between ROS generation and antimicrobial effectiveness is
difficult to predict. In addition, ROS produc�on is rarely quantified at the level of individual beads, and changes in
photodynamic performance over repeated light-activation cycles remain largely unexplored.

In this project, we present a microfluidic strategy to overcome these limitations by enabling controlled delivery
and quantitative evaluation of aPDT at the microscale. A water-in-oil droplet microfluidic platform based on a
polydimethylsiloxane (PDMS)-on-glass chip with a cross-junc�on geometry was used to fabricate highly monodisperse
alginate microbeads. Droplet formation and calcium-mediated gela�on were systematically optimized by adjusting flow
conditions, alginate concentration, surfactant content, and crosslinking parameters. The resulting microbeads were
characterized by optical microscopy to assess size uniformity and structural stability. Following methylene blue
encapsulation, ROS generation was quantified on a per-bead basis under controlled light activation, enabling direct
comparison of photodynamic output across monodisperse microbead popula�ons. This approach provides a basis for
assessing an�microbial photodynamic activity against bacterial biofilms, a major barrier in chronic wound therapy.

By combining precise microbead fabrication with quantitative evaluation of photodynamic and biological
responses, this work introduces a pla�orm for localized and reusable antimicrobial photodynamic therapy. Such control
enables rational tuning of photodynamic performance for clinically relevant conditions. This approach may support
future applications in chronic wound care, antimicrobial medical device coatings, and flow-based disinfection systems
in infection-prone environments.

[1] A. Solovieva et al., “Methylene Blue Solid Alginate Gels for Photodynamic Therapy: The Peculiarities of Production and Controlled Release of
the Dye,” Polymers, vol. 16, no. 19, p. 2819, Jan. 2024, doi: 10.3390/polym16192819.
[2] I. Khan et al., “Review on Methylene Blue: Its Properties, Uses, Toxicity and Photodegradation,” Water, vol. 14, no. 2, p. 242, Jan. 2022, doi:
10.3390/w14020242.
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Ibuprofen is widely used in humans as an antipyre�c, analgesic, and anti-inflammatory drug to reduce fever and
various types of pain [1]. Since 70–80% of the therapeu�c dose is excreted from the body as the parent compound
and/or metabolite, ibuprofen is continuously released into wastewater systems. The inefficient removal of ibuprofen
by conven�onal wastewater treatment technologies leads to its frequent detec�on in aqua�c ecosystems [2, 3]. Thus,
assessing the ecotoxicological effects of such contaminant on model organisms is essential for evaluating its poten�al
environmental risks.

This study aimed to assess the toxic poten�al of ibuprofen by exploring a variety of biological endpoints, such as
bioluminescence inhibition, viability, an�oxidant power, and reac�ve oxygen species produc�on in the model organism
Aliivibrio fischeri.

Effects of ibuprofen at a range of different concentra�ons on bioluminescence was assessed using an acute
(30 min) A. fischeri microplate assay. Antibacterial proper�es of ibuprofen were evaluated using a Spot test, while
impact on reducing poten�al was assessed via the ferric reducing an�oxidant power (FRAP) assay. ROS produc�on in
A. fischeri bacteria exposed to ibuprofen was quan�fied by fluorescence measurement following incuba�on with
fluorogenic probe 2',7'-dichlorodihydrofluorescein diacetate.

The evalua�on of the response of A. fischeri bacteria to different concentrations of ibuprofen showed a clear
nega�ve effect on bioluminescence intensity, with a propor�onal decrease with increasing ibuprofen concentra�on.
The median effec�ve concentration (EC₅₀) of ibuprofen a�er 30 minutes was determined to be 2.00 mg/L. The results
of a Spot test revealed that ibuprofen inhibits bacterial viability at a minimum inhibitory concentra�on (MIC) of
6.25 mg/L. Analysis of the reducing power showed a decreasing trend, related both to higher concentrations of
ibuprofen and to longer dura�on of exposure. Ibuprofen at concentrations ranging from 1.56 mg/L to 25.00 mg/L
showed a sta�s�cally significant reduc�on in the an�oxidant power of A. fischeri a�er 15 minutes, whereas this effect
was not sta�s�cally significant at other incubation �mes. Preliminary results of ROS assay indicate that ibuprofen at the
range of tested concentrations (0.39 to 25.00 mg/L) induced the formation of reac�ve oxygen species in A. fischeri
bacteria; however, this effect was not sta�s�cally significant.

The results of this study demonstrate that ibuprofen exerts adverse effects on A. fischeri, significantly impairing
bioluminescence, bacterial viability, and reducing capacity in a concentration and �me dependent manner. The acquired
knowledge about the sensi�vity of different biological endpoints to ibuprofen is important for selec�ng appropriate
biological methods for early warning systems and developing biosensors sensi�ve to environmental pollutants.

[1] J. Jan-Roblero and J. A. Cruz-Maya, ‘Ibuprofen: Toxicology and Biodegrada�on of an Emerging Contaminant’, Molecules, vol. 28, no. 5, p. 2097,
Jan. 2023, doi: 10.3390/molecules28052097.

[2] M. Parolini, A. Binelli, and A. Provini, ‘Chronic effects induced by ibuprofen on the freshwater bivalve Dreissena polymorpha’, Ecotoxicology and
Environmental Safety, vol. 74, no. 6, pp. 1586–1594, Sep. 2011, doi: 10.1016/j.ecoenv.2011.04.025.

[3] J. Blasco and C. Trombini, ‘Ibuprofen and diclofenac in the marine environment - a critical review of their occurrence and poten�al risk for
invertebrate species’, Water Emerg Contam Nanoplastics, vol. 2, no. 3, p. 14, 2023, doi: 10.20517/wecn.2023.06.
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Insufficient plas�c waste management and plas�c's resistance to natural degrada�on have made plas�c pollu�on
one of the greatest environmental issues of the 21st century. Microplas�cs and nanoplas�cs formed from larger plas�c
parts are even more problema�c due to an increased surface area and ubiquity. These fragments disrupt aqua�c and
terrestrial ecosystems and have been shown to adversely affect human health [1,2]. Plas�c par�cles can adsorb and
transport hydrophobic organic pollutants, heavy metals, and an�bio�cs [3,4]. Due to the variability of microbial
metabolism, some microorganisms' enzymes can degrade plas�c [5]. Large-scale applica�on of these enzymes could be
a sustainable solu�on to mi�gate global plas�c pollu�on.

This study aimed to explore natural and ar�ficial sources of microbial genes that encode enzymes associated
with the degrada�on of various types of (micro)plas�cs. For that, metagenomic DNA from 34 samples of garden and
forest soil from Molėtai district, soil and leachate from the opera�ng Kazokiškės landfill, soil from the closed Kario�škės
landfill, as well as plas�c particles and sludge from the “Energesman” waste management facility were isolated. The
DNA was subjected to PCR analysis for func�onal genes associated with plas�c biodegrada�on, including alkane
hydroxylases, ac�ve against pretreated polyethylene (PE); styrene monooxygenases, ac�ve against styrene;
polyethylene terephthalate (PET)-ac�ve cu�nases; Lysinibacillus fusiformis SCO2 urethanase, ac�ve against urethane;
and Pseudomonas chlororaphis polyurethane (PUR)-ac�ve lipase; followed by amplicon sequencing. BLASTx analysis of
the amplicon sequences was performed to predict their origin.

It was revealed that the microbiota of garden and forest soil has the poten�al to degrade pretreated PE, styrene,
urethane, as well as to surface-modify PET. This is possible due to the detected presence of alkane hydroxylases, styrene
monooxygenases, Lysinibacillus urethanase, and Fusarium solani cu�nase genes. The microbiota from the closed landfill
harbors genes encoding Thermobifida fusca cu�nase 1, alkane hydroxylases, and styrene monooxygenases, ac�ve on
PET, pretreated PE, and styrene. In the opera�ng landfill, analysis revealed the presence of genes encoding alkane
hydroxylases and styrene monooxygenases, indica�ng poten�al for biodegrada�on of pretreated PE and styrene.
Microbiota of the “Energesman” waste management facility showed the highest presence of genes associated with
plas�c degrada�on, being poten�ally capable of depolymerizing PET and PUR, degrading urethane and styrene, as well
as degrading pretreated PE; harboring genes of Fusarium solani and Thermobifida fusca cu�nases, Pseudomonas
chlororaphis lipase, Lysinibacillus urethanase, styrene monooxygenases, and alkane hydroxylases.

The results of this study prove that prolonged contact of microbiota with contaminants may increase the
prevalence and diversity of genes associated with plas�c biodegrada�on; however, broadening the focus of the search
to different environments may be reasonable to find new enzymes.

[1] Kumar, S., Rajesh, M., Rajesh, K. M., Suyani, N. K., Rasheeq, A. A., & Pra�ksha, K. S. (2020). Impact of Microplas�cs on Aqua�c Organisms and
Human Health: A Review. International Journal of Environmental Science and Natural Resources, 26(2), IJESNR.MS.ID.556185 (2020) 0059.
h�ps://doi.org/10.19080/IJESNR.2020.26.556185.
[2] de Souza Machado, A. A., Kloas, W., Zarfl, C., Hempel, S., & Rillig, M. C. (2018). Microplastics as an emerging threat to terrestrial ecosystems.
Global Change Biology, 24(4), 1405–1416. h�ps://doi.org/10.1111/gcb.14020.
[3] Fackelmann, G., & Sommer, S. (2021). Microplastics and the gut microbiome: How chronically exposed species may suffer from gut dysbiosis.
Marine Pollution Bulletin, 167, 112402. h�ps://doi.org/10.1016/j.marpolbul.2021.112402.
[4] Menéndez-Pedriza, A., & Jaumot, J. (2020). Interaction of environmental pollutants with microplastics: A cri�cal review of sorp�on factors,
bioaccumula�on and ecotoxicological effects. Toxics, 8(2), 40. h�ps://doi.org/10.3390/toxics8020040.
[5] Ru, J., Huo, Y., & Yang, Y. (2020). Microbial Degrada�on and Valoriza�on of Plas�c Wastes. Fron�ers in Microbiology, 11, 442.
h�ps://doi.org/10.3389/fmicb.2020.00442.
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Nisin (molecular weight of 3.5 kDa), produced by Lactococcus lac�s, is a well-known food preserva�ve due to
its strong an�microbial ac�vity against Gram-posi�ve bacteria and other spoilage microorganisms. However, its
stability can be limited by external factors such as pH changes, temperature varia�ons, and enzyma�c degrada�on. In
alkaline condi�ons, nisin undergoes structural modifica�ons that reduce its an�microbial ac�vity, while proteoly�c
enzymes may hydrolyze pep�de bonds and cause ac�vity loss. In addi�on, interac�ons with food matrix components,
such as proteins and lipids, may decrease its bioavailability and effec�veness. To overcome these limita�ons,
biopolymer encapsula�on has been proposed as a strategy to improve nisin stability and func�onality [1].

κ-Carrageenan is a natural sulfated polysaccharide extracted from red algae, known for its good
biocompa�bility and biodegradability. Due to the presence of nega�vely charged sulfate groups, κ-carrageenan is able
to interact with posi�vely charged nisin molecules and form stable complexes. These interac�ons are mainly
electrosta�c in nature, although hydrogen bonding and hydrophobic interac�ons may also contribute to system
stabiliza�on. Therefore, κ-carrageenan is considered a promising carrier for nisin encapsula�on in food systems [2].

The aim of this work was to prepare nisin–κ-carrageenan par�cles and evaluate the suitability of κ-carrageenan
as a carrier for nisin encapsula�on. Nisin-loaded κ-carrageenan par�cles were prepared using the complexa�on
method. It was determined how the encapsula�on efficiency depends on the ratio of components used for
complexa�on. The forma�on of the complexes was confirmed by Fourier-transform infrared (FTIR) spectroscopy. The
dominant non-covalent interac�ons involved in complex forma�on were iden�fied in order to better understand the
stabiliza�on mechanism. The proteoly�c resistance of encapsulated nisin was also inves�gated to assess the
protec�ve effect of κ-carrageenan against enzyma�c degrada�on. In addi�on, release studies were performed to
evaluate the behavior of nisin under varying condi�ons.

The obtained results demonstrate that κ-carrageenan is an effec�ve biopolymer for nisin encapsula�on,
providing improved stability and protec�on of the an�microbial pep�de. These findings highlight the poten�al
applica�on of nisin–κ-carrageenan systems in food preserva�on.

[1] Gharsallaoui, A., Oulahal, N., Joly, C., & Degraeve, P. (2016). Nisin as a food preserva�ve: Part 1: Physicochemical properties, an�microbial
ac�vity, and main uses. Cri�cal Reviews in Food Science and Nutri�on, 56(8), 1262–1274. h�ps://doi.org/10.1080/10408398.2013.763765
[2] Necas, J., & Bartosikova, L. (2013). Carrageenan: A review. Veterinarni Medicina, 58(4), 187–205. h�ps://doi.org/10.17221/6758-VETMED
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Every year, about one-third of all food produced worldwide is wasted. A large part of this waste consists of fruit
and vegetable processing waste, which account for up to 42% of all discarded food [1]. Nowadays, food waste is not
only an environmental challenge but also an untapped opportunity. For example, beetroot processing waste, which is
o�en considered a low-value product, is a valuable source of dietary fiber. Its use allows for the creation of sustainable,
natural solutions and gives waste a new, higher technological value [2].

In recent years, beetroot has been receiving increasing a�ention due to its bioactive components, especially
betalain pigments, which have strong antioxidant and anti-inflammatory properties. Beetroot processing generates
large amounts of waste, especially pomace, which is rich in dietary fiber whose poten�al benefits remain largely
unexplored. Soluble dietary fiber extracted from beetroot, most of which is pectin, can be used to develop products
with higher added value [3]. Pectin is a natural polysaccharide widely used in the food and pharmaceu�cal industries
because of its gelling and stabilizing properties [4].

The aim of this work was to optimize the extrac�on of soluble dietary fiber from beetroot waste and to
characterize the extracted pectin to evaluate its suitability for nisin encapsulation, thereby contributing to the
sustainable use of agricultural resources. Beetroot pomace used for pectin extrac�on was freeze-dried and
subsequently powdered. Pectin was extracted using a conven�onal extrac�on method and two non-conventional
techniques: microwave-assisted extrac�on (MAE) and pulsed ultrasound-assisted extrac�on (PUAE). For MAE the
beetroot powder was mixed with water acidified with hydrochloric acid (pH 1, 2, and 3) at a solid-to-liquid ratio of 1:10
and exposed to microwaves at power level of 400 W for 30 s. Under optimal conditions (pH 1), the pectin extraction
yield was 3.4%. For conventional extraction, the pH 1 condition iden�fied as optimal in MAE was used. The 1:10 mixture
was heated at 90 °C for 60 or 120 min. The optimal extraction conditions were pH 1 and 120 min of heating, resulting in
a pectin yield of 12.5%. For PUAE, the beetroot powder was mixed with water or acidified water (pH 1 and 2) at a 1:10
ratio and treated with pulsed ultrasound at an amplitude of 80% for 10 min. The optimal extrac�on conditions were
also pH 1, yielding 6.4% pectin. Pectin characterization included measurement of zeta poten�al to confirm its negative
surface charge, Fourier-transform infrared (FT-IR) analysis to verify its chemical structure, determination of total
carbohydrate content using the phenol-sulfuric acid method, and assessment of protein impurities using the Bradford
method. Thermal extrac�on results in a sufficient yield of soluble fibers with favorable func�onal properties, indicating
their potential suitability for nisin encapsulation.

[1] Ganesh, K. S., Sridhar, A., & Vishali, S. (2022). Utilization of fruit and vegetable waste to produce value-added products: Conventional utilization
and emerging opportunities-A review. Chemosphere, 287, 132221.
[2] Theba, T., Ravani, A., & Bha�, H. (2021). Utilization of beetroot pomace for food fortification. International Journal of Chemical Studies, 9(1),
2653–2657.
[3] Ajaz, M., Singh, I., Vugic, L., Jani, R., Diyapaththugama, S., & Shilton, N. (2025). Connecting the Dots: Beetroot and Asthma. Journal of Respiration,
5(3), 12.
[4] Wan Chik, M. A., Yusof, R., Shafie, M. H., & Mohamed Hanaphi, R. (2024). The versatility of pectin: A comprehensive review unveiling its recovery
techniques and applications in innovative food products. Journal of Food Measurement and Characterization, 18(7), 6101–6123.
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Protein aggregation is mediated by a complex interplay of noncovalent interactions, driven by conformational
changes and environmental stress. This phenomenon is critical across various fields, ranging from the pathology of
neurodegenerative diseases, such as Alzheimer’s and Parkinson’s, to challenges in the food industry and
biotechnology.[1] Recently, we observed that glucose oxidase, a specialized enzyme that catalyses the oxidation of D-
glucose, aggregates into particles several hundred nm in size following bioconjugation in organic solvents. Notably,
while these aggregates exhibit a significant decrease in biocatalytic activity, their tertiary structure remains essentially
unchanged.[2]

Figure 1. The deagregation of glucose oxidase

Inspired by the observations of Singla et al.[3] regarding the salt-induced dissolution of protein clusters, this
work investigates the deaggregation of glucose oxidase using various inorganic salts and Triton X-100 as a phase-
transfer reagent. We evaluated the biocatalytic activity of the enzyme across the aggregation and deaggregation
states. To monitor structural transitions, we employed UV-Vis absorption and fluorescence spectroscopy, along with
dynamic light sca�ering for particle size analysis. These findings will provide a viable strategy for recovering enzyme
func�onality a�er the bioconjugation in organic media.

Acknowledgement: This work was funded by the “Nanostructured Bioconjugates for Quantum Bioelectronics”
project, which has received funding from the Research Council of Lithuania (LMTLT), agreement no. S-ITP-25-11.

