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At Thermo Fisher, everything we do is 
driven by our Mission to enable our customers 
to make the world healthier, cleaner and safer. 
It is our purpose—the heart of who we are as a 
Company—and it inspires our more than 125,000 
colleagues to bring their best every day. As the 
world leader in serving science, we know we 
are here to help make the world a better place.

AT CASZYME, WE PROVIDE CRISPR SOLUTIONS. DIFFERENTLY.
We leverage our deep expertise in bioinformatics, discovery and development of 
CRISPR-Cas gene editing tools, alongside the company’s dynamic platform, to unlock 
new possibilities across multiple industries. By being trusted innovators, propelling 
CRISPR technology we work in close collaborations with our diverse partners to develop 
dynamic, customized solutions that tackle complex challenges in healthcare and sustainability.
Our core values are being Courageous, Curious, Collaborative, Caring, Committed to Change.
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Kostas Kostarelos

Everything you always wanted to know about 
Taking Graphene in the Clinic* 

*But were afraid to ask

The use of advanced materials and, more precisely, nanoscale materials in medicine has been growing 
at an unprecedented rate for a variety of therapeutic, diagnostic or combinatory applications. The clin-
ical translation of advanced materials that are being discovered or synthetically engineered is consid-
ered by many the critical factor to determine the ´success´ or ´failure´ in nanomedicine. In this talk, 
our decade-long experience in the clinical translation of graphene two-dimensional nanosheets will 
be discussed. Recent progress in the development of clinically used graphene oxide will be described, 
with emphasis on two very different first-in-human clinical investigation studies undertaken recently 
using graphene-based technologies. Emphasis will be placed on common lessons learned and whether 
graphene can serve as a case study on the early-stage clinical translation of advanced nanomaterials.  

Nanomedicine Lab
ICREA & Catalan Institute of Nanoscience & Nanotechnology (ICN2)

UAB Campus, Barcelona, Spain

Institute of Neuroscience, Faculty of Medicine
Universitat Autònoma de Barcelona (UAB), Bellaterra, Spain 

Faculty of Biology, Medicine and Health,
National Graphene Institute

Manchester Cancer Research Centre
The University of Manchester, Manchester M13 9NT, United Kingdom
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Aistė Vitkūnaitė

Medical geneticist who worked for several years in molecular and digital pathology laboratories. Cur-
rently, Aistė is a field application specialist at UAB Linea libera, working on innovative genetic analysis 
solutions and their application in laboratories. Aistė is convinced that precision medicine is the future 
of medicine in Lithuania and worldwide. While studying biochemistry at VU, she was a member of the 
2016 European Biochemistry Programme. She is very happy to be back here as a speaker and partici-
pate in a great event.

Precision medicine is an emerging approach for disease treatment and prevention that takes into 
account individual variability in genes, environment, and lifestyle for each person. Over the last years, 
pharmacogenomics has become an essential tool for personalized medicine to examine genetic vari-
ations that affect drug metabolism. But what are the different genomic tools for novel associations 
and biomarker discovery? Routine analysis and screening? How can we turn our current sick care into 
actual health care? Could a genetic passport be our future?

Precision medicine for everyone: latest 
technologies and global trends



7

Attila Gacser

Et tu, mi fili, Brute?”: Can even fungi 
cause cancer?

The correlation between tumorigenesis and alterations in the microbial flora composition has long been recognized. Howev-
er, the tumor-microbiome relationships have primarily been characterized through the bacterial and viral components of the 
microbiota, leaving a gap in our understanding of the role of fungal species within the microbiome in cancer pathogenesis. 
Over the past decade, it has been established that, similarly to the bacteriome and virome, the fungal components of the 
microbiome - the mycobiome - play an important role in maintaining a healthy state. While the potential role of the mycobi-
ome in cancer was already under investigation as early as 2015 – mainly through altered gut flora compositions - it was not 
until 2022 that the mycobiome&#39;s exact contribution to neoplastic tranformation was elucidated, following the detection 
of fungal cells in the microenvironment of tumor tissue samples. Recent research advancements have shed more light on the 
role of the mycobiome in various diseases, thereby elevating the study of fungal flora to a focal point of scientific interest. 
In our review, we discuss the known correlations between certain cancers and altered mycobiome compositions, and how 
the mycobiome may possess oncogenic potential, delving into the cellular and molecular mechanisms underlying this phe-
nomenon. Finally, based on the available literature, we explore the diagnostic opportunities the fungal flora offers in cancer 
detection and its potential role in anti-tumor treatments.

Attila Gácser is a Professor of Microbiology and Immunology at the University of Szeged where he is the Head of the Institute 
of Biology. Dr. Gácser completed his PhD at the University of Szeged and during his first post-doctoral training at the Univer-
sity of Hamburg, Germany as a Marie Curie Fellow, he started to study the opportunistic Candida species. In 2005, he joined to 
Prof. Josh Nosanchuk’s laboratory at Albert Einstein College of Medicine in New York where he investigated the virulence and 
pathogenesis of several different fungal pathogens such as Histoplasma capsulatum, Cryptococcus neoformans and Candida 
albicans and Candida parapsilosis. In 2008, he returned to Hungary and established his laboratory at the Department of Micro-
biology. He received numerous Hungarian and International grants, such as the EMBO Installation Grant, The Momentum Grant, 
OTKA grants, he was the coordinator of the EU-funded ERA-Net Pathogenomics consortium and participated in two Marie Curie 
ITNs. Since 2018 he is a visiting professor at the Federal University of Rio de Janeiro. The current research in his laboratory 
focuses on developing tools for the genetic manipulation of fungal pathogens and studying Candida virulence and pathogen-
esis, host response, and immunology of fungal infections. More recently he has been involved in human mycobiome research 
and the development of new innovative therapies against fungal pathogens.

Contact: Dr. Attila Gacser, gacsera@bio.u-szeged.hu, 6726 Szeged Közép fasor 52. Hungary
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Laima Budėnaitė

Exploring the Engineering and Genome Editing 
Potential of Miniature SpaCas12f1

Laima Budėnaitė is scientist with extensive experience in the biotechnology sector, currently work-
ing at Caszyme, a company specializing in genome editing technologies. In 2022, she embarked on 
her Ph.D. journey at Vilnius University in collaboration with Caszyme, focusing her research on the 
advancements of CRISPR-based tools for precise genetic manipulation in mammalian cells. In her 
presentation, Laima will delve into the fundamental principles of CRISPR-Cas and its revolutionary 
implications for biomedical research. Additionally, she will present the results of miniature SpaCas12f 
nuclease engineering, noting its potential for genome editing.

It was recently shown that the miniature (497 aa) CRISPR-Cas12f1 nuclease from Syntrophomonas 
palmitatica (Spa) with a 5’ TTC PAM cleaves double-stranded (ds) DNA targets and prefers elevated 
temperatures, 44-58°C. To broaden its utility as an editing tool, we have performed protein and guide 
RNA (gRNA) engineering to enhance cellular activity at lower temperatures. For protein evolution and 
guide RNA engineering we used yeast as a model system to screen for alterations that enhanced the 
cleavage. Beneficial alterations were combined, tested for additive effects and selected for further 
experiments in human cells.  Our advancements enhanced SpaCas12f activity in HE293T cells at 37°C 
over a 10-fold. The specificity of the most active versions was found to be sensitive to single base pair 
mismatches across most of the guide RNA DNA target recognition. Netherless we used SpaCas12f1 
protein engineering to simplify its PAM to expanded the targeting range. Altogether, these results ex-
pands the type V CRISPR-Cas nuclease toolbox and highlights the SpaCas12f nuclease as a novel tool 
for DNA manipulations and human therapeutics.
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Wanessa Melo

Development of photo-active hydrogel to treat 
chronic wounds

Wanessa Melo has completed PhD in Science with a focus on Microbiology at the University of São Paulo – Brazil (Department of Bioen-
gineering) and part of her work was accomplished at Harvard Medical School – USA (Department of Health Science and Technology). Ad-
ditionally, she has graduation in Biomedicine, Master’s degree and a post-doctoral in Biotechnology. She also has experience as director 
of the Biomedicine course and professor of microbiology, molecular biology and cytology. Currently, Wanessa Melo occupies the position 
of Senior researcher at FTMC, Vilnius – Lithuania. Wanessa’s research interest includes the development of new approaches to overcome 
biofilm infection on medical devices and prevent the adhesion of microorganisms on nosocomial environment surfaces. Additionally, she 
is an associate professor at Vilnius University, teaching in the Master’s program of Molecular Biotechnology. 

Chronic wounds have been an important therapeutic challenge for the last several decades, causing considerable patient morbidity/
mortality and a burden for economics and health systems [1]. Worldwide it has been estimated that 20 million individuals have chronic 
wounds (predominantly patients aged older than 60 years and women), and the cost of their management and treatment exceeds €26 
billion a year [2]. It is estimated that, at any given time point, around two million people in Europe have wounds that require medical 
care. Moreover, between 25-50% of acute hospital beds are occupied by patients with wounds and many of which were developed during 
hospitalization [3]. In addition, the most common forms of chronic wounds are related to diabetes mellitus, vascular diseases and pres-
sure ulcerations. 
The current medical treatments rely heavily on long-term usage of systemic antibiotics combined with topical antiseptics that usually 
fail [2]. To overcome this issue,  alternatives have to be seriously considered. A promising candidate is microbial photodynamic therapy 
(aPDT), which is the photoinactivation of microorganisms by reactive oxygen species produced by a light-activated photosensitizer (PS) 
[6]. Much is already known about aPDT advantages over antibiotics, including no microbial resistance development, as it is a multi-tar-
get process and minimal damage to the host tissues [6]. Studies reported that superficial wound infections caused by biofilms are 
potentially suitable for treatment by aPDT because of the ready accessibility of these wounds for both topical delivery of the PS and light 
[7-9]. However, due to the complexity of chronic wound infections, PS diffusion and uptake are limited, restricting aPDT effectiveness 
and consequently wound healing. Chemically cross-linking the PS to a hydrogel may be an alternative to overcome this issue, once this 
device is recognized as an active wound dressing that can deliver drugs or other therapeutic substances to the wound site [10]
So, the presentation aims to show the progress of aPDT against biofilms and its combination with hydrogel against chronic wound infec-
tion. 

References:
1. doi: 10.1016/j.clindermatol.2010.03.009; 2. doi: 10.1111/bjd.13677; 3. doi.org/10.1128/CMR.14.2.244-269.2001; 4. doi.org/10.1590/0037-8682-0205-2017; 5. doi.org/10.1016/j.ti btech.2018.10.011
6. doi.org/10.1080/21505594.2021.1960105; 7. doi: 10.1039/b502125a; 8. doi: 10.1016/j.pdpdt.2009.10.008; 9. doi.org/10.1111/iwj.13269; 10. doi: 10.3390/biom10081169

Laboratory of Bioelectric, Department of Functional Materials and Electronics, State Research Institute Center for Physical Sciences and 
Technology, Savanorių pr. 231, 02300 Vilnius, Lithuania
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Michael C. Jewett

Establishing cell-free synthetic biology for 
people and planet health

Michael Jewett is a Professor of Bioengineering at Stanford University. Dr. Jewett received his PhD in 
2005 at Stanford University, completed postdoctoral studies at the Center for Microbial Biotechnology 
in Denmark and the Harvard Medical School, and was a guest professor at the Swiss Federal Institute 
of Technology (ETH Zurich). He is the recipient of the NIH Pathway to Independence Award, David and 
Lucile Packard Fellowship in Science and Engineering, Camille-Dreyfus Teacher-Scholar Award, and a 
Finalist for the Blavatnik National Awards for Young Scientists, among others. He is the co-founder of 
SwiftScale Biologics, Stemloop, Inc., Pearl Bio, and Synolo Therapeutics. Jewett is a Fellow of AIMBE, 
AAAS, and NAI.

Synthetic Biology is one of the most promising fields of research for the 21st century. It offers power-
ful ways to improve human health, build the global economy, manufacture sustainable materials, and 
address climate change. However, current access to biotechnology breakthroughs is unequal, largely 
due to bottlenecks in infrastructure and education. Here, I describe our efforts to re-think the way we 
engineer biology using cell-free systems to address these bottlenecks. We show how the ability to 
readily store, distribute, and activate low-cost, freeze-dried cell-free systems by simply adding water 
has opened new opportunities for on-demand biomanufacturing of vaccines for global health, point-of-
care diagnostics for environmental safety, and education for synthetic biology literacy and citizenship.
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Jorūnė Sakalauskaitė

Establishing cell-free synthetic biology for 
people and planet health

Jorune Sakalauskaite is a scientist working in an interdisciplinary area that intersects palaeoproteomics, molecular archaeology and 
marine biology. She has a background in chemistry and biological sciences, having obtained her PhD from University of Turin in Italy and 
University of Burgundy in France. After her postdoctoral work at the University of Copenhagen, Denmark, in 2022 she moved to Lithuania, 
Life Sciences Centre, Vilnius University. With the help of EMBO, MSCA and LMT funding and together in co-partnership with dr. Maria 
Fernanda Torres Jimenez, Jorune co-established a joint research group, EvoChrOmics.  
Her work is largely focused on studying mollusc shells and ancient proteins found in their biomineral structures. Her most recent 
research project aims to decipher the biochemistry of shell colouration with the use of omic tools and gene editing technologies. She 
is interested  in how molecular techniques can help to study complex living creatures and answer long-standing questions about the 
stability of mineralised shell pigments. For instance, what leads to their remarkable preservation deep in time? 

We live in a very colourful world. Yet, rarely do we step aside to think how animals generate colours or what myriad of functions they en-
code. Mollusc shells are one of the most widespread examples of biomineralized structures on our planet, with an incredible diversity of 
colours and patterns. No wonder they were greatly appreciated and used by humans since ancient times. But despite the advancements 
in molecular biology techniques, the biochemistry of shell colours is still poorly understood. For example, what is the full spectrum of 
biogenic shell pigments, how do they get incorporated into the mineral or what function do they play? 
In our current project we aim to tackle this question by using omic analyses and application of CRISPR-Cas9 gene editing tools. I will 
present a case story with Littorina shells, the Atlantic flat periwinkles, which have now become our model organism to study shell 
colouration. We use proteomics together with transcriptomics to identify intracrystalline shell chromoproteins while gene knock-out 
experiments will be used to verify their function. 
I will share the backstage nuances about our development of gene editing approach to Littorina, a technique that has only been success-
fully applied to a handful of molluscan species so far. Interdisciplinary in nature, this project requires active engagement of different 
fields of knowledge, from biochemistry, to molecular sciences and marine biology.  
We hope our research will help to uncover the mechanism behind colour biomineralization in shells and open new avenues to study 
pigments from ancient records. Colourful biominerals are not just pretty - they may spur new ideas on bioinspired systems: durable in 
time, and friendly to our planet Earth.
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Linda Mezule

The hidden treasures of sewage: how to extract 
valuable molecules from sewage sludge

Linda Mezule is an Associate Professor and senior researcher at Riga Technical University (Latvia) Water Systems and 
Biotechnology Institute where she currently works on topics related to waste and biomass degradation, enzymatic 
hydrolysis, and resource recovery from various biological waste materials, including sewage sludge.

Sewage sludge, a by-product of wastewater treatment is a material of underestimated potential. In the EU, around 
7.5 million tonnes of dry sewage sludge were produced in 2021, however, its efficient management is still limited to 
landfilling, incineration, or application on land. At the same time EU legislation has proposed a waste management 
hierarchy based on an environmentally-sound treatment option: reduce, reuse, and recover the energy. As currently 
seen, the reduction is still limited due to the employed wastewater treatment technologies and constant flow of 
wastewater. 
However, the conventional methods do not take full advantage of the sludge properties, since the complex chemical 
composition provides the opportunity to recover proteins, carbohydrates, and lipids. To assess the potential use of 
sludge for high-value biomolecule production, sludge samples from 13 Latvian wastewater treatment plants were 
collected and their chemical analysis performed. Proteins, lipids, carbohydrates and cellulose were quantified in pri-
mary, secondary and anaerobically digested sludge. This assessment of Latvian municipal sewage sludge revealed a 
considerable amount of carbohydrates and proteins present in primary sludge (10.0% dw and 23.9% dw, respectively) 
as well as in secondary sludge (8.7% dw and 18.5% dw). Further, technologies for recovery of cellulose, proteins and 
lipids have been developed and tested at a pilot scale level. 
In conclusion, primary sludge is a prime supply for cellulose recovery. Digested sludge has already undergone re-
source recovery through biogas production and, thus, offers lower yields of secondary resources. Correct selection of 
target molecule and sludge type can result in efficient recovery of high value molecules from this resource. 
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 Andrius Šiaulys

Chasing an impossible dream: from the first photography 
of Baltic Sea reefs towards AI assisted imagery analysis 

of seabed habitats in front of melting Arctic glaciers
I am a marine biologist and ecologist at the KU Marine Research Institute.My main research interests and activities include benthic 
ecology, seafloor habitats, their mapping using in situ (e.g. diving) and remote (e.g. underwater filming systems) methods, development 
of underwater image analysis techniques, and working in marine ecosystems from the Baltic Sea to the Arctic regions. Less relevant to 
the subject of the report are modelling of species distributions, assessment of the ecological status of macrozoobenthos communities 
and benthic habitats, and the development of status indicators. At Klaipėda University I teach hydrobiology, blue technologies, marine 
landscape and habitat ecology.

Reef habitats in the Lithuanian coastal area of the Baltic Sea was Terra incognita until early 1990s. While there was knowledge of its 
existence, little was known of its biology, structure and spatial distribution due to the lack of scientific studies, since it was not acces-
sible for large monitoring vessels due to shallow depths and heterogeneous seabed topography and was a restricted border area. The 
first underwater photography of Lithuanian coastal reefs was taken in 1993 by the team of Klaipeda University marine biologists with the 
assistance of German colleagues. These images revealed a complex nature of reef habitats and in turn initiated an entirely new field in 
Lithuanian marine biology – underwater imagery (UI).
 For more than a decade UI was sparsely used for variety of studies, i.e. distribution of fish spawning grounds, however it was 
restricted only to descriptive surveys. A major breakthrough happened in 2006-2007 when methods for the extraction of quantitative 
features from UI were developed while estimating the stock of the red alga Furcellaria lumbricalis [1]. From this point UI gained the 
same status as a benthic sample and was used extensively, especially in reefs where traditional soft-bottom sampling gear could not be 
deployed due to hard substrates. With the advancement of underwater video equipment (drop-down cameras, towed cameras, hand-held 
cameras, remote operated vehicles), the amount of UI data recorded soon was overwhelming for manual analysis thus the search for 
automated methods commenced.
 In this lecture the journey towards the AI supported UI analysis will be presented, starting form a semi-automatic UI analysis 
based on color extraction [2], detection and shape measurements of the dinoflagellate Prorocentrum cordatum [3], automated quantifi-
cation of brittle stars along melting Arctic glaciers [4] to the most recent progress in coverage estimation of benthic habitat features in 
Lithuanian coastal reefs [5], in the same place where the first photography was taken more than 30 years ago.

References:
 [1] Bučas, M., Daunys, D., & Olenin, S. (2009). Recent distribution and stock assessment of the red alga Furcellaria lumbricalis on an exposed Baltic Sea coast: combined use of field survey and modelling 
methods. Oceanologia, 51(3), 341-359. 
[2] Šaškov, A., Dahlgren, T. G., Rzhanov, Y., & Schläppy, M. L. (2015). Comparison of manual and semi-automatic underwater imagery analyses for monitoring of benthic hard-bottom organisms at offshore 
renewable energy installations. Hydrobiologia, 756, 139-153.
[3] Olenina, I., Vaičiukynas, E., Šulčius, S., Paškauskas, R., Verikas, A., Gelžinis, A., ... & Olenin, S. (2016). The dinoflagellate Prorocentrum cordatum at the edge of the salinity tolerance: The growth is 
slower but cells are larger. Estuarine, Coastal and Shelf Science, 168, 71-79.
[4] Buškus, K., Vaičiukynas, E., Verikas, A., Medelytė, S., Šiaulys, A., & Šaškov, A. (2021). Automated quantification of brittle stars in seabed imagery using computer vision techniques. Sensors, 21(22), 
7598.
[5] Šiaulys, A., Vaičiukynas, E., Medelytė, S., & Buškus, K. (2024). Coverage estimation of benthic habitat features by semantic segmentation of underwater imagery from South-eastern Baltic reefs using 
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Burak Yelmen

Generative AI in functional and 
evolutionary genomics

I obtained my undergraduate degree in molecular biology and genetics and master’s degree in bio-
logical sciences at the Middle East Technical University. I obtained my PhD at the University of Tartu 
focusing on human population genetics and bioinformatics. During my PhD studies, I got interested 
in generative AI and developed models for generating in silico artificial human genomes. I continued 
working on my artificial genomes project during my postdoc in Paris-Saclay University. I’m currently a 
research fellow at the University of Tartu. My research is centered around interpretable deep learning, 
generative AI and genetic privacy for human genomics and complex diseases.