[1] Jacob, T., & Hoyer, W. (2026). Heterotypic phase separation in aggregation: Driver or deterrent?. Biophysical chemistry, 331, 107577.
[2] Dudkaitė, V., Kairys, V., & Bagdžiūnas, G. (2023). Understanding the activity of glucose oxidase after exposure to organic solvents. Journal of
materialschemistry. B, 11(11), 2409–2416.
[3] Singla, D., & Bha�acharya, M. (2022). Salt-Induced Dissolution of Protein Aggregates. The journal of physical chemistry. B, 126(43), 8760–8770.
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The detrimental environmental effects of agrochemicals and pesticides are well documented. Therefore, to
promote environmentally friendly agricultural practices and produce safer food, the use of plant growth-promoting
bacteria (PGPB) as inoculants represents a promising strategy for sustainable agricultural development. A wide range of
PGPB significantly enhance vegetative growth and grain yield in many crops. Their growth-promoting effects are
mediated through multiple mechanisms, including nitrogen fixation, production of phytohormones such as auxins,
cytokinins, gibberellins, abscisic acid and ethylene; antagonistic activity against phytopathogenic microorganisms via
the production of siderophores and hydrogen cyanide; competition for nutrients; induction of systemic host resistance;
and enhancement of mineral availability, particularly phosphorus [1] [2].

A key objective in the development of effective inoculation technologies is the evaluation and selection of
efficient endophytic bacterial strains. In this study, endophytic bacteria were isolated from winter wheat (Triticum
aestivum L.).

Plant samples were collected from the April to July 2025 during the wheat growing season. Plant material for
bacterial isolation was obtained from four agricultural fields located in eastern Lithuania, with a total area of 4.71 ha.
Using culture-dependent methods, a total of 566 culturable endophytic bacterial isolates were obtained from the
surface-sterilized root fragments of Triticum aestivum L. through plant tissue extraction [3].

The highest number of isolates was obtained from samples collected in April (360 isolates), whereas the lowest
number was recorded in June (87 isolates). These findings suggest that periods of intensive aboveground and root
system development may be associated with the greater diversity and abundance of plant associated microbial
communities.

The purified isolates were stored for subsequent identification to the species level based on 16S rRNA gene
sequence analysis. Characterization of selected isolates for indole-3-acetic acid production, phosphate-solubilizing
capacity, siderophore production, presence of the nifH gen, and their ability to promote growth in vitro is ongoing.

[1] Rat, A., Naranjo, H.D., Krigas, N., Grigoriadou, K., Maloupa, E., Varela, A.A., Schneider, C., Papageorgiou, V.P., Papageorgiou, A.N. (2021).
Endophytic bacteria from the roots of the medicinal plant Alkanna tinctoria Tausch (Boraginaceae): Exploration of plant growth promoting properties
and potential role in the production of plant secondary metabolites. Front. Microbiol., Sec. Microbe and Virus Interactions with Plants, 12, 3488.
h�ps://doi.org/10.3389/fmicb.2021.633488
[2] Gabriele, M., Vitali, F., Chelucci, E., and Chiellini C. (2022). Characterization of the cultivable endophytic bacterial community of seeds and sprouts
of Cannabis sativa L. and perspectives for the application as biostimulants. Microorganisms, 10, 1742.
h�ps://doi.org/10.3390/microorganisms10091742
[3] Brescia, F., Sillo, F., Balestrini, R., Sbrana, C., Elisa, Z. (2023). Characterization of endophytic bacteria isolated from root nodules of lentil in
intercropping with durum wheat. Current Research in Microbial Sciences, 5. h�ps://doi.org/10.1016/j.crmicr.2023.100205
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Proteins are widely used in encapsula�on systems due to their ability to form structured matrices, as well as
stabilize and protect bioac�ve compounds from environmental effects. The prospects for the applica�on of protein
nanopar�cles depend on a number of factors, including versa�lity, biodegradability, availability, rela�vely low
immunogenicity and cost. Protein nanopar�cles can exhibit both protein-specific func�ons and nanopar�cle-specific
features, such as controlled release, improved bioavailability and stability. Compared to other nanopar�cle pla�orms,
the idea of using proteins to design delivery systems is not a new one. Various proteins are used to form protein
nanopar�cles and their development is not limited to only natural proteins, since recombinant protein technologies are
already being used effec�vely [1].

In recent years, the food industry has been paying more a�en�on to plant-based proteins in order to create
more sustainable food products and reduce dependence on animal-based raw materials. Pata�n, the main protein in
potatoes, has unique func�onal proper�es that make it suitable for use in various food systems. Pata�n represents a
group of glycoprotein isoforms with a molecular weight ranging between 40 kDa and 45 kDa [2]. This potato protein
contains many amino acids that are essen�al for the human body and is rich in lysine, which is lacking in other edible
plants [3]. Due to its excellent foaming, emulsifying and gel-forming proper�es, pata�n is o�en used in the food and
pharmaceu�cal industries and is also a promising candidate for the protein-based encapsula�on of bioac�ve
compounds [3]. The aim of this work was to obtain highly purified pata�n for its poten�al use in protein-based
encapsula�on systems.

Potato protein powder obtained from Roque�e Amilina, UAB was used as a star�ng material. The sample was
dissolved in 25 mM phosphate buffer at pH 6.5 and transferred into dialysis tubing (12-14 kD MWCO). Dialysis was
performed against 25 mM phosphate buffer at pH 6.5 to remove low-molecular-weight impuri�es. Pata�n purifica�on
was further carried out using sequen�al ion-exchange chromatography on DEAE-Sepharose and SP-Sepharose resins to
obtain pata�n frac�ons. Protein purity was determined by SDS-PAGE. A�er electrophore�c separa�on protein bands
were visualized using silver staining, which allows sensi�ve detec�on of low-abundance proteins. SDS-PAGE analysis
showed that the molecular weight of the major band matched the expected size of approximately 40 kDa. The rela�ve
purity of the target protein was assessed by analysis of the electrophore�c bands using ImageJ so�ware. Based on the
ra�o of pata�n band intensity to total protein content in the lane, the purity of the isolated pata�n was es�mated to
be around 90 %. Such purity is essen�al for effec�ve protein-based encapsula�on.

[1] Habibi, N., Mauser, A., Ko, Y., & Lahann, J. (2022). Protein Nanopar�cles: Uni�ng the Power of Proteins with Engineering De sign
Approaches. Advanced Science, 9(8), 2104012.
[2] Elahi, R., & Mu, T.-H. (2017). High Hydrosta�c Pressure (HHP)-Induced Structural Modifica�on of Pata�n and Its An�oxidant
Ac�vi�es. Molecules, 22(3), 438.
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Hypoxia is a hallmark of the tumor microenvironment, driving metabolic reprogramming, lipid remodeling, and
therapy resistance [1]. It alters plasma membrane composition, potentially affecting protein mobility, receptor
clustering, and drug uptake [2]. While hypoxia-induced lipid changes are well documented, their impact on plasma
membrane viscosity remains insufficiently characterized.

The aim of this study was to evaluate hypoxia-induced plasma membrane viscosity changes in 2D and 3D cancer
cell models (MCF-7 and MDA-MB-231) using fluorescence life�me imaging microscopy (FLIM) with the viscosity-
sensitive probe BODIPY-PM, and to determine whether these alterations influence doxorubicin penetration.

MCF-7 and MDA-MB-231 cells were cultured in 2D and as 3D spheroids. Hypoxia was chemically induced with
CoCl₂. Membrane viscosity was measured after 24 h using FLIM, and doxorubicin uptake was evaluated under normoxic
and hypoxic conditions.

Our study revealed that in 2D cultures, CoCl₂ treatment caused a modest increase in membrane viscosity in MCF-
7 cells, whereas MDA-MB-231 cells showed decreased viscosity, possibly reflecting their higher metastatic potential. In
3D spheroids, spatial viscosity heterogeneity was observed. CoCl₂ did not significantly alter doxorubicin penetration.

In conclusion, hypoxia modulates membrane viscosity in a cell line and model dependent manner. Although
chemical hypoxia did not affect drug uptake, changes in membrane viscosity may contribute to tumor adaptation.
Further studies under physiological hypoxia are needed.

[1] Chen, Z., Han, F., Du, Y., Shi, H., & Zhou, W. (2023). Hypoxic microenvironment in cancer: Molecular mechanisms and therapeutic interventions.
Signal Transduction and Targeted Therapy, 8(1), 70. h�ps://doi.org/10.1038/s41392-023-01332-8
[2] Polita, A., Stancikaitė, M., Žvirblis, R., Maleckaitė, K., Dodonova-Vaitkūnienė, J., Tumkevičius, S., et al. (2023). Designing a green-emi�ing viscosity-
sensitive 4,4-difluoro-4-bora-3a,4a-diaza-s-indacene (BODIPY) probe for plasma membrane viscosity imaging. RSC Advances, 13, 19257–19264.
h�ps://doi.org/10.1039/d3ra04126c
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RNA-guided DNA targe�ng and cleavage systems such as CRISPR-Cas are among the most powerful genome-
editing tools in modern molecular biology. However, CRISPR-Cas systems remain limited by protospacer adjacent motif
(PAM) requirements that restrict targetable sequence space, and they are large (~1000 aa), thereby complicating vector
packaging and delivery. Recently, Faure et al. (2025) described a novel system termed Tandem Interspaced Guide RNA
(TIGR) array and a TIGR-associated (Tas) protein [1]. This system shares several key features with CRISPR-Cas systems
(RNA-guided DNA targe�ng and cleavage ac�vity) but lacks the PAM requirement, its ac�vity depends on protein
dimerization, and it is small (~300 aa). These proper�es position TIGR-Tas as a promising pla�orm for programmable
genome editing.

Although TIGR-Tas has been used to edit the genome of human cells, its efficacy in bacterial cells has not been
evaluated [1]. Given the dual-spacer architecture, the lack of PAM requirement, and the observa�on that mismatches
are tolerated [1], we hypothesized that TIGR-Tas exhibits substantial off-target effects that lead to cell toxicity. To
investigate this and assess its suitability as a genome editing tool in bacteria, we systematically characterized multiple
TIGR-Tas proteins (TaTasR, ParTasR, and FlaTasA), alongside catalytically inactive variants (dTaTasR and dParTasR), and
evaluated their toxicity in Escherichia coli, quan�fied genome editing efficiency, and mapped tigRNA specificity.

Our results iden�fy toxicity as a major constraint of TIGR-Tas deployment. Tas protein expression alone (without
tigRNA) imposed a measurable growth burden, indicating intrinsic protein-associated toxicity. Co-expression with
tigRNAs further increased this burden, with the strongest effect under targe�ng-guide conditions. Phenotypically, this
was reflected by colony miniaturization and stress-associated morphology, including cell elongation and clumping.
Among the tested proteins, TaTasR exhibited the most favorable ac�vity-viability balance, both in the absence and
presence of a �gRNA, and was therefore selected for downstream editing experiments. In the presence of a targe�ng
tigRNA and the repair template, TaTasR reached ~10% editing efficiency by colony-based quantification and ~7% by
nanopore sequencing. In contrast, non-targe�ng and catalytically inac�ve controls showed negligible editing (~0.05-
0.1%). Although only 7-10% of surviving cells were successfully edited, most surviving cells carried muta�ons that
enabled escape from otherwise lethal DNA cleavage. To determine the basis of this escape, we sequenced the
chromosomal target site and the tigRNA-containing plasmid, revealing mutations at either locus consistent with
selec�ve pressure imposed by TIGR-Tas.

Lastly, we constructed and tested a random tigRNA library and assessed the deple�on or enrichment of guides
with full or par�al complementarity to genomic E. coli sequences. This enabled iden�fication of true non-targe�ng
tigRNAs, which were highly enriched in our assays.

In summary, TIGR-Tas can support programmable genome-editing in E. coli, with TaTasR currently providing the
most favorable editing efficiency-viability balance. However, major constraints remain, including editor-associated
toxicity and poorly defined tigRNA design rules. Current work focuses on defining tigRNA design parameters for reduced
off-target ac�vity and enhanced on-target efficiency, and on Tas protein engineering for reduced toxicity and increased
editing efficiency.

[1] Faure, G., Saito, M., Wilkinson, M. E., Quinones-Olvera, N., Xu, P., Flam-Shepherd, D., Kim, S., Reddy, N. R., Zhu, S., Evgeniou, L., Koonin, E. V.,
Macrae, R. K., & Zhang, F. (2025). TIGR-Tas: A family of modular RNA-guided DNA-targeting systems in prokaryotes and their viruses. Science,
388(6746), eadv9789.
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Viral nanoparticles are highly ordered, specific biomaterials characterized by icosahedral or helical
structures with an internal cavity, therefore posing as an invaluable nanostructure for various applications in
nanomedicine and biotechnology, such as small molecule delivery systems, vaccine development, and gene
therapy [1,2]. Particular attention is being paid to expanding the application of self-assembling nanosystems
as versatile platforms for the attachment and display of functional amino acids, peptides, or enzymes. Since
the native termini of phage-derived protein nanoparticles are not always accessible for functionalization,
circular permutation can be used as a protein engineering strategy that rearranges the native amino acid
sequence, altering the connectivity between secondary structural elements while preserving the overall
three-dimensional structure. This approach can increase the number of available modification sites by
creating novel N- and C-termini, which could further improve protein properties and broaden the scope of
potential applications [3].

Our research focuses on the development of novel circularly permuted viral nanotubes based on the
self-assembling tail sheath protein gp041 from the Klebsiella-infecting bacteriophage vB_KleM-RaK2 [4].
AlphaFold3 structural modeling of gp041 protein was used to determine suitable positions for the
introduction of new N- and C-termini oriented towards the outer space of the tubular nanostructure. Seven
circularly permuted proteins were constructed by joining native termini via a polypeptide linker (GSGGTG),
and new termini were introduced at positions N56/C55, N119/C118, N237/C236, N279/278C, N382/ C381,
N401/ C400, N574/ C573. After the recombinant protein expression, circularly permuted proteins were
purified by sucrose density gradient ultracentrifugation. Transmission electron microscopy analysis revealed
that out of seven, four circularly permuted proteins maintained the ability to form ordered tubular
nanostructures (N119/C118, N382/ C381, N401/C400, N574/C573). While the other three formed structures
of irregular shapes (N56/C55, N237/C236, N279/C278). In conclusion, our research revealed that vB_KleM-
RaK2 bacteriophage tail sheath protein gp041 can be modified using the circular permutation technique,
expanding the application of these self-assembling tubular nanostructures.

[1] Kaltbeitzel, J., & Wich, P. R. (2023). Protein-based Nanoparticles: From Drug Delivery to Imaging, Nanocatalysis and Protein Therapy.
Angewandte Chemie International Edition, 62(44).
[2] Nooraei, S., Bahrulolum, H., Hoseini, Z. S., Katalani, C., Hajizade, A., Easton, A. J., & Ahmadian, G. (2021). Virus-like particles:
preparation, immunogenicity and their roles as nanovaccines and drug nanocarriers. Journal of Nanobiotechnology, 19(1), 59.
[3] Das, D., & Ainavarapu,S.R. K.(2024).Protein engineering using circular permutation – structure,function, stability, and applications.
The FEBS Journal, 291(16), 3581–3596.
[4] Šimoliūnas, E., Kaliniene, L., Truncaitė, L., Zajančkauskaitė, A., Staniulis, J., Kaupinis, A., Ger, M., Valius, M., & Meškys, R. (2013).
Klebsiella Phage vB_KleM-RaK2 —A Giant Singleton Virus of the Family Myoviridae. PLoS ONE, 8(4), e60717.
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Orthomyxoviridae family viruses are defined by their envelope and segmented reverse direction RNA genome
whose most infamous members are influenza viruses. Decreased sequencing costs provided new opportunities to study
viruses in unusual hosts including more exotic members of Orthomyxoviridae more closely related to predominantly
arthropod-infecting Thogotovirus and Quaranjavirus.[1] Thogotovirusmembers are known to infect people (for example
Bourbon or Dhori viruses) and their main reservoir are ticks with one exception being SINU virus that was detected in
mosquitoes, and which is known for its wide tropism.[2] Most members of Quaranjavirus are not known to infect
humans, but at least one (Quaranfil virus) was found in blood samples of children reporting flu-like symptoms which led
to further epidemiology studies.[3] Quaranjavirus and Thogotovirus share class III viral membrane fusion protein called
glycoprotein 64 (gp64).

Due to their unknown zoonotic potential it is safer to use pseudoviruses for the study of tropism of
uncharacterized orthomyxoviruses discovered in arthropods. Pseudoviruses are viral particles that have defective
genomes and display membrane fusion proteins on their envelope without encoding them in their genome, thus they
are only capable of one infection cycle. In this study we use lentiviral II-nd generation vector system which is comprised
of three plasmid vectors (packaging, transgene and envelope) [4] to make pseudoviruses in HEK293T cells. Transgene
plasmid encodes pseudovirus genome with signal protein that is inserted into host cell genome to be expressed. To
determine the number of viruses in a titer we use TaqMan qPCR allowing us to quan�fy our infections using the same
multiplication of infection (MOI).

When infecting mammalian cells as positive control we use SINU virus gp64 for its proven broad tropism.[5] The
negative control is quaranjavirus WuMV-6, since its gp64 alone can’t mediate virus entrance into mammalian cells.
Infection efficiency is evaluated via nanoluciferase chemiluminescence assay (Promega). Nanoluciferase is an
engineered monomeric luciferase enzyme that originates from the deep-sea shrimp (Oplophorus gracilirostris) and
maintains high enzyme stability both in living cells and in culture medium. During nanoluciferase assays we noticed a
very high background signal and decided to also try secreted nanoluciferase and HiBit, to see if their background noise
would be any lower. To enable cells to secrete nanoluciferase, the enzyme was modified by adding human interleukin-
6 secretion signal peptide to its N-terminus.[6] Chemiluminescence assays conducted with secreted nanoluciferase do
not require cell lysis, thus avoiding signal interference from intracellular molecules. HiBit is an 11 amino acid peptide
tag which combines with complementary polypeptide LgBit thus reconstituting luminescent enzyme.[7] For now we
want to determine which one of these nanoluciferases is the most precise at quantifying infection efficiency.

[1] Dudas, G., & Batson, J. (2023). Accumulated metagenomic studies reveal recent migration, whole genome evolution, and undiscov ered diversity
of orthomyxoviruses. Journal of Virology, 97(10), e0105623. h�ps://doi.org/10.1128/jvi.01056-23
[2] Thamamongood, T., Jengarn, J., Muangsanit, P., Petpiroon, N., Srisutthisamphan, K., A�asombat, K., Wongwanakul, R., Aueviriyavit, S., Laohathai,
S., Jongkaewwattana, A., & Teeravechyan, S. (2024). Pseudotyped zoonotic thogotoviruses exhibit broad entry range in mammalian cells. Virology,
589(109914), 109914. https://doi.org/10.1016/j.virol.2023.109914
[3] Mohammed, Y. S., Gresiková, M., Adamyová, K., & Ragib AH el-Dawala, K. (1970). Studies on arboviruses in Egypt. II. Contribution of arboviruses
to the aetiology of undiagnosed fever among children. The Journal of Hygiene, 68(3), 491–495. https://doi.org/10.1017/s002217240004239x
[4] Duvergé, A., & Negroni, M. (2020). Pseudotyping Lentiviral vectors: When the clothes make the virus. Viruses, 12(11), 1311.
h�ps://doi.org/10.3390/v12111311
[5] Repsyte, M., Norkiene, M., & Dudas, G. (2025). Exploring the cell entry potential of Wuhan mosquito virus 6 glycoprotein. Unp ublished.
h�ps://doi.org/10.13140/RG.2.2.31824.21762
[6] Li, J., Guo, Z., Sato, T., Yuan, B., Ma, Y., Qian, D., Zhong, J., Jin, M., Huang, P., Che, L., Wang, Y., Lei, Y., & Liu, C. ( 2018). Optimized application of
the secreted Nano-luciferase reporter system using an affinity purification strategy. PloS One, 13(5), e0196617.
h�ps://doi.org/10.1371/journal.pone.0196617
[7] Nano-Glo® HiBiT lytic detection system. (n.d.). Promega.com. Retrieved February 8, 2026, from h�ps://www.promega.com/products/protein-
detection/protein-quantification/nano-glo-hibit-lytic-detection-system/?tabset0=0
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Yeast prions are protein-based epigenetic elements that generate heritable phenotypic diversity and can intersect
with cellular stress responses. Environmental stress increases the frequency of prion appearance in Saccharomyces
cerevisiae [1]. Guanidine hydrochloride (GuHCl), widely used in yeast prion research, disrupts prion propagation through
effects on the Hsp104 chaperone system [2,3]. Here, we evaluated how GuHCl presence modulates transcriptional stress
outputs across three prion phenotypes: [psi−], weak [PSI+], and strong [PSI+].

Cells were challenged with medium and extreme heat shock, and with oxidative stress using 1 mM and 3 mM
H2O2. Transcript levels of the heat-shock marker UBI4 [4] and oxidative-stress marker TRX2 [5] were quantified by RT-
qPCR. MEX67 was used as the reference gene based on stable expression across all stress conditions. GuHCl effects were
expressed as relative quantification (RQ) compared with matched −GuHCl controls for each phenotype and stress
intensity.

Under heat shock, GuHCl decreased UBI4 in [psi−] and strong [PSI+] at both intensities, with mean RQ values of
0.37 and 0.12 in [psi−], and 0.25 and 0.079 in strong [PSI+]. The direction of change was consistent across biological
replicates, although effect sizes varied. In weak [PSI+], GuHCl increased UBI4 with mean RQ values of 3.75 and 2.16,
but replicate consistency was lower, indicating greater biological variability. Under oxidative stress, GuHCl increased
TRX2 across all phenotypes at both 1 mM and 3 mM H₂O₂. Mean RQ values at 1 mM were 4.91 in [psi−], 7.43 in weak
[PSI+], and 14.46 in strong [PSI+]. At 3 mM, mean RQ values were 6.79 in [psi−], 8.86 in weak [PSI+], and 10.11 in
strong [PSI+]. Replicate direction was consistent across oxidative-stress conditions, with the strongest replicate agreement
observed for strong [PSI+] at 1 mM H₂O₂.

Together, these data show that GuHCl can either dampen or enhance stress-gene transcription depending on stress
modality and prion variant state, with oxidative-stress induction of TRX2 showing higher replicate consistency than heat-
shock modulation of UBI4.

[1] Tyedmers, J., Madariaga, M. L., & Lindquist, S. (2008). Prion Switching in Response to Environmental Stress. PLoS Biology, 6(11), e294.
h�ps://doi.org/10.1371/journal.pbio.0060294
[2] Ferreira, P. C., Ness, F., Edwards, S. R., Cox, B. S., & Tuite, M. F. (2001). The elimina�on of the yeast [PSI+] prion by guanidine hydrochloride is the
result of Hsp104 inac�vation. Molecular Microbiology, 40(6), 1357–1369. h�ps://doi.org/10.1046/j.1365-2958.2001.02478.x
[3] Jung, G., & Masison, D. C. (2001). Guanidine Hydrochloride Inhibits Hsp104 Ac�vity In Vivo: A Possible Explana�on for Its Effect in Curing Yeast
Prions. Current Microbiology, 43(1), 7–10. h�ps://doi.org/10.1007/s002840010251
[4] Wa�, R., & Piper, P. W. (1997). UBI4, the polyubiqui�n gene of Saccharomyces cerevisiae, is a heat shock gene that is also subject to catabolite
derepression control. Molecular and General Gene�cs MGG, 253(4), 439–447. h�ps://doi.org/10.1007/s004380050341
[5] Kuge, S., & Jones, N. (1994). YAP1 dependent activation of TRX2 is essen�al for the response of Saccharomyces cerevisiae to oxida�ve stress by
hydroperoxides. The EMBO Journal, 13(3), 655–664. h�ps://doi.org/10.1002/j.1460-2075.1994.tb06304.x
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Acinetobacter baumannii is a Gram-negative opportunis�c pathogen that has emerged as a global threat
associated with high morbidity and mortality [1]. A. baumannii can form biofilms on the surfaces of medical devices and
is characterized by mul�drug resistance, which makes it one of the main pathogens associated with hospital-acquired
infec�ons [2]. Gram-negative bacteria produce outer membrane vesicles (OMVs), which transport nutrients and
micronutrients to bacteria. This study aims to use OMV produced by A. baumannii to transport an�microbial drugs. The
purpose of this study is to evaluate the efficiency of OMV in transferring gentamicin to A. baumannii bacteria at the site
of infection.

In this study, a dele�on mutant of the A. baumannii ompA gene is being constructed by homologous
recombina�on, which produces OMVs that do not contain poten�al an�genic protein OmpA. An in vitro infec�on model
of A. baumannii was op�mized using A549 lung epithelial cell line. The cells were infected with A. baumannii bacteria ,
and a�er infection, the bacteria were treated with gentamicin or gentamicin incorporated into OMVs by sonica�on.
Bacterial survival was assessed by CFU coun�ng, and eukaryo�c cell viability was assessed by the MTT method.

During the op�miza�on of the infection protocol, it was found that the concentra�on of gentamicin has a greater
effect on the survival of A. baumannii than the dura�on of exposure. At 6 µg/ml gentamicin, the CFU/ml of bacteria was
consistently lower than at 3 µg/ml, regardless of the duration of infec�on, so this concentra�on was selected as the
baseline for further studies. Preliminary data also indicate that gentamicin incorporated into OMV results in lower
logarithmic values of A. baumannii CFU/ml compared to the treatment with gentamicin alone.

The op�mized in vitro infection model provides a basis for further studies, when OMVs lacking OmpA will be
analyzed. Using selected infec�on condi�ons, the ability of OMV to transport gentamicin to A. baumannii bacteria at
the site of infec�on will be evaluated, and the immunogenicity of OMV purified from wild-type and dele�on mutants
will be compared. This study is important for evalua�ng the poten�al of OMV as an�bio�c delivery system in the fight
against multidrug-resistant bacteria.

[1] Akoolo, L., Pires, S., Kim, J., & Parker, D. (2022). The Capsule of Acinetobacter baumannii Protects against the Innate Immune Response. Journal
of innate immunity, 14(5), 543–554.
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Candida albicans is an opportunis�c fungal pathogen in the skin and mucosal microbiome. Despite current
treatments, Candida albicans infects approximately 400000 people annually and has a mortality rate close to 40% [1].
In humans, this pathogen can cause two types of infec�ons: superficial infec�ons, such as oral or vaginal candidiasis and
life-threatening systemic infec�ons [2]. The limited number of an�fungal drugs and the rapid emergence of drug
resistance highlight the need for new therapeu�c strategies [3].

The heat shock protein 90 (Hsp90) is a poten�al therapeu�c target for an�fungal drug development. Hsp90 is a
molecular chaperone that facilitates the folding of de novo-synthesised or misfolded proteins, preven�ng their
aggrega�on [4]. Hsp90 is the most abundant heat shock protein, cons�tu�ng 1–2% of the total proteome under non-
stress condi�ons [5]. In the fungal pathogen C. albicans, Hsp90 is a key regulator of virulence traits. Moreover, Hsp90
contributes to drug resistance in C. albicans. Disrup�on of Hsp90 inhibits fungal growth or reverses the tolerance of C.
albicans to tradi�onal an�fungal drugs. Targe�ng Hsp90 is a powerful strategy to combat fungal infec�ons, both as a
single-agent therapy and in combina�on with an�fungals to restore their efficacy against drug-resistant pathogens.
However, the antifungal u�lity of current Hsp90 inhibitors is compromised by the toxicity of host Hsp90 inhibi�on,
necessita�ng the development of fungal-selec�ve compounds [1].

This study aims to produce the recombinant N-terminal domain of C. albicans Hsp90 (Hsp90N) for use in
fluorescence thermal shift assays (FTSA) to evaluate protein–ligand interac�ons. Our goal is to iden�fy inhibitors that
bind selec�vely to fungal Hsp90N while showing reduced affinity for the human homolog. To achieve this, we cloned
the C. albicans Hsp90N fragment (aa 7–218) into a pET15b expression vector containing an N-terminal 6×His tag and
transformed it into E. coli BL21(DE3) cells for IPTG-induced recombinant protein expression. We purified the protein
using Ni²⁺-immobilised metal affinity chromatography (IMAC) and verified its purity by SDS-PAGE. To characterise the
protein, we assessed its thermal stability in different buffers and analysed ligand binding by fluorescence thermal shi�
assay (FTSA) (Fig. 1).

Figure 1. Recombinant Hsp90N binding to compound ICPD-26 by fluorescent thermal shift assay.

[1] T. R. O’Meara, N. Robbins, and L. E. Cowen, ‘The Hsp90 Chaperone Network Modulates Candida Virulence Traits’, Trends in Microbiology, vol.
25, no. 10, pp. 809–819, Oct. 2017, doi: 10.1016/j.tim.2017.05.003.

[2] F. L. Mayer, D. Wilson, and B. Hube, ‘Candida albicans pathogenicity mechanisms’, Virulence, vol. 4, no. 2, pp. 119–128, Feb. 2013, doi:
10.4161/viru.22913.

[3] S. L. Kelly, D. C. Lamb, D. E. Kelly, J. Loeffler, and H. Einsele, ‘Resistance to fluconazole and amphotericin in Candida albicans from AIDS pa�ents’,
The Lancet, vol. 348, no. 9040, pp. 1523–1524, Nov. 1996, doi: 10.1016/S0140-6736(05)65949-1.

[4] A. Hoter, M. E. El-Sabban, and H. Y. Naim, ‘The HSP90 Family: Structure, Regula�on, Func�on, and Implications in Health and Disease’, Int J Mol
Sci, vol. 19, no. 9, p. 2560, Aug. 2018, doi: 10.3390/ijms19092560.

[5] P. Csermely, T. Schnaider, C. Soʺ�, Z. Prohászka, and G. Nardai, ‘The 90-kDa Molecular Chaperone Family: Structure, Function, and Clinical
Applica�ons. A Comprehensive Review’, Pharmacology & Therapeu�cs, vol. 79, no. 2, pp. 129–168, Aug. 1998, doi: 10.1016/S0163-
7258(98)00013-8.
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Around 70-90% of milk used in cheese produc�on is converted into whey. Cheese whey is rich in organic and
mineral substances, yet it is only par�ally used to manufacture high-value-added products [1]. Instead, nearly half of
the cheese whey produced in Latvia is discarded, straining wastewater treatment facilities because of its high BOD and
increasing waste disposal costs for industry [2, 3]. The capital expenditure (CAPEX) required to establish modern whey-
processing lines for permeate, protein, or concentrate produc�on, along with the resul�ng energy costs, is too high for
many SMEs in the dairy business [4].

During cheesemaking, lac�c acid bacteria (LAB) are added to milk as a starter culture, along with calcium chloride
and a rennet complex [5]. Here, we report an approach to leverage the poten�al of LAB retained in whey a�er curd
separa�on, without a substan�al increase in processing cost or the need for sophis�cated equipment. The approach
can be developed to produce new fermented, whey-based beverages.

Non-pasteurized whey was obtained from the first milk coagula�on phase of cheese produc�on (JSC “Cesvaines
piens”). It contained starter cultures BS-30 and DCC-265 (Chr. Hansen): blends of Lactococcus, Lactobacillus,
Leuconostoc, and Streptococcus strains. A�er the coagula�on, a considerable amount of starter culture 4 × 10^7 CFU/mL
remains in the NPW. It can be used for con�nuing fermenta�on, provided the necessary physicochemical condi�ons
and nutrients are available. Within a few hours a�er curd separa�on, LAB in NPW par�ally convert available lactose to
lac�c acid and consume nutrients that limit their proliferation. This results in acidifica�on of the ini�ally sweet cheese
whey and hampers further bacterial growth. We inves�gated the possibility of resuming LAB growth by replenishing
cri�cal resources. To prove the concept, we used a complex LAB growth medium, De Man-Rogosa-Sharpe agar (MRS),
and K-Na-phosphate buffer to increase the pH of the acidified NPW.

Supplemen�ng acidified NPW with 50% MRS and raising the pH to 6.5 restarted bacterial growth and enzyme
produc�on. NPW’s capacity to s�mulate enzyme synthesis in Carbon based substrates, especially D-xylose, Itaconic acid,
Tween 40, Tween 80 and alpha-cyclodextrin, were demonstrated in EcoPlate™ (Biolog, USA) tests. Fluorescein diacetate
hydrolysis, quinone reductase ac�vity, and L-DOPA accumula�on indicated an�oxidant proper�es, and synthesis of
biologically ac�ve compounds within three hours of supplemented NPW cul�va�on. The temperature - and �me -
dependence of these features was characterized.

Overall, this first step into the topic suggests a prac�cal and affordable way for dairy producers to make better
use of cheese whey. With some op�miza�on, it could lead to simple fermented whey-based beverages and help cut
down on waste - all without the need for major investments or complicated equipment.

Acknowledgments: This research was funded by the project “Innova�ve products containing biologically ac�ve
pep�de frac�ons derived from fermented cheese whey.”, Contract No. 1.1.1.3/1/24/A/169

[1] Souma�, B., Atmani, M., Benabderrahmane, A., & Benjelloun, M. (2023). Whey valoriza�on–innova�ve strategies for sustainable development
and value-added product creation. Journal of Ecological Engineering, 24(10), 86-104.
[2] Kolesovs, S., Neiberts, K., Semjonovs, P., Beluns, S., Platnieks, O., & Gaidukovs, S. (2024). Evalua�on of hydrolyzed cheese whey medium for
enhanced bacterial cellulose production by Komagataeibacter rhaeticus MSCL 1463. Biotechnology Journal, 19(6), 2300529.
[3] Tugume, M., Ibrahim, M. G., Fujii, M., & Nasr, M. (2024). Management of cheese whey wastewater and greywater for dual biogas and biochar
produc�on: a techno-economic and sustainable approach. Waste and Biomass Valoriza�on, 15(7), 4373-4393.
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gels. Interna�onal Dairy Journal, 106, 104707.
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Aphis spiraecola Patch, 1914 is a polyphagous species of aphids alternating between Spiraea spp., its primary
host, and a wide variety of secondary hosts, also including pomoideous (Rosaceae) species  [1]. Symbionts are bacterial
or fungal microorganisms that can be obligate or facultative to aphids. Numerous studies showed that facultative
(secondary) symbionts have various effects on their aphid host such as resistance to heat shock, parasitoids or fungi  [2].
Previous studies of A. spiraecola facultative symbionts included samples collected from Citrus spp. (Ruthaceae) in
Tunisia and analyzed the prevalence of Arsenophonus sp., Hamiltonella defensa, Regiella insecticola and Serratia
symbiotica [3].

The aim of the present study was to check the prevalence of Arsenophonus sp., H. defensa, R. insecticola,
Ricke�sia sp., S. symbiotica, Spiroplasma sp. and Wolbachia sp. among different populations of Aphis spiraecola feeding
on plants of the family Rosaceae. Seventeen samples of total genomic DNA extracted from individual aphids collected
in Lithuania (n=3), Latvia (n=2), Poland (n=3), Italy (n=2), Turkey (n=2) and China (n=5) were screened for the presence
of facultative symbionts using diagnostic PCR with species-specific primers as described by [4-5], and yielding fragments
of different length, namely, 1000 bp for Arsenophonus sp., 1600 bp for H. defensa, 850 bp for R. insecticola, 400 bp for
Ricke�sia sp., 500 bp for S. symbiotica, 1000 bp for Spiroplasma sp., 500 bp for Wolbachia sp [4-5].