In recent years, generative modelling has gained substantial momentum in genomics research thanks 
to increased availability of computational resources, expanding biobank datasets and development of 
deep generative models (DGMs) equipped with novel algorithms. DGMs can learn the complex struc-
ture of genomic data and can be utilised for a variety of tasks such as generation of realistic synthet-
ic data, nonlinear dimensionality reduction and prediction of function or evolutionary parameters, 
through unsupervised, semi-supervised or supervised learning schemes. In this talk, I will provide a 
broad overview of generative AI in contemporary genomics research and present our work on genera-
tion of artificial human genomes using generative neural networks with applications and implications 
for future research.
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April 15th

Microbiology and 
Biotechnology
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MOLECULAR EPIDEMIOLOGY STUDIES OF INVASIVE  
LISTERIA MONOCYTOGENES ISOLATES 

Ugnė Meškytė1, Anželika Slavinska1, Aurelija Petrutienė2, Svajūnė Muralytė2, Nomeda 
Kuisienė1 

 
1Department of Microbiology and Biotechnology, Institute of Biosciences, Life Sciences Center, Vilnius 

University, Lithuania 
2Clinical Testing Department, National Health Surveillance Laboratory, Lithuania 

ugne.meskyte@gmc.stud.vu.lt 
 
 Listeria monocytogenes stands out as one of the most prevalent foodborne pathogens, presenting a 
significant health risk. This emerging bacterium can lead to human listeriosis, a condition with severe symptoms 
and a mortality rate of up to 30 percent. Cases of listeriosis have been observed in both minor and major 
outbreaks, particularly affecting immunocompromised patients, newborns, the elderly, and pregnant women 
[1]. Molecular typing of this pathogen is essential for understanding its genetic diversity and tracking outbreaks. 
The decreasing effectiveness of antibiotic therapy highlights the importance of this research. Such detailed 
information provided by molecular typing is invaluable for managing contagion and guiding potential 
treatments. 
 The aim of the present study was to investigate the molecular characteristics of L. monocytogenes as well 
as gain insights into its epidemiological aspects. Seventy-seven isolates were collected from Lithuanian 
hospitals during the period of 2016-2021. Isolates were serotyped and genotyped using PCR-based methods. 
Isolates were distributed into 1/2a (58 isolates), 1/2b (1 isolate), 1/2c (1 isolate) and 4b (17 isolates) serotypes. A 
genotyping dendrogram showed high diversity among isolates. One was selected due to its origin from the 
cerebrospinal fluid and its prevalence as one of the most frequently encountered serotypes (1/2a) associated 
with severe human infections. Subsequently, the genome was sequenced via the Illumina method, marking 
Lithuania’s inaugural contribution to the BIGSdb-Pasteur database. This study represents the first analysis in 
Lithuania of L. monocytogenes characteristics using the whole genome sequencing (WGS) method. The 
sequenced genome resulted in a size of 2990056 bp, composing 16 contigs. The multilocus sequence typing 
(MLST) scheme, based on seven house-keeping genes (abcZ, bglA, cat, dapE, dat, ldh, lhkA), assisted in 
assigning this strain to sequence type 155 (ST155) and clonal complex 155 (CC155). Furthermore, a comparative 
analysis was performed among invasive isolates from countries worldwide presented in the database. For 
comparative analysis, conventional MLST, core genome MLST, ribosomal MLST, PCR-serogrouping, 
antimicrobial resistance, and virulence typing schemes were used. These schemes provided insights into 
genetic relatedness, evolutionary patterns, strain diversity, pathogenic potential, and antimicrobial 
susceptibility [2].  
 Typing schemes offer a simple and rapid way to compare L. monocytogenes strains. It enables the 
reconstruction of ancestral and evolutionary linkage among the isolates. This technique helps identify 
transmission routes of high-risk strains and their link to outbreaks [2]. Consequently, it helps to monitor L. 
monocytogenes infections, reducing their impact on public health. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
[1] J. Osek, B. Lachtara, and K. Wieczorek, “Listeria monocytogenes in foods—From culture identification to whole‐genome 

characteristics,” Food Science & Nutrition, vol. 10, no. 9, pp. 2825–2854, Sep. 2022, doi: 10.1002/fsn3.2910. 
[2] B. Stessl, M. Wagner, and W. Ruppitsch, “Multilocus Sequence Typing (MLST) and Whole Genome Sequencing (WGS) of Listeria 

monocytogenes and Listeria innocua,” in Listeria Monocytogenes, vol. 2220, E. M. Fox, H. Bierne, and B. Stessl, Eds., in Methods in 
Molecular Biology, vol. 2220. , New York, NY: Springer US, 2021, pp. 89–103. doi: 10.1007/978-1-0716-0982-8_7. 
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A2
CONTROL OF MICROBIAL CONTAMINATION OF CLUB MOSS 

SPORES BY ESSENTIAL OILS 
Urtė Busilaitė1,2, Modestas Petrauskas1,2, Živilė Strazdaitė-Žielienė1, Elena Servienė1 

 
1Nature Research Centre, Vilnius, Lithuania 

2Life Sciences Center of Vilnius University, Lithuania 
urte.busilaite@gmc.stud.vu.lt  

 
 Plant essential oils (EOs) are hydrophobic liquid concentrates of plant secondary metabolites that can 
be extracted from almost all parts of plants. Although the composition of each oil is different, the main 
components are lipophilic, low molecular weight, volatile molecules – mostly terpenes, their oxidated 
derivatives – terpenoids, and phenolic compounds. Club moss (Lycopodium clavatum L.) spores’ powder is 
used for a multitude of skin diseases that require a rash or sore to stay dry. However, club moss spores 
could be contaminated with microorganisms. It may include bacteria, fungi, and molds. Microbial 
contamination can occur during the harvesting, storage, and processing of the plant material. In recent 
decades, the investigation of the antimicrobial activity of various plant extracts, especially essential oils, is 
constantly growing up. Therefore, this study aimed to investigate the antibacterial and antifungal effects of 
coriander (Coriandrum sativum), cinnamon (Cinnamomum cassia), geranium (Pelargonium graveolens), 
ginger (Zingiber officinale), and oregano (Origanum vulgare) EO’s against microorganisms isolated from club 
moss (Lycopodium clavatum L.) spores’ powder. 
 During the research, club moss spores were washed out with MD medium and applied for direct 
isolation of microorganisms. The antibacterial and antifungal activities of five EOs were tested using 
evaporation test mode and counting of viable microbial colonies. It was demonstrated that volatiles of all 
tested EOs expressed antimicrobial and antifungal activity on microorganisms isolated from club moss 
spores. Cinnamon, oregano, and coriander EOs reduced the total viable bacterial counts by more than 50 %. 
Ginger and oregano EOs were the most effective against molds – they inhibited the growth of fungi by 89% 
and 67% respectively. By using molecular methods spores-inhabiting and EO treatment proceeded bacteria 
were identified as Bacillus subtilis, Bacillus altitudinis and Acinetobacter oryzae/johnsonii. It was determined 
that pure bacterial isolates differ in their resistance to EOs. Tested essential oils exhibited a stronger 
inhibition on A. oryzae/johnsonii, than B. altitudinis and B. subtilis. During this study, it was found that 
antimicrobial and antifungal action is affected not only by EO type but also by the treated object 
characteristics (such as rough spore surface) and widespread microbial species features. However, further 
studies are necessary to investigate the impact of essential oils on microorganisms and evaluate its potential 
in the industry. 
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A3
PLASMID DIVERSITY IN CLINICAL ACINETOBACTER BAUMANNII 

ISOLATES 
Joris Naujalis1, Tomas Liveikis1, Edita Sužiedėlienė1 

 
1Department of Biochemistry and Molecular Biology, Vilnius University, Lithuania 

joris.naujalis@gmc.stud.vu.lt, tomas.liveikis@gmc.vu.lt, edita.suziedeliene@cr.vu.lt 
 

 Acinetobacter baumannii, a Gram-negative opportunistic pathogen, has become a significant global 
cause of nosocomial infections. A. baumannii infections require complex treatment because the bacterium 
rapidly acquires resistance to antibiotics. The spread of antibiotic resistance is significantly influenced by 
horizontal gene transfer via mobile genetic elements, such as plasmids. Insights into plasmid diversity may 
help control the epidemiological situation when treatments become ineffective. This study aimed to evaluate 
the diversity of plasmids from clinical A. baumannii isolates in terms of plasmid replicon types and plasmid 
profiles. 
 A. baumannii isolates (n = 165) were collected from Vilnius University Hospital from 2022 to 2023. Then, 
PCR-based replicon typing was applied to identify GR1-GR34 replicons. Subsequently, plasmid profiles were 
tested with pulsed-field gel electrophoresis (PFGE), focusing on the number of plasmids per isolate and 
plasmid size within the 10-300 kb range. Finally, the results were compared with global data. For this 
purpose, the NCBI BLASTn MegaBLAST algorithm was applied to search for GR1-GR34 rep gene sequences. 
The results obtained were complemented with information from the GenBank database. 
 Regarding the distribution of replicon types, GR2, GR6, GR8, and GR24 replicon types were detected 
among clinical A. baumannii isolates (n = 165). The majority of isolates (68%) had both GR2 and GR6 replicon 
types identified. A smaller proportion of all isolates (26%) had either GR2 or GR6 replicon types detected. 
Also, no tested replicon types were found in 6% of the isolates. Finally, only one isolate had GR8 and GR24 
replicon types detected. 
 Subsequently, plasmid profile assessment with PFGE revealed that the majority of the isolates had a 
single plasmid (69%). Most isolates from this group (87%) had plasmid-like fragments of ~90 kb. However, 
plasmids were not found in 22% of the isolates in the collection. In addition, isolates with two fragments of 
different sizes were the least abundant (9%). Finally, comparison with global data showed that GR2, GR6, GR8, 
and GR24 are the most common replicon types globally, accounting for 48% of all GR1-GR34 
Acinetobacter spp. replicon types (n = 1330). Also, the global size distribution of plasmids with GR2, GR6, GR8, 
and GR24 replicon types was found to be similar to the research findings. For instance, the median size of 
GR6 plasmids was found to be 73 kb. Consequently, it is likely that some of the plasmids found in the collection 
of ~90 kb and close in size have GR6 replicons. However, the median size of the GR2 plasmids was 9 kb; 
therefore, not all GR2 plasmids may have been detected under PFGE conditions. 
 Of the GR1-GR34 replicon types, GR2, GR6, GR8, and GR24 replicon types were found in the A. 
baumannii collection studied. According to GenBank data, it is likely that the isolates studied have globally 
dominant plasmids in regards to replicon types. Plasmid profiles were dominated by isolates with a single 
~90 kb plasmid, and the plasmid sizes found in the collection of isolates are similar to those found worldwide. 
However, possibly not all smaller plasmids were detected under PFGE conditions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[1] Bertini, A., Poirel, L., Mugnier, P. D., Villa, L., Nordmann, P., & Carattoli, A. (2010). Antimicrobial Agents and Chemotherapy, 54(10): 
4168–4177. 
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 Bacterial vaginosis (BV) is a disease caused by changes in normal vaginal flora and is common in 
women of reproductive age. The disease may be asymptomatic, but about 50% of women with BV experience 
symptoms such as itching, bad vaginal odour, vaginal discharge, and elevated vaginal pH [1]. The normal 
vaginal microbiota is dominated by bacteria of the genus Lactobacillus. A decrease in these bacteria is 
associated with BV [2]. It is also thought that most BV infections start with Gardnerella spp. which creates a 
biofilm that allows other BV-associated bacteria to grow [3]. Gardnerella spp. can adhere to vaginal epithelial 
cells via adhesion proteins. The M protein repeat (MPR) protein and collagen-binding (CNA) protein are the 
most abundantly expressed on the bacteria's surface. Delving deeper into the molecular mechanisms of 
these adhesion proteins may help to elucidate their role in the pathogenesis of BV and develop immunological 
tools for the diagnosis and treatment of the disease [4]. 
 In this study a collection of mouse monoclonal and polyclonal antibodies (MAbs and PAbs respectively) 
against recombinant Gardnerella spp. surface adhesion proteins, CNA and MPR, were used. Several MAbs 
were selected for antibody fragmentation to generate F(ab’)2 fragments. Removing the antibody Fc region is 
necessary to evade the Gardnerella spp. defence strategies against the host’s immune system. Antibody 
samples were treated with the endopeptidase pepsin, which was immobilized on agarose beads. Purification 
of F(ab’)2 fragments was achieved using Protein A chromatography columns. The fragmentation process was 
evaluated using SDS-PAGE and enzyme-linked immunosorbent assay methods. The aforementioned antibody 
collection was also utilized in flow cytometry with three strains of Gardnerella spp. that differ in the 
expression of the adhesion proteins CNA and MPR on the cell surface. At first, the optimization of CFDA-SE 
dye, primary and secondary antibody quantities were determined, followed by the analysis of the whole 
antibody collection. 
 Electrophoresis showed that the fragmentation of the antibodies to F(ab')2 fragments was complete 
and in higher yield in the case of the anti-CNA MAbs but not the anti-MPR MAbs. The functional activity of the 
generated F(ab')2 fragments was compared with the unfragmented antibodies, showing a decreased affinity 
for the antigen. Antibodies specific for Gardnerella spp. CNA and MPR were tested with Gardnerella spp. 
strains by flow cytometry method and anti-MPR MAbs and PAbs showed a stronger interaction with surface 
MPR than anti-CNA with surface CNA. 
 The antibody modification by removal of the Fc region and generation of F(ab')2 fragments was partially 
successful. Future work will aim not only at a high-quality fragmentation but also at higher yields of F(ab')2 

fragments. Flow cytometry results indicate that antibodies developed against recombinant MPR are more 
active in vitro against Gardnerella spp. compared to antibodies developed against CNA. 
 
 
 
 
 
 
 
 
 
 
 
 
 
[1] Coudray, M. S., & Madhivanan, P. (2020). Bacterial vaginosis-A brief synopsis of the literature. European journal of obstetrics, 
gynecology, and reproductive biology, 245, 143–148. 
[2] Russo, R., Karadja, E., & De Seta, F. (2019). Evidence-based mixture containing Lactobacillus strains and lactoferrin to prevent 
recurrent bacterial vaginosis: a double blind, placebo controlled, randomised clinical trial. Beneficial microbes, 10(1), 19–26.  
[3] Hay P. (2017). Bacterial vaginosis. F1000Research, 6, 1761. 
[4] Marín, E., Haesaert, A., Padilla, L., Adán, J., Hernáez, M. L., Monteoliva, L., & Gil, C. (2018). Unraveling Gardnerella vaginalis Surface 
Proteins Using Cell Shaving Proteomics. Frontiers in microbiology, 9, 975. 
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 The discovery of antibiotics is one of the most significant medical breakthroughs of the 20th century; 
however, their misuse has led to antibiotic resistance increasing at an alarming rate. In terms of chemical 
and molecular structure, the most common antibiotics are β-lactams, macrolides, tetracyclines, quinolones, 
aminoglycosides, sulfonamides, glycopeptides, and oxazolidinones [1].  
 Sulfonamides are commonly used in treating urinary tract or respiratory tract infections. Due to 
incomplete degradation in the human and animal intestines, sulfonamides significantly contribute to soil 
contamination through three primary sources: irrigation with reclaimed water, the use of sludge and manure 
as fertilizers, and the application of animal waste. In the biodegradation of sulfadiazines (a group of 
sulfonamides), 2-aminopyrimidine (2-AP) has been identified as the major intermediate. However, the further 
biotic degradation of this compound has been little studied, and the genes involved in its biodegradation 
remain unknown [2]. 

Given that soils harbor the greatest accumulations of sulfonamide waste, our objective was to isolate 
and characterize bacteria capable of degrading 2-AP from various environmental samples. To achieve this 
goal, environmental samples were first collected from soils and incubated in selective media with 2-AP. 
Subsequently, periodic HPLC-MS analyses were carried out to screen the samples. The culture that 
completely degraded 2-AP was isolated, purified, and identified by 16S rRNA analysis. The genome was then 
sequenced using Illumina technology to identify the genes responsible for 2-AP degradation (Fig. 1). 

Among 46 soil samples incubated in a selective medium with 1 mM 2-AP, only one isolate was able to 
degrade 2-AP. The identified Gram-positive bacterium belonged to the genus Nocardioides and was named 
Nocardioides sp. AM1. The degradation of 2-AP was found to be an inducible rather than a constitutive 
process. Isocytosine was identified as the intermediate metabolite. In this study, we also investigated the 
capability of the AM1 strain to transform different pyrimidine compounds. The results revealed that  
2-amino-4-chloropyrimidine is transformed into another accumulating product. Finding the 2-AP breakdown 
enzymes could be crucial in developing new targets for antibiotics, which would be a significant weapon 
against antibiotic resistance. 

Figure 1. Isolation and characterization of microorganisms capable of degrading 2-AP. Created with 
BioRender.com 
 
[1] Etebu E, Arikekpar I. Antibiotics: Classification and mechanisms of action with emphasis on molecular perspectives. Int J Appl 
Microbiol Biotechnol Res. 2016 Jan 1;4:90–101. 
[2] 2013_Degradation of Sulfadiazine by Microbacterium lacus Strain SDZm4, Isolated from Lysimeters Previously Manured with 
Slurry from Sulfadiazine-Medicated Pigs.pdf. 
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 Cranberries and lingonberries are among the most common edible berries in Lithuanian forests. They 
are also widely studied for their bioactive compounds [1], however, their endomicrobiota is not well 
researched, especially endophytes contained in the berries. Bacterial endophytes can promote plant growth 
in two ways. Indirect plant growth promotion is associated with endophytic bacteria’s ability to outcompete 
pathogenic microorganisms by producing a wide range of biologically active compounds and enzymes, which 
can inhibit growth. Moreover, bacterial endophytes can directly affect plant growth by synthesis of 
phytohormones, production of siderophores and solubilization of phosphates as well as fixation of nitrogen. 
 In this study, five microorganisms were isolated from cranberry fruit and one microorganism from 
lingonberry fruit. Namely Staphylococcus hominis, Staphylococcus caprae, Bacillus paramycoides, Bacillus 
altitudinis, Bacillus xiamenensis. 
 

 
 

FFiigguurree  11.. Determination of catalase activity. B1, B2 –endophytes isolated from lingonberries; S1, S2.1, S2.2, S3.1, S3.2 –endophytes 
isolated from cranberries. 

 
The main morphological and biochemical characteristics of endophytic microorganisms were 

evaluated during the research. Nitrogen fixation test showed that only two bacteria were able to grow on 
nitrogen-free medium. Higher concentrations of produced IAA showed Bacillus paramycoides isolated from 
cranberry berries.  All isolates showed positive results for siderophore production.          
 