The most abundant facultative symbiont was Arsenophonus sp. detected in 5 samples, followed by R. insecticola
and S. symbiotica found in 4 samples each. There were also 1 sample with H. defensa and 1 sample with Ricke�sia sp..
None of the samples analyzed were found to contain Spiroplasma sp. or Wolbachia sp. The majority of analyzed A.
spiraecola DNA samples harboured only one species of facultative symbiont. Coinfection with two species of facultative
symbiotic bacteria was observed in 2 samples. Further studies are needed to evaluate the presence and prevalence of
these seven facultative symbionts and their proportion in microbiome of A. spiraecola.

Figure 1. The distribution of seven facultative symbionts in 17 studied DNA samples of A. spiraecola.

[1] Rakauskas R., Bašilova J., Bernotienė R. (2015) Aphis pomi and Aphis spiraecola (Hemiptera: Sternorrhyncha: Aphididae) in Europe – new
information on their distribution, molecular and morphological peculiarities. European Journal of Entomology 112(2): 270 –280.
[2] Guo, J., Ha�, S., He, K., Chen, J., Francis, F., & Wang Z. (2017). Nine facultative endosymbionts in aphids. A review. Journ al of Asia-Pacific
Entomology, 20, 794-801.
[3] Renoz, F., Pons, I., Noël, C., Lebdi-Grissa, K., Foray, V. , & Hance T. (2020). Facultative symbionts associated with aphid populations in citrus
orchards in northern Tunisia. European Journal of Entomology, 117, 149–156.
[4] Beekman, M. M., Donner, S. H., Litjens, J. J. H., Dicke, M., Zwaan, B. J., Verhulst, E. C., & Pannebakker, B. A. (2022). Do aphids in Dutch sweet
pepper greenhouses carry heritable elements that protect them against biocontrol parasitoids? Evolutionary App lications, 15, 1580–1593.
[5] Romanov D.A., Zakharov I.A., Shaikevich E.V. Wolbachia, Spiroplasma, and Ricke�sia symbiotic bacteria in aphids (Aphidoidea). Vavilovskii Zhurnal
Genetiki i selektsii = Vavilov Journal of Genetics and Breeding. 2020;24(6):673 -682.
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Transcriptomics studies contribute to a better understanding of organisms, their regulatory mechanisms and
responses to changing environmental condi�ons. However, studies at the popula�on level do not take into account the
heterogeneity inherent in the popula�on. To probe this heterogeneity, single-cell transcriptomic technology was
developed. Despite significant progress in the transcriptomic analysis of eukaryo�c cells, the analysis of prokaryo�c cells
remains rela�vely constrained [1]. This is due several limitations: most prokaryotes possess a rigid cell wall, complica�ng
the cell lysis, the number of messenger RNA (mRNA) molecules within cells is low and prokaryo�c mRNA molecules lack
polyadenyla�on. Addi�onally, mRNA molecules have a short lifespan, o�en las�ng only a few minutes [2]. Thus,
op�mizing the fixa�on of microbiological samples is a crucial step for further transcriptomics research.

In this work, it was tried to op�mize the fixa�on of the microbiological samples with the aim to achieve highest
RNA stability. Fixa�on reagents: formaldehyde, glutaraldehyde and paraformaldehyde (PFA) were evaluated and
op�mal concentra�ons and fixa�on dura�ons determined. A�er determining the optimal fixa�on condi�ons, the goal
was to evaluate whether multiple enzyma�c reac�ons could be effec�vely performed using fixed cells, given that nucleic
acid accessibility is reduced. To ensure that, fixed cells were encapsulated into semi-permeable capsules, followed by
reverse transcrip�on (RT) and polymerase chain reac�on (PCR), which are the primary enzyma�c reac�ons used to
analyze cell transcrip�on profiles.

The study found that the most effec�ve cell fixa�on was achieved using paraformaldehyde and formaldehyde.
Higher quality results were obtained with longer fixa�on dura�ons (16–19 hours). In addition, it was shown that mul�ple
enzyma�c reac�ons could be conducted with fixed cells.

[1] Bla�man, S. B., Jiang, W., Oikonomou, P., & Tavazoie, S. (2020). Prokaryo�c single-cell RNA sequencing by in situ combinatorial indexing. Nature
Microbiology, 5(10), 1192–1201. h�ps://doi.org/10.1038/s41564-020-0729-9
[2] Homberger, C., Barquist, L., & Vogel, J. (2022). Ushering in a new era of single-cell transcriptomics in bacteria. MicroLife, 3.,
h�ps://doi.org/10.1093/FEMSML/UQAC020
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Bacteriophages, viruses infec�ng bacteria, are essen�al contributors to microbial ecology. Despite decades of
phage research, con�nued hands-on isola�on and characteriza�on remain necessary to expand genomic databases and
improve taxonomic resolu�on. Currently, only 26609 out of 95396 Caudoviricetes genomes available in the Na�onal
Center for Biotechnology Informa�on virus database are complete, highligh�ng the need for further characteriza�on.

This study aimed to isolate and characterize novel bacteriophages infec�ng laboratory Escherichia coli strains.
Environmental samples were collected from the swamp in Stūkai village and screened against laboratory E. coli

strains using a double-layer agar assay following standard plaque purifica�on procedures. The isolated phage was
examined using transmission electron microscopy (TEM). Whole-genome sequencing and automated annota�on were
performed at SeqVision (Lithuania). The accuracy of annota�ons was verified using BLASTp, BLASTx, HHpred, and
AlphaFold. To ensure accurate taxonomic placement, species delinea�on was performed according to guidelines
provided by the Interna�onal Committee on Taxonomy of Viruses using VIRIDIC for intergenomic comparison [1].

Here, we present the characteriza�on of a novel Escherichia phage vB_EcoP-STUK infecting most of the known
E. coli laboratory strains. TEM analysis revealed podovirus morphology with a symmetrical icosahedral capsid. Genome
analysis revealed a 61435 bp double-stranded DNA genome with 91 predicted coding nucleo�de sequences, with no
an�bio�c resistance, virulence, or an�-CRISPR genes detected. The absence of integrase genes indicates a strictly ly�c
lifestyle. Despite extensive homology and structure-based analyses, 61 conserved hypothe�cal proteins remain
func�onally uncharacterized. Compara�ve analyses placed this phage within the genus Xuquatrovirus, while
demonstra�ng 83.6% intergenomic similarity to its closest rela�ve, bacteriophage Pondi. The genus Xuquatrovirus
currently contains only two phages (Pondi and PTXU04) and remains poorly studied, limi�ng our understanding of its
gene�c and evolu�onary diversity. This work expands the known diversity of this genus and provides founda�onal data
for future compara�ve and func�onal studies.

[1] Moraru, C., Varsani, A., & Kropinski, A. M. (2020). VIRIDIC—A novel tool to calculate the intergenomic similari�es of Prokaryote-Infec�ng viruses.
Viruses, 12(11), 1268. h�ps://doi.org/10.3390/v12111268
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Sup35 protein forms amyloid aggregates in yeast cells, called [PSI] prion, and affects cell stress response and
phenotype [1]. Using flow cytometry and aggregation-sensing genetic construct [2], we track aggregation levels of Sup35
during osmotic and ER stress and the effect of guanidine hydrochloride (GuHCl).

Hsp104 inhibition by guanidine hydrochloride is known to cause Sup35 protein aggregates to grow in size, and
formation of these megaDalton-sized aggregates mediates prion curing by disallowing prion fibrils to be inherited by
daughter cells. While cellular stress is expected to induce chaperone expression which could fragment [PSI] aggregates
and propagate prion to daughter cells. In this work, we use yTrap system [2] which works by fusing Sup35 to synthetic
transcrip�on factor, the aggregation of this construct “turns on” GFP expression in concentration dependent manner.
74-D694 strain yeast cells were treated with 1 M sorbitol for osmotic stress or 1 mM DTT for ER stress in rich growth
media YPD, recovered, fixed and measured on BD FACS A1 flow cytometer. Data was normalized to GFP fluorescence in
[PSI] prion-lacking cells.

[PSI] strong cells treated with osmotic stress and GuHCl alone showed similar GFP+ populations (1.8% vs. 2.7%),
but combined treatment increased GFP+ population to 17% of gated cells. Under ER stress, 0.95% of gated cells were
GFP positive, while combined GuHCl and DTT treatment increased GFP+ cell population to 10.7% of all gated cells.

In [PSI] weak cells, 10.5% GuHCl-treated cells were GFP positive, while under osmotic stress 1.95% of cells were
GFP+. Under combined GuHCl treatment and osmotic stress, 27.7% of gated cells were GFP positive. Under ER stress,
3.23% of cells were GFP+, while under combined GuHCl and DTT treatment, 18.9% of gated cells were GFP positive.

Stress increase Sup35 aggregation, as sensed by yTrap system, to a lesser degree than GuHCl treatment.
However, combined GuHCl and stress treatment increase aggregation (GFP+ cell population) to a larger degree than
either factor alone, with osmotic stress having more pronounced effect on aggregation than ER stress. [PSI] prion variant
also had effect on aggregation, with weak variant showing more pronounced aggregation than strong variant. The effect
of increased aggregation on [PSI] prion curing needs to be confirmed by further testing [PSI] phenotypic assays and
biochemical assays as some of the sensed aggregation could be due to phase separation rather than protein aggregation.

[1] True, H. L., & Lindquist, S. L. (2000). A yeast prion provides a mechanism for genetic variation and phenotypic diversity.  Nature, 407(6803), 477–
483. https://doi.org/10.1038/35035005
[2] Newby, G. A., Kiriakov, S., Hallacli, E., Kayatekin, C., Tsvetkov, P., Mancuso, C. P., Bonner, J. M., Hesse, W. R., Chakrabort ee, S., Manogaran, A. L.,
Liebman, S. W., Lindquist, S., & Khalil, A. S. (2017). A Genetic Tool to Track Protein Aggregates and Control Prion Inheritance. Cell, 171(4), 966–979.e18.
h�ps://doi.org/10.1016/j.cell.2017.09.041
[3] Grizel, A. V., Gorsheneva, N. A., Stevenson, J. B., Pflaum, J., Wilfling, F., Rubel, A. A., & Chernoff, Y. O. (2024). Osmotic stress induces formation of
both liquid condensates and amyloids by a yeast prion domain. The Journal of biological chemistry, 300(10), 107766.
h�ps://doi.org/10.1016/j.jbc.2024.107766
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The rising use of plastic results in an appalling amount of waste which is sca�ered into the environment.
Microorganisms and their synthesized enzymes have the poten�al to reduce this growing problem. These
synthesized enzymes, known as polyesterases, are capable of breaking down synthe�c polymers such as
polyethylene terephthalate (PET). This is one of the most common plastics used to produce bo�les, food
packaging, clothing, and films. Polyesterases belong to the hydrolase class of enzymes, which can hydrolyze ester
func�onal groups found in polyesters. These enzymes catalyze the breakdown of PET polymer chains into smaller
monomers, which can be recycled. Although microbial polyesterases have been iden�fied and increasingly
studied, their diversity, catalytic efficiency, and prac�cal applications still remain ac�ve areas of research.

In this study, the lipolytic activity of microorganisms isolated from plastic waste was evaluated by
hydrolyzing substrates such as PET, tributyrin, and bis(2-hydroxyethyl) terephthalate (BHET). A total of 24
isolates were selected, which were iden�fied by Sanger sequence of the 16S rRNA gene. Based on sequence
analysis and hydrolytic ac�vity, two isolates were selected for further study which were assigned to the genera
Ureibacillus sp. and Caldifermentibacillus sp. The selected microorganisms were grown in liquid mM9 media with
tributyrin and PET as the only carbon sources. Based on the growth curve, we determined the optimal growth
time and the growth phases in which the selected isolates exhibited the highest lipolytic ac�vity. The secreted
proteins were precipitated with ammonium sulfate, dialysed, and concentrated. Protein sizes were determined
by SDS-PAGE and enzymatic activity was assessed by zymography using tributyrin, PET and BHET as substrates.

The results obtained during the experiment showed that our selected bacterial isolates,
Caldifermentibacillus sp. and Ureibacillus sp., have the potential to synthesize polyesterases and break down
polyesters.
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Ischemia is characterized by insufficient oxygen and nutrient supply, leading to complex biological and
physicochemical altera�ons that can affect molecular transport, stability, and interac�ons within affected �ssues.
Among ischemia-related condi�ons, cardiovascular disease con�nues to be a leading cause of morbidity and mortality
globally [1]. The ability to detect ischemia at an early stage and adjust effec�ve treatment is key to preven�ng
progressive �ssue damage and associated complica�ons. Hybrid nanopar�cles, which integrate complementary
material properties within a single system, offer enhanced func�onality, enabling improved interac�ons with ischemic
�ssues and suppor�ng both therapeu�c and diagnos�c approaches within a single pla�orm. Previous studies have
demonstrated that nanoparticle-based systems can enhance the visualisa�on of injured myocardial �ssue [2] while
simultaneously improving the pharmacokine�c and physicochemical properties of incorporated cardiologic drugs in vivo
[3]. In this study, hybrid lipid–polymeric nanopar�cles (HLPNs) loaded with curcumin (HLPN-CUR) were synthesized by
nanoprecipita�on using lipid-to-polymer ra�os of 1:2 and 1:3.

Poly(lac�c-co-glycolic acid), cholesterol, and 1,2-distearoyl-sn-glycero-3-phosphoethanolamine-N-
[methoxy(polyethylene glycol)-2000] were used for the synthesis of HLPN. The dynamic light sca�ering method was
used to assess the size, polydispersity index (PdI), and zeta poten�al of the nanopar�cles. Curcumin entrapment in HLPN
was analyzed using fluorescence spectroscopy, and the entrapment efficiency was determined from the measured
values. Scanning electron microscopy was employed to characterize the morphology, surface structure, and size of the
nanopar�cles. The in vitro curcumin release assay was performed using a dialysis method. The effect of curcumin-loaded
nanopar�cles on cell viability was analyzed using human fibroblasts under normoxic and hypoxic condi�ons by MTT
assay. Before the MTT assay, cell morphology was examined using a bright-field microscopy.

A�er curcumin loading, HLPNs exhibited par�cle sizes of 160 nm (HLPN-CUR 1:2) and 173 nm (HLPN-CUR 1:3),
with PdI values of 0.300 and 0.250, respec�vely. Zeta poten�als remained strongly nega�ve at −39.0 mV (HLPN-CUR
1:2) and −40.0 mV (HLPN-CUR 1:3). Curcumin entrapment was slightly higher for the 1:3 formula�on (40 %) than for the
1:2 formula�on (38.6 %), indica�ng improved loading with increased polymer content. Scanning electron microscopy
confirmed spherical par�cle morphology with a rough surface. Both formula�ons exhibited higher curcumin release
under acidic condi�ons compared to physiological pH. In vitro cell studies revealed that nanopar�cle composi�on and
oxygen availability affected fibroblast morphology and viability, with enhanced cell survival observed for the HLPN-CUR
1:3 formula�on under hypoxic condi�ons at elevated curcumin levels.

In conclusion, the HLPN-CUR 1:3 formula�on represents a promising platform for further evalua�on as a delivery
system for hydrophobic compounds under hypoxic condi�ons.

[1] Stark, B. A., DeCleene, N. K., Desai, E. C., Hsu, J. M., Johnson, C. O., Lara-Castor, L., et al. (2025). Global, regional, and na�onal burden of
cardiovascular diseases and risk factors in 204 countries and territories, 1990–2023. Journal of the American College of Cardiology, 86, 2167–2243.
[2] Chen, X., Zhang, Y., Zhang, H., Zhang, L., Liu, L., Cao, Y., et al. (2021). Non-invasive nanoparticles for mul�modal imaging of ischemic myocardium
in rats. Journal of Nanobiotechnology, 19.
[3] Shaker, M. A., Elbadawy, H. M., Al Thagfan, S. S., & Shaker, M. A. (2021). Enhancement of atorvasta�n oral bioavailability via encapsula�on in
polymeric nanopar�cles. International Journal of Pharmaceu�cs, 592, 120077.
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Plas�c pollu�on is a growing environmental concern, as plas�c materials gradually degrade into micro- and
nanoplas�c par�cles that disperse in water, soil, and living organisms. These par�cles can accumulate in aqua�c plants
and fish and ul�mately enter the food chain[1]. Nanoplas�cs are of par�cular concern due to their small size and their
poten�al to penetrate biological cells.
At the same time, polymer nanopar�cles are increasingly used in scien�fic research, both as independent
nanostructures and as ligands for various molecules, including in environmental pollu�on studies. Despite the growing
relevance of nanoplas�cs, simple, reliable, and cost-effective methods for nanoplas�c synthesis and detec�on remain
limited[2]. This creates challenges for research, environmental monitoring, and the development of prac�cal
nanoplas�c concentra�on measurement techniques.
The main objec�ve of this work was to synthesize stable polystyrene nanoplas�cs under laboratory condi�ons and to
develop a fluorescence-based nanoplas�c detec�on and concentra�on assay using the hydrophobic dye Nile Red.
Polystyrene was selected as a model plas�c due to its widespread use, extensive characteriza�on, and frequent
occurrence in plas�c pollu�on.
Polystyrene nanopar�cles were synthesized via an emulsion polymeriza�on method. Sodium dodecyl sulfate (SDS) was
used as a surfactant to stabilize styrene droplets in aqueous solu�on, while potassium persulfate (KPS) served as the
polymeriza�on ini�ator. The reac�on was carried out at elevated temperature with gradual reagent addi�on to ensure
reproducible par�cle forma�on. A�er polymeriza�on, residual monomer was removed, and SDS was replaced with
polyvinylpyrrolidone (PVP) to improve nanopar�cle stability and suitability for further analysis. Scanning electron
microscopy (SEM) and dynamic light sca�ering (DLS) methods were u�lized to enshure quality of performed synthesis.
It was shown the mean par�cle diameter of 80 nm at concentra�ons up to 4 mg/mL, demonstra�ng the effec�veness
of the selected synthesis approach as a reliable model system for detec�on studies.
Based on these results, a nanoplas�c detec�on methodology and system, termed NileBright™, was developed. A�er
op�miza�on of the fluorescence condi�ons (excita�on wavelength 535 nm, emission wavelength 635 nm), a near-linear
fluorescence response was obtained for 80 nm polystyrene nanopar�cles in the concentra�on range of 5–100 µg/mL.
Measurements performed using a commercially available Tecan fluorimeter yielded high signal predictability (R² =
0.983), indica�ng that the method is suitable not only for qualita�ve detec�on but also for quan�ta�ve analysis and
calibra�on-based applica�ons.
Using the acquired experimental data, a prototype op�cal bench for the NileBright™ Analyzer was constructed
employing Thorlabs op�cal components and an Ocean Op�cs spectrometer as the detec�on unit. Ini�al prototype
measurements achieved a reliable signal-to-noise ra�o in the concentra�on range of 20–400 µg/mL, with a coefficient
of determina�on of R² = 0.99.
Future work will focus on improving detec�on sensi�vity through the applica�on of metal-enhanced fluorescence (MEF)
strategies using gold nanopar�cles, as well as further refinement of the electronic and optomechanical components of
the detec�on system.

[1] Gigault, J., et al. (2018). “Current opinion: What is a nanoplastic?” Environmental Pollu�on, 235, 1030–1034.
h�ps://doi.org/10.1016/j.envpol.2018.01.024
[2] Kolesnikova, et al. (2025) Nanoparticle Detec�on in Biology and Medicine: A Review. Biosensors 2025, 15, 809.
h�ps://doi.org/10.3390/bios15120809
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Immune complexes formed between immunoglobulin G (IgG) and anionic ligands play a central role in the
pathogenesis of immune-mediated disorders, most notably heparin-induced thrombocytopenia (HIT) [1,2]. In HIT, IgG-
containing complexes arise under specific ligand–protein ratios and trigger downstream cellular ac�va�on [2]. In clinical
prac�ce, such complexes are predominantly evaluated using indirect immunological or func�onal assays, including
ELISA-based and platelet activa�on tests, which detect an�body presence or biological effects but provide limited
informa�on about the physicochemical properties of the complexes themselves, such as surface charge, heterogeneity,
or stability [2]. This creates a gap between biological interpreta�on and analy�cal observa�on of immune complex
forma�on.

The present study addresses this gap by inves�ga�ng how interac�on between IgG and the strongly anionic ligand
heparin influences the chromatographic behavior of IgG, using anion-exchange chromatography (AEX) as a charge-
sensi�ve analy�cal method. The working hypothesis was that forma�on of IgG–heparin complexes would result in
measurable shifts in IgG elution behavior due to redistribution of surface charge, rela�ve to free IgG.

Human IgG was purified from serum by affinity Protein A chromatography, with protocol adapta�ons aimed at
obtaining a structurally intact and homogeneous IgG fraction suitable for analy�cal studies rather than maximal yield
[3,4]. Purity and iden�ty were confirmed by SDS-PAGE, and protein concentra�on was determined by BCA assay. IgG–
heparin mixtures were subsequently prepared under controlled in vitro condi�ons by varying IgG-to-heparin ra�os to
generate a spectrum of interac�on states, ranging from free IgG to pronounced heparin excess. Prior to AEX analysis,
samples were desalted to minimize ionic strength effects that could mask subtle electrosta�c interac�ons [4,6].

Anion-exchange chromatography was performed using a strong anion-exchange column with salt-gradient elu�on in
two buffer systems near physiological pH (Tris pH 7.6 and phosphate pH 7.4) [10,12]. Chromatographic behavior was
evaluated using elu�on profile redistribu�on and the AUC_�/AUC_tot ra�o as a semi-quan�ta�ve descriptor of IgG
reten�on. Increasing heparin content produced reproducible and ra�o-dependent shifts in IgG elu�on behavior,
consistent with progressive changes in effec�ve surface charge. Notably, intermediate IgG-to-heparin ra�os yielded
chromatographic profiles dis�nct from both free IgG and strong heparin excess, in line with par�al charge compensa�on
and heterogeneous complex forma�on described for pathogenic immune complexes [2,5,6,7]. Buffer composi�on
significantly influenced resolu�on: the Tris system showed a gradual redistribu�on of IgG reten�on across the gradient,
whereas the phosphate system revealed discrete chromatographic categories corresponding to free IgG, intermediate
interac�on states, and heparin excess.

This study demonstrates that anion-exchange chromatography can serve as a controlled experimental platform for
detec�ng affinity changes associated with IgG–heparin complex forma�on through shifts in chromatographic behavior.
While AEX does not permit direct iden�fica�on or biological classifica�on of immune complexes, it provides a rapid,
analy�cal, and semi-quan�ta�ve framework for probing charge-changing interac�on trends under well-defined
condi�ons. The observed methodological limita�ons further support the extension of this approach using mixed-mode
chromatographic methods to capture interac�on features not solely governed by net surface charge [8].

[1] Abbas, A. K., Lichtman, A. H., Pillai, S. (2021). Cellular and Molecular Immunology (10th ed.). Elsevier.
[2] Arepally, G. M., Ortel, T. L. (2006). Heparin-induced thrombocytopenia. New England Journal of Medicine, 355(8),
809–817.
[3] Scopes, R. K. (2020). Protein Purifica�on: Principles and Prac�ce (4th ed.). Springer.
[4] Carta, G., Jungbauer, A. (2010). Protein Chromatography: Process Development and Scale-Up. Wiley.
[5] Jungbauer, A., Hahn, R. (2009). Ion-exchange chromatography of proteins. Journal of Chromatography A, 1216,
3794–3803.
[6] Lu, H., Leng, F. (2006). Electrosta�c interac�ons in protein chromatography. Journal of Chromatography A, 1133,
107–116.
[7] Nicolas, D. (2023). Heparin-induced thrombocytopenia. StatPearls.
[8] Bosche�, E. (2011). Mixed-mode chromatography. Journal of Chromatography A, 1218, 122–135.
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An�microbial agents are chemical compounds of various origins that inhibit or destroy microorganisms and are
widely used in households and medicine due to their effec�veness. The popularity of these substances increased
significantly after it was observed that disinfec�ng surfaces and hands in healthcare facili�es reduces morbidity and
mortality. During the COVID-19 pandemic, the demand for an�microbial agents increased even further, and they began to
be widely used not only in healthcare institu�ons but also in public spaces. As a result, the risk of excessive use increased.
This study may help address the issue of excessive use of antimicrobial agents. Therefore, the aim of this study was to
evaluate the effects of chemical an�microbial agents on bacteria commonly found in household environments and to
determine which of them are the most effec�ve.

During the study, ten samples were collected from different school surfaces: a school desk and a stair handrail, both
before and after disinfection with different agents: 3% hydrogen peroxide, an ethanol-based disinfectant, a 0.5% potassium
permanganate solu�on, and a spray containing silver microparticles. The samples were cultured and incubated for four
days, after which the number of bacterial colonies was evaluated. The results showed that the ethanol-based disinfectant
and 3% hydrogen peroxide were the most effec�ve, while the prepara�on containing silver microparticles exhibited the
lowest effec�veness.



4M4M
PHARMACEUTICAL CONTAMINATION IN PLANTS: TRANSPORT OF

SELECTED COMPOUNDS IN ARUGULA AND RADISH
Dagnė Novikova1,3 ,Ugnė Jurevičiūtė2,3, Vladimiras Orlovas3

1Jonavos Senamiesčio gimnazija, Lithuania
2KTU gimnazija, Lithuania

3Gyvybės mokslų laboratorija, Kauno VII fortas, Lithuania
dagne.novikova@gmail.com, ugnejur2008@gmail.com

Pharmaceu�cal products are extensively used worldwide in human medicine, veterinary prac�ce, and livestock
produc�on. As a consequence of increasing global popula�on and expanding pharmaceu�cal consump�on,
pharmaceu�cal pollu�on has emerged as a significant environmental issue [1]. Consequently, analy�cal methods
capable of detec�ng pharmaceu�cal compounds at low concentra�ons are essen�al. However, many pharmaceu�cal
compounds are not completely removed during conventional wastewater treatment processes, resul�ng in their
con�nuous release into surface waters, soils, and agricultural environments [2]. Differences in polarity and molecular
structure between caffeine and paracetamol may influence their uptake and transloca�on efficiency.

Among the most frequently detected pharmaceu�cal contaminants are caffeine and paracetamol, which are
widely consumed and commonly iden�fied in environmental matrices [3]. Their presence in agricultural systems raises
concerns regarding plant uptake and poten�al accumula�on in edible tissues, crea�ng possible pathways for human
exposure through the food chain. Several studies have shown that pharmaceu�cal compounds can be absorbed by plant
roots and translocated to aerial �ssues, where they may accumulate depending on plant species and compound
proper�es [4]. Nevertheless, informa�on on the uptake behavior and tissue-specific distribu�on of such compounds in
commonly consumed vegetables remains limited.

Prior to plant experiments, an HPLC–DAD–MS method was developed and op�mized for the quan�tative
determina�on of caffeine and paracetamol. Quan�ta�ve analysis was performed using extracted ion chromatograms
(EIC), improving selec�vity and reducing matrix interference in plant extracts. Standard solu�ons of both compounds
were prepared to construct calibra�on curves and to assess method linearity. The method demonstrated excellent
analy�cal performance (R² ≈ 0.99) and enables precise quan�fica�on within the established calibra�on ranges
(paracetamol 0.1–10 mg/L; caffeine 0.05–5 mg/L).

Figure 1. Calibra�on curve of paracetamol. Figure 2. Calibra�on curve of caffeine.

Arugula (Eruca sa�va) and radish (Raphanus sa�vus) were cul�vated in vitro on agar-solidified Murashige and
Skoog (MS) medium supplemented with aqueous solu�ons of caffeine or paracetamol. Control plants were grown under
iden�cal condi�ons on compound-free MS medium to evaluate poten�al visual growth differences. Both plant species
successfully germinated and developed under the applied experimental condi�ons, and no visible inhibi�on of early
growth was observed in treated plants.

In conclusion, this study establishes a reliable analy�cal and experimental framework for inves�ga�ng the
uptake of pharmaceu�cal compounds by plants. The combina�on of in vitro plant cultiva�on with a validated HPLC–
DAD–MS method using EIC provides high accuracy at low concentra�ons, highligh�ng the method’s ability to enable
reliable quan�fica�on at low concentra�on levels and laying a founda�on for future studies on pharmaceu�cal
accumula�on and �ssue-specific distribu�on in edible crops, contribu�ng to environmental risk assessment and food
safety evalua�on.

[1] Gworek, B., Kijeńska, M., Wrzosek, J. et al. Pharmaceu�cals in the Soil and Plant Environment: a Review. Water Air Soil Pollut 232, 145 (2021).
[2] Santos, L. H. M. L. M., Rodríguez-Mozaz, S., & Bu�glieri, G. (2025). Pharmaceu�cal contamina�on in edible plants grown on soils amended with
wastewater, manure, and biosolids: A review. Environmental Chemistry Le�ers.
[3] Ortúzar, M., Esterhuizen, M., Olicon-Hernadez, D.R., Gonzalez-Lopez, J., Aranda, E. (2022). Pharmaceu�cal pollution in aquatic environments: A
Concise Review of Environmental Impacts and Bioremedia�on Systems.
[4] Wei, H., Tang, M., & Xu, X. (2023). Mechanism of uptake, accumulation, transport, metabolism and phytotoxic effects of pharmaceu�cals and
personal care products within plants: A review.
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Main goal: to synthesise a bioplas�c which would heighten the probability of seedling sprou�ng, and to be on
par with the current fer�liser market.

Global plas�c pollu�on and increasingly stringent environmental regula�ons within the European Union are
accelera�ng the demand for sustainable material solu�ons in agriculture. This project focuses on the synthesis and
performance analysis of a biodegradable bioplas�c seed coa�ng derived from renewable biopolymer composi�ons. The
developed coa�ng is designed to enhance seed protec�on against adverse environmental condi�ons while minimizing
ecological impact. Key challenges in seed germina�on - including low soil temperature, nutrient limita�ons, and seed
ageing - were addressed through op�mising the mechanical integrity and func�onal proper�es of the coa�ng. The study
evaluates the coa�ng’s structural stability, environmental degradability, and its effec�veness in suppor�ng early plant
development under varied growth condi�ons. Starch can be kept in the diverse �ssues of plants. This organic starch can
then be used in order to make biodegradable plas�cs by going through various complicated processes [1].

4 grams of starch (potato, corn, tapioca), 2 milliliters of glycerol, and 22 milliliters of dis�lled water are mixed
and heated. 3 milliliters of 0.1M HCl solu�on is added higher concentra�on acid would destroy the plas�cs structure
Figure 1. The mixture is heated un�l thick paste forma�on and is neutralized to a pH of 7 using 0.1M NaOH, which is
tested with a universal pH tes�ng paper. The mixture is spread into a mold and left to dry.

Figure 1. 1M HCl bioplas�c structure failure.

A�er drying, the bioplas�cs‘ characteris�cs are tested. The tes�ng is made up of several different parts to iden�fy
the bioplas�cs quality. Water solubility test: the plas�c film is cut into five 2cm2 pieces and are weighed. The pieces are
submerged in 100 millilitres of dis�lled water and are mixed with a magne�c s�rrer at 180rpm, 25oC un�l the plas�c
has dissolved (about a few hours). Each plas�c film square is dissolved and filtered separately. A�er filtering and drying
they are weighed and their solubility percentage is calculated with Figure 2.

Figure 2. Water solubility formula, where Ws is solubility in water; W0 is the weight at the beginning of the bioplas�cs;
and Wf is the final weight of the bioplas�cs [2].

Biodegradability Test - Soil Burial Test: For Biodegradability test specimen is cut into pieces of 4.0 cm2 . Here soil
that is near the roots of plants considered rich in nitrogenous bacteria is used, 500 grams of soil that is bit moist was
collected and stored in a flask. Bioplas�c sample was submerged inside the soil at a deepness of 2 cm and other buried
at a depth of 3 cm for 15 days in atmospheric condi�ons. The weight of the bioplas�c was measured before and a�er
the tes�ng. The biodegradability test was measured by Equa�on Figure 3.

Figure 3. Where Wo the weights of samples before and W are a�er the test [3].

[1] Jerez A, Partal P, Mar�nez I, Gallegos C, Guerrero A. 2007, Protein-based bioplas�cs: effect of thermo-mechanical
processing. Rheol Acta. 46: 711-720.
[2] and [3] Vandana Choubey, Eram Fatma, Akanksha Smriti, Rahul Suman and Sumit Kumar Rajak, 2023, „Tes�ng and
evalua�on of potato starch based bio plas�c“, page 6-8.
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Fusarium venenatum, a filamentous, protein-rich fungus, is a promising microorganism utilised in
production of mycoprotein, a sustainable protein source, although the essential amino acid (EAA) profile
modula�on depending on substrate composition and how this variation relates to genomic characteristics
remains understudied. This study presents a novel analysis of the environmental stress-induced effect of okara
(soybean residue) and bone meal on F. venenatum biochemical EAA composition and its genomic nature. The
experimental part consisted of solid-state fermenta�on, soluble protein and phenol content analyses by
spectrophotometry and amino acid profiling by high performance liquid chromatography (HPLC). Bioinformatic
genome analysis of 13,946 coding sequences and their encoded proteins was performed to evaluate codon
frequency and EAA distribution across the proteome. Results showed that okara 10% did not increase the soluble
protein frac�on, whereas the EAA concentrations, especially of leucine and phenylalanine were enhanced by up
to 150%. Bone meal 10% samples had a minor impact of soluble protein concentration and lower EAA
concentrations, likely due to its high mineral content (Fig. 1).

Figure 1. Mass of each essential and nonessential amino acid in 100 g of Fusarium venenatum sample.

Preliminary results of genomic analysis suggest that structural variation in EAA distribution across
coding sequences may provide data for interpreting substrate dependent EAA variation and poses a possibility
of implemented environmental stress influence in EAA variation likely due metabolic regulation. In summary,
through substrate modification, the biochemical properties, specifically amino acid composition of Fusarium
venenatum can be modified and enhanced, displaying its potential of an environmental stress induced protein
quality enhancement. As negative effects of highly polluting industries such as livestock manufacture pose
significant contribution to climate change, such studies providing optimisation of sustainable mycoprotein
production in biotechnological industries may contribute to supporting alternative solutions for mitigating
pollution and waste through support of circular food economy.
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Immunoglobulin G (IgG) purification is widely applied in biomedical research, diagnostics, and
biotechnology. Protein A–based centrifugal spin columns are typically designed for single use; however,
their cost may limit accessibility in small-scale or educational laboratories. Evaluating whether such
columns can be reused without significant performance loss could reduce expenses and improve
laboratory sustainability.

This study aimed to assess the reusability of Protein A High Performance SpinTrap centrifugal
columns for repeated IgG purification from the same human plasma sample.

Human plasma was isolated from whole blood by centrifugation. IgG purification was performed
using three independent Protein A spin columns. Each column underwent four consecutive purification
cycles consisting of binding, washing, elution, and neutralization steps according to the manufacturer’s
protocol.

Protein composition and purity of eluates were analyzed by SDS-PAGE under reducing
conditions. IgG concentrations were quantified using the Bradford assay at 595 nm with bovine serum
albumin calibration standards (R² = 0.9969).

SDS-PAGE analysis revealed dominant protein bands corresponding to IgG subunits under
reducing conditions. No visible bands corresponding to Protein A (45–57 kDa) were detected within the
sensitivity limits of the method. IgG concentrations across four purification cycles ranged from 0.43 to
1.97 mg/mL. Although variability between columns and cycles was observed, no consistent decrease in
IgG yield was detected over four consecutive uses.