[1] Vaitiekūnaitė D., Bružaitė I., Snitka V.(2022). Endophytes from blueberry (Vaccinium sp.) fruit: Characterization of yeast and bacteria 
via label-free surface-enhanced Raman spectroscopy (SERS), Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy, 
275, 121158, doi;10.1016/j.saa.2022.121158. 
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 Bacteriophages (phages) of Felixounavirus genus are lytic bacterial viruses that infect Escherichia and 
Salmonella strains including those of clinical importance [1]. Lytic phages, as natural enemies of bacteria can 
be used for control of these pathogens, but laboratory strains would be best suited for their research. 
However, only few phages of this genus infecting laboratory strains of E. coli have been characterized to 
date. Two of them, vB_EcoM_Alf5 (Alf5) and vB_EcoM_VpaE1 (VpaE1), have been isolated and characterized in 
Lithuania [2, 3]. As genetically similar representatives of Felixounavirus genus, these phages are attractive 
models for molecular studies of this little-studied phage group. To investigate molecular processes of 
infection by these phages, both in vitro and in vivo experiments are needed, with gene knockout mutants 
required for determination of gene essentiality and in vivo functions of certain genes. 
 In this study, we describe construction of VpaE1 and Alf5 gene knockout mutants carrying deletions of 
genes that were replaced by molecular markers trxA or lacZα, or amber mutations in some of their essential 
genes. BRIP method [4] was used to insert the in vitro-designed mutations into phage genome by homologous 
recombination. The deletion mutants were selected based on the presence of certain marker gene in their 
genomes. The amber mutants were selected using Cas9-based counter-selection against wild-type phages 
followed by testing them on amber-suppressing and non-suppressing laboratory strains of E. coli. 
 The knockout mutants of Alf5 and VpaE1 carrying deletions of non-essential genes were viable under 
laboratory conditions. Meanwhile, the essential genes could only be deleted in the presence of functional 
complementation in trans. For this, the essential genes were cloned into expression vectors and the strains 
to be infected by phage mutant were transformed with these recombinant plasmids. Different inductor 
concentrations were needed to support growth of certain phage mutants. Deletion analysis of phage genomes 
is necessary to determine gene essentiality. In addition, these phage mutants can further be used for in vivo 
tests of gene function or to support the results of in vitro studies. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[1] Barron-Montenegro, R., García, R., Dueñas, F., Rivera, D., Opazo-Capurro, A., Erickson, S., & Moreno-Switt, A. I. (2021). Comparative 
Analysis of Felixounavirus Genomes Including Two New Members of the Genus That Infect Salmonella Infantis. Antibiotics (Basel), 10(7), 
806. 
[2] Šimoliūnas, E., Vilkaitytė, M., Kaliniene, L., Zajančkauskaitė, A., Kaupinis, A., Staniulis, J., Valius, M., Meškys, R., & Truncaitė, L. (2015). 
Incomplete LPS Core-Specific Felix01-Like Virus vB_EcoM_VpaE. Viruses, 7(12), 6163-6181. 
[3] Alijošius, L., Šimoliūnas, E., Kaliniene, L., Meškys, R., & Truncaitė, L. (2017). Complete Genome Sequence of Escherichia coli Phage 
vB_EcoM_Alf5. Genome Announc., 5(20), e00315-17. 
[4] Keen, E. C, Bliskovsky, V. V., Malagon, F., Baker, J. D., Prince, J. S., Klaus, J. S., & Adhya, S. L. (2017). Novel "Superspreader" 
Bacteriophages Promote Horizontal Gene Transfer by Transformation. mBio, 8(1), e02115-16. 
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 Due to the rapid expansion of the global carotenoid market, there is a growing demand for costeffective 
and efficient methods for carotenoid synthesis. Microorganisms such as yeast have emerged as one of the 
best alternative sources of natural carotenoids, presenting a sustainable and environmentally friendly way 
to meet rapidly increasing industry demands [1]. 
 Carotenoids are bioactive molecules, known for their bright yellow, orange, and red coloring, and a 
variety of biological activities. The provitamin A, antioxidant, and colorant properties of carotenoids are widely 
researched for applications in phytochemical, chemical, pharmaceutical, food, and other industries. 
Traditionally, industrial carotenoid production methods require high production costs and generate low 
pigment yields and environmentally hazardous wastes. [2]. 
 Rhodotorula is an oleaginous yeast that possesses a diverse carotenoid profile with commercially 
attractive β-carotene concentrations [3]. Rhodotorula can utilize a broad range of refined and natural carbon 
sources, including commercial cultivation medium and agro-industrial waste [4]. 
 Our work aims to optimize carotenoid extraction from oleaginous yeasts using N, 
N-dimethylformamide as a solvent. Cultivable Rhodotorula species were isolated from environmental 
samples and identified using molecular methods. Morphological analysis of Rhodotorula diobovata, R. 
mucilaginosa, and R. glutinis was performed alongside an examination of the effect of temperature on 
pigment synthesis in yeast. Consequently, yeast growth was evaluated at temperatures of 20 ºC, 25 ºC, 30 ºC, 
and 37 ºC. For R. diobovata and R. glutinis, the optimal cultivation temperature was observed at 25 ºC, with 
lesser growth at 20 ºC and 30 ºC temperatures. Samples cultivated at 37 ºC showed minimal to no growth. R. 
mucilaginosa was found to have an optimal cultivation temperature range of 20 ºC – 37 ºC. Light absorbance 
was measured at a wavelength spectrum of 380 – 530 nm to determine carotenoid level in extracts. The 
highest carotenoid content was observed in R. diobovata and R. glutinis samples cultivated at 25 ºC. R. 
diobovata, R. glutinis, and R. mucilaginosa displayed similar carotenoid content in samples grown at 30 ºC. 
 The obtained data suggests that isolated Rhodotorula yeasts can be promising for carotenoid 
production. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[1] Mannazzu, I., Lirolfo, S., Da Silva, T. L., & Buzzini, P. (2015). Red yeasts ir carotenoid production: outlining a future for non-conventional 
yeasts of biotechnological interest. World Journal of Microbiology & Biotechnology, 31(11), 1665–1673. 
[2] Mata-Gómez, L. C., Montañez, J., Méndez‐Zavala, A., & Aguilar, C. N. (2014). Biotechnological production of carotenoids by yeasts: an 
overview. Microbial Cell Factories, 13(1). 
[3] Vargas-Sinisterra, A. F., & Ramírez-Castrillón, M. (2020). Yeast carotenoids: production and activity as antimicrobial biomolecule. 
Archives of Microbiology, 203(3), 873–888. 
[4] Li, Z., Li, C., Cheng, P., & Gui, Y. (2022). Rhodotorula mucilaginosa—alternative sources of natural carotenoids, lipids, and enzymes 
for industrial use. Heliyon, 8(11), e11505. 
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 Gene expression regulation is primarily dependent on transcription factors and cis - regulating 
sequences. Eukaryotic gene expression regulation adds a level of complexity to this process with epigenetic 
DNA modifications alongside chromatin structure [1]. The most common DNA modifications found in 
eukaryotic cells are 5-methylated and 5-hydroxymethylated cytosines (5mC and 5hmC, respectively). 5mC 
is introduced by specific enzymes – methyltransferases, which transfer the methyl group from S-Adenosyl-
methionine (SAM) cofactor to the fifth carbon of the cytosine ring in CpG sequences most often. 5hmC is 
obtained through oxidation of 5mC by Ten-Eleven Translocation (TET) proteins [2]. Although natural DNA 
modifications have been studied extensively, they are poor reporter groups for further research. To expand 
the possibilities of DNA modification, the mTAG (methyltransferase-directed Transfer of Activated Groups) 
technology was developed by the group of prof. S. Klimašauskas. This method is based on transferring longer 
and more reactive groups from synthetic cofactor analogs onto DNA chain by engineered 
methyltransferases, making it possible to expand the use of DNA modification in biotechnological approach 
[3]. 
 In this study, both natural and synthetic DNA modifications were studied in regard of their effects on 
DNA transcription. Transcription assays were performed both in vitro and in cellulo. In order to see 
modification’s effect on transcription in vitro, tailed templates were made and modified throughout the DNA 
chain with 5mC, 5hmC or synthetic (5synC) modifications. Transcription assays were performed with yeast 
Saccharomyces cerevisiae RNA polymerase I (RNAP I) and RNAP II. Results showed no significant 
differences among 5mC, 5hmC as well as 5synC modifications in between the two polymerases, although a 
trend towards increasing transcription efficiency with RNAP I was observed in samples containing modified 
DNA. To study transcription in cellulo two different human CpG-rich promoters were cloned into CpG-free 
plasmids upstream of a reporter Luciferase gene. Modified with 5mC, 5hmC or 5synC, the constructs were 
transfected into human embryonic kidney cells HEK293 and the activity of the reporter Luciferase enzyme 
was assayed. Results indicated that 5mC and 5synC modified promoters were blocking transcription 
effectively, while 5hmC-modified promoters allowed partial transcription. As expected, natural modifications 
in the whole DNA chain region led to slightly increased transcription efficiency while modified promoters 
blocked the transcription. Surprisingly, our transcription efficiency studies showed no significant differences 
of the synthetic modification compared to natural modifications, both in vitro and in cellulo.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[1] G. M. Cooper, The cell: a molecular approach, 2. ed. Washington, DC: ASM Press [u.a.], 2000. 
[2] A. Angeloni and O. Bogdanovic, ‘Enhancer DNA methylation: implications for gene regulation’, Essays in Biochemistry, vol. 63, 
no. 6, pp. 707–715, Dec. 2019, doi: 10.1042/EBC20190030. 
[3] G. Lukinavičius, A. Lapinaitė, G. Urbanavičiūtė, R. Gerasimaitė, and S. Klimašauskas, ‘Engineering the DNA cytosine-5 
methyltransferase reaction for sequence-specific labeling of DNA’, Nucleic Acids Research, vol. 40, no. 22, pp. 11594–11602, Dec. 2012, 
doi: 10.1093/nar/gks914. 
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 Functional and biogeographical properties of soil microbial communities in urban ecosystems are 
poorly understood despite their role in metabolic processes underlying valuable ecosystem services [1]. It is 
essential to understand the microbial ecosystem in an urban environment for cities to monitor the microbial 
community assembly processes that shape urban microbial diversity and function. 
 Objective of this study was to characterize the bacterial phenotype diversity of the street greenery in 
the streets of different activity. The sample sites in the study were selected from the four boroughs of Vilnius 
- Sevcenkos, Antakalnis, Baltupiai, and Gerosios vilties. Samples were taken in the second half of October of 
2023 year. Sites include a distribution of three newly installed (2-3 months apart) green areas and one that 
was installed 2 years before sampling. In this study we investigated whether newly installed greenery in 
Vilnius had distinct microbial community composition and trait-associated diversity compared to older site, 
and if these patterns were consistent with divergent community assembly processes associated with those 
sites. 
 We found that greenways in different streets have diverse bacterial communities, that were not 
associated with geographic locations. Sevcenkos sample has shown the greatest phenotypic diversity. Unlike 
Baltupiai sample, Sevcenkos, Antakalnio and Gerosios vilties samples did not contain microorganisms that 
carry out reductive acetogenesis and sulfate respiration. The lowest proportion of nitrogen fixation and 
highest nitrite respiration, denitrification, nitrate reduction proportion were detected in Antakalnio sample. 
No significant differences were observed between chemoheterotrophy proportions across all samples. The 
Baltupiai and Sevcenkos samples were characterized by the highest relative abundance of mobile elements 
and biofilm formation. Phyla Armatimonadota, Pseudomonadota, and Desulfobacterota had the highest 
motility among all samples, when phyla Bacteroidota, Chloroflexota and Fusobacteriota had the lowest 
motility. Compared to the other samples, Baltupiai sample had a relatively even distribution of gram negative 
and gram positive bacterial strains. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[1] Aman S Gill, Kai Purnell, Matthew I Palmer, Jaime Stein, Krista L McGuire (2020). Microbial Composition and Functional Diversity 
Differ Across Urban Green Infrastructure Types. Front Microbiol, 11:912 
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 Potatoes a widely consumed vegetable globally, with popular food such as french fries, potato chips, 
mashed potatoes. However, the preparation of these products generates a significant amount of potato peel 
waste (PPW), which can make up 15% to 40% of the initial potato mass. This results in 70 – 140 thousand tons 
of PPW ending up in landfills annually. Despite this, PPW is rich in nutrients and can be repurposed for animal 
feed and composting. Additionally, PPW is used for bioethanol production [1]. 
 One interesting approach to utilizing PPW is using it as a feedstock for microorganisms, as it is mainly 
composed of starch (66.8%), along with protein, cellulose, and pectin [2]. However, the starch in PPW is not 
readily available to microorganisms as feedstock and needs to be hydrolysed into smaller molecules. 
Although, acidic hydrolysis is effective, it is harmful and toxic to the environment, making enzymatic 
hydrolysis the preferable option. Enzymes such as amylase, glucoamylase, and cellulase can break down 
starch and cellulose into smaller molecules, such as monosaccharides and disaccharides, which can be 
consumed by microorganisms. 
 To achieve the project goal, we conducted experiments on wet and dry PPW samples, using different 
enzyme combinations, pH levels, and temperatures to determine the optimal conditions for obtaining the 
highest amount of reduced sugars. The samples were used for cultivating of S. mobaraensis to produce 
transglutaminase enzyme. Further details on the hydrolysis experiments will be presented during the poster 
session. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[1] Rodríguez-Martínez et. al. Potato peels waste as a sustainable source for biotechnological production of biofuels: Process 
optimization (2023) Waste Management. 155, 320-328 
[2] Javed et. al. Potato peel waste-its nutraceutical, industrial and biotechnological applacations (2019) AIMS Agriculture and Food., 4, 
807-823 



27

A12
EXPLORING CULTIVATION CONDITIONS FOR THE PRODUCTION OF 

BACTERIAL SERRATIOPEPTIDASE 
Stefano Giuliani1,2, Ieva Ožiūnaitė1, Inga Matijošytė1, Diego Romano2 

 
1Sector of Applied Biocatalysis Institute of Biotechnology LSC Vilnius university, Lithuania 

2Department of Food, Environment and Nutritional Sciences, Università degli studi di Milano, Italy 
stefano.giuliani@studenti.unimi.it 

 
 Income growth, urbanization, population growth and globalization have all contributed to a shift in the 
composition of diets with processed foods and high protein content becoming central. In the next decade, 
protein demand is expected to increase by 17% in middle and low-income countries [1]. Finding alternative 
proteins will be necessary to meet future prospective requirements for feed and food. Plant-based proteins 
could be a viable option to achieve the goal. In addition, the absorption and bioavailability of protein can be 
increased, food properties can be enhanced, and anti-nutrients can be reduced through protein pretreatment 
with enzymes, especially proteases. Proteases are one of largest classes of industrial enzymes, accounting 
for approx. 60% of the world’s enzyme market [2]. These enzymes catalyze the cleavage of peptide bonds in 
proteins, reducing their length and producing smaller peptides by hydrolysis. Enzyme production relies 
mostly on microbes due to their numerous benefits such as simple handling, high yields, fast duplication time 
in controlled bio-reactors, and easy genetic modification [2]. Serratia marcescens, a gram-negative 
opportunistic bacterium, produces a specific protease called serratopeptidase, which has a broad substrate 
specificity. Since the origin host of serratopeptidase is an opportunistic pathogen, a suitable recombinant 
protein expression system is needed. 
 The aim of this project was to develop an expression system for the production of serratopeptidase. 
The methylotrophic yeast P.pastoris was chosen as the expression host. It has strictly regulated 
methanolinducible promoter, AOX1, and an α-factor that directs the recombinant protein to the medium. Pic9K 
cloning vector was used to obtain extracellularly expressed recombinant protein. The serratopeptidase gene 
has its own native propeptide sequence that maintains correct protein folding [3]. To assess influence of the 
native propeptide on recombinant protein expression, two different plasmids were designed – with and 
without the propeptide sequence. The gene manipulation experiments were successful. Therefore, further 
we optimized different expression parameters such as temperature, pH, aeration, methanol concentration, 
and media composition to improve both the production and activity of the recombinant protein in liquid media. 
The results will be presented during the poster sessions. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[1] Organisation for Economic Co-operation and Development - Food and Agriculture Organization of the United Nations. (2021). 
Agricultural Outlook 2021-2030, OECD Publishing. Retrieved from https://www.fao.org/3/cb5332en/cb5332en.pdf 
[2] Mokrani, S. & Nabti, E. H. (2024). Recent status in production, biotechnological applications, commercial aspects, and future prospects 
of microbial enzymes: A comprehensive review. Int J Agric Sc Food Technol, 10(1), 006-020. 
[3] Juturu, V. & Wu, J. C. (2018). Heterologous protein expression in Pichia pastoris: latest research progress and applications. 
ChemBioChem, 19(1), 7-21. 
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Yeast surface display (or yeast display) is a protein engineering technique that involves the expression of 
recombinant proteins incorporated into the yeast cell wall. This versatile platform expands the applications of 
Saccharomyces cerevisiae in various scientific, biotechnological, and biomedical applications. This technique 
leverages yeast cell wall proteins to anchor target proteins onto the cell surface [1]. The yeast display technique 
was first published in 1997 [2], and until now, there is no data that it has been studied in Lithuania. The display of 
proteins on yeast cell surfaces is facilitated by wall protein a-agglutinin, which mediates cell-cell contacts during 
yeast-cell mating. A-agglutinin consists of an Aga1 subunit linked to an Aga2 subunit by two disulfide bridges. 
Genetic fusion of the target protein with the Aga2 subunit enables its display on the cell surface through 
interaction with the Aga1 subunit, which is directly anchored to the cell wall [1].  

The exposure of enzymes on the yeast surface allows biocatalysis reactions to be carried out easily. This 
system simplifies the delivery of substrates that are difficult to penetrate the cell, and overcomes challenges of 
immobilization, and to ensure the necessary optimal conditions for enzyme activity. It also avoids the possibility 
of contamination and unnecessary purification of the enzyme. Moreover, this approach allows for continuous 
biocatalysis reactions. Lipases are widely used in industrial biotechnology. They are important in organic 
chemistry, the food industry, pharmaceuticals, the production of active substances and drugs, the transformation 
of oils and fats, and the production of detergents. Esters obtained with the use of lipases are used in cosmetics 
and perfumery. Also, these enzymes are valuable for pollutant degradation and development of pesticides, 
insecticides, or biosensors [3].  

The aim of this study was to investigate the expression and display of lipase enzyme from Serratia sp. [3] 
on the surface of S. cerevisiae yeast cells using various linker peptides. The Aga2 subunit was fused with the 
target lipase using linkers containing different configurations:  a double extension of the original glycine and 
serine linker, single and double α-helix-forming sequences, and an α-helix-forming sequence with serine and 
glycine amino acid termini. All constructed fusion proteins were successfully displayed on the surface of yeast 
cells. Preliminary studies on lipase activity are currently being conducted. 
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 Parageobacillus thermoglucosidasius is a facultative anaerobic thermophilic bacterium that grows at 
an optimum temperature of 55-65℃. It is characterised by its ability to use plant-derived raw materials such 
as the lignocellulosic carbohydrates hexose and pentose and by its ability to synthesise thermostable 
enzymes such as lipase, protease or cellulase. P. thermoglucosidasius has recently gained ground in 
scientific and industrial research due to its ability to grow at high temperatures, synthesise heat-tolerant 
enzymes, and participate in bioconversion and bioremediation [1, 2]. However, their use is limited by the lack 
of genetic tools.   
  The development of a genetic transformation system for the genus Geobacillus is currently a major 
attention. One of the most efficient types of transformation is electroporation, but this method requires the 
appropriate preparation of electrocompetent cells and the establishment of optimal conditions, which is what 
determines the high efficiency of transformation because is known that each species can be influenced by 
many different factors [3]. Also, the use of bacteria is limited by the shortness of suitable plasmids. Previously 
used plasmids were characterised by exaggerated expression from natural promoters. Standardized, 
universal plasmids with higher transformation efficiency are being developed. One of these plasmids pG2K 
is used in our work, it contains a strong constitutive promoter for expression in P.thermoglusidasius and 
Escherichia coli, two replicons and a kanamycin resistance marker [4].   
  This study aims to determine the effect of plasmid DNA modifications on the transformation efficiency 
of P. thermoglucosidasius DSM 2542T. For what purpose, we used pG2K shuttle plasmid isolated  from 3 E. 
coli strains characterised by different DNA methylation patterns (DH5α (dam+, dcm+), RR1 (dam-, dcm+) and 
GM2163 (dam-, dcm-) and from the P. thermoglucosidasius DSM 2542T. The study showed which of E. coli 
strains suits best for the propagations of plasmid for its further transfer to P. thermoglucosidasius cells. 
Moreover, the obtained results contribute to the development more effective transformation protocol of these 
biotechnologically relevant thermophilic bacteria.   
 
.  
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 Bacterial ability to form biofilms creates a huge problem in several fields due to the biofilms’ strong 
resistance to chemical and physical disturbances. Biofilms formed on food or food-related equipment can cause 
foodborne infections, spoilage, and corrosion of equipment, leading to health risks and huge economic problems 
worldwide. [1] Quorum sensing (QS) is a way for bacteria to communicate and regulate vital processes, including 
biofilm formation. In the latter case, quorum quenching (QQ) could be an attractive method for biofilm disruption. 
[2] The significant increase in resistance of biofilms leads to difficult ways of disrupting biofilms and a need for 
novel control methods.  

Thermophilic bacteria such as Geobacillus sp. and Anoxybacillus sp. are known as spoilage-causing 
bacteria in the dairy industry which are often overlooked. These species tend to grow on heat exchange plates 
and evaporators, where temperature can reach 70°C. Geobacillus sp. and Anoxybacillus sp. secrete enzymes, 
which deteriorate the nutritional value of dairy products and can cause changes to flavor. Under harsh conditions, 
thermophilic bacteria can form endospores, which are found in the final dairy products. [3] Therefore, new and 
safe approaches are needed to combat these microorganisms. Antimicrobial photoinactivation (API) - a known 
safe and convenient method [4], combined with QQ could be an efficient way to fight strongly resistant biofilms 
of thermophilic bacteria. 

This study aimed to find out the effect of API (based on natural photosensitizers (PSs)) on Geobacillus 
stearothermophilus and Anoxybacillus tepidamans planktonic and biofilm forms. Chlorophyllin (Chl) - a natural 
and safe-to-use compound, was used as a PS. PS solution was added to the suspension of the selected optical 
density planktonic cells or pre-formed biofilms and irradiated with 402 nm light using LED-based light source 
(constructed in Institute of Photonics and Nanotechnology, Faculty of Physics). The mentioned light was used as 
optimal to excite the molecules of Chl, so that as a result the reactive oxygen species would form and disrupt the 
bacterial cells/biofilms. Results showed a clear difference between light exposure doses for planktonic and 
biofilm forms. As expected, biofilms were more resistant to photoinactivation than the planktonic forms. 
Additionally, QS pheromone molecules used for biofilm formation of selected thermophilic model strains were 
investigated in this work. The latter is being performed to elucidate the signal transduction system used in 
thermophilic bacteria which can eventually help employ QQ to combat thermophilic and other bacteria biofilms. 
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 Allergic diseases are one of the most prevalent chronic health conditions worldwide and their 
morbidity is increasing at an alarming rate. Based on the statistical research data, about 20%-40% of the 
world’s population suffers from allergies, but these numbers are considered underestimated because many 
patients do not consult a doctor about their symptoms or are not correctly diagnosed [1]. People can bear 
different types of allergies – food, insect, inhalant, contact, and drug allergies. Allergy can cause many 
symptoms such as a swollen tongue, itchy or/and watery eyes, etc., and also can cause chronic conditions 
like allergic asthma and eczema. Allergens most often are proteins from dust, animal fur, pollen, etc., which 
can trigger allergic reactions. In response to allergens, the immune system of an allergic individual produces 
immunoglobulin E (IgE) [2]. 
 Whole-allergen extracts are still widely used for allergy diagnostics and immunotherapy. Allergen 
extracts contain mixtures of many allergenic substances and are produced from natural allergen sources, 
therefore they are difficult to standardize. The usage of natural extracts is limited due to several reasons 
including variable number of different allergens, different biological activity of those allergens and 
contaminants, that can cause false positive/negative results and ineffective treatment [3]. Single recombinant 
allergen molecules could be used for allergy diagnostics and help to overcome these problems.  
 In this study, recombinant allergen Art v 3 from common mugwort (Artemisia vulgaris) was analyzed. 
Common mugwort has 6 different allergen components (Art v 1-6). During Artemisia vulgaris pollen season 
in late summer and fall, this plant is one of the main causes of allergic reactions. Many patients, who are 
sensitized to Art v 3, can also feel allergy symptoms upon exposer to other cross-reactive allergens, such 
as Pru p 3 from peach, Cor a 8 from hazelnut, or Par j 2 from short ragweed [4]. During this study, genes 
encoding two Art v 3 protein variants – single allergen component Art v 3 and Art v 3, fused with maltose 
binding protein (MBP) – were cloned to the yeast expression vectors pFX8 and pKDA1-Kan-GAL7. 
Experiments of recombinant protein synthesis were conducted in the yeast species S. cerevisiae, K. lactis, 
and K. marxianus. 
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 Polyurethane (PU) has become a widely used polymer due to its exceptional durability, resilience, and 
versatility. These properties make PU the material of choice in various industries, including automotive, 
construction, electronics, and medical [1]. In 2023, the global polyurethane market was valued at 83.54 billion 
USD, and it is projected to grow at a compound annual growth rate (CAGR) of 5.88% between 2024 and 2030 
[2].  
 While PU products are known for their longevity, they eventually wear out and become a waste. This 
waste can be categorized as end-of-life (EOL) and post-consumer (PC) products or as scraps from PU 
manufacturing. The latter accounts for up to 10% of all PU production and results from manufacturing and 
processing flaws. However, EOL and PC waste pose a more significant challenge, as they are often 
contaminated or distorted, making reuse less likely. An alarming 50% of PU waste ends up in landfills. To 
mitigate this, recycling is a valuable option.  
 Polyurethane recycling can be accomplished through mechanical or chemical methods. Mechanical 
recycling involves breaking down PU into flakes, granules, or powder. However, this method is inefficient and 
yields low-quality products, limiting their marketability. Chemical recycling, on the other hand, requires 
substantial resources, including high temperatures and additional substrates, to break down PU into its raw 
components for various uses [3]. 
 While chemical degradation currently dominates the landscape of PU disposal worldwide, there exists 
a promising approach for revolutionizing the industry – enzymatic degradation. Enzymatic degradation for 
PU has two main advantages – enhanced efficiency and environmental sustainability. Unlike chemical 
methods, enzymatic breakdown of PU would demand less energy and produce fewer harmful byproducts. 
This new recycling approach would promote sustainability and circular economy [4].  
 In the initial phase of our research, the objective was to identify microorganisms capable of 
polyurethane hydrolysis. The search of these microorganisms was carried out in collaboration with our 
partners. Samples were received from different European regions: Bosnia and Herzegovina caves, Baltic Sea 
shores and Lithuanian soil. 16 microorganisms from these samples were identified and screened for 
polyurethane hydrolyzing abilities using functional analysis. Out of these 16 microorganisms, 6 of them 
showed ability to hydrolyze ester-base PU, and 4 could hydrolyze ether-based PU. Based on these results, 
we continue our investigation by constructing genomic libraries and performing functional analysis to identify 
the coding sequences of these PU hydrolysis enzymes. Results in greater detail will be presented during the 
poster session.  
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Pyrazine is a six-membered aromatic heterocycle that contains two nitrogen atoms positioned in a 

1,4-orientation within a carbon framework [1]. Pyrazine compounds have significant importance in various 
fields, including food and fragrance, agricultural, and pharmaceutical industries [2]. For instance, pyrazine-
containing drugs are used worldwide for various treatments (acipimox and glipizide) [3], while most recently 
four compounds (amiloride, bortezomib, paritaprevir, pyrazinamide) were included in The World Health 
Organization’s (WHO) Model List of Essential Medicines [1].  