The results suggest that Protein A High Performance SpinTrap columns retain functional binding
capacity after multiple purification cycles under the tested conditions. Reuse of columns up to four times
did not result in substantial reduction of IgG yield or observable purity changes. This approach may
contribute to cost reduction and resource efficiency in educational and small-scale laboratory
environments. Further validation with larger sample size and statistical analysis is recommended.
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Haemoproteus (Haemosporida: Haemoproteiidae) is an avian blood parasite and is known for its genetic diversity
and avian host-specificity [1]. Haemoproteus can cause internal organ damage to its vertebrate hosts, which raises
concerns about their health impacts [2]. However, their distribution remains largely unexplored in Africa, par�cularly
among non-passerine birds. The impact of Haemoproteus infec�ons on avian hosts is also poorly understood, posing a
poten�al threat to endangered species. The sub-Saharan area, including The Gambia, is a biodiversity hotspot with
several critically endangered vulture species [3], yet information on their haemosporidian parasites is scarce. This study
aimed to iden�fy an effective primer set for detecting Haemoproteus parasites in Hooded Vultures (Necrosyrtes
monachus) and to provide the first molecular confirmation of infection in this species and country. From 2019 to 2025,
Hooded Vultures in The Gambia were captured using cannon nets, and blood samples were taken via venipuncture of
the brachial vein. All the samples underwent polymerase chain reac�on (PCR) targe�ng parasite mitochondrial DNA
cytochrome b gene (CytB), Among the tested primers, only one set, UNIVF/ UNIVR3, successfully amplified
Haemoproteus DNA from the Hooded Vulture samples. Sequencing and phylogene�c analyses revealed a novel
Haemoproteus lineage, named hNECMON01. This represents the first molecular record of avian haemosporidian
parasites in Hooded Vultures and in The Gambia. Our findings highlight the importance of optimizing molecular tools
for detecting haemosporidian parasites in non-passerine hosts and contribute to our understanding of the distribution
and diversity of Haemoproteus in sub-Saharan Africa. Further studies on parasite diversity in scavenging birds are
essen�al for integrating parasite monitoring into avian conserva�on efforts.

[1] G. Valkiūnas and T. A. Iezhova, ‘Keys to the avian Haemoproteus parasites (Haemosporida, Haemoproteidae)’,
Malaria Journal, vol. 21, no. 1, p. 269, Sep. 2022, doi: 10.1186/s12936-022-04235-1.

[2] G. Valkiūnas, Avian Malaria Parasites and other Haemosporidia. CRC Press, 2005.
[3] BirdLife International, ‘Necrosyrtes monachus’, The IUCN Red List of Threatened Species 2022. Accessed: Jun. 27,

2024. [Online]. Available: h�ps://dx.doi.org/10.2305/IUCN.UK.2022-1.RLTS.T22695185A204974761.en.
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According to the Interna�onal Agency for Research on Cancer (IARC) data for 2022, Lithuania ranked seventh
worldwide in renal cancer incidence and second in mortality [1]. Renal cancer is often asymptoma�c in its early stages,
and when symptoms do occur, they are typically non-specific; therefore, many cases are diagnosed incidentally, limi�ng
�mely interven�on [2]. In cases of localized disease, the most common treatment is surgical removal of the tumour by
par�al or radical nephrectomy, o�en performed without prior biopsy [3]. This may result in overtreatment, as kidneys
are sometimes removed due to benign tumors, significantly impairing pa�ents’ quality of life. Despite ongoing research,
no molecular biomarkers have yet been approved for routine clinical use to support early diagnosis, risk stra�fica�on,
or treatment selec�on. Epigene�c altera�ons, par�cularly DNA methyla�on changes, are considered promising
diagnos�c and prognos�c biomarkers because they can be detected non-invasively in liquid biopsies [4]. The aim of this
study is to inves�gate the methyla�on levels of six selected genes in urinary sediments of pa�ents with renal cancer
and to evaluate their diagnostic and prognos�c poten�al.

In total, 149 urine sediment samples were analyzed, including 104 from pa�ents with malignant renal tumours,
18 from pa�ents with benign renal tumours, and 27 from healthy individuals. DNA was purified using the standard
phenol-chloroform method and subsequently modified with sodium bisulfite. Methylation levels of the regulatory
regions of selected genes were assessed using quan�tative methyla�on-sensi�ve PCR.

All six analyzed genes exhibited higher methyla�on levels in urine sediment samples from renal cancer pa�ents
compared to both healthy individuals and pa�ents with benign renal tumours. The sensi�vity of individual biomarkers
ranged from 50% to 84.6%, while specificity ranged from 75% to 100%. Among the evaluated markers, one
demonstrated the highest diagnos�c accuracy (AUC = 0.89), with a sensi�vity of 64.6% and specificity of 100%. Given
the limited performance of single biomarkers, combina�ons of mul�ple genes were further assessed. The best-
performing combina�on achieved an AUC of 0.96, with 82.9% sensi�vity and 100% specificity. No significant associa�ons
were observed between gene methyla�on levels and clinical or demographic parameters, sugges�ng limited prognos�c
value. However, this stability across pa�ent subgroups may support their poten�al u�lity as diagnos�c biomarkers,
par�cularly for early disease detec�on.

Overall, methyla�on altera�ons in the studied genes demonstrate promising diagnos�c poten�al for renal
cancer.

[1] International Agency for Research on Cancer. (2022). Cancer Today: kidney cancer incidence and mortality worldwide. h�ps://gco.iarc.fr/today
[2] Vasudev, N. S., Wilson, M., Stewart, G. D., Adeyoju, A., Cartledge, J., Kimuli, M., Da�a, S., Hanbury, D., Hrouda, D., Oades, G., Patel, P., Soomro,
N., Sullivan, M., Webster, J., Selby, P. J., & Banks, R. E. (2020). Challenges of early renal cancer detec�on: Symptom pa�erns and incidental diagnosis
rate in a mul�centre prospective UK cohort of patients presen�ng with suspected renal cancer. BMJ Open, 10(5), e035938.
h�ps://doi.org/10.1136/bmjopen2019-035938
[3] Chenam, A., & Lau, C. (2018). Management of small renal masses. In H. T. Lynch & T. J. Pow-Sang (Eds.), Renal cancer (Cancer treatment and
research, Vol. 175, pp. 105–126). Springer. h�ps://doi.org/10.1007/978-3-319-93339-9_5
[4] Locke, W. J., Guanzon, D., Ma, C., Liew, Y. J., Duesing, K. R., Fung, K. Y. C., & Ross, J. P. (2019). DNA methyla�on cancer biomarkers: Translation to
the clinic. Fron�ers in Gene�cs, 10, 1150. h�ps://doi.org/10.3389/fgene.2019.01150
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Diospyros peregrina is a dioecious plant which is native to India. It belongs to the family of Ebenaceae and is extensively
used to treat various ailments, such as leucorrhoea and other uterine-related problems. Though few studies have been
on D. peregrina for their anti-tumour response, li�le is known. Therefore, this intrigued us to understand its
immunomodulatory capabilities on various types of cancer extensively. Our primary focus is on NSCLC (NonSmall Cell
Lung Cancer), which is ranked as the second largest form of cancer in the world, and the treatments demand non-
invasive agents to target NSCLC effectively. In an objective to generate an efficient Lung Cancer Associated Antigen (LCA)
specific anti-tumour immune response, LCA was presented using dendritic cells (DCs) in the presence of D. peregrina
fruit preparation (DFP). Moreover, we also investigated DFP’s role in the differen�ation of Thelper (TH) cells. Therefore,
this study aimed at be�er LCA presentation mediated by DFP by activating the LCA pulsed DCs and T helper cell
differen�ation for better immune response. DCs were pulsed with LCA for tumour antigen presenta�on in vitro, with
and without DFP. Differentially pulsed DCs were irradiated to co-culture with autologous and allogeneic lymphocytes.
Extracellular supernatants were collected for the estimation of cytokine levels by ELISA. LDH release assay was
performed to test Cytotoxic T lymphocytes (CTLs) mediated lung tumour cell cytotoxicity. Thus, DFP may be a poten�al
vaccine to generate anti-LCA immune responses to restrict NSCLC.

[1] Sonawane, S. K., Chidambaram, H., Boral, D., Gorantla, N. V., Balmik, A. A., Dangi, A., Ramasamy, S., Marelli, U. K., & Chinnathambi, S. (2020).
EGCG impedes human Tau aggregation and interacts with Tau. Scientific reports, 10(1), 12579.
[2] Tetz, G., Pinho, M., Pritzkow, S., Mendez, N., Soto, C., & Tetz, V. (2020). Bacterial DNA promotes Tau aggregation. Scientific reports, 10(1), 2369.



4O
WHO GETS HURT AND WHY? INJURY PATTERNS IN SCOOTER RIDERS

Eva Staponkutė1, Diana Vasiljevaitė2, Sigitas Chmieliauskas2, Sigitas Laima2

1Faculty of Medicine, Vilnius University, Lithuania
2Department of Pathology, Forensic Medicine, Ins�tute of Biomedical Sciences, Faculty of Medicine, Vilnius University,

Lithuania
eva.staponkute@gmail.com

Since the introduc�on of electric scooters in early 2019 [1], Lithuania has faced a moun�ng public health issue.
To date, emergency departments con�nue to report surging scooter-related injuries [2]. Scooter riders operate in
several environments, including roadways, bicycle lanes, and pedestrian areas, which may lead to unique injury
pa�erns. However, the gap in understanding the characteris�cs and injury mechanisms of scooter-related accidents
leaves policymakers without complete data to develop effective safety interven�ons. Recognising dis�nct injury
pa�erns in scooter riders has become cri�cal, as current guidelines struggle to regulate this prolifera�ng mode of
transport.

The objective of this study was to examine injury pa�erns in scooter-related accidents. The study aims to
determine how different mechanisms of injury influence the type of trauma and its anatomical distribu�on, while
further iden�fying factors determining trauma severity.

The medical records of pa�ents were obtained from the Lithuanian State Forensic Medicine Service database
from 2019 to October 2025 for retrospective analysis. The sta�s�cal analysis was performed with R Commander (version
4.5.2). The following variables were analysed: age, sex, month, use of protec�ve equipment (helmet), alcohol use,
trauma mechanism, type of injury, trauma region and anatomical loca�on.

This study included 58 scooter riders, of which 74.1% were men. The median age was 30 years (Q1 15.50, Q3
40.75), although individuals aged 10 to 19 and 30 to 39 years were predominant in this group. Accidents were higher
during August and September. At the �me of the accident, 20.69% of riders were under the influence of alcohol. No
sta�s�cal significance in risk factors, such as alcohol consump�on or helmet use, was found (all p > 0.05).

Almost half of the external injuries were abrasions (49.68%) and mostly affected the head (35.87%), specifically
the forehead and eye region (10% each). There were significant differences in trauma mechanisms among injury types
(p = 0.003). Vehicle collisions resulted in a higher incidence of lacera�ons, while falls from scooters led to more
abrasions. The head was significantly more likely to sustain lacera�ons, whereas limbs were more frequently affected
by abrasions (p < 0.0001). Gender distribu�on showed that significantly more pelvic injuries occurred in women than
men (p = 0.014). Regarding injury severity by region, minor injuries were more likely to occur in the back and less
frequently in the pelvis, while the upper limb sustained more moderate than severe injuries (p = 0.0164). Further
analysis of the specific anatomic loca�on showed that minor injuries involved the back and lip area, moderate injuries
affected the upper hand and palm region, and severe injuries involved unspecified sites of the lower limb (p = 0.042).

Regarding internal traumas, the most common injury type was fractures (68.14%). The mechanism of injury
showed no significant associa�on with internal trauma type (p > 0.05). Riders frequently sustained lower limb injuries
(23.33%), primarily from vehicle collisions (p < 0.0001), with the majority being moderate injuries (p = 0.0003). The head
represented the most injured anatomical site (33.63%), with men sustaining significantly more head injuries than
women (p = 0.032). Notably, only 2 riders were documented as wearing a helmet. Analysing the specific anatomic
loca�on further, there were significant differences between trauma mechanisms (p = 0.003). Surprisingly, dental
trauma, injuries to the base of the skull and the maxilla occurred more frequently from collisions with bicycles than with
vehicles. Calvarial and brain injuries are most o�en associated with falls from scooters, while collisions with pedestrians
result in ulnar and scapula injuries. Severity of injury was also significant (p < 0.0001), with dental traumas classified as
minor, the radius as moderate, and severe injuries occurring in the brain and lungs.

Scooter-related injuries present dis�nct pa�erns between the mechanism of injury, trauma type, region,
anatomical loca�on, and trauma severity. Internal traumas primarily consisted of moderate lower limb injuries and
severe injuries to the head. The head region also accounted for most external injuries, emphasising the importance of
wearing a helmet. Most of these injuries occurred due to collisions with vehicles, although collisions with bicycles also
posed a risk of head trauma. This demonstrates the need for improved urban infrastructure and clearer traffic
regula�ons for scooter use.

[1] Pieriegud, J. (2020). E-mobility On-demand in the Central and Eastern European Countries: Current Trends, Carriers and Opportuni�es. Transport
Economics and Logistics. h�ps://doi.org/10.26881/e�l.2019.81.12.
[2] Suslavičius, K., Utkus, S., Uvarovas, V., Sveikata, T., & Ryliškis, S. (2024). Unveiling the Surge: A Comprehensive Analysis of E-Scooter-Related
Injuries at an Urban Level 1 Trauma Center in Vilnius, Lithuania (2018-2021). Cureus, 16. h�ps://doi.org/10.7759/cureus.54616.
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Responses to neoadjuvant chemotherapy (NAC) remain highly variable among breast cancer pa�ents [1, 2]. In
current clinical prac�ce NAC efficacy predic�on relies predominantly on tumor-intrinsic and �ssue-based biomarkers,
however they only par�ally explain observed inter-individual variability in treatment response, underscoring the need
for addi�onal research [3]. In recent years, the gut microbiome has emerged as a poten�al noninvasive biomarker and
a therapeu�c target, represen�ng a new fron�er for personalizing chemotherapy and immunotherapy strategies and
improving pa�ent outcomes across several malignancies, while its role in breast cancer remains underexplored.

This study aimed to characterize microbiome composi�on, func�onal poten�al, and microbially derived
metabolites in breast cancer pa�ents undergoing NAC. Baseline stool samples from 39 chemotherapy-naive breast
cancer pa�ents undergoing NAC were analysed using shotgun metagenomic sequencing and targeted metabolomics.
Pa�ents were stra�fied by pathological complete response (pCR, n = 17; no pCR, n = 22). Microbial taxonomic and
func�onal profiles, short-chain fa�y acids (SCFAs) and bile acids were assessed, with subgroup analysis performed in
triple-nega�ve breast cancer (TNBC).

Pa�ents achieving pCR exhibited significantly higher baseline microbial richness compared to non-responders
(p = 0.040). Differen�al abundance analysis revealed higher abundance of 3 known genera in responders, while 7 genera

deoxycholic acid (DCA) levels in non-responders and elevated caproic acid (C6) levels in responders, although these
differences did not remain sta�s�cally significant a�er correc�on for mul�ple comparisons. Similar trends were
observed in TNBC subgroup (n = 15).

Our results show exploratory associa�ons between gut microbial diversity, specific taxa, and metabolite
signatures, and response to neoadjuvant chemotherapy in breast cancer. Despite limited size, trends in the TNBC sub-
cohort support poten�al biological relevance. Larger studies in more homogeneous, independent cohorts and
func�onal valida�on are needed to confirm these findings and evaluate the microbiome and its produced metabolites
as non-invasive predic�ve biomarkers.

[1] Forster, M., et al. (2024). Dose delay, dose reduc�on, and early treatment discon�nua�on in Black and White women receiving chemotherapy
for nonmetasta�c breast cancer. The Oncologist, 29(10), e1246–e1259.
[2] Claessens, A. K. M., Ibragimova, K. I. E., Geurts, S. M. E., Bos, M. E. M. M., Erdkamp, F. L. G., & Tjan-Heijnen, V. C. G. (2020). The role of
chemotherapy in treatment of advanced breast cancer: An overview for clinical prac�ce. Cri�cal Reviews in Oncology/Hematology, 153, 102988.
[3] Derouane, F., Van Marcke, C., Berlière, M., Gerday, A., Fellah, L., Leconte, I., Van Bockstal, M. R., Galant, C., Corbet, C., & Duhoux, F. P. (2022).
Predic�ve biomarkers of response to neoadjuvant chemotherapy in breast cancer: Current and future perspec�ves for precision medicine. Cancers,
14(16), 3876.
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Multidrug resistance is one of the most pressing global health crises today. Infec�ons once easily treatable are
now more difficult to manage, rou�ne medical procedures have become high-risk opera�ons, and recovery �mes have
substan�ally increased [1]. The World Health Organiza�on (WHO) compiled a list of priority mul�drug-resistant
pathogens, classifying Acinetobacter baumannii as a critical pathogen [2]. A. baumannii is an opportunis�c pathogen
capable of forming biofilms and a polysaccharide capsule, both of which contribute to its ability to cause infec�ons and
withstand treatment [3]. Although this pathogen is clinically relevant, there is a lack of understanding of its an�bio�c
resistance mechanisms and virulence factors.

This study aimed to evaluate the impact of the polysaccharide capsule on an�bio�c resistance in both planktonic
cells and biofilms, as well as to assess capsule gene expression in the presence of an�bio�cs. The effect of the
polysaccharide capsule on planktonic cell an�bio�c resistance was evaluated by comparing the minimal inhibitory
concentra�ons (MICs) of 12 an�bio�cs (kanamycin, streptomycin, gentamicin, chloramphenicol, tetracycline, colistin,
ampicillin, cefazolin, imipenem, meropenem, and a combination of sulfamethoxazole/trimethoprim) between the wild-
type isolate and its capsule-deficient mutant (∆galU). The effect of the capsule on an�bio�c resistance in biofilms was
assessed by forming biofilms of the wild-type isolate and its capsule-deficient mutant, exposing them to an�bio�cs, and
evalua�ng colony-forming units (CFUs). The expression of the galU gene, which is cri�cal for polysaccharide capsule
forma�on, was measured in response to an�bio�cs using RT-qPCR.

The results showed that planktonic cells of capsule-deficient A. baumannii mutant were more vulnerable to
gentamicin, tetracycline, and colis�n. Biofilms of the capsule-deficient mutant exhibited reduced CFU counts when
exposed to tetracycline. However, colistin had a greater effect on the capsule-forming wild-type isolate than the ∆galU
mutant, which could be explained by the mutant’s ability to form thicker biofilms. In response to tetracycline and colistin,
bacteria increased galU gene expression in both planktonic cells and biofilms, suggesting increased polysaccharide
capsule production. These findings highlight the mul�layered dynamics among the polysaccharide capsule, biofilms, and
an�bio�c resistance, which warrant further inves�ga�on in future research.

[1] Ahmed, S. K., Hussein, S., Qurbani, K., Ibrahim, R. H., Fareeq, A., Mahmood, K. A., & Mohamed, M. G. (2024). Antimicrobial resistance: Impacts,
challenges, and future prospects. Journal of Medicine Surgery and Public Health, 2, 100081. https://doi.org/10.1016/j.glmedi.2024.100081
[2] Division, A. R. (2024, May 17). WHO bacterial priority pathogens list, 2024: Bacterial pathogens of public health importance to guide research,
development and strategies to prevent and control an�microbial resistance. Retrieved from
https://www.who.int/publica�ons/i/item/9789240093461
[3] Geisinger, E., Huo, W., Hernandez-Bird, J., & Isberg, R. R. (2019). Acinetobacter baumannii: Envelope Determinants That Control Drug Resistance,
Virulence, and Surface Variability. Annual Review of Microbiology, 73(1), 481–506. https://doi.org/10.1146/annurev-micro-020518-115714
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RNA chemical modifications are post-transcrip�onal alterations to RNA base or ribose components
that serve as a crucial regulatory layer, influencing RNA stability, folding, and transla�on. Among the plethora
of known modifications, 2ʹ-O-methylation (Nm) is one of the most common and is found across diverse RNA
species in all known domains of life, as well as in RNA viruses. In recent years, considerable progress has been
made in mapping Nm sites and elucida�ng their biological roles [1]. However, the fate of 2ʹ-O-methylated
nucleosides, metabolites produced by RNA hydrolysis, has been studied to a lesser extent. Crucially, the
enzyma�c pathways responsible for the catabolism of 2ʹ-O-methylated nucleosides remain largely
unexplored, as un�l our study, only a few bacterial nucleoside hydrolases have been characterized.

Therefore, we have been trying to iden�fy novel enzymes active towards 2ʹ-O-methyl uridine/cy�dine,
using the auxotrophic Escherichia coli DH10B ΔpyrFEC strain. During one of these searches, we iden�fied a
novel 2ʹ-O-methylated nucleoside demethyla�on reaction catalyzed by a bacterial 2-oxoglutarate- and Fe(II)-
dependent dioxygenase, which we named FJS. Following this, we assigned this activity to FJS-related enzymes
annotated as members of the phytanoyl-CoA dioxygenase (PHYH) family or as phytanoyl-CoA dioxygenase
domain-containing protein 1 (PHYHD1). Whilst human PHYH has a clearly defined func�on, previous studies
had not iden�fied the primary substrate of human PHYHD1 [2].

Figure 1. Reaction scheme for the PHYHD1-catalyzed demethylation of 2′-O-methylated nucleosides.

We found that, like FJS, eukaryo�c PHYHD1 dioxygenases demethylate a broad range of ribose-
methylated nucleosides (Fig. 1) but do not demethylate modified nucleo�des or RNA in vitro. To determine
whether the loss of PHYHD1 func�on affects 2ʹ-O-methylation levels of RNA-incorporated or free
nucleosides, we generated a phyhd1 knockout (phyhd1-KO) zebrafish line. While we observed no visible
phenotype changes and the RNA modification levels remained unchanged, the amounts of free 2ʹ-O-
methylated inosine, guanosine, cy�dine, and uridine were significantly elevated in both phyhd1-KO embryo
and adult zebrafish extracts. These findings indicate that PHYHD1 does not directly demethylate RNA but
instead functions in the turnover of free 2ʹ-O-methylated nucleosides [3]. Therefore, our study iden�fies a
previously unrecognised metabolic pathway for 2ʹ-O-methylated nucleosides and defines PHYHD1 as the key
dioxygenase involved in their demethylation, providing new insights into the catabolism of modified
nucleosides.

[1] Zhou, K. I., Pecot, C. V., & Holley, C. L. (2024). 2ʹ-O-methyla�on (Nm) in RNA: Progress, challenges, and future direc�ons. RNA, 30(5), 570–582.
[2] Ala-Nisula, T., Sah-Teli, S. K., Ronkainen, V.-P., Dimova, E. Y., & Koivunen, P. (2023). Human phytanoyl-CoA dioxygenase domain-containing 1
(PHYHD1) is a puta�ve oxygen sensor associated with RNA and carbohydrate metabolism. FEBS Le�ers, 597(12), 1651–1666.
[3] Stonkus, J., Rutkienė, R., Meškienė, R., Jasiūnienė, M., Aučynaitė, A., Kalinienė, L., Lazutka, J., Balčiūnas, D., Vilkai�s, G., & Meškys, R. (2025). A
new role for PHYHD1 and related dioxygenases: Demethyla�on of 2ʹ-O-methylated nucleosides. Nucleic Acids Research, 53(22), gkaf1379.



8O
GRASSLAND FUNGI IN LITHUANIA: ECOLOGY AND INDICATORY SYSTEMS

Rūta Urbonaitė1, Reda Iršėnaitė2

1Vilnius University, Life Sciences Center, Bioscience Ins�tute, Botany and Gene�cs Department
2State Scien�fic Research Ins�tute Nature Research Centre, Laboratory of Mycology

ruta.urbonaite1978@gmail.com

Fungi are fundamental components of terrestrial ecosystems, func�oning as primary decomposers of organic
ma�er, key par�cipants in nutrient cycling, and important symbio�c partners of plants [1]. Certain fungi have long been
recognised as valuable bioindicators of grassland quality, reflecting long-term con�nuity, nutrient-poor condi�ons, and
low-intensity management of semi-natural grasslands [2]. In Europe, par�cular a�en�on has been given to a group of
macrofungi collec�vely known as CHEGD (Clavariaceae, Hygrocybe, Entoloma, Geoglossaceae, Dermoloma), whose
presence and species richness are used to assess grassland ecological value and habitat quality [2,3]. Indicator-based
approaches relying on these fungi have been applied for several decades in various European countries, however,
comparable studies focusing specifically on grassland mycobiota have not previously been carried out in Lithuania.

The aim of this study was to inves�gate the fungal mycobiota of steppe (6210) and xeric sand calcareous (6120)
grasslands represen�ng habitat types defined under the EU Habitats Directive in Lithuania [4], in order to improve
understanding of their ecological pa�erns and to establish a baseline for the development of a fungal indicator
methodology adapted to Lithuanian condi�ons. The study combined herbarium data analysis with field surveys and
environmental measurements.

Fungal specimens from the herbarium of the Nature Research Centre (BILAS) were reviewed, digi�sed, and
analysed using RStudio. Field data were collected from nine grassland sites using a standardized transect method [5]. In
parallel, grassland quality was assessed using the CHEGD-based indicator approach commonly applied in the United
Kingdom, which relies on threshold numbers of characteristic species recorded per site [2]. Soil samples were taken for
chemical analysis (pH and C:N ra�o), and percentage cover of grasses, mosses, and lichens was es�mated. Fungi were
iden�fied using microscopic examina�on and standard keys, with selected taxa confirmed by rDNA ITS sequencing.
Sta�s�cal analyses were performed using PAST 5.3.

In total, more than 500 herbarium specimens from almost all regions of Lithuania were examined, of which 346
were confirmed as grassland-associated CHEGD taxa. These represented 93 species from 13 genera, indica�ng that the
currently documented diversity of grassland fungi in Lithuania is lower than that reported from countries where fungal
indicator methodologies are well established [2]. Field surveys recorded representa�ves of all CHEGD groups alongside
other grassland-associated fungi, including gasteromycetes such as Bovista and Lycoperdon. However, none of the
surveyed grasslands reached the CHEGD species thresholds required by the indicator system used in the UK [2], even at
sites independently recognised as being in good ecological condi�on based on vegeta�on structure and management
history. Fungal species richness showed statis�cally significant rela�onships with vegeta�on cover, as indicated by
Spearman rank correla�on analysis. Moss cover showed the strongest positive associa�ons with the number of species
per site, par�cularly for the genera Entoloma (r = 0.83, p < 0.05) and Cuphophyllus (r = 0.67, p < 0.05). In contrast,
significant nega�ve correla�ons were observed between grass cover and Hodophilus (r = –0.62, p < 0.05), as well as
between lichen cover and Ramariopsis (r = –0.62, p < 0.05). These rela�onships were evaluated using Spearman rank
correla�on analysis. Soil pH showed only weak to moderate correla�ons that were not sta�s�cally significant (p > 0.05).
Indicator Species Analysis (IndVal) iden�fied Hygrocybe acutoconica as the only statis�cally significant indicator species
(p < 0.05) for the steppe grassland habitat type among the studied sites.

In conclusion, grassland fungal species richness in the studied habitats was most strongly associated with moss
cover, while only a single species was sta�s�cally confirmed as an indicator of a specific grassland type. The applica�on
of CHEGD-based grassland assessment criteria developed in other European regions proved to be less suitable for the
Lithuanian context, sugges�ng that direct transfer of these approaches requires regional calibra�on. These findings
suggest that current data are insufficient for robust applica�on of fungal indicator systems in Lithuania and highlight
the need for expanded surveys, repeated sampling, and further methodological development to support reliable
grassland assessment using fungi.

[1] Peay, K. G., Kennedy, P. G., & Talbot, J. M. (2016). Dimensions of biodiversity in the earth mycobiome. Nature Reviews Microbiology, 14(7), 434–
447. h�ps://doi.org/10.1038/nrmicro.2016.59
[2] Griffith, G. W., Roderick, K., Wilson, D., Hodgson, J. G., & Hobbs, R. J. (2013). The conserva�on importance of waxcap grasslands. Biodiversity and
Conserva�on, 22(1), 87–103.
[3] Jordal, J. B., Evju, M., & Gaarder, G. (2016). Habitat specificity of grassland fungi in Norway. Agarica, 36, 5–20.
[4] Rašomavičius, V. (Ed.). (2012). EB svarbos natūralių buveinių inventorizavimo vadovas: Buveinių aprašai, būdingos ir �pinės rūšys, jų atpažinimas.
Gamtos tyrimų centras.
[5] Feest, A. (2006). Establishing baseline indices for the environmental quality of the biodiversity of restored habitats using a standardized sampling
process. Restoration Ecology, 14(1), 112–122.
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Two species of glacial relict calanoid crustaceans, Limnocalanus macrurus (Sars G.O., 1863) and Eurytemora
lacustris (Poppe, 1887) (Fig. 1), are s�ll found in Lithuanian lakes of glacial origin [1]. These species are of considerable
scien�fic interest. The status of their popula�ons may provide valuable informa�on about the ecological status of lakes.
In addi�on, relict crustaceans cons�tute an important part of the trophic web, serving as food for fish and significantly
contribu�ng to fish produc�on [2]. Unfortunately, the survival of these crustaceans is threatened by eutrophica�on and
global warming [3].

The aim of this work was to summarize available information and to inves�gate the distribu�on and abundance
of L. macrurus and E. lacustris in Lithuania lakes.

The research material was collected in 2022 and 2025 using two plankton nets of different diameters and
analyzed under a stereomicroscope. Analysis of the material collected in 2022 revealed that relict calanoids inhabited
all 22 studied lakes: L. macrurus was found in 14 lakes, while E. lacustris was recorded in 8 lakes. Relict calanoid
crustaceans were detected in all their historically known habitats. In addi�on, new habitats were iden�fied: L. macrurus
was recorded in lakes Juodieji Lakajai and Žeimenys, whereas E. lacustris was found in lakes Alaušas, Avilys, and Galstas.
In 2025, previously unstudied lakes — Virintai, Smalvos, Sartai and Drūkšiai — were examined to determine the
presence of relict calanoids crustaceans. In addi�on, two previously studied lakes, Avilys and Žeimenys, were re-
examined to confirm the presence of relict calanoids and to assess the abundance of their popula�ons.

The results indicate that Lithuanian lakes remain insufficiently inves�gated, as new habitats of relict calanoid
crustaceans con�nue to be discovered. Consequently, more comprehensive and systema�c research is required to
accurately assess the status of these species’ popula�ons in Lithuania.

Figure 1. A - Limnocalanus macrurus; B - Eurytemora lacustris (photo by V. Arcerytė).

[1] Arbačiauskas, K., & Kalytytė, D. (2010). Occurrence and Interannual Abundance Varia�on of Glacial Relict Calanoids
Limnocalanus macrurus and Eurytemora lacustris in Lithuanian Lakes. Acta Zoologica Lituanica, 20(1), 61–67.
h�ps://doi.org/10.2478/v10043-010-0009-4

[2] Audzijonytė, A. (1999) ‘Aukštesniųjų ledynmečio relik�nių vėžiagyvių gausumo ir populiacijjos struktūro tyrimai
Lūšių, Šakarvų, Akmenos ir Verniejaus ežeruose’, Ekologija, 2, 36-41

[3] Audzijonyte, A., Arbačiauskas, K. ir Smith, C. (2023) „Does the Ice Age legacy end in Central Europe? The shrinking
distribu�ons of glacial relict crustaceans in Lithuania“, Aqua�c Conserva�on: Marine and Freshwater Ecosystems,
33. Adresas: h�ps://doi.org/10.1002/aqc.4001.
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The number of described Lankesterella species infec�ng birds has increased substan�ally with the applica�on of
molecular tools, revealing that several taxa previously iden�fied based solely on morphology were misclassified. Despite
this progress, the genus Lankesterella remains poorly studied, and its true diversity, life cycle, and transmission routes
are s�ll insufficiently understood. We inves�gated the occurrence and diversity of Lankesterella in wild birds and
mosquitoes using an integra�ve approach combining blood smear microscopy, histology, chromogenic in situ
hybridiza�on, PCR screening, and phylogene�c analyses. DNA from nearly 2,000 mosquitoes represen�ng mul�ple
species was screened by PCR to evaluate poten�al vector involvement.

Lankesterella sp. prevalence was 33%, with 18% detected by microscopy and 25% by molecular methods.
Phylogene�c analyses revealed a high gene�c diversity among avian Lankesterella lineages, with pa�erns indica�ng
strong host specificity. However, evidence of exoerythrocy�c development was not found in �ssues from seven
dissected birds (Paridae and Acrocephalidae), despite frequent detec�on of parasite blood stages in the spleen. All
screened mosquitoes tested nega�ve.

Overall, our results document substan�al gene�c diversity in avian Lankesterella while demonstra�ng the
difficulty of detec�ng �ssue stages and iden�fying poten�al vectors in naturally infected hosts. These findings highlight
important gaps in current knowledge and provide a basis for future inves�ga�ons to resolve the life cycle and
transmission of this parasite genus.

[1] Gu�érrez-Liberato, G. A., Dunn, J. C., & Chagas, C. R. F. (2025). Optimizing Lankesterella Detection in Avian Hosts: A Compara�ve Analysis of
Microscopic and Molecular Techniques. Integra�ve Zoology.
[2] Chagas, C. R. F., Harl, J., Preikša, V., Bukauskaitė, D., Ilgūnas, M., Weissenböck, H., & Valkiūnas, G. (2021). Lankesterella (Apicomplexa,
Lankesterellidae) blood parasites of passeriform birds: prevalence, molecular and morphological characteriza�on, with notes on sporozoite
persistence in vivo and development in vitro. Animals, 11(5), 1451.
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Wuhan Mosquito Virus 6 (WuMV-6) is a virus belonging to the Orthomyxoviridae family whose other members
cause diseases like influenza and infec�ous salmon anaemia, amongst others. By now, WuMV-6 was found in mul�ple
metagenomic studies in every inhabited continent. Although viruses closely related to WuMV-6 have been found to
infect vertebrates and cause disease, so far WuMV-6 has only been found to infect Culex mosquitoes. That being said,
the virus has spread extremely large distances in a short period of �me [1]. Since mosquitoes are unable to fly more
than a few kilometers during their lifetime, such rapid virus migra�on is unusual.

A previous study has shown that WuMV-6’s surface protein gp64 is evolving faster at the amino acid level than
the rest of its’ proteome [1]. Such rapid evolu�on and diversifica�on of gp64 is unlikely to be driven by invertebrate
immune systems. It resembles an�genic drift similar to that in Influenza viruses and suggests the presence of a
vertebrate host. As related viruses have been discovered during outbreaks of disease in birds, the periodic long distance
migra�on birds undertake as well as known preference of Culex mosquitoes for avian bloodmeal hosts,
we speculate that the vertebrate host of WuMV-6 could be a bird [2].