There are several methods of obtaining pyrazine compounds. Extraction from natural sources is the 
“greenest” way to acquire pyrazines but is inefficient for industrial scale due to small yields (0.01% pyrazine 
kg−1 biomass). Currently, chemical synthesis is the method of choice; however, it also has some downsides. 
Harsh reaction conditions, such as higher temperatures and pressure, the use of organic solvents, and 
hazardous reagents do not align well with sustainable practices and are not environmentally friendly. Since 
the use of certain microorganisms is well-established and declared as natural and safe by food authorities 
(EFSA, FDA etc.), biosynthesis and biocatalysis methods using natural or recombinant microorganisms are 
viewed as attractive alternatives [2].  

 In previous works of our department, a well-known laboratory work-horse Pseudomonas putida 
KT2440 strain was engineered for 2,5-dimethylpyrazine (2,5-DMP) production. This was accomplished via 
metabolic engineering of the L-threonine (precursor of 2,5-DMP) biosynthesis pathway. For this reason, 6 
genes from diverging pathways were identified and deletions of those genes were carried out to decrease 
consumption of threonine, making a recombinant Pseudomonas putida KT2440 strain (designated as 
KT2440Δ6). Also, it has been shown that the insertion of mutated bifunctional aspartokinase/ homoserine 
dehydrogenase (thrA) and L-threonine-3-dehydrogenase (tdh) genes was a key step in making biosynthesis 
of 2,5-DMP from glucose (via L-threonine metabolism) possible in recombinant KT2440Δ6 strain.  

This work aims to investigates strategies to augment the production of 2,5-DMP in Pseudomonas 
putida KT2440 and expand the pathway to produce 5-methyl-2-pyrazinecarboxylic acid (MPCA) and 2,5-
dimethylpyrazine-N-oxides (2,5-DMP-N-OX). Initially, we compared the production capabilities of a 
recombinant Pseudomonas putida KT2440 strain (KT2440Δ6) against the wild-type (WT) by comparing L-
threonine and 2,5-DMP synthesis yields. Subsequently, we pursued 2,5-DMP biosynthesis optimization 
through metabolic pathway analysis, identifying additional genes, including homoserine kinase (thrB) and 
threonine synthase (thrC), which were overexpressed to evaluate their impact on yield and productivity. 
Additionally, various combinations of plasmids were explored to further enhance production efficiency. 
Furthermore, we explored the functionalization of 2,5-DMP through the utilization of PmlABCDEF 
monooxygenase (for 2,5-DMP-N-OX production) and XylMABC monooxygenase (for MPCA production). These 
discoveries provide valuable insights into enhancing the production of 2,5-DMP, with potential applications 
spanning biotechnology and industrial processes. 
 
 
 
 
 
 
 
 
 
[1] R. W. Huigens, B. R. Brummel, S. Tenneti, A. T. Garrison, and T. Xiao, “Pyrazine and Phenazine Heterocycles: Platforms for Total 
Synthesis and Drug Discovery,” Molecules, vol. 27, no. 3, p. 1112, Feb. 2022, doi: 10.3390/molecules27031112. 
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 Killer K toxins are small proteins produced by yeasts. K2 mycocin is active at the cell wall where it 
disrupts the structural and functional integrity of the plasma membrane [1]. This toxin could be used to 
prevent the growth of pathogenic yeast in food products. The main problem is that environmental stresses, 
proteolysis, and interactions with food components could reduce the activity of natural antimicrobial agents 
[2]. To prevent this, K2 toxin could be encapsulated. 
 Fucoidan is an anionic, sulfated polysaccharide produced by brown seaweed and in this study, it was 
used for the encapsulation of K2 toxin. This polysaccharide also has antivirus, antitumor, antithrombotic, 
anticoagulant, anti-inflammatory, and antioxidant activity which could lead to positive beneficial properties 
when used in food products [3]. 
 In this study, K2 toxin was purified using ion exchange chromatography. Then K2 toxin-fucoidan 
particles were synthesized by the complexation method at different pH values (3.5; 4.2 and 4.8). The final 
concentration of fucoidan was 0.1 or 0.4 mg/mL and K2 toxin concentration was 2.6 or 4.0 µg/mL. Control 
samples without K2 toxin are also prepared respectively. The size and zeta potential of the particles were 
measured at the initial moment and after 4 weeks of storage at 4 ⁰C temperature using a Zetasizer NanoZS 
device and compared to control samples without K2. The smaller size of the particles provides a high surface 
area, which can lead to higher antimicrobial activity and better interaction with substrates [2]. 
 The size of fresh K2 toxin-fucoidan particles was found to be similar at all pH values and was often in 
the range of 180-290 nm. Comparing results at the initial moment and after 4 weeks, it was found that the 
particles' size often decreases. When comparing the sizes of particles to the corresponding controls without 
K2, it was observed that the addition of K2 at pH 3.5 and pH 4.2 generally resulted in a slight increase in size. 
In contrast, at pH 4.8 a decrease in size was observed. 
 The Zeta potentials of particles were always negative and in the range between -15 and –27 mV. There 
were no significant changes when comparing zeta potential values at the initial moment and after 4 weeks. 
When comparing the zeta potential of the particles with the corresponding controls without K2, it was 
observed that the addition of K2 generally made the zeta values less negative. 
 
AAcckknnoowwlleeddggmmeennttss:: The project has received funding from the Research Council of Lithuania (LMTLT), 
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VLPs are nanostructures that self-assemble from viral capsid proteins and resemble or mimic the original 
virus in size, structure and symmetry. VLPs differ from viruses because they lack any genetic material and are 
therefore incapable of replicating independently and infecting host cells [1]. The absence of genetic material also 
means that VLPs are promising delivery vehicles for proteins, nucleic acids or small molecules. These particles 
were first used to create antiviral vaccines, and nowadays they can be used as display platforms for any kind of 
vaccine. Recently, VLPs have been utilized to deliver pharmaceutically active products to specific sites and into 
specific cells of the body [2].  

TdV1 virus was first identified in Torulaspora delbrueckii yeast strain Td70 and belongs to the Partitiviridae 
family’s genus Cryspovirus, which previously had been found exclusively in protozoa hosts. The TdV1 virus 
genome, like all Partitiviridae genomes, is comprised of two dsRNA segments encoding only two proteins: an 
RNA-dependent RNA polymerase (RdRp) and a coat protein (CP). TdV1 viral capsid is around 30 nm in diameter 
and is made of 120 capsid protein subunits. It has been shown that VLPs of TdV1 can be synthesized using a 
constitutive expression system in Saccharomyces cerevisiae [3]. However, at present much about TdV1 VLPs, 
including thermal and long-term stability, remains unexplored. 

The objective of this study was to synthesize and purify TdV1 VLPs using an inducible protein expression 
system in S. cerevisiae. To achieve this, the synthesis of recombinant viral protein was induced with 2 % galactose 
for 24 hours in S. cerevisiae strain BY4741-S2 transformed with pFX7 plasmid encoding TdV1 CP protein 
sequence. Viral particles assembled in yeast were purified from the lysate using sucrose cushion 
ultracentrifugation followed by cesium chloride density gradient ultracentrifugation. After both rounds of 
purification TdV1 CP protein with purity of 96 % and a yield of 0.078 mg of protein per gram of biomass was 
obtained. Finally, the stability of purified VLPs was tested using Fluorescent Thermal Shift Assay (FTSA). TdV1 
VLPs had the lowest thermal stability in citrate-phosphate buffer at pH 3 with an average melting temperature 
(Tm) of 31.7 °C, at a pH of 4 the Tm was 52.4 °C, while in the pH range from 5 to 8 VLPs had the highest thermal 
stability (Tm 63.0–67.8 °C). In phosphate buffer, thermal stability of TdV1 VLPs at pH 6 to 8 (Tm 66.6–67.8 °C) was 
comparable to stability in phosphate-citrate buffer. Particles had a slightly better stability in phosphate buffer 
with higher ionic strength (Tm 67.5 °C) in comparison to low ionic strength (Tm 65.6 °C). In general, TdV1 virus-like 
particles demonstrated high thermal stability in all tested conditions. 

 
 
 
  

 

 

 

 
 
[1] 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. 
[2] Mohsen, M. O., & Bachmann, M. F. (2022). Virus-like particle vaccinology, from bench to bedside. Cellular & Molecular Immunology, 19(9), 
993–1011.  
[3] Bartininkaitė, O. (2021). Torulaspora delbrueckii viruso TdV1 kapsidės baltymo struktūriniai ir taikomieji tyrimai. [Master’s thesis, Vilnius 
University]. 
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 Fucosylated compounds are associated with a wide range of biological processes in different forms of 
life. In mammalian cells, they play an essential role in various biological and pathological processes 
(embryogenesis, cell adhesion, signaling, regulation of the immune response, etc.). Fucosylated human milk 
oligosaccharides (HMOs) offer benefits to infants by acting as prebiotics, preventing the attachment of 
pathogens and potentially providing protection against infections. Although there is a clear demand for 
fucosylated compounds, their availability is limited due to the difficult and expensive chemical synthesis. 
Therefore, enzymatic synthesis using α-L-fucosidases is considered a better alternative. These enzymes 
catalyse the removal of L-fucose from glycosides by the cleavage of O-glycosyl bonds. Moreover, under 
certain conditions, they can perform a transfucosylation reaction (the transfer of a fucosyl group from the 
donor to the acceptor molecule) [1, 2]. The variety of fucosylated substrates for enzymatic transfucosylation 
is  limited. Substrates such as p-nitrophenyl-α-L-fucopyranoside (pNPFuc) are not suitable for the synthesis 
of prebiotics due to the toxicity of p-nitrophenol, which is formed during the hydrolysis of pNPFuc.  Therefore, 
alternative fucosylated substrates are being explored to perform enzymatic transfucosylation reactions with 
high yields and easily removable, less harmful by-products. As methyl-α-L-fucopyranoside and 1-
methoxyethyl-α-L-fucopyranoside could be potential alternative fucosyl group donors, we aimed to 
investigate whether α-L-fucosidases could hydrolyse these alkylated compounds and carry out 
transfucosylation.  
 We screened proteins from metagenomic libraries for their ability to hydrolyse methyl-α-L-
fucopyranoside and 1-methoxyethyl-α-L-fucopyranoside. Several metagenomic enzymes with hydrolytic 
activity towards both mentioned compounds and pNPFuc were selected for further investigation. Based on 
sequence bioinformatic analysis, these proteins were confirmed as α-L-fucosidases belonging to GH29 
hydrolase family. Using protein molecular structure predicting tools we identified conservative motifs and 
crucial aminoacid residues that could be linked to the enzymatic catalysis. Homology search of the 
investigated fucosidases revealed that they are homologous to proteins from bacteria belonging to the 
Actinomycetota and Bacillota phylum. A phylogenetic tree analysis further showed that the fucosidases in 
question are not closely related.  Recombinant proteins were successfully synthesised in Escherichia coli 
and purified. Although the yields were lower than with pNPFuc as fucosyl donor, the enzymes studied were 
capable of using both methyl-α-L-fucopyranoside and 1-methoxyethyl-α-L-fucopyranoside in 
transfucosylation reactions.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[1] B. Zeuner and A. S. Meyer (2020). Enzymatic transfucosylation for synthesis of human milk oligosaccharides. Carbohydrate research 
vol. 493: 108029 
[2] F. Guzmán-Rodríguez et al. (2019). Employment of fucosidases for the synthesis of fucosylated oligosaccharides with biological 
potential. Biotechnology and applied biochemistry vol. 66,2: 172-191. 
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 Carotenoids are colored fat-soluble pigments found in nature. These pigments not only give color to 
certain animals, plants, and microorganisms but also perform important, sometimes even critical functions 
in biological systems. The most important carotenoid in human nutrition is β-carotene, which has the highest 
antioxidant activity among all carotenoids and is the precursor of vitamin A [1]. Despite the advantages of β-
carotene, it has poor solubility in water, is sensitive to light, temperature, and oxygen, and is therefore 
chemically unstable. To solve this problem, various encapsulation methods are used, which are constantly 
improved to achieve higher encapsulation efficiency and stability of the encapsulated material. The most 
commonly used methods for β-carotene encapsulation are based on liposomes, emulsions, polysaccharide 
complexes, nanoparticles, and drying technologies. Encapsulation techniques have been found to offer 
possible solutions to enhance the bioavailability, water solubility, and stability of hydrophobic carotenoids [1].  
 One of the polysaccharides that can be used for carotene encapsulation is xylan. The hemicellulose 
xylan is a plant cell wall polysaccharide that accounts for a considerable mass percentage of many 
commercially relevant agricultural products, including food, forage, and timber [2]. Xylans have special 
gelling and film-forming properties for producing hydrogels that can be used as encapsulation matrices for 
the slow release of bioactive agents. Although there are studies demonstrating the successful application of 
xylan to encapsulate β-carotene [3], this area of research still needs to be developed. 
 This study aims to prepare a water-soluble β-carotene system by applying the encapsulation technique 
described in [4]. Xylan, derived from beechwood, was used as wall material. The synthesis of the β-
carotene/xylan complexes is based on the addition of β-carotene in acetone to heated water dispersion of 
xylan and the following instant evaporation of the organic solvent. Different ratios of compounds 
(carotene:xylan), i.e., 1:1, 1:3, 1:5, 1:10, and 1:20 (w/w), were tested to optimize the preparation of complexes. It 
was evaluated how the amount of entrapped β-carotene and the yield of the complex depends on the ratio of 
the components. To evaluate the relative stability of encapsulated β-carotene, the complexes were kept in 
different conditions for four weeks. Changes in the absorbance at 450 nm were measured at certain time 
points. HPLC analysis was performed to ensure that no carotene degradation occurs during the synthesis. 
 Based on the amount of entrapped β-carotene and the relative stability of the obtained complexes, the 
most favorable ratio of carotene/xylan was determined. Obtained water-soluble carotene complexes could 
find wider applications in the food industry, and not only. 
   
  
 
 
 
[1] Gul, K., Afshan, T., Singh, A. K., Singh, P., Yousuf, B. and Wani, A. A. (2015). Chemistry, encapsulation, and health benefits of β-carotene 
– a review. Journal of Food Scence and Technology, 1(1), 1. 
[2] Curry, T.M., Peña, M.J., Urbanowicz, B.R. (2023). An update on xylan structure, biosynthesis, and potential commercial applications. 
The Cell Surface, 9, 100101. 
[3] Straksys, A., Kavleiskaja, T., Gruskiene, R., Badokas, K., Sereikaite, J. (2022). New β-carotene-xylan complexes: preparation and 
characterization. Cellulose, 29, 8705. 
[4] Celitan, E., Gruskiene, R., Sereikaite, J. (2021). An Optimization Procedure for Preparing Aqueous CAR/HP-CD Aggregate Dispersions. 
Molecules, 26, 7562. 
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 Lipoxygenases (LOX) are enzymes that catalyse the peroxidation of unsaturated fatty acids into fatty 
acid hydroperoxides. These hydroperoxides are of particular interest due to their ability to be readily 
transformed into a variety of valuable compounds. These compounds can be used across a broad spectrum 
of applications, ranging from the production of oleochemicals to the creation of flavour compounds, the 
synthesis of signalling compounds, and their use as food additives [1]. While the most extensive research has 
been conducted on human enzymes, bacterial lipoxygenases were only recently discovered, and research in 
this area is still in its early stages. In this study we employed transgenic Pichia pastoris, which contains 
Pseudomonas aeruginosa lipoxygenase (PaLOX) gene integrated into its genome. The construct ensures 
methanol-induced protein expression and secretion. PaLOX is a resilient enzyme, that exhibits considerable 
activity at high temperatures and can peroxidize not only linoleic and linolenic acids, but also arachidonic 
acid and oleic acid, demonstrating a diverse range of substrates [2]. Thus, this enzyme can be efficiently used 
as an eco-friendly alternative to traditional chemical catalysts.  
 Initial experiments with the aforementioned construct revealed successful LOX expression, but low 
protein yield. It is common for recombinant protein expression systems to require optimization. Furthermore, 
it is important to note that each protein expression system is distinct, and the optimal conditions may vary 
depending on the target proteins. Therefore, this study aimed to optimise the expression of lipoxygenase in 
the chosen construct. The optimization process involved determining optimal cultivation temperature and 
duration. Additionally, experiments were carried out to optimise LOX expression induction, including testing 
the impact of different methanol concentrations, feeding intervals, and methanol/sorbitol cofeeding 
strategies. Optimal conditions have been determined by analysing protein concentration measurements, 
SDS-PAGE and lipoxygenase activity assay. The detailed presentation of the findings will be showcased at 
the poster session. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[1] Chrisnasari, R., Hennebelle, M., Vincken, J., Van Berkel, W., & Ewing, T. A. (2022). Bacterial lipoxygenases: Biochemical characteristics, 
molecular structure and potential applications. Biotechnology Advances, 61, 108046.  
[2] Hashem, C., Stolterfoht, H., Rinnofner, C., Steinberger, S., Winkler, M., & Pichler, H. (2020). Secretion of Pseudomonas aeruginosa 
Lipoxygenase by Pichia pastoris upon Glycerol Feed. Biotechnology Journal, 15(11). 
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 While most chemical drugs readily diffuse into cells, their non-specific action on healthy cells can 
substantially reduce therapeutic efficacy and result in adverse health effects. Virus-like particles (VLPs) are 
envisioned as a tool to enhance the efficacy and tissue-specificity of drugs by taking advantage of viruses' 
innate capacity to protect and transport cargo (viral genome) to their intended destination. These are self-
assembling nanoparticles made of viral capsid proteins that resemble natural viruses in all but the ability to 
replicate, which is impossible due to the lack of genetic material. Their empty internal space can be utilized 
to encapsulate small molecules, peptides, proteins, and nucleic acids, while their surface can be modified to 
achieve targeted delivery [1]. 
 ScV-L-A1 virus is a member of the virus family Totiviridae which was found to be stably maintained in 
15 out of 70 wild Saccharomyces cerevisiae strains by means of its‘ double-stranded RNA genome being 
shielded and delivered from cell to cell by a capsid composed of 120 units of major capsid protein Gag [2]. 
Given the prevalence of S. cerevisiae in the natural human environment [3], it may be possible to employ L-
A1 VLPs for nano-delivery of biomaterials into human or animal cells. Therefore, the main goal of this study 
was to examine the properties of L-A1 VLPs purified from S. cerevisiae to evaluate their potential use as a 
nano-delivery system. 
 The VLPs were obtained by inducing synthesis of the recombinant major capsid protein of L-A1 in 
S. cerevisiae and consequently purifying them by ultracentrifugation of lysate through a sucrose cushion and 
cesium chloride density gradient. The formation of 41.3±1.6 nm L-A1 VLPs, which were similar in size to the 
original L-A1 virus (~40.0 nm) [4], was demonstrated using transmission electron microscopy (TEM) and 
dynamic light scattering (DLS) techniques. To gain an insight into the particle stability, the effects of buffer 
identity, ionic strength, pH, and Mg2+ ions on the size of L-A1 VLPs were evaluated by DLS method. Yet after 
monitoring the particle size in different conditions for 8 weeks, it was found that none of these factors had 
affected particle size stability. Fluorescent thermal shift assay confirmed this observation by finding that the 
previously listed factors had no substantial influence on the two distinctive melting temperatures of L-A1 
VLPs (~58 °C and ~65 °C). Given that the particles demonstrated stability across a wide range of conditions, 
the development of the nano-delivery system was advanced by performing encapsulation through passive 
diffusion. For this purpose, the particles were incubated with the antimicrobial peptide nisin, and later 
exposed to Bacillus subtilis and Staphylococcus aureus to determine the efficacy of encapsulation. 
Encapsulation and cargo transport into the cells were successful, as evidenced by the similar diameter of 
the inhibition zones with both free and encapsulated nisin. Even though the refined VLPs were shown to be 
highly stable and the efforts to entrap cargo by passive diffusion succeeded, more research on cytotoxicity 
and alternative encapsulation techniques must be done before applying them for nano-delivery.  
 

 
[1] Chung, Y. H., Cai, H., & Steinmetz, N. F. (2020). Viral nanoparticles for drug delivery, imaging, immunotherapy, and theranostic 
applications. Advanced Drug Delivery Reviews, 156, 214-235. 
[2] Wickner, R. B., Fujimura, T., & Esteban, R. (2013). Viruses and prions of Saccharomyces cerevisiae. Advances in Virus Research, 86(1). 
[3] Garcia-Mazcorro, J. F., et al. (2020). Are there indigenous Saccharomyces in the digestive tract of livestock animal species? 
Implications for health, nutrition and productivity traits. Animal, 14:22–30. 
[4] Naitow, H., et al. (2002). L-A virus at 3.4 Å resolution reveals particle architecture and mRNA decapping mechanism. Nature 
Structural & Molecular Biology 9, 725-728. 
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 Amidohydrolases are a large class of enzymes catalysing the hydrolysis of a wide range of substrates 
bearing amide or ester functional groups at the carbon and phosphorus centers. Due to their functionality 
amidohydrolases are applicable in various fields: starting from researches assaying their role in metabolic 
pathways, such as the metabolism of certain amino acids and nucleotides, and ending with the usage of these 
enzymes in chemical synthesis, food and cosmetic industry. Nevertheless, insufficient choice of therapeutic 
substrates and the complex adaptation of already existing therapeutic agents remain a common problem 
regarding the application of amidohydrolases in biotherapy. 
 Therefore, the aim of this study was to select variants of YqfB bacterial amidohydrolase capable of 
converting N2-pivaloylisocytosine, thus expanding the substrate spectrum of this enzyme. Firstly, random 
mutagenesis of the sequence encoding YqfB amidohydrolase was performed by error-prone PCR. Next, a 
uracil auxotrophy-based Escherichia coli strain (HMS174∆pyrF∆yqfB∆codA) was transformed with the 
putative mutant sequences and grown on agar plates with synthetic minimal medium supplemented with N2-
pivaloylisocytosine as the sole source of uracil. The plasmid used in the transformation also contained a gene 
encoding Vcz isocytosine deaminase, suggesting that if the mutant YqfB variant is capable of hydrolyzing N2-
pivaloylisocytosine, isocytosine will be generated and then converted to uracil, allowing bacteria to grow in 
mineral medium. After incubation at 37 °C overnight, a few of the largest bacterial colonies were selected 
and transferred to a new plate together with wild-type YqfB amidohydrolase-containing bacteria as a 
negative growth control. After a 48-hour incubation at 37 °C, the bacterial clones with the highest growth 
efficiency were selected and plasmids encoding potentially mutant YqfB amidohydrolases were purified and 
sequenced. The results showed nucleotide substitutions at several different positions altering the amino acid 
sequence of YqfB amidohydrolase. The efficient growth of bacteria expressing mutant YqfB variants suggests 
that the mutations detected may affect the substrate specificity of this enzyme, but further in vitro studies 
are needed to confirm this. 
 In conclusion, this study has shown that in vitro protein evolution is a promising approach to expand 
the substrate spectrum of amidohydrolases, which would make these enzymes more amenable to 
biotherapeutic applications. 
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Pyrethroids are synthetic pesticides used worldwide to control pests in agricultural and public 

environments [1,2]. Different pyrethroids have high insecticidal potential, however, they do not degrade 
immediately after use and their persistent use can have detrimental effect on non-target organisms and 
contaminate natural habitats. As one of the solutions to the problem, microbial lipolytic enzymes 
(carboxylesterases EC 3.1.1.1, lipases EC 3.1.1.3), among some other enzymes, due to their broad substrate 
specificity, thermos-, pH and other attractive characteristics can be a new and effective means of removing 
pyrethroids from the environment [3]. 

In this study samples of plant growing substrate from two Lithuanian farmlands were used for the 
conventional search of the target, pyrethroid-degrading bacteria. For this purpose, enrichment culture using 
pyrethroids as a sole carbon source was employed for the isolation of the bacteria breaking-down permethrin. 
Isolated cultures were selected and identified employing 16S rDNA analysis:   16S rRNA gene PCR, gene 
sequencing and phylogenetic analysis. After identification of target bacteria, 11 cultures belonging to 
Pseudomonas, Staphylococcus, Micrococcus, Rhodanobacter, Priestia sp. were evaluated by the size of 
hydrolysis zones formed around their colonies in solid minimal salts media enriched with permethrin and the 
most active were selected or the further study. To determine that particularly lipolytic enzymes synthesized by 
the selected bacteria are involved in the degradation of pyrethroids, zymographic analysis using tributyrin and 
permethrin as substrates was employed. Two cultures belonging to Pseudomonas sp. (according to the 
phylogenetic analysis most likely belonging to Pseudomonas knackmussii, Pseudomonas fluorescens) were 
determined to have enzymes of ~70 kDa in the zymograms active towards both tributyrin and permethrin. Other 
cultures have shown to have enzymes (50-100 kDa) active towards tributyrin only.  

 Further, enzymes from supernatants of most active strains – Pseudomonas, Rhodanobacter, Priestia 
sp., were precipitated with ammonium sulphate, dialyzed, and concentrated. Fractions (supernatants, 
precipitates before and after dialysis and concentration) were tested for lipolytic activity using a synthetic 
substrate p-nitrophenyl butyrate (p-NPB). Hydrolysis product of p-NPB allowed to determine lipolytic activity 
colorimetrically. p-NPB substrate was chosen to preliminarily assess the possibility that pyrethroid-degrading 
lipolytic enzymes may be present in the purification fractions through the detection of overall lipolytic activity 
(possibly derived from both lipases and/or carboxylesterases). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[1] Cycoń, M., & Piotrowska-Seget, Z. (2016). Pyrethroid-degrading microorganisms and their potential for the bioremediation of 
contaminated soils: a review. Frontiers in microbiology, 7, 1463.  
[2] Huang, Y., Lin, Z., Zhang, W., Pang, S., Bhatt, P., Rene, E. R., ... & Chen, S. (2020). New insights into the microbial degradation of D-
cyphenothrin in contaminated water/soil environments. Microorganisms, 8(4), 473.  
[3] Bhatt, P., Bhatt, K., Huang, Y., Lin, Z., & Chen, S. (2020). Esterase is a powerful tool for the biodegradation of pyrethroid 
insecticides. Chemosphere, 244, 125507 
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Biopolymers have gathered increasing attention over the last few years as a sustainable and 

convenient option for specialized uses. One such remarkable biopolymer is bacterial cellulose produced by 
various species of bacteria, including the genera Acetobacter, Gluconobacter, Komagataeibacter, Rhizobium, 
Agrobacterium, and Sarcina. The unique properties that make bacterial cellulose applicable in the medical 
field and food industry include biocompatibility, mechanical stability, and high water retention. However, 
bacterial cellulose must be modified to fully meet the needs of wound care, localized delivery systems, or in 
vivo degradability [1]. The readily functional material manipulation of biological systems can be applied for 
the most optimal production process. Introducing the chitin monomer N-acetylglucosamine into the bacterial 
cellulose structure achieves a modifiable platform through deacetylation and amino group reactivity. 
Additionally, incorporation of N-acetylglucosamine monomers into the bacterial cellulose structure offers 
recognizable sites for in vivo degradation. 
 The aim of this study is to assess Komagataeibacter xylinus ability to produce bacterial cellulose – 
chitin copolymer using feeding experiments and genetic engineering. Based on previous work with K. xylinus, 
cellulose synthase can recognize UDP-N-acetylglucosamine as well as natural substrate UDP-glucose and 
insert into bacterial cellulose structure, yet further analysis on such biopolymers and their properties is still 
needed [2]. To produce bacterial cellulose-chitin copolymer, varying amounts of N-acetylglucosamine were 
supplemented to cultivation media as an additional carbon source for K. xylinus. In addition to feeding 
experiments with wild type K. xylinus, bacteria were modified using chitin metabolism genes from Candida 
albicans to improve the intracellular concentration of UDP-N-acetylglucosamine. Two strategies of 
engineering metabolic pathways were applied: either the operons for N-acetylglucosamine uptake or in vivo 
synthesis were put under constitutive expression of strong Anderson promoter or inducible PBAD promoter. 
The composition of bacterial cellulose copolymers was analyzed by thin layer chromatography and HPLC-MS. 
 In the future, deacetylation of bacterial cellulose-chitin would result in an enhanced chemical reactivity 
of bacterial cellulose-chitosan polymer. This would allow specific functionalization in the biomedicine field, 
such as scaffold design. In addition, incorporation of N-acetylglucosamine would result in a material for 
wound care that can be degraded by the lysozyme [2]. 

[1] Choi, S. M., Rao, K. M., Zo, S. M., Shin, E. J., & Han, S. S. (2022). Bacterial cellulose and its applications. Polymers, 14(6), 1080. 
[2] Yadav, V., Paniliatis, B. J., Shi, H., Lee, K., Cebe, P., & Kaplan, D. L. (2010). Novel in vivo degradable cellulose-chitin copolymer from 
metabolically engineered gluconacetobacter xylinus. Applied and Environmental Microbiology, 76(18), 6257–6265. 
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 In the constantly evolving field of molecular biology and biotechnological applications, the identification 
and deployment of efficient gene expression inducers stand as a cornerstone for advancing research and 
industrial processes. Traditionally, Isopropyl β-D-1-thiogalactopyranoside (IPTG) has dominated this space, 
known for its effectiveness in activating the lac operon in prokaryotic models such as Escherichia coli [1].  
However, the limitations of IPTG, including its cost and potential cellular toxicity [1], prompt the search for 
alternative inducers that are not only cost-effective but also environmentally benign and biologically efficient 
[1]. This study addresses this gap by evaluating the potential of milk permeate (MP) and Galacto-
oligosaccharides (GOS) as novel inducers, benchmarking them against IPTG in terms of gene expression 
efficacy. 
 Our research objectives were twofold: first, to ascertain whether these alternative inducers could 
match or exceed IPTG's efficiency in gene expression regulation; and second, to evaluate the sustainability 
and economic viability of using MP and GOS in biotechnological applications. To achieve these objectives, we 
use E. coli BL21 (DE3) recombinant cells, that produce three different proteins – GD-95RM lipase [2], GDEstLip 
fused enzyme [3], and Streptomyces scabiei cutinase [4]. We induced them using three inductors and 
compared the protein expression levels and qualities between IPTG, MP and GOS. 
 The findings of our study reveal that MP and GOS not only present a comparable ability to induce gene 
expression in E. coli BL21 (DE3) but also highlight the added benefits of these inducers in terms of their 
environmental impact and cost-effectiveness. Both MP and GOS, readily available by-products of dairy 
processing, demonstrate significant promise as a sustainable alternative, showcasing similar, if not 
enhanced, protein expression levels in comparison to IPTG. 
 The significance of this research lies not only in its contribution to expanding the current toolkit of 
gene expression inducers but also in its alignment with the urgent need for more sustainable and 
economically feasible biotechnological practices. By presenting MP and GOS as viable alternatives to IPTG, 
this study paves the way for future innovations in gene regulation, promising a new era of efficient, cost-
effective, and environmentally friendly biotechnology. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[1] Khani, M. H., & Bagheri, M. (2020). Skimmed milk as an alternative for IPTG in induction of recombinant protein expression. Protein 
expression and purification, 170, 105593. 
[2] Druteika, G., Sadauskas, M., Malunavicius, V., Lastauskiene, E., Statkeviciute, R., Savickaite, A., & Gudiukaite, R. (2020). New 
engineered Geobacillus lipase GD-95RM for industry focusing on the cleaner production of fatty esters and household washing product 
formulations. World Journal of Microbiology and Biotechnology, 36, 1-15. 
[3] Gudiukaite, R., Sadauskas, M., Gegeckas, A., Malunavicius, V., & Citavicius, D. (2017). Construction of a novel lipolytic fusion biocatalyst 
GDEst-lip for industrial application. Journal of Industrial Microbiology and Biotechnology, 44(6), 799-815. 
[4] Greicius, A., Baliutavicius, T., Lastauskiene, E., & Gudiukaite, R. (2022). Application of milk permeate as an inducer for the production 
of microbial recombinant lipolytic enzymes. Fermentation, 9(1), 27. 



44

A29
EXPLORING THE DEPOLYMERASE ACTIVITY OF TAILSPIKE PROTEIN 

gp45 FROM Aeromonas-INFECTING PHAGE vB_AveS_KLEA5 
Vedegytė M.1, Krylovaitė E.1, Šimoliūnas E.1 and Šimoliūnienė M.1 

 
1Department of Molecular Microbiology and Biotechnology, Institute of Biochemistry, Life Sciences Centre, 

Vilnius University, Saulėtekio av. 7, Vilnius, Lithuania 
migle.vedegyte@gmc.stud.vu.lt 

 
Bacterial resistance to antibiotics is a huge problem rising constantly and spreading rapidly since 

the past decade. It is crucial to explore alternative approaches for combating them. One potential option is 
to use bacteriophages and/or their components as antibacterial agents. Therefore, we aimed to study a 
specific Aeromonas infecting phage vB_AveS_KLEA5 (shorter, common name KLEA5) by investigating the 
probable depolymerase-like activity of its tailspike protein gp45 in vitro. 

Bioinformatics analyses showed that the tailspike protein gp45 had no close homologues in NCBI 
database and demonstrated the highest BLASTp similarity (29.55% identity) to tailspike protein 
(YP_010356196) from Dompsiwa phage TSP7_1.  The gp45 contained conserved Tail_spike_N domain, which 
is associated with receptor-binding proteins and potentially harboring depolymerase activity crucial for 
recognizing bacterial cell surface elements. 

To study the potential activity of gp45 in vitro, the g45 of KLEA5 phage was successfully cloned into 
two inducible vectors, pET21a and pCDF, with His-Tag attached to the C- or N- terminus, respectively. The 
recombinant proteins were expressed in E. coli BL21(DE-3), purified and analyzed by SDS-PAGE. It was 
showed that proteins were soluble, with a size of approximately 70 kDa. To explore the activity of the 
recombinant gp45, spot tests on double-layer agar using Aeromonas veronii strain KR2-5 as host were 
performed. After 20-hours of incubation at 22°C, both gp45N-his and gp45C-his variants formed visible 
turbid zones - indicators of depolymerase activity of these proteins. Additionally, protein-cell interaction 
studies were conducted, demonstrating that gp45 of KLEA5 potentially is not a receptor-binding protein. 
However, we hypothesize that protein potentially hydrolyzes a certain part of LPS, as we observe reduced 
cell viability. Nevertheless, further investigation is required to confirm this hypothesis. 

The results of this study not only expand our understanding of Aeromonas-infecting bacteriophages 
but also provide innovative insights into their potential therapeutic and biotechnological applications for 
addressing bacterial infections. 
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 Allergic diseases are a common health problem that affects all of humanity. There is no precise 
statistical data on the prevalence of allergies, but studies have shown that the percentage of people with 
allergies varies between 20% and 40% in different countries [1]. According to the World Health Organization, 
by the year 2050, as much as 50% of the world's population will suffer from allergic diseases. The high 
prevalence of allergic diseases in the human population is due to human diet, climate change, and air 
pollution [2]. Sources of allergens can vary and may include pollen, dust mites, certain food, and 
pharmaceuticals. The most common allergens are proteins. Allergies are an overreaction of the immune 
system to molecules that are harmless to most people. The presence of allergens in the human body triggers 
the synthesis of antigenspecific immunoglobulin E, which can cause allergy symptoms such as coughing, 
skin rashes, a runny nose, and sneezing. Allergic asthma, allergic rhinitis, and eczema are the most common 
allergic diseases caused by a compromised immune system [3]. Allergen-specific immunotherapy is so far 
the only therapeutic approach that allows for modulating the immune response and can prevent the 
development of allergic diseases. The use of recombinant hypoallergens in allergen-specific immunotherapy 
may help to modulate the immune response to the target allergen and induce immune tolerance to it. 
Molecules known as hypoallergens are less likely to induce an allergen-specific IgE response but have the 
ability to elicit the T cell response. Also, the use of hypoallergens in therapy reduces the risk of side effects 
such as allergy symptoms or even anaphylactic shock [4]. 
 The aim of this study was to generate and analyze mutants of the Artemisia vulgaris allergen 
component Art v 3. Amino acids potentially involved in IgE-binding epitope formation were identified based 
on the literature review and bioinformatic analysis. Eleven variations of the Art v 3 allergen component were 
selected for the research. Three of them were successfully generated, and following experiments were 
focused on the synthesis of these mutants in E. coli. The results of these experiments provide important 
findings for the elaboration of immunotherapeutic tools for allergen-specific immunotherapy.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[1] Boehmer, D., Schuster, B., Krause, J., Darsow, U., Biedermann, T., & Zink, A. (2018). Prevalence and treatment of allergies in rural 
areas of Bavaria, Germany: a cross-sectional study. The World Allergy Organization journal, 11(1), 36.  
[2] Dbouk, T., Visez, N., Ali, S., Shahrour, I., & Drikakis, D. (2022). Risk assessment of pollen allergy in urban environments. Scientific 
Reports, 12(1), 21076. 
[3] Wang, J., Zhou, Y., Zhang, H., Hu, L., Liu, J., Wang, L., Wang, T., Zhang, H., Cong, L., & Wang, Q. (2023). Pathogenesis of allergic diseases 
and implications for therapeutic interventions. Signal Transduction and Targeted Therapy, 8(1), 138. 
[4] Akinfenwa, O., Rodríguez-Domínguez, A., Vrtala, S., Valenta, R., & Campana, R. (2021). Novel vaccines for allergen-specific 
immunotherapy. Current Opinion in Allergy & Clinical Immunology, 21(1), 86–99. 
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 One of the most important techniques in modern biological research is single-cell RNA sequencing 
(scRNA-seq), which enables single-cell gene expression pattern analysis, cellular heterogeneity 
characterization, and cell type identification [1]. Its significance extends across various fields, including 
immunology, developmental biology, and cancer research. To this day, droplet-based scRNA-seq techniques 
like Drop-Seq, inDrop, and Chromium 10X remain the most widely used and accessible methods. However, 
one of the biggest limitations of such techniques is the low RNA capture efficiency and increased background 
noise when processing challenging samples. 
 Here, we present a newly developed scRNA-seq technique based on semi-permeable capsules (SPCs). 
SPCs allow passive diffusion of small DNA molecules like primers or double-stranded adapters, harsh cell 
lysis conditions, as well as multiple buffer exchanges [2]. Therefore, cell inhibitors, RNases, proteinases, and 
other components that interfere with downstream processes can be removed with ease before conducting 
an enzymatic reaction on single cells. Moreover, the SPCs-based scRNA-seq method boasts ultra-high 
throughput due to its combinatorial indexing (split-pool) approach, allowing the processing of up to millions 
of cells and multiple samples simultaneously with easy sample demultiplexing. 
 In this study, we showcase the scRNA-seq application on white blood cells using SPCs and recover 
cell types that usually remain undetected when using regular droplet-based scRNA-seq techniques. 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
 
[1] Hwang, B., Lee, J. H., & Bang, D. (2018). Single-cell RNA sequencing technologies and bioinformatics pipelines. Experimental & 
Molecular Medicine, 50(8), 1–14. 
[2] Leonavičiene, G., & Mažutis, L. (2023). RNA cytometry of single-cells using semi-permeable microcapsules. Nucleic Acids Research, 
51(1), e2. 
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Recombinant antibodies (RAbs) are generated in vitro using synthetic genes and are crucial in 

diagnostics, research, biotechnology, and therapeutics due to their remarkable specificity for targets, 
stability, and ease of modification [1]. Yeasts are often preferred in RAbs production systems due to their ease 
of genetic modification and cultivation, which helps improve cost-effectiveness. Kluyveromyces marxianus 
is recognized for its efficient production and secretion of properly folded and active native and recombinant 
proteins, including RAbs [2]. To enhance RAbs production technologies, yeast strains can be genetically 
modified to improve their protein secretion properties. 

Protein glycosylation, an essential protein post-translational modification, involves attaching glycans 
to proteins, ensuring their proper folding, activity, and stability. Dolichol kinase (DK), encoded by the SEC59 
gene, plays a crucial role in glycosylation within the endoplasmic reticulum [3]. Lower DK activity and 
subsequent changes in glycosylation levels, along with alterations in the activity of other proteins in the 
secretory pathway, may result in enhanced secretion of recombinant proteins [4]. Additionally, improved 
secretion of RAbs can be achieved by reducing the activity of intracellular peptidases, as RAbs are highly 
prone to proteolysis and degradation [5]. 

The aim of this study was to construct a K. marxianus strain capable of secreting RAbs more efficiently, 
using CRISPR-Cas9 technology. To achieve this, we engineered a yeast K. marxianus WSS-∆pep4 strain by 
introducing mutations that resulted in G418S and I432S changes in the DK amino acids, while also disrupting 
the gene encoding vacuolar peptidase (PEP4). The mutations in the DK-encoding gene resulted in noticeable 
changes in DK activity, as indicated by reduced glycosylation efficiency of carboxypeptidase Y in the WSS 
strain. Additionally, disruption of the PEP4 gene in yeast led to reduced subsequent degradation of RAbs. 
Western blot analysis showed that the constructed K. marxianus WSS-∆pep4 mutant strain demonstrated 
enhanced secretion capability for the single-chain antibody fragment (scFv) linked to an antibody fragment 
crystallizable Fc (scFv-Fc) when compared to the wild-type K. marxianus strain. This enhanced secretion 
efficacy was observed for scFv-Fc against Gardnerella vaginalis vaginolysin. However, it is important to note 
that the secretion of RAbs in yeast also depends on the specific characteristics of the protein, indicating the 
need for further studies. This newly developed K. marxianus WSS-∆pep4 mutant strain holds promising 
potential for future research aimed at improving RAbs production technologies. 
 
  
 
 
 
 
 
 
[1] Peltomaa, R., Barderas, R., Benito-Peña, E., & Moreno-Bondi, M. C. (2022). Recombinant antibodies and their use for food 
immunoanalysis. Analytical and Bioanalytical Chemistry, 414(1), 193–217. 
[2] Nambu-Nishida, Y., Nishida, K., Hasunuma, T., & Kondo, A. (2018). Genetic and physiological basis for antibody production by 
Kluyveromyces marxianus. AMB Express, 8(1), 56. 
[3] Kale, D., Kikul, F., Phapale, P., Beedgen, L., Thiel, C., & Brügger, B. (2023). Quantification of dolichyl phosphates using phosphate 
methylation and reverse-phase liquid chromatography–high resolution mass spectrometry. Analytical Chemistry, 95(6), 3210–3217. 
[4] Žiogienė, D., Valavičiūtė, M., Norkienė, M., Timinskas, A., & Gedvilaitė, A. (2019). Mutations of Kluyveromyces lactis dolichol kinase 
enhances secretion of recombinant proteins. FEMS Yeast Research, 19(3), foz024. 
[5] Kour, D., Rana, K. L., Thakur, S., Sharma, S., Yadav, N., Rastegari, A. A., Yadav, A. N., & Saxena, A. K. (2019). Chapter 3 – Disruption of 
protease genes in microbes for production of 63 heterologous proteins. H. B. Singh, V. K. Gupta, & S. Jogaiah (Sud.), New and Future 
Developments in Microbial Biotechnology and Bioengineering (p. 35–75). Elsevier. 
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The identification of urea in serum, urine and other biological fluids is an essential diagnostic test 
routinely performed in clinical laboratories. Urea is a waste product generated during protein metabolism, 
which is excreted by the kidneys through the urine. Elevated levels of urea in the blood and decreased in 
the urine, may indicate liver and kidney dysfunction and some other health issues. Therefore, measuring 
urea levels is crucial for diagnosing and monitoring various medical conditions, especially those related to 
renal function. [1] 

Traditional methods for urea determination often involve complex procedures and time-consuming 
analyses. Electrochemical biosensors offer an innovative and effective alternative to these challenges with 
the potential applications in various fields. These biosensors can be an important resource for the 
development of modern diagnostic tools, which can be applied in personalized medicine [2]. Biosensor 
technologies have created the ability to make high-sensitivity and quick measurements, while providing 
valuable information in real time monitoring. Electrochemical biosensors are analytical instruments that 
combine biological elements with a transducer to detect and quantify the composition of biological samples 
and to determine the concentration of an analyte in a sample. [3] 

A graphene-based nanomaterials are being discovered to be promising for the development of 
amperometric biosensors. These nanomaterials have a lot of advantages such as large surface area, which 
is beneficial for the immobilization of enzymes, also high electrical conductivity, conditionally low prices, 
and good biocompatibility. The synergistic effect of functional graphene groups influences biosensor’s 
sensitivity, selectivity, and overall electrochemical performance. [4]  

The aim of the study is to determine the influence of graphene functional groups on the 
performance of the amperometric urea biosensor. In this study, enzyme urease (EC 3.5.1.5) was 
immobilised into a synthesized layer of different carbonaceous nanomaterials by forming an adjustable 
membrane for amperoemtric biosenor, which can be easily replaced when the biosensor’s sensitivity 
decreases. Thus, six different biosensor’s membranes were formed: 1) with reduced graphene oxide and 
amino functional chemical groups, 2) with reduced graphene oxide and carboxy functional chemical groups, 
3) with reduced graphene oxide and sulfo functional chemical groups, 4) with graphene, 5) with graphene 
oxide, 6) with thermally reduced graphene oxide. The amperometric urea biosensor was adjusted to 
operate in a three-electrode electrochemical cell (counter electrode – Titanium plate, reference electrode – 
Ag/AgCl and working electrode – constructed biosensor). The linear limits, sensitivity and stability of the 
biosensors were determined. Also, the optimal operating conditions (temperatures, pH, electrode potential) 
of the biosensors were determined. After comparison between the membranes and selection of the best 
one, the selected biosensor was tested with serum and artificial urine. The results were compared with 
data obtained using an analogous colorimetric method. 

 

 

 

[1] Faulkner, W. R., King, J. W., & Damm, H. C. (1968). Handbook of clinical laboratory data. (No Title).  
[2] Botewad, S. N., Gaikwad, D. K., Girhe, N. B., Thorat, H. N., & Pawar, P. P. (2023). Urea biosensors: A comprehensive 
review. Biotechnology and Applied Biochemistry, 70(2), 485-501.  
[3] Turner, A., Karube, I., & Wilson, G. S. (1987). Biosensors: fundamentals and applications. Oxford university press.  
[4] Razumiene, J., Gureviciene, V., Sakinyte, I., Rimsevicius, L., & Laurinavicius, V. (2020). The synergy of thermally reduced graphene 
oxide in amperometric urea biosensor: application for medical technologies. Sensors, 20(16), 4496. 
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Carbonic anhydrases (CA) are enzymes that catalyze the reversible reaction of the hydration of carbon 

dioxide to the bicarbonate ion and the acid proton (CO2 + H2O ⇌ H2CO3 ⇌ HCO3– + H+). These enzymes are 
involved in a range of physiological processes, such as acid-base homeostasis, calcification, carbon dioxide 
transport, pH and fluid balance regulation in the body [1]. Total 12 active CA isozymes are found in the human 
body, all belonging to the α-CA family. Impaired activity of CAs has been associated with a variety of diseases 
such as glaucoma, obesity, epilepsy, and perhaps gaining the most attention recently, cancer [2]. 

Carbonic anhydrase IX (CAIX) is a dimeric membrane protein (Fig. 1A), that is overexpressed in many 
human cancerous tumors, but also can be found in the stomach and testes of healthy individuals. CAIX is 
mainly found on the surface of cancer cells and promotes cell proliferation and tumor growth under hypoxic 
conditions. This is the reason why CAIX is considered to be a promising target for cancer treatment and 
diagnosis. For this purpose, CAIX activity inhibitors are being developed. They must be not only effective, but 
also specific, i.e. not interacting with other CAs, thus avoiding unwanted side effects. Compounds that exhibit 
high affinity and selectivity for CAIX show promising therapeutic and tumor visualization potential. 

  
FFiigguurree  11. AA.. Structure of CAIX; PG, proteoglycan-like segment; CA, carbonic anhydrase catalytic domain; TM, 
transmembrane anchor; IC, intracytoplasmic tail. BB.. Three-dimensional structure of human CAIX catalytic 

domains in complex with VD11-4-2 (PDB ID: 6FE0). 
 
When developing new drugs, compounds are first evaluated using in vitro systems and only later 

moved to preclinical and clinical studies. Both 2D and 3D cell culture models can be used in preliminary 
studies to determine the cellular effects. Chemical compounds, used in this work, were high affinity and 
selectivity CAIX inhibitors, synthesized in the Department of Biothermodynamics and Drug Design. The 
structure of one such inhibitor, VD11-4-2, bound to CAIX is shown in Fig. 1B [3]. 

The main aim of this work was to determine the effect of human CAIX inhibitors on 2D and 3D cancer 
cell cultures. Cytotoxicity of compounds in HeLa cells (2D) was tested using the MTT reagent. Concentrations 
that are lethal for 50% of the cell population (LC50) under normoxic (37°C, 21% O2) and hypoxic (37°C, 1% O2) 
conditions were determined by applying the Hill equation. In addition, the effect of inhibitors on HeLa cells 
grown as spheroids (3D) was evaluated. The spheroids were observed and photographed with an EVOS FL 
Auto microscope every 2 days for 14 days after compound addition to the medium. The diameter of the 
spheroids was analyzed with AnaSP program. Inhibitors had similar effect on 2D and 3D cultures, however, 
3D model showed higher sensitivity. In addition, the dissociation constants of CAIX inhibitors in live HeLa and 
A549 cells were determined by applying a competitive dosing method. 
 
[1] Zamanova, S., Shabana, A. M., Mondal, U. K., & Ilies, M. A. (2019). Carbonic anhydrases as disease markers. Expert Opinion on 
Therapeutic Patents, 29(7), 509–533. https://doi.org/10.1080/13543776.2019.1629419  
[2] Chegwidden, W.R. (2021). The Carbonic Anhydrases in Health and Disease. In: Chegwidden, W.R., Carter, N.D. (Eds.), The Carbonic 
Anhydrases: Current and Emerging Therapeutic Targets. Progress in Drug Research, vol. 75. Springer, Cham. 
https://doi.org/10.1007/978-3-030-79511-5_1  
[3] Kazokaitė, J., Niemans, R., Dudutienė, V., Becker, H. M., Leitāns, J., Zubrienė, A., Baranauskienė, L., Gondi, G., Zeidler, R., Matulienė, 
J., Tārs, K., Yaromina, A., Lambin, P., Dubois, L. J., & Matulis, D. (2018). Novel fluorinated carbonic anhydrase IX inhibitors reduce 
hypoxia-induced acidification and clonogenic survival of cancer cells. Oncotarget, 9(42), 26800–26816. 
https://doi.org/10.18632/oncotarget.25508  
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Enzyme biosensors are beneficial tools in pharmacology, clinical practice, agriculture, food quality control, 

monitoring of infectious disease pathogens and the spread of environmental pollution factors [1–4]. 
Sarcosine is a non-proteinogenic amino acid derivative playing an important role as a metabolic 

intermediate in glycine methylation and creatine hydrolysis. While typically present in trace amounts in human 
serum or urine, elevated levels may signal various diseases including Alzheimer's, dementia, sarcosinemia, and 
prostate cancer, making it a promising biomarker [5]. Additionally, sarcosine is found in a variety of food sources 
such as egg yolks, legumes, nuts, vegetables, and meats. Therefore, the accurate quantification of sarcosine 
holds significant importance in clinical chemistry, as well as in the food and fermentation industries [6].  

Ferrocene and its derivatives are commonly employed as mediators due to their advantageous qualities 
for electron transfer, including reversibility, low-potential regeneration, and stable redox states [7]. However, the 
use of free mediators can pose challenges such as mediator leakage or sample contamination. Therefore, 
reagentless devices can be developed, where all components are secured on the electrode surface. 

In this study, we demonstrate the application of ferrocene modified electrodes in construction of a 
sarcosine biosensor by employing two enzymes – peroxidase and oxidase. Two types of bioelectrodes were 
fabricated. In the electrodes of Type I the ferrocene derivative was covalently attached to the graphene oxide and 
applied onto the surface of the glassy carbon electrode. Modification of graphene oxide with ferrocene was 
verified through differential pulse voltammetry measurements. In the electrodes of Type II ferrocene derivative 
was covalently attached to the surface of graphite rod electrode. The modification of graphite rod electrode 
surface was verified by cyclic voltammetry.  

Both biosensors exhibited responses to sarcosine (the substrate of oxidase) and hydrogen peroxide (the 
substrate of peroxidase). The response was dependent on the electrode potential, with an optimal potential of 
0 V vs Ag/AgCl. Incorporating peroxidase in the Type I biosensor notably enhanced its response to hydrogen 
peroxide, exhibiting a 14-fold increase compared to biosensors containing only ferrocene-modified graphene 
oxide. Moreover, the quantity of functionalized graphene oxide used in biosensor fabrication influenced the linear 
range of the biosensor's response to sarcosine. For Type II biosensor the modified surface generated a response 
to hydrogen peroxide itself, but incorporation of HRP increased the response 2-fold. Modified graphene oxide-
based electrode (Type I) exhibited about 4 times greater sensitivity compared to modified graphite rod electrode 
(Type II) due to larger surface area. However, the modified graphite rod electrode had a much shorter response 
time, generating a response in a few seconds compared to a few minutes for the modified graphene oxide 
electrode. 

 
 

 
 
[1] Neethirajan, S., Ragavan, V., Weng, X., & Chand, R. (2018). Biosensors for Sustainable Food Engineering: Challenges and perspectives. 
Biosensors, 8(1), 23.  
[2] Uniyal, S., & Sharma, R. K. (2018). Technological advancement in electrochemical biosensor based detection of organophosphate pesticide 
chlorpyrifos in the environment: A review of status and prospects. Biosensors and Bioelectronics, 116, 37–50.  
[3] Veloso, A. J., Cheng, X. R., & Kerman, K. (2012). Electrochemical biosensors for medical applications. Biosensors for Medical Applications, 
3–40. 
[4] Mehrotra, P. (2016). Biosensors and their applications – A Review. Journal of Oral Biology and Craniofacial Research, 6(2), 153–159.  
[5] Sreekumar, A., Poisson, L. M., Rajendiran, T. M., Khan, A. P., Cao, Q., Yu, J., Laxman, B., Mehra, R., Lonigro, R. J., Li, Y., Nyati, M. K., Ahsan, 
A., Kalyana-Sundaram, S., Han, B., Cao, X., Byun, J., Omenn, G. S., Ghosh, D., Pennathur, S., … Chinnaiyan, A. M. (2009). Metabolomic profiles 
delineate potential role for sarcosine in prostate cancer progression. Nature, 457(7231), 910–914.  
[6] Pundir, C. S., Deswal, R., & Kumar, P. (2019). Quantitative analysis of sarcosine with special emphasis on Biosensors: A Review. Biomarkers, 
24(5), 415–422.  
[7] Bartlett, P. N. (2008). Bioelectrochemistry: Fundamentals, experimental techniques and applications. John Wiley & Sons.  
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 Ribonucleic acid is crucial to many life processes. There are many various types of RNA and they all 
have different modified chemical stuctures in order to fulfil their function. Major cellular source of modified 
nucleosides is tRNA, where >170 modified nucleotide species are found. Uracil is one of the most chemically 
modified nucleobases in tRNA, with its derivatives accounting for about 40 % of all tRNA modifications. The 
modifications are important for tRNA metabolism, structure, stability, localisation and transport. These 
modifications are currently being investigated for their importance in mitochondrial diseases, neurological 
disorders, obesity, diabetes and cancer, and may be used to develop novel and innovative therapies [1]. 
Despite the huge progress in discovery of genes that introduce chemical modifications into tRNA and 
investigation of their role in cell physiology and diseases, little is known about the metabolism of modified 
nucleotides and corresponding heterocyclic bases. 
 In this study, N, O, S-methylated pyrimidine and purine heterocyclic bases were synthesized and 
purified using column chromatography. The structure and the purity of synthesized compounds were proved 
by UV/Vis, NMR spectroscopy, TLC and HPLC analysis. The synthesized methylated compounds and some 
other commercially available modified purines and pyrimidines were used as substrates to select enzymes 
involved in the catabolism of the modified heterocyclic bases. For this purpose, uracil and purine auxotrophy-
based selection systems were used, which are similar to previously described [2]. These systems allow the 
selection of enzymes that convert modified pyrimidines and purines, respectively, into unmodified 
derivatives. It was found that some tested methylated pyrimidines and purines, such as N4-methylcytosine 
and 1-methylguanine, support the growth of uracil and purine auxotrophs, whereas other tested modified 
derivatives did not support the growth of E. coli. Further investigations on these phenomena are under way.  
 This project has received funding from the Research Council of Lithuania (LMTLT), agreement No [S-
MIP-22-71] and No [S-ST-23-36].  
 
 
 
 
 
 
 
 
[1] Delaunay, S., Helm, M. & Frye, M. (2024). RNA modifications in physiology and disease: towards clinical applications. Nature Reviews 
Genetics, 25, 104. 
[2] Aučynaitė, A., Rutkienė, R., Tauraitė, D., Meškys, R. & Urbonavičius, J. (2018). Discovery of bacterial deaminases that convert 5-
fluoroisocytosine into 5-fluorouracil. Frontiers in Microbiology, 9, 2375. 
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INTRODUCTION. Medulloblastoma [MB] is defined as a highly malignant tumor derived from primitive, 
neuroectodermal tissue. It presents as the most prevalent type of pediatric central nervous system (CNS) 
tumor, comprising over 90% of all childhood embryonal tumors (15% of all pediatric CNS tumors) [1]. With an 
incidence of 5-11 cases per million people, they account for 40% of all tumors in the posterior fossa and tend 
to spread throughout the brain and spinal cord. Despite significant advances in the treatment of MB, outcomes 
remain poor for advanced and relapsed tumors. [1]. Hypoxia proves to be an important factor in enhancing 
tumor progression and creating a tumor microenvironment, which also impacts therapeutic efficiency [2]. 
Carbonic anhydrase IX (CAIX), hypoxia-induced enzyme, helps the cancer cells to survive in hypoxic 
conditions by maintaining the physiological pH in cancer cells and concurrently acidifying the tumor 
microenvironment [3]. It is associated with worse prognosis in MB [4]. Our laboratory has developed a CAIX 
inhibitor EA2-3 [5]. We aimed to study the effects of this compound in vitro in CNS cancer- MB cell line UW228.  
 MATERIALS AND METHODS. EA2-3 is a small molecule CAIX inhibitor that based on preliminary studies 
has the potential for blood-brain barrier penetration. To assess CAIX expression on UW228 cells we 
performed western blot analysis and flow cytometry in cells grown under normoxia or hypoxia. To determine 
compound toxicity in these cells, we performed an XTT assay. The functional activity of EA2-3 inhibitor in 
UW228 cells was confirmed by measuring the increase in extracellular pH in hypoxia compared to normoxia. 
Lastly, we performed a wound closure assay on these cells to assess compound effects on cell motility.  
 RESULTS. The UW228 cell line has elevated CAIX expression in hypoxia compared to normoxia based 
on protein and gene expression values. Therefore, it is a suitable model for testing CAIX inhibition. EA2-3 
compound is nontoxic with IC50 of 100µM. We see a differential increase in ePH at a dose of 0.5 µM in hypoxia 
compared to normoxia. Wound closure assay shows slightly altered cell motility at a dose of 0.5 µM.  
 CONCLUSION. Our data shows that UW228 is a suitable CNS cancer cell model for CAIX inhibition 
studies. EA2-3 shows CAIX inhibition effects by altering the acidification of UW228 cell medium and cell 
motility in wound closure assay. 

 Prados, M. D. (2023). Current Strategies for Management of Medulloblastoma. Diagnostics (Basel, Switzerland), 13(16), 2622. 
https://doi.org/10.3390/diagnostics13162622. 
[2] Damgaci, S., et al., Hypoxia and acidosis: immune suppressors and therapeutic targets. Immunology, 2018. 154(3): p. 354-362.3. 
[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. 
[4] Nordfors, K., et al., The tumour-associated carbonic anhydrases CA II, CA IX and CA XII in a group of medulloblastomas and 
supratentorial primitive neuroectodermal tumours: an association of CA IX with poor prognosis. BMC Cancer, 2010. 10: p. 148. 
[5] Zakšauskas A, et al., Methyl 2-Halo-4-Substituted-5-Sulfamoyl-Benzoates as High Affinity and Selective Inhibitors of Carbonic 
Anhydrase IX. Int J Mol Sci. 2021 Dec 23;23(1):130. 
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Prions are altered, infectious forms of native proteins that can acquire new functions or lose old ones, 

aggregate, spread, self-replicate, and lead to neurodegenerative diseases in humans and other mammals. 
Most of these diseases are infectious and are generally named transmissible spongiform encephalopathies 
(TSEs) [1]. They are associated with a prion protein or protease-resistant protein (PrP) encoded by the PRNP 
(prion protein) gene. In yeast, prions are passed down through the cytoplasm, whereas in mammals, they are 
transmitted extracellularly. Saccharomyces cerevisiae serves as an excellent model organism due to its 
similarity to higher eukaryotes in cellular machinery, a universal DNA transformation system, and the 
identification of at least 10 different prion domains within it. The prion [PSI+] associated with the Sup35 protein 
is among the most extensively studied yeast prions [2]. 
 The Sup35 protein plays a crucial role in protein translation termination, however, its conversion into 
a prion diminishes the efficiency of this process. The inherent resistance of prions to various elimination 
mechanisms prompts research into the underlying reasons and potential solutions. Studies have shown that 
the Sup35 protein is susceptible to protease activity in vivo, but its resistance to degradation is influenced by 
the arrangement of amino acids and their characteristics [3]. Typically, lysines in the Ndomain of a protein 
need to be ubiquitylated to target the protein for proteasomal degradation. Thus, this study aimed to 
substitute the sole lysine at position 102 in the N-domain of the Sup35 protein with arginine. 
 To generate the mutant variant K102R of the yeast SUP35 gene, specific primers were designed, and 
site-directed mutagenesis was employed to alter a single nucleotide in the sequence through three separate 
PCR reactions. Subsequently, Sup35K102RGFP was integrated into the pJET1.2/blunt cloning vector and 
replicated in Escherichia coli DH5α cells. Later, Sup35K102RGFP was integrated into the pRSCup yeast 
shuttle vector and replicated in E. coli DH5α and S. cerevisiae cells. 
 For the first time, a mutant variant of the SUP35 gene, K102R, has been developed. Now by utilizing 
fluorescent microscopy, the prionization of the native and mutated proteins can be compared. It is 
hypothesized that the mutant Sup35 protein variant K102R is more inclined to prionization and, consequently, 
more resistant to proteasomal degradation. However, to validate this hypothesis, further experiments are 
required. 

[1] Wickner, R. B., Shewmaker, F. P., Bateman, D. A., Edskes, H. K., Gorkovskiy, A., Dayani, Y., & Bezsonov, E. E. (2015). Yeast Prions: 
Structure, Biology, and Prion-Handling Systems. Microbiology and Molecular Biology Reviews, 79(1), 1–17. 
[2] Schneiter, R. (2004). Yeast is a Model Eukaryote. In Genetics, Molecular and Cell Biology of Yeast (Vol. 2). 
[3] Cascarina, S. M., Paul, K. R., Machihara, S., & Ross, E. D. (2018). Sequence features governing aggregation or degradation of prionlike 
proteins. PLoS Genetics, 14(7), 1–27. 
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 Neurodegenerative diseases are among the most common in the world. Despite intensive research, 
there are few treatment options available [1]. Many studies are done on disease-causing proteins, which are 
often produced in bacteria and differ from those in humans by post-translational modifications. Here, N-
glycosylation is most interesting to us. By producing protein in a humanized expression system, we can 
glycosylate it similarly to humans [2]. Such proteins would enable more precise research and more effective 
drug discovery. Partially humanized Pichia pastoris M5 yeast, performing modified N-glycosylation, was 
chosen for our study. The goal of our project is to use gene engineering to change this N-glycosylation to be 
closer to the human system [3]. 
 Using PCR, TAU gene was amplified with an additional sequence encoding 6xHis tag and restriction 
sites, cloned it into the integrating pPIC3.5K plasmid. Using the SalI REase, cutting the HIS4 gene, Mut+ 
phenotype was obtained, which efficiently uses methanol, grows faster, and produces more proteins. For 
homologous recombination, digested plasmid was concentrated in 3 ways: column purification, organic DNA 
extraction, and magnetic particles (the best method). Yeast transformation was performed using chemical 
and electroporation methods. By the same scheme, the pPIC3.5K-Tau plasmid was cut with BglII, resulting in 
a MutS phenotype with the AOX1 knocked out, having slower methanol catabolism, but if this will reduce the 
yeald of protein will be checked in the future. 
 Pilot cultivation of P. pastoris M5 Mut+ was done, expression induction with methanol and SDS-PAGE 
was performed to check expression over time. To ensure having the target protein, western blot was done 
with anti-His monoclonal antibodies. To enhance gene expression a Kozak sequence will be inserted 
upstream of TAU, which should enhance gene expression. Using Mega primers, an Alpha mating factor 
signaling sequence will be inserted, which will direct protein for secretion into the medium, facilitating 
protein purification. From the available literature, Tau protein was obtained from partially humanized yeasts 
with modified N-glycosylation for the first time. This and further glycosylation modifications will allow to test 
whether these modifications change Tau protein aggregation and it’s structure. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[1] Chiti F, Dobson CM. Protein Misfolding, Amyloid Formation, and Human Disease: A Summary of Progress Over the Last Decade. Annu 
Rev Biochem. 2017 Jun 20;86:27-68. 
[2] Jacobs PP, Geysens S, Vervecken W, Contreras R, Callewaert N. Engineering complex-type N-glycosylation in Pichia pastoris using 
GlycoSwitch technology. Nat Protoc. 2009;4(1):58-70. 
[3] Hamilton SR, Gerngross TU. Glycosylation engineering in yeast: the advent of fully humanized yeast. Curr Opin Biotechnol. 2007 
Oct;18(5):387-92. 
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 In recent years research on bacteriophages (viruses that infect bacteria) the most abundant entities 
on Earth, has been gaining increasing attention, especially as they are an important part of ecosystems. The 
gut of animals is not an exception. The emerging field of viral metagenomics has allowed scientists to delve 
deeper into the world of the gut microbiome and to explore an often-overlooked part – bacteriophages. 
Although less labor intensive, metagenomic analysis is relies heavily on genome databases, and since 
viruses usually lack highly conservative regions, a great number of sequences remain unidentified. 
Prophages integrated into their host genomes can result in sequence similarity between bacteriophages and 
bacterial genomes. The ability to isolate a particular virus and cultivate it under laboratory conditions allows 
for in depth analysis of virion structure, phage-host interactions, its role in the ecosystem and helps to 
expand the database [1,2,3]. 
  Hosts and bacteriophages were isolated from feces of mice provided by dr. Aurelijus Burokas. To 
expand the spectrum of hosts that can be cultivated under aerobic conditions, bacteria from the Department 
of Molecular microbiology and Biotechnology’s collection of microorganisms were included.  
 Potential hosts were isolated by serial dilutions of fecal matter suspensions, plated on Luria-Bertani 
solid medium. Single colonies were isolated, purified by repeated quadrant streaking and identified by 16S 
rDNA phylogenetic analysis. 
 Bacteriophages were isolated using two methods. To isolate bacteriophages infecting native hosts, 
serial dilutions of fecal matter suspension, purified by low-speed centrifugation, were plated using a double 
agar overlay method. In the case of hosts from the collection of microorganisms, phage enrichment in Luria-
Bertani broth was performed. 
 In this study, two bacterial viruses were isolated from the gut of mice. Genome restriction analysis has 
shown that these phages are genetically distinct. Transmission electron microscopy analysis revealed, that 
phages 50Rn and SuR, infecting Enterococcus faecalis MMBS 50 (isolated from fecal matter) and Serratia 
ureilytica DSM 16952 (from a microorganism collection) respectively, are members of Caudoviricetes class. 
Further investigations are underway to explore additional characteristics and behaviors of these phages. 
 The isolation and characterization of bacteriophages from the gut of mice, coupled with the scarcity of 
documented Serratia ureilytica phages in existing literature, highlights the diversity of phage populations 
within the gut microbiome and suggests avenues for further research of the gut virome. 
  
 
 
 
 
 
 
 
 
  
  
  
  
 
 
 
[1] Edwards, R. A., McNair, K., Faust, K., Raes, J., & Dutilh, B. E. (2016). Computational approaches to predict bacteriophage-host 
relationships. FEMS microbiology reviews, 40(2), 258–272. https://doi.org/10.1093/femsre/fuv048. 
[2] Hayes, S., Mahony, J., Nauta, A., & van Sinderen, D. (2017). Metagenomic Approaches to Assess Bacteriophages in Various 
Environmental Niches. Viruses, 9(6), 127. https://doi.org/10.3390/v9060127. 
[3] Roux, S., Páez-Espino, D., Chen, I. A., Palaniappan, K., Ratner, A., Chu, K., Reddy, T. B. K., Nayfach, S., Schulz, F., Call, L., Neches, R. Y., 
Woyke, T., Ivanova, N. N., Eloe-Fadrosh, E. A., & Kyrpides, N. C. (2021). IMG/VR v3: an integrated ecological and evolutionary framework 
for interrogating genomes of uncultivated viruses. Nucleic acids research, 49(D1), D764–D775. https://doi.org/10.1093/nar/gkaa946. 



56

A41
CHARACTERIZATION OF CULTURABLE MICROBIOTA OF APHIDS 

ADELGES (APHRASTASIA) PECTINATAE (HEMIPTERA: ADELGIDAE) 
Gustė Tamošiūnaitė1, Jekaterina Havelka2, Nomeda Kuisienė1 

 
1Department of Microbiology and Biotechnology, Vilnius University, Lithuania 

2Department of Zoology, Vilnius University, Lithuania 
guste.tamosiunaite@gmc.stud.vu.lt  

 
Aphids of the genus Adelges Vallot, 1836 are pests that feed on the phloem sap of host plants of the 

conifer family Pinaceae. Understanding the microbiota of insects is crucial as it profoundly influences their 
growth, development, and adaptation to the environment.  

As part of this study, we investigated the culturable microbiome of Adelges (Aphrastasia) pectinatae 
(Cholodkovsky, 1888). The investigation began with the inoculation of aphid grinded mass onto various 
microbiological media, including R2A Agar, Tryptic Soy Agar, DSMZ medium 1021 (Sodalis glossinidius 
medium), and Luria-Bertani Agar. Bacterial inoculation, conducted under both aerobic and anaerobic 
conditions, involved the use of saline with and without dilution to 10x and 100x, followed by culturing bacterial 
populations at 28 °C to achieve specific densities. Remarkably, under aerobic conditions, six distinct colony 
morphologies emerged, demonstrating optimal growth on Sodalis glossinidius medium. Upcoming alkaline 
testing revealed the co-existence of 12 gram-positive and 10 gram-negative bacterial species among the 
colonies. The most abundant colonies were creamy-yellow colonies of medium size, exhibiting smooth edges, 
a round shape, elevated height, and a shiny surface. A few aerobic catalase positive isolates (C1, D8, D11, D15, 
and LB2) representing the most abundant colony morphology were subjected to further analysis.  

In order to determine whether isolates C1, D8, D11, D15, and LB2 represent five different strains, 
genomic DNA was extracted, and BOX-PCR genotyping was performed. Our analysis clearly showed that 
these five isolates belong to three different strains. 16S rRNA genes of these isolates were amplified and 
sequenced. BLAST analysis showed that bacteria belonging to the genus Frigoribacterium, traditionally found 
in soil environments [1] were not previously detected in aphids. Analysis of the 16S rRNA gene region indicated 
the highest similarity with Frigoribacterium faeni species, suggesting a close evolutionary relationship 
between these bacteria. Currently, delineation of prokaryotic taxa based on 16S rRNA gene sequence 
similarity stands at 98.7% for species and 94.5% for genera [2]. The ultimate finding suggests that LB2 may 
belong to a particular species (sequence similarity 98.35%), whereas other strains (sequence similarity 
95.95-96.43%) might potentially represent a novel species, however, additional genome analysis is needed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[1] Kong, D., Guo, X., Zhou, S., Wang, H., Wang, Y., Zhu, J., Dong, W., Li, Y., He, M., Hu, G., Zhao, B., Ruan, Z. (2016). Frigoribacterium salinisoli 
sp. nov., isolated from saline soil, transfer of Frigoribacterium mesophilum to Parafrigoribacterium gen. nov. as Parafrigoribacterium 
mesophilum comb. nov. International Journal of Systematic and Evolutionary Microbiology, 66(12), 5252-5259.  
[2] Hitch, T. C. A., Riedel, T., Oren, A., Overmann, J., Lawley, T. D., Clavel, T. (2021). Automated analysis of genomic sequences facilitates 
high-throughput and comprehensive description of bacteria. ISME Communications, 1(1), 16.  
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Polyurethane (PU) is a synthetic polymer that has versatile applications and is used to manufacture 
foams, adhesives, coatings, and many more. The global production volume of polyurethane is expected to 
reach 31.27 million tonnes in 2030 [1]. This scope of production and usage requires effective and sustainable 
methods of treating PU waste that would otherwise pollute the environment. Nowadays, nearly 50% of PU 
waste ends up in landfills. Common treatment methods include mechanical processing, chemical recycling, 
and incineration. However, these techniques usually require harsh conditions, can produce toxic by-products, 
and some of the methods might not be applicable for post-consumer waste [2]. 

Biocatalysis-based (enzymatic) treatment of polyurethane provides an alternative way of recycling PU, 
addressing the issues mentioned above. Enzymes that are able to hydrolyse PU have already been 
discovered. However, they actually cleave the ester or ether bond; yet, there is still a need to hydrolyse the 
urethane bond which connects the monomers of PU. To date, several urethanases have been reported in 
literature and their activity was confirmed by hydrolysis of urethane (ethyl carbamate) [3]. However, cleavage 
of the urethane bond in polyurethane is yet to be demonstrated. 

The study object of this research was a urethanase gene (UTH) from Lysinibacillus sp. (accession 
number MK757456.1). The goal was to obtain a soluble urethanase for further studies of its urethane bond 
hydrolysation abilities using polyurethane as the substrate. The UTH gene was cloned into Pichia pastoris 
yeast using vector pPIC3.5K. Codon optimization for P. pastoris was performed prior to cloning since the 
sequence was derived from a bacterium. Additionally, a chimera of urethanase and maltose-binding protein 
(MBP) was tested. Such fusion tags as MBP have the potential to enhance the solubility of recombinant 
proteins [4]. Several expression conditions were investigated; however, no noticeable recombinant protein 
nor enzymatic activity was observed. Therefore, expression in Escherichia coli was the next attempt at 
producing a soluble urethanase. The used vectors were pLATE31 and pLATE51, which contain His-tags for 
purification. Further details of the study will be discussed during the poster session. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[1] Statista. (2023, July 11). Global polyurethane market volume 2015-2030. https://www.statista.com/statistics/720341/global-
polyurethane-market-size-forecast/ 
[2] Kemona, A., & Piotrowska, M. (2020). Polyurethane recycling and disposal: Methods and Prospects. Polymers, 12(8), 1752. 
[3] Masaki, K. (2022). Features and application potential of microbial urethanases. Applied Microbiology and Biotechnology, 106(9–10), 
3431–3438. 
[4] Waugh, D. S. (2005). Making the most of affinity tags. Trends in Biotechnology, 23(6), 316–320. 
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 Biocidal yeasts are capable of secreting toxic proteins into the environment, which can be lethal to 
other microorganisms. The susceptibility to these toxins varies greatly among yeast species and strains. 
While the diversity of fungal communities in pasture soil, environmental water, and farm animal feed has 
been studied separately before, there is still a lack of data on systematically investigating yeast populations 
across water, soil, and feed from the same pasture. This study aimed to identify biocidal yeasts in 
environmental samples from pastures and evaluate their biocidal properties. 
 Samples were collected from water, fodder, and soil. Fodder and soil samples were washed with 
sterile distilled water in a glass flask at room temperature for approximately half an hour by shaking, then 
concentrated thousand times and applied for microorganism isolation and identification. Water samples were 
concentrated ten times and isolated yeast-like morphology colonies proceeded to molecular identification. A 
total of eleven biocidal strains were isolated from the pastures. Biocidal yeasts were identified by amplifying 
the ITS region using ITS1 and ITS4 primers and sequencing the PCR fragments. They belonged to Pichia, 
Williopsis, Cystofilobasidium, Candida, Rhodotorula, Debaryomyces, and Aureobasidium genera. The killer 
assay was conducted on MB media at pH levels of 4.0, 4.8, and 5.6. Among the strains tested, eight exhibited 
biocidal activity only at pH 4.8, one strain showed biocidal activity only at pH 4.0, and another strain displayed 
biocidal activity only at pH 5.6. Additionally, one strain demonstrated killing activity at both pH 4.0 and 4.8. 
Upon evaluating the mechanism underlying the biocidal properties of these yeasts, it was determined that 
none of the eleven killer strains contained extrachromosomal elements such as DNA linear plasmids or 
dsRNA viruses. This indicates that the biocidal toxins of all tested killer yeasts may be encoded within their 
chromosomal genes. 
 This study, focusing on the diversity of biocidal yeasts in pasture ecosystems, is crucial for gaining a 
better understanding of their impact on animals' health. It represents the first comprehensive analysis of the 
microcosm, specifically focusing on biocidal microorganisms, present in water, soil, and feed within pastures 
as an integrated system. 
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The urethra plays a vital role in the urinary system by enabling the passage of urine from the bladder 
to the external environment. Repairing urethral damage is crucial for restoring proper urinary function and 
preventing complications. Current treatments often involve multiple surgical interventions [1]. Our aim is to 
improve these treatments by utilizing 3D printing technology to develop artificial urethral tissue. This tissue 
is designed to create an optimal environment for cell growth, migration, and differentiation, ultimately 
forming functional tissue. 

Our artificial tissue's foundation is a 3D scaffold composed of Gelatin Methacrylate (GelMA) and Silk 
Fibroin (SF). This scaffold forms a hydrogel with a firm structure when sonicated to denature the silk fibroin 
and exposed to UV to polymerize GelMA [2]. To evaluate the physical characteristics of the hydrogel scaffold 
atomic force microscopy was used to calculate Young's modulus. We found that the Young's modulus for the 
GelMA-SF scaffold is around 110 kPa and when the hydrogel is laden with cells the modulus significantly 
decreases and measures at around 10 kPa. Additionally we measured the water contents of the hydrogel and 
found that the construct has a swelling ratio of around 20. 

For the cellular aspect of the hydrogels, it's necessary to mimic the urethra's natural structure, which 
consists of an epithelial layer surrounded by a muscular wall. Our previous work showed that rabbit adipose 
stem cells (RASC) are suitable for myogenic differentiation and rabbit buccal mucosa stem cells (RBMC) are 
suitable for epitheliogenic differentiation. To bring this technology to human application our next step was 
evaluating whether the equivalent human cells possess the same differentiation potential. As can be seen in 
figure 1 ACTA2, CALD1 and TAGLN have a higher expression in the differentiated group of HASC cells which 
is associated with myogenic differentiation [3] and FLG, RPTN genes are expressed more in the differentiated 
group of HBMC cells which is associated with epitheliogenic differentiation[4]. 

 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
To summarize GelMA-SF hydrogels display physical properties conducive to cell growth due to their 

relative softness as measured by AFM and ability to hold high levels of water. Human adipose stem cells and 
human buccal mucosa stem cells can be successfully differentiated into myogenic-like and epitheliogenic-
like cells respectively as proven by the increase of expression of genes associated with myogenic and 
epitheliogenic differentiation respectively. These results are promising for applying this technology to treat 
urethral strictures in a clinical setting. 

 
[1] Stein, D. M., D. Joseph Thum, Guido Barbagli, Kulkarni, S., Sansalone, S., Ashish Pardeshi, & Gonzalez, C. M. (2012). A geographic 
analysis of male urethral stricture aetiology and location. BJU International, 112(6), 830–834.  
[2] Xiao, W., Li, J., Qu, X., Wang, L., Tan, Y., Li, K., Li, H., Yue, X., Li, B., & Liao, X. (2019). Cell-laden interpenetrating network hydrogels 
formed from methacrylated gelatin and silk fibroin via a combination of sonication and photocrosslinking approaches. Materials Science 
and Engineering: C, 99, 57–67.  
[3] Helms, F., Lau, S., Klingenberg, M., Aper, T., Axel Haverich, Wilhelmi, M., & Böer, U. (2019). Complete Myogenic Differentiation of 
Adipogenic Stem Cells Requires Both Biochemical and Mechanical Stimulation. Annals of Biomedical Engineering, 48(3), 913–926.  
[4] Alam, H., Sehgal, L., Kundu, S. T., Dalal, S. N., & Vaidya, M. M. (2011). Novel function of keratins 5 and 14 in proliferation and 
differentiation of stratified epithelial cells. Molecular Biology of the Cell, 22(21), 4068–4078. 

FFiigguurree  11..  The results of gene expression measurements. Cells were divided into groups of undifferentiated and differentiated cells. 
Measurements were performed on the day of cell seeding and after 5 and 10 days. A – HASC myogenic differentiation, B – HBMC epitheliogenic 

differentiation. The values of measurements (points) and medians (lines) are shown. P values were calculated using the Wilcoxon rank sum test. 
n=6. Asterisks indicate p values: * p ≤0.05, p≤0.01. 
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Glaucoma, a leading cause of global blindness, is characterized by the death of retinal ganglion cells 

and optic nerve atrophy, often linked to increased intraocular pressure. Initial treatment typically involves 
eye drops, yet patient compliance is low and success rates are poor. Surgical intervention becomes 
necessary upon treatment failure, with valve implantation to drain the aqueous humor being a common 
approach. However, this procedure presents challenges, including post-surgical complications that could be 
mitigated by coating the valve with nanostructured thin films capable of controlled anti-mitotic drug release, 
specifically targeting fibroblast proliferation. 
 To tackle this problem, nanostructured thin films were developed, consisting in alternate layers of an 
antimitotic drug 5-fluorouracil (5FU), PBAE as a structural layer, and graphene-oxide (GO) as a barrier and/or 
capping layer. For improved stability and biocompatibility, the 5FU was previously encapsulated in 
β-cyclodextrin (βCD). 
 Different concentrations of 5FU were tested on a retinal cell line (D407) either in the free form or 
encapsulated, at different timepoints, to determine the effect in the cell cycle. Flow cytometry results confirm 
5FU arrests the cell cycle in the S phase, being concentration dependent. No significative differences were 
found between the free form or the βCD encapsulated form of 5FU, and βCD alone does not seem to have an 
impact in the cell cycle. 
 Dissolution studies in physiological conditions were performed to determine if 5FU release was 
occurring. These release studies were carried out for two weeks and revealed no detectable amount of 5FU 
released as detected by HPLC. This indicates any drug being released was below the detection limit of 4 
ng/mL. 
 These results highlighted the need to determine the total amount of 5FU present in the films and for 
this, the films were pulverized, and HPLC was used to ascertain the total 5FU amount. For a film with 8 
alternating bilayers of PBAE and 5FU and 8 alternating quadrilayers of PBAE, βCD-FU, GO+ ang GO- we 
determined a total amount of drug to be 292.67 ng. 
 Overall, our findings suggest that to achieve higher drug loading efficiency, the amount of graphene 
oxide present in the films needs to be increased. This can be achieved simply by increasing the number of 
layers to achieve a sustained release. 
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 Molecules containing fluorine atoms are gaining interest in medicinal chemistry due to increased 
lipophilicity and metabolic stability of a compound. In certain cases, the use of fluorine atoms in the molecule 
increases the bioavailability of the drug, provides information on the structure-activity relationship [1, 2].
 The starting compound 1-(2,4-difluorophenyl)-5-oxopyrrolidine-3-carboxylic acid 22 was prepared by 
reaction of 2,4-difluoroaniline 11 with itaconic acid in water. From the esterification reaction 4-acetyl-1-(2,4-
difluorophenyl)pyrrolidine-2-one 55 was obtained. Then methyl ester 55 was transformed into 1-(2,4-
difluorophenyl)-5-oxopyrrolidine-3-carbohydrazide 66 by reaction of hydrazine monohydrate in refluxing 
isopropanol. The desired products 77bb, 99aa, 99cc, 99ee and 99ff  were obtained by stirring carbohydrazide 66 with 
corresponding aromatic aldehyde in isopropyl alcohol at the boiling temperature of the mixture. The 
alkylation reaction of compound 99aa was carried by dissolving the starting material in DMF, using iodoethane 
(Figure 1). 

The activity of the synthesized compounds was studied against three types of cancer cells – breast 
cancer (MDA-MB-23), prostate cancer (PPC-1) and melanoma (A375). It was found that  carbohydrazides 77bb 
and 99ff had the lowest EC50 value against MDA-MB-231, PPC-1- and A375 cell lines (Figure 2). 

 

 
Figure 1. Synthesis of the most active 1-(2,4-difluorphenyl)-5-oxopyrrolidine-3-carboxylic acid derivatives 

against cancer cells 
 

 
Figure 2. EC50 values of the most active compounds 

 
[1] Shah, P., & Westwell, A. D. (2007). The role of fluorine in medicinal chemistry. Journal of enzyme inhibition and medicinal 
chemistry, 22(5), 527–540. https://doi.org/10.1080/14756360701425014 
[2] Gillis, E. P., Eastman, K. J., Hill, M. D., Donnelly, D. J., & Meanwell, N. A. (2015). Applications of Fluorine in Medicinal Chemistry. Journal 
of medicinal chemistry, 58(21), 8315–8359. https://doi.org/10.1021/acs.jmedchem.5b00258
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 Cancer is a disease where cells divide uncontrollably. This disease is difficult to treat and one of the 
most common causes of death [1]. Currently, there are many ways to treat cancer, but more effective ways 
to do it are being sought [2]. 

Pyrazole derivatives are widely described in various scientific articles, and their biological activity has 
been determined, but more and more new pyrazole derivatives with better activity are aimed to be find [3]. 
Pyrazole and bipyrazole derivatives are found in many biologically active substances, as well as in drug 
molecules, such as celecoxib, phenylbutazone or rimonabant [4]. These compounds are widely studied by 
specialists in the fields of organic synthesis and medicinal chemistry. They are attractive to scientists due to 
their different biological properties: antibacterial, antiviral, anti-inflammatory, anticancer, analgesic, and 
other biological properties [4, 5]. First, the original pyrazole derivative was converted to carbaldehyde 
according to the already known synthesis methodology, from which the hydrazone derivative was obtained. 
After finding the best synthesis method, 3,4-pyrazole was synthesized. Based on the diversity of biological 
properties of pyrazole and bipyrazole, it was decided to perform the functionalization of new bipyrazole 
compounds. For this, the very widely used palladium-catalyzed Suzuki-Miyaura methodology was chosen for 
the functionalization of the pyrazole derivative. This synthesis was developed and first applied in 1979 by 
Akira Suzuki and Norio Miyaura [6]. Suzuki-Miyaura is very widely used in the formation of new C-C bonds in 
agriculture, pharmaceutical and other fields [7]. This reaction is characterized by mild, environmentally 
friendly conditions [8]. 

The resulting functionalized bipyrazole derivatives were investigated for their anticancer activity. 
Based on the obtained results, it can be stated that functionalized bipyrazole derivatives have good anticancer 
activity against different cancer cell lines. 

Acknowledgement. This research was funded by a grant (BiPyCellDeath) from funds of the Kaunas 
University of Technology and Vytautas Magnus University.  
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Heterocycles are a large and unique class of organic compounds with a wide variety of physical, 

chemical, and biological properties and constitute a large proportion of known and used organic compounds, 
which can be of both natural and synthetic origin. [1] This class also includes oxadiazole, distinguished by a 
five-membered unsaturated ring, two nitrogen atoms and one oxygen atom and having two main atomic 
positions: there can be 1,2,4-oxadiazoles and 1,3,4-oxadiazoles; other oxadiazoles are considered unstable. 
These compounds and their derivatives demonstrate anti-inflammatory, antibacterial, anti-tuberculosis, 
anti-diabetic, anti-cancer, anti-fungal, antioxidant, and enzyme-inhibitory effects. Commercial examples of 
oxadiazole-based agents would include the antihypertensive agents Tiodazosin, Nesapidil, and the antibiotic 
Furamizole. [2] 
 Since oxadiazoles have favorable physical, chemical, and pharmacokinetic properties, the synthesis 
and research of oxadiazole-based analogues is an important direction in the development of medicinal 
chemistry. In addition, the mentioned compounds are distinguished by the spectrum of interactions with 
macromolecules, high reactivity, and stability. These exceptional properties encourage the search and 
creation of an even more significant number of analogous compounds characterized by better cost and/or 
atom economy, greater specificity and efficiency, and new exposure possibilities. [3] 
 The aim of the work is to synthesize a group of new oxadiazole compounds with different aromatic 
structural bases by applying the principles of alkylation reactions in the hope of obtaining compounds with 
biological properties. 
 In this work, it was decided to start the synthesis of the target compounds from the preparation of 
oxadiazole thiol according to the known methodology. Using a two-step procedure, which first involves the 
use of hydrazine hydrate, the resulting product is further cyclized under basic conditions. The starting 
oxadiazole thiol is then treated with substituted benzyl halides and triethylamine. 
 Parallel synthesis of analogs characterized by other similar oxadiazole thiol structural bases was 
started. The methodologies are maintained as in the case of the previous synthesis routes. The starting thiols 
were obtained in very good yields, and three series of different target compounds were synthesized in good 
to very good yields. 
 The primary structural studies confirmed the existence and high degree of purity of the target 
compounds, so the compounds with all the structural bases are ready for biological studies. This is expected 
to further expand the library of the mentioned compounds with biological properties. 

[1] Ansari, A., Ali, A., Asif, M. (2017) Review: Biologically Active Pyrazole Derivatives. New J. Chem., 41, 16-41. 
[2] Wang, J., Sun, W., Jia, W.-D., Bian, M., Yu, L.-J. (2022) Research Progress on The Synthesis and Pharmacology of 1,3,4-Oxadiazole 
and 1,2,4-Oxadiazole Derivatives: A Mini Review. J. Enzyme Inhib Med Chem, 37 (1), 2304-2319. 
[3] Siwach, A., Verma, P. K. (2020) Therapeutic Potential of Oxadiazole or Furadiazole Containing Compounds. BMC Chemistry, 14, 1470- 
1510. 



65

B6
SYNTHESIS AND PROPERTIES INVESTIGATION OF 

BENZOTHIOPHENE 
Arnas Kovševič1, Povilas Viltrakis1, Indrė Jaglinskaitė1, Vilija Kederienė1 

 
1Department of Organic Chemistry, Faculty of Chemical Technology, Kaunas University of Technology 

arnas.kovsevic@ktu.edu 
 

Benzo[b]thiophenes are heterocyclic compounds that have a variety of biological properties. They are 
widely used in pharmaceuticals due to their anti-allergic, antibacterial, anti-inflammatory, receptor 
modulator, and antioxidant effects. [1] 
 It has been established that benzo[b]thiophene derivatives may be used as drugs in cancer treatment 
due to their ability to inhibit protein tubulin polymerization and cell proliferation. [2] The drugs Raloxifene, 
intended for the treatment of osteoporosis during postmenopause, and Zileuton, an anti-asthmatic drug, are 
based on them. [1] 
 N-substituted derivatives of benzo[b]thiophene are utilized in the medicinal chemistry due to their 
biological properties, such as antibacterial, antifungal, and anti-inflammatory properties. [3] In addition, the 
drug Encenicline was discovered, which is active against schizophrenia and Alzheimer’s disease. [1] In 
addition, these compounds are not only biologically active substances but also are used in solar cells and 
thin-film devices due to their fluorescent properties. [4] Benzo[b]thiophene compounds have luminescent 
properties so that they can act as efficient emitters. [5] For further synthesis, benzo[b]thiophene derivatives 
were chosen due to their wide application. 
 The abundance of synthesis and application possibilities encourages the search for more biologically 
active compounds, so the aim of this work is to synthesize new functionalized benzo[b]thiophene derivatives 
with different aromatic radicals by applying the principles of catalysis reactions and determining the 
antibacterial and antioxidant properties of the obtained compounds. 
 At the beginning of the study, the initial derivative of methyl 3-aminobenzo[b]thiophene-2-carboxylate 
was synthesized. Various classical reaction and catalysis methodologies were employed to investigate the 
reactivity of benzo[b]thiophene derivatives, and new benzo[b]thiophenes-2-carboxylate with different 
substituents were obtained. The obtained derivatives had good and excellent yields. A detailed analysis was 
conducted on the structure of the benzo[b]thiophene derivatives obtained using spectrometric and 
spectroscopic analysis methods. 
 The antibacterial effect of final products was determined by disk diffusion into agar; the antioxidant 
properties were studied according to the reduction potential and the ability to reduce the DPPH radical. 

[1] Kesharwani, T. et al. Green synthesis of benzo[b]thiophenes via iron(III) mediated 5-endo-dig iodocyclization of 2-alkynylthioanisoles. 
Tetrahedron Letters, 2016, 57, 411-414. 
[2] Romagnoli, R. et al. Synthesis and Biological Evaluation of 2- and 3-Aminobenzo[b]thiophene Derivatives as Antimitotic Agents and 
Inhibitors of Tubulin Polymerization.. Journal of Medicinal Chemistry, 2007, 50(9), 2273–2277. 
[3] Isloor, A. M., B. Kalluraya, K. S. Pai. Synthesis, characterization and biological activities of some new benzo[b]thiophene derivatives. 
European Journal of Medicinal Chemistry, 2010, 45(2), 825-830. 
[4] Choi H. et al. Novel organic dyes containing bis-dimethylfluorenyl amino benzo[b]thiophene for highly efficient dye-sensitized solar 
cell. Tetrahedron, 2007, 63(15), 3115–3121. 
[5] Fukuzumi, K., et al. Synthesis of Benzo[c]thiophenes by Rhodium(III)-Catalyzed Dehydrogenative Annulation. The Journal of Organic 
Chemistry, 2016, 81(6), 2474-2481. 
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 One of the biggest challenges of triple-negative cancer (TNBC) treatment is lack of therapeutic targets 
and development of drug resistance. A useful approach for this problem is to combine drugs with different 
mechanisms of action [1]. Doxorubicin is an anthracycline class drug widely used for the treatment of TNBC. 
Tyrosine kinase inhibitors, such as sunitinib (SNT), are known as targeted anticancer drugs. Our previous 
research revealed that sunitinib analogues and DOX may have synergistic effect in two-dimensional (2D) 
DOX-resistant TNBC cultures. However, there is still a need for further examination in three-dimensional 
(3D) cultures, that better represent the tumor microenvironment. In this study we selected SNT derivative 
4001, which was synthesized in Cagliari University, Italy [2]. The aim of this study was to determine the 
synergistic effect of tyrosine kinase inhibitor 4001 in combination with DOX in TNBC 3D cultures. 
 For this research, two types of human TNBC cell lines were used. One is normal MDA-MB-231 (WT) 
and the other is DOX-resistant MDA-MB-231 (DR). The TNBC spheroids were formed using magnetics 3D 
Bioprinting method from cancer cells and fibroblasts. The concentrations of compounds in combination were 
calculated based on the half-maximal effective concentrations (EC50) in 2D cultures (EC50 ratio 1:1). The 
effect of the compound(s) on spheroid was determined by measuring change of diameter and cell viability. 
For cell viability, the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay was used. 
 The results showed that 4001 and DOX combinations did not slow down the growth of MDA-MB-231 WT 
spheroids on day 10. Also, there was no difference in cell viability compared to the control on day 10. In 
contrast, MDA-MB-231 DR spheroids were significantly smaller when treated either with 4001 or SNT in 
combination with DOX (618.0 ± 47.4 µm and 502.2 ± 32.5 µm, respectively) compared with the control on day 
10. The cell viability of MDA-MB-231 DR spheroids was also significantly reduced by 4001 and SNT in 
combination with DOX (87.8 ± 9.4 % and 62.3 ± 8.6 %, respectively) on day 10. 
 In summary, tyrosine kinase inhibitor 4001 in combination with DOX may be a useful tool to combat 
resistance in TNBC treatment. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[1] Chou T. C. (2010). Drug combination studies and their synergy quantification using the Chou-Talalay method. Cancer research, 70(2), 
440–446. https://doi.org/10.1158/0008-5472.CAN-09-1947 
[2] Meleddu, R., Petrikaite, V., Distinto, S., Arridu, A., Angius, R., Serusi, L., Škarnulytė, L., Endriulaitytė, U., Paškevičiu Tė, M., Cottiglia, F., 
Gaspari, M., Taverna, D., Deplano, S., Fois, B., & Maccioni, E. (2018). Investigating the Anticancer Activity of Isatin/Dihydropyrazole Hybrids. 
ACS medicinal chemistry letters, 10(4), 571–576. https://doi.org/10.1021/acsmedchemlett.8b00596 
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Acinetobacter baumannii is the most common nosocomial Gram-negative ESKAPE (a group of six 

most important and most drug-resistant) group pathogen that poses a threat to public health by causing 
severe and invasive infections, including bacteremia, pneumonia, and infections of the skin and urinary tract, 
linked with high mortality rates. During the last decades (especially during the COVID-19 pandemic) this 
pathogen displayed multidrug resistance (MDR) for a wide range of antibiotics. The most common risk factor 
for the acquisition of MDR A.baumannii is previous antibiotic use, followed by mechanical ventilation, 
hospitalization, severity of illness, and use of medical devices [1].  

Different infection control strategies and procedures that are used in hospitals may lead to different 
selection of A. baumannii genes. In order to enhance infection control and reduce outbreaks of infections, 
great efforts are being made to analyze of A. baumanii antimicrobial resistance profiles. If the same bacterial 
strain encodes genes responsible for resistance to several classes of antibiotics, phenotyping the resistance 
of strains and assessing associations can be difficult. Therefore, it is extremely important to perform not only 
phenotypic tests, but also analyze the connections between phenotypic and genotypic profiles as best as 
possible [2]. 

The A. baumanni  resistance capacity is generated by various mechanisms, including the modification 
of the target site where antimicrobial action is directed. This mechanism is mainly generated by genetic 
mutations and contributes to resistance against a wide variety of antimicrobials, such as beta-lactams 
(carbapenems, monobactams, and beta-lactamase inhibitors), aminoglycosides, tetracyclines, 
fluoroquinolones, polymyxins (colistin), diaminopyrimidines, sulfonamides antibiotics [3].  

A total of 165 A. baumannii clinical isolates, isolated between December 2022 and November 2023 
from 165 patients in Vilnius University Hospital Santaros Klinikos, were characterized by the phenotypic and 
genotypic analyses combining the antibiotic susceptibility testing and the PCR amplification methods. After a 
detailed comparison of age and infections, it can be seen that the highest number of infections was observed 
for patients between 60-79 years (51%), while the lowest number of illnesses was observed for the age group 
of up to 40 years (8% ). During the period of observation, the biggest part of clinical samples was taken from 
the bronchi - 32 samples, blood - 26 samples, urine - 24 samples. The epidemiological samples were mostly 
collected from the feces - 20 samples. Antibiotic susceptibility testing revealed that over 90 % of isolates 
were resistant to meropenem, gentamicin, amikacin, tobramycin, ciprofloxacin. The results revealed that 
all A. baumannii isolates carried the blaOXA-51-like gene, over 80 % of isolates carried the aph (3')-Ia, blaVIM1, 
blaOXA-23-like, blaTEM, sul2 genes. However, neither the sul3 nor dfrA17 genes were detected in the isolates. The 
results are correlated with other researches that over 80 % of isolates have MDR or even XDR (extensively 
drug resistant) phenotypes and are resistant to beta-lactams, aminoglycosides, cephalosporins and 
fluoroquinolones [2] [3]. 
 

 
[1] Kyriakidis I, Vasileiou E, Pana ZD, Tragiannidis A. Acinetobacter baumannii antibiotic resistance mechanisms. Vol. 10, Pathogens. MDPI 
AG; 2021.  
[2] Havenga B, Reyneke B, Ndlovu T, Khan W. Genotypic and phenotypic comparison of clinical and environmental Acinetobacter 
baumannii strains. Microb Pathog. 2022 Nov 1;172.  
[3] Jun SH, Lee DE, Hwang HR, Kim N, Kwon KT, Kim YK, et al. Clonal evolution and antimicrobial resistance of Acinetobacter baumannii 
isolates from Korean hospitals over the last decade. Infection, Genetics and Evolution. 2023 Mar 1;108.  
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 Photodynamic tumor therapy (PDT) is an approach to damage and degrade cancerous tissue using the 
combination of photosensitizers (PS) and light irradiation. However, the typical excitation wavelength for 
most PS falls within the spectrum of visible or UV light and achieving sufficient light penetration in biological 
tissues with such wavelengths is challenging. The depth of penetration ranges between 0.1 mm and 5 mm [1] 
which is not optimal. 
 PS can be organic molecules, nanomaterials or a combination of metal atoms chelated to ligands. Here 
we propose gold nanoclusters (Au NCs) stabilized with bovine serum albumin (BSA). They are derivatives of 
25 gold atoms in BSA, as clusters of such size exhibit photoluminescence upon excitation around 495 nm and 
can generate reactive oxygen species. Nevertheless, light which is used for excitation of BSA-Au NCs still is 
absorbed within few millimeters of tissues. A solution might be upconverting nanoparticles (UCNPs) – 
nanoscale compounds capable of converting lower energy photons into higher energy photons, thus turning 
the absorption of near-infrared (NIR) radiation into visible light and UV emission. NIR spectrum of 
wavelengths can penetrate tissues deeper compared to other light (up to 3.2cm) [2]. Therefore, UCNPs are 
beneficial when used in tandem with PS with excitation ranges in the visible light spectrum. We hypothesize 
that UCNPs and BSA-Au NCs should complement each other when used together to improve PDT. 
 In this study we investigated the accumulation of UCNPs functionalized with BSA-Au NCs using a laser 
scanning confocal microscope. We utilized specialized dyes such as Hoechst for the nuclei visualization, 
Phalloidin combined with Alexa Flour or CF594 for the cytoskeleton detection and employed transmission 
microscopy for the most effective imaging of breast cancer cells. We evaluated how UCNPs, BSA-Au NCs 
and UCNP-BSA-Au NCs complexes have internalized after a 24-hour incubation. 
 Composition of the coating surrounding nanoparticles determines the specific type of endocytosis 
mechanism involved, which includes phagocytosis, pinocytosis, clathrin-mediated endocytosis, and 
caveolae-mediated endocytosis [3,4]. Hence, our aim is to evaluate the accumulation of UCNPs covered with 
a BSA-Au NCs as surface coating. It was compared to the accumulation of UCNPs with a non-specific protein 
coating which formed upon exposure to components of culture media, as well as UCNPs conjugated with 
BSA-fluorophore. We learned that upon internalization UCNPs localize within the cytoplasm, frequently 
around the nucleus, but not inside it. Secondly, accumulation of nanoparticles within cells did not drastically 
alter the morphology of MDA-MB-231 and MCF-7 cells, which was supported by our additional cytotoxicity 
assay. Based on the overlay of UCNPs emission and BSA-fluorophore photoluminescence we could assume 
that upon internalization the nanoparticle and its coating do not separate. Our findings also suggest that the 
accumulation of UCNPs complexed with a BSA-Au NCs is comparable to, or more effective than, that of 
UCNPs alone or with BSA-fluorophore. 
 
 
 
 
 
 
 
[1] Ash C., Dubec M., Donne K., Bashford T. (2017) Effect of wavelength and beam width on penetration in light-tissue interaction using 
computational methods. Lasers Med Sci, 32, 1909–1918. 
[2] Chen G, Shen J, Ohulchanskyy TY, Patel NJ, Kutikov A, Li Z, Han G et al. (2012) (α-NaYbF4:Tm(3+))/CaF2 Core/Shell Nanoparticles 
with Efficient Near-Infrared to Near-Infrared Upconversion for High-Contrast Deep Tissue Bioimaging. ACS Nano, 6, 9, 8280–8287. 
[3] Voronovic E., Skripka A., Jarockyte G., Ger M., Kuciauskas D., Kaupinis A., Valius M., Rotomskis R., Vetrone F., Karabanovas V. (2021) 
Uptake of Upconverting Nanoparticles by Breast Cancer Cells: Surface Coating versus the Protein Corona. ACS Appl. Mater. Interfaces, 
13, 33, 39076–39087. 
[4] Zhao F., Zhao Y., Liu Y., Chang X., Chen C., Zhao Y., (2011) Cellular Uptake, Intracellular Trafficking, and Cytotoxicity of Nanomaterials. 
Small, 7, 1322–1337. 
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 Recent advances in early detection and treatment strategies have led to substantial improvement in 
cancer survival rates over the past several decades. Unfortunately, cancer treatments may compromise 
endocrine and reproductive functions in female patients, leading to premature ovarian failure and infertility 
[1, 2]. Ovarian tissue (OT) cryopreservation and autotransplantation present a promising option for fertility 
preservation, especially in prepubertal girls and patients requiring immediate cancer treatment with limited 
time for ovulation induction and oocyte collection [3]. Though hundreds of live births following 
cryopreservation and autotransplantation of frozen OT have been reported, this innovative technique still 
needs to be improved due to massive follicle loss in ovarian grafts [4]. Ischemia, hypoxia, and vascular 
reperfusion injury are the main factors leading to follicle loss during grafting, thus limiting the success rate 
of the transplantation procedure [4]. Multiple approaches have aimed to reduce damage caused by ischemia 
and oxidative stress via the administration of different growth factors, hormones, antioxidants, or mechanical 
tissue damage. This study aimed to evaluate if antioxidant (rutin) and vascular endothelial growth factor 
(VEGF-A) have an impact on the expression of genes involved in folliculogenesis and tissue integrity of 
xenotransplanted human OTs.  
 Cryopreserved OTs (2.5 x 2.5 mm) from 10 cancer patients were thawed, cultured in vitro for 36h in 
media supplemented with 1 μg/ml rutin and 50 ng/ml VEGF-A (n=10) or without (n=10), and transplanted to 
immunodeficient mice. OTs were retrieved after 4 weeks and used for gene expression analysis. Frozen-
thawed OTs (n=4) were used as non-grafted controls. Vascularization was evaluated by mouse CD31 and 
ANGPT2 gene expression.  Expression of genes related to the development of follicular cells (FOXO3, FSHR, 
GDF9) and tissue integrity (PRDX1, SOD1, FN1, COL6A1, CASP3) were analyzed. GAPDH/Gapdh was used as an 
endogenous control for gene expression data normalization. Finally, statistical analysis was performed 
comparing gene expression levels in non-grafted with grafted OTs and between grafted OT groups.  
 Four weeks post-transplantation, analysis of qPCR data revealed that genes associated with oxidative 
stress responses (SOD2, PRDX1) were significantly downregulated (p<0.05) in both grafted groups compared 
to the non-grafted control. Moreover, grafts treated with VEGF-A and rutin exhibited decreased expression 
of CASP3, a gene related to apoptotic signaling, compared to non-grafted OTs. However, after transplantation, 
we observed a significant decrease (p<0.05) in expression of the folliculogenesis-associated (GDF9, FOXO3, 
FSHR) and structural genes (FN1, COL6A1) in grafted OTs. The ANGPT2 (angiogenesis regulator) gene 
expression in VEGF-A and rutin treated OT grafts was significantly reduced (p<0.05) compared to non-grafted 
control, although no significant difference was observed between grafted OT groups. However, increased 
ANGPT2 expression can also show inflammation or hypoxia. Finally, no significant difference in the 
expression of mouse CD31 gene between grafted OT groups was found.  
 The present study demonstrates that the administration of VEGF-A and rutin may reduce apoptosis, 
ischemia, and oxidative stress in xenotransplanted human OT, although follicle number diminishes 
significantly after grafting. 
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 Introduction. Angiotensin II receptor