These early findings were based on a dataset of 27 genomes. In this study, we are focusing on analyzing the
spread of WuMV-6 using nearly 5-�mes larger dataset of sequences, obtained from publicly available databases. We
use Bayesian modelling to reconstruct the pathways of virus’ migra�on in China and Europe using con�nuous
phylogeography, which incorporates precise sampling coordinates. This approach enables the reconstruc�on of the
virus’ directional spread in con�nuous geographic space. In-depth analyses using SERAPHIM were conducted
to es�mate the effects of environmental factors in influencing viral dispersal dynamics [3]. We then combine it
with discrete phylogeographic analyses, where we model migra�on as occurring between discrete states. We extend
the Bayesian model with generalized linear models (GLMs) represen�ng geographic, climate, demographic, and
economic data as explicit predictors of migra�on. This framework allows to evaluate which factors contribute to viral
transi�on rates between regions.

We found no factors significantly influencing the rate of WuMV-6 transmission using continuous phylogeography.
However, using discrete phylogeography we observe dis�nct distance-based effects – posi�ve associa�ons between
migra�on and sharing land borders or nega�ve associa�ons with more distant region centroids. Although predictors
related to bird migra�on and trade were evaluated, we found no evidence of bird movement influencing the spread of
WuMV-6.

[1] Dudas, G., & Batson, J. (2023). Accumulated metagenomic studies reveal recent migra�on, whole genome evolu�on, and undiscovered diversity
of orthomyxoviruses. Journal of Virology, 97(10). h�ps://doi.org/10.1128/jvi.01056-23
[2] Allison, A. B., Ballard, J. R., Tesh, R. B., Brown, J. D., Ruder, M. G., Keel, M. K., Munk, B. A., Mickley, R. M., Gibbs, S. E. J., Da Rosa, A. P. a. T., Ellis, J.
C., Ip, H. S., Shearn-Bochsler, V. I., Rogers, M. B., Ghedin, E., Holmes, E. C., Parrish, C. R., & Dwyer, C. (2014b). Cyclic Avian Mass Mortality in the
Northeastern United States Is Associated with a Novel Orthomyxovirus. Journal of Virology, 89(2), 1389–1403. https://doi.org/10.1128/jvi.02019-14
[3] Dellicour, S., Rose, R., Faria, N. R., Lemey, P., & Pybus, O. G. (2016). SERAPHIM: studying environmental rasters and phylogene�cally informed
movements. Bioinforma�cs, 32(20), 3204–3206. h�ps://doi.org/10.1093/bioinforma�cs/btw384
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The quest for precision medicine is mo�va�ng healthcare stakeholders towards the development of
new disease risk predic�on strategies that strengthen person-centered care. However, the overreliance on
single data sources for predic�ve analysis may jeopardize the required level of predic�ve accuracy,
considering the dynamics of human biology and func�oning. Bioinforma�cs, like the polygenic risk scores
(PRS), empirically es�mates the risk of chronic illnesses, such as cardiovascular diseases (CVD) [1]. Due to its
focus on gene�c informa�on, PRS cannot iden�fy risk factors associated with challenges related to physiology
and lifestyle. Conversely, wearable health data captures real-�me data on human physiology, such as heart
rate variability, which is essen�al in determining cardiovascular health [2]. S�ll, data from the medical device
cannot inform clinicians about gene�c predisposi�on to illness. The shortcomings of both data streams jus�fy
a case for the development of an integra�ve model.

This study proposes a multi-modal predic�ve framework that combines bioinforma�cs and wearable
health data to improve individualized CVD risk predic�on. A retrospec�ve cohort design will be used, drawing
data from platforms like the UK Biobank, which are public pla�orms with both genomic and wearable device
data. Using an A/B framework, the predic�ve capabili�es of the two systems will be developed, whereby
Model A is the gene�c baseline that u�lizes PRS, while Model B combines PRS data with longitudinal data
from the wearable devices. The analy�cal process will use a late-fusion ensemble approach, whereby each
model is assessed separately before they are combined to create a single predic�ve framework.

When evalua�ng model performance, data will be divided into training and tes�ng groups. Each model
will be assessed based on its accuracy in disease predic�on, the reliability of the outcomes, and whether the
integrated model is be�er in predic�on compared to using gene�c data alone. Preliminary findings are
expected to show that Model B outperforms Model A due to its ability to capture gene�c risk, which is sta�c,
and physiological changes, which are dynamic.

The expected findings will show that wearable health data strengthens the predic�ve analysis of
bioinforma�cs in individualized risk predic�on. Clinicians and researchers will benefit from this multi-modal
approach due to the capability of early iden�fica�on of high-risk persons. Tailored preven�ve measures can
then be developed in primary care se�ngs.

In summary, this study addresses a cri�cal gap in person-centered preven�ve medicine by uni�ng
bioinforma�cs and wearable health data into a single predic�ve framework. Findings will help stakeholders,
including doctors, nurses, and researchers, to design accurate, proac�ve, and person-centered disease
preven�on strategies against CVD. More importantly, the outcomes provide a clear roadmap for the
integra�on of digital health and genomics in clinical prac�ce.

[1] O’Sullivan, J. W., Raghavan, S., Marquez-Luna, C., Luzum, J. A., Damrauer, S. M., Ashley, E. A., O’Donnell,
C. J., Willer, C. J., & Natarajan, P. (2022). Polygenic risk scores for cardiovascular disease: A scien�fic
statement from the American Heart Associa�on. Circula�on, 146(8), e93–
e118. h�ps://doi.org/10.1161/cir.0000000000001077
[2] Nazir, A., Nazir, A., Nazir, A., Nazir, A., Jamal, M. S. W., Sadiq, S. U. R., Aman, S., Mustapha, M. J., Lawal, S.
O., AbdulKareem, M. O., & Bamigbola, M. F. (2025). Wearable technology and its poten�al role in
cardiovascular health monitoring and disease management. Health Science Reports, 8(11),
e71486. h�ps://doi.org/10.1002/hsr2.71486



13O
Anthropozoonotic spillovers reveal sustained long-term cryptic

circulation of SARS-CoV-2 within and between Lithuanian mink
farms

Martynas Smičius1, Gytis Dudas1

1Institute of Biotechnology, Vilnius University, Lithuania
martynas.smicius@bti.stud.vu.lt

Several studies have documented reverse zoonotic transmission of SARS-CoV-2, including in farmed mink which are
susceptible to human respiratory viruses and are known for serving as a reservoir capable of generating new virus variants
in densely populated farms. Here, we present the genomic investigation launched in response to detection of human
infections with mink-origin SARS-CoV-2 lineages, and show evidence of at least 14 high-confidence introductions of
SARS-CoV-2 from humans into farmed mink in Lithuania where sustained transmission in farmed mink lasted up to a
year. We estimated the most likely timeframes for these introductions encompassing at least six SARS-CoV-2 lineages,
some of which were already extinct in humans, with Bayesian phylogenetic and molecular clock analyses. The inferred
human-to-mink transmission events are presented in Figure 1. This study highlights the public health risks posed by fur
farms and underscores that passive genomic surveillance systems are ineffective without the active involvement and
expertise of responsible institutions.

Figure 1. The 95% highest posterior density (HPD) intervals for estimated dates of SARS-CoV-2 introductions into
mink, conditioned on events detected in maximum credibility clade trees. The coloured line continuing after the 95%
HPD signifies the continued circulation period until the last detected sample, which is marked by the dot at the end of
the line. The text below each line marks the mean circulation period in days with 95% HPD range, number of leaves

and the posterior probability for a given node (does not apply if there was only a single sample in mink for a
transmission event).
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Alcohol use disorder (AUD) represents a significant public health challenge, and current pharmacological
interventions remain limited. Moun�ng evidence suggests that antagonists and inverse agonists of the cannabinoid CB1
receptor are effective in reducing alcohol consumption, but their use is limited due to adverse effects [1,2].

Δ⁹-Tetrahydrocannabivarin (THCV), a phytocannabinoid acting as a neutral CB1 antagonist, may provide a safer
alternative for treating alcohol use disorder (AUD) by blocking CB1 receptors without eliciting the negative psychiatric
side effects associated with inverse agonists [3].

Despite promising preliminary findings, THCV’s influence on the behavioral pa�erns and underlying mechanisms
of alcohol consump�on remains poorly understood. Thus, in this study, we examined the effects of repeated THCV
administration on voluntary alcohol intake, drinking microstructure, and locomotor activity in long-term drinking male
Wistar rats.

Our data demonstrated that treatment with THCV significantly reduced voluntary alcohol intake without
affecting water consump�on, decreased alcohol bout size and licking rate, indicating reduced hedonic value of alcohol
(“liking”), and reduced the number of alcohol bouts, suggesting diminished motivational drive to consume alcohol
(“wanting”). Locomotor activity was not altered by THCV treatment, indicating that the effects on alcohol intake were
not caused by sedation.

Overall, our results demonstrate that THCV reduces both the hedonic and motivational components of alcohol
consumption through neutral CB1 antagonism. These findings suggest that THCV may be a promising novel compound
for AUD treatment with potentially fewer adverse effects compared to traditional CB1 inverse agonists.

[1] Robinson, J. D., Cinciripini, P. M., Karam-Hage, M., Aubin, H., Dale, L. C., Niaura, R., Anthenelli, R. M., & Group, T. S. (2018). Pooled analysis of
three randomized, double-blind, placebo-controlled trials with rimonabant for smoking cessation. Addiction Biology, 23(1), 291–303.
h�ps://doi.org/10.1111/adb.12508.
[2] Nguyen, T., Thomas, B. F., & Zhang, Y. (2019). Overcoming the psychiatric side effects of the cannabinoid CB1 receptor antago nists: Current
approaches for therapeutics development. Current Topics in Medicinal Chemistry, 19(16), 1418–1435.
h�ps://doi.org/10.2174/156802661966619070816484.
[3] Pertwee RG. The diverse CB1 and CB2 receptor pharmacology of three plant cannabinoids: Δ⁹-tetrahydrocannabinol, cannabidiol and Δ⁹-
tetrahydrocannabivarin. Br J Pharmacol. 2008;153(2):199–215.
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All multicellular life requires intercellular signalling. The generation of electrical signals - action
potentials (AP) - is not unique to animal cells, as plant cells also require ion channels to transmit information
over long distances and coordinate responses [1]. Intercellular communication in the macroalga Nitellopsis
obtusa is mediated by plasmodesmata; analogous to gap junctions, these pores between adjacent cells
ensure electrical continuity in plants [2]. Fine-tuning of plant physiology encompasses the interactions
between the physiological properties of these junctions, ion transport systems, and signaling molecules
such as glutamate.

Glutamate (Glu) is a well-studied intercellular signalling molecule that can affect AP parameters in
plants and is suggested to be a universal signalling molecule involved in the transmission and regulation of
electrical signals across diverse forms of life. While Glu is widely known to participate in stress responses
and metabolic functions, it can also influence intercellular communication [3] and, specifically, AP
transmission between cells [4]. It does so by increasing the propagation velocity of AP within a single cell
while reducing the probability of AP transmission between adjacent cells [4,5]. Glu can affect AP
parameters by inducing systemic increases in cytosolic Ca²⁺  via glutamate-like receptors [6]. Glu hindering
AP transmission, rather than promoting it, may be due to the elevation of nodal resistance. It is unknown
whether and how Glu affects the biophysical properties of the node. The present work, therefore, examines
the node’s role in the regulation of AP transmission. This research aims to investigate the
electrophysiological parameters of the node under a control solution (APW’), and how they change over
time with exposure to Glu.

The research employed the two-electrode technique, with one intercellular glass electrode inserted
into both cells of each tandem (two internodal cells connected by a multicellular node), with one electrode
serving as the reference. Three APs were elicited in each cell by a cold solution. The transnodal potential
was consistently recorded in both cells, and current pulses were applied to measure the resistance. The
protocol was repeated bidirectionally, first, the whole tandem was exposed to APW’ and then to Glu
dissolved in APW’.

First, it was established that transnodal resistance is a stable electrophysiological parameter in
APW’, exhibiting no temporal drift in the absence of stimulation. However, upon electrical signal generation,
a single AP, as well as repeated AP elicitation, markedly increases the node's resistance, indicating that APs
can modulate intercellular connectivity. Nevertheless, such AP effects are observed only in the control
solution. Conversely, when the surface of the cell is exposed to Glu, nodal resistance remains unchanged
following both single and repeated AP elicitation. In fact, a single AP elicited under Glu was associated with
a slight decrease in transnodal resistance, indicating a downward trend opposite to that seen in the control
condition. Temporal changes under Glu revealed further complexity: after 30 minutes, resistance showed an
upward trend, while after 1.5 hours it increased significantly, indicating a delayed yet pronounced effect.
Throughout this period, APs had little to no effect on resistance, underscoring that Glu alters the node's
biophysical properties.

[1] Fromm, J., & Lautner, S. (2007). Electrical signals and their physiological significance in plants. Plant, Cell & Environment,
30(3), 249–257. https://doi.org/10.1111/j.1365-3040.2006.01614.x
[2] Bayer, E. M., & Benitez-Alfonso, Y. (2024). Plasmodesmata: Channels under pressure. Annual Review of Plant Biology, 75, 291–317.
https://doi.org/10.1146/annurev-arplant-070623-093110
[3] Caspi, Y., Pantazopoulou, C. K., Prompers, J. J., Pieterse, C. M. J., Hulshoff Pol, H., & Kajala, K. (2023). Why did glutamate, GABA, and
melatonin become intercellular signalling molecules in plants?. eLife, 12, e83361. https://doi.org/10.7554/eLife.83361
[4] Janušauskaitė, A., Lapeikaitė, I. (2024). Investigation of the link betwee action potential transmission properties and the
electrophysiological parameters of tandem internodal cells of nitellopsis obtusa. [Unpublished manuscript]. Vilnius University.
[5] Blashchuk, S., Lapeikaitė, I. (2023). Electrophysiological investigation of the effect of glutamate on the propagation of action
potentials ina single plant cell. [Unpublished manuscript]. Vilnius University.
[6] Toyota, M., Spencer, D., Sawai-Toyota, S., Jiaqi, W., Zhang, T., Koo, A. J., Howe, G. A., & Gilroy, S. (2018). Glutamate triggers
long-distance, calcium-based plant defense signaling. Science, 361(6407), 1112–1115. https://doi.org/10.1126/science.aat7744
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Dynamic full-field optical coherence microscopy (d-FF-OCM) is a label-free, interferometric imaging technique
that enables visualization of cells and their intracellular dynamics deep in freshly excised biomedical �ssues [1,2]. By
recording fluctuating signal arising from organelle motion and metabolic activity, d-FF-OCM provides func�onal contrast
linked to underlying cellular biomechanics and physiological processes.

In this work, we push the limits of resolution and imaging depth in d-FF-OCM by utilizing 100× magnification
objective lenses and a high-brightness incoherent white light source [3], as illustrated in Fig. 1a. A high full-well-capacity
(FWC) camera is used in conjunction to capture interferometric images with a high signal-to-noise ratio. The system
achieves a lateral resolution of 270 nm and an axial resolution of 500 nm, reaching imaging depths of up to 120 μm [3].
For tissue imaging, we utilized freshly excised organs from C57BL/6 mice. Intrinsic cellular vibration images were derived
by recording 512 interferometric images at a specific imaging plane and performing a Fourier analysis of the �me-lapse
signal captured by each pixel [3]. The resulting vibration spectrum for each pixel was categorized into three frequency
bands: blue (1–3 Hz), green (3–100 Hz), and red (100–250 Hz). A dynamic RGB image was then reconstructed by
assembling these pixels, as shown in Fig. 1b–e. Images at different depth in a sample were recorded by translating a
sample axially. Figure 1b display image of fresh mouse liver, where hepatocyte bodies exhibit low-range frequencies
(appearing bluish), while sinusoids—the capillary-like vessels of the liver—map to a broader, higher frequency range
(green-red). Notably, this label-free approach preserves native tissue physiology and eliminates the need for exogenous
fluorescent markers or contrast agents, thereby maintaining the biochemical and structural integrity of the biological
specimen [3]. Figure 1c show mouse gut image acquired from the mucosal side; here, the villi and epithelial cells display
lower frequencies, while the lamina propria exhibits higher frequency components. Axial images of both sample are
also shown in Fig. 1d and 1e.

Figure 1. (a) Schematic diagram of the high-resolution FF-OCM system. (b) Image of liver tissue highlighting
hepatocyte and sinusoid morphology. (c) Image of mouse intestinal tissue captured from the mucosal (villus) side of
the intestinal wall featuring epithelial cells and lamina propria. (d) and (e) Mathematically reconstructed axial views

providing cross-sectional depth information.

Dynamic contrast, driven by intrinsic intracellular ac�vity, revealed microstructures not visible with conventional
OCT—including sinusoidal networks and organized hepatocyte layers in the liver, as well as epithelial layers, neural
plexuses, crypts, and microvilli in the intestine—all visualized label-free [3].
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Restriction–endonuclease (RE) enzymes play a key role in the bacterial defense against foreign DNA invasion.
NgoAVII is a type I RE enzyme composed of the restric�on subunit with PLD nuclease and B3-like DNA-binding domains,
and the helicase-like subunit, containing DEAD-box and Z1 domains.

Unlike tradi�onal RE systems, it not only cuts the DNA but also translocates on the dsDNA using ATP. The
transloca�on dynamics of NgoAVII is not fully understood, par�cularly how it is coordinated with DNA sequence
recogni�on and cu�ng. To inves�gate the transloca�on, we use a custom-built magne�c tweezers microscope to study
it at single-molecule level. We find that the transloca�on occurs via looping and unlooping events. We further
inves�gate how transloca�on depends on force and the interac�on between restric�on and transloca�on subunits. We
an�cipate that the mechanical proper�es obtained in this study will provide valuable insight into the mechanisms of
type I RE systems.

Figure 1. A schema�c of DNA and restric�on-endonuclease enzyme in single-molecule resolu�on

[1] Zaremba M, et al. DNA cleavage by CglI and NgoAVII requires interaction between N- and R- proteins and extensive nucleotide hydrolysis
[2] Toliusis P, et al. The H-subunit of the restric�on endonuclease CglI contains a prototype DEAD-Z1 helicase-like motor
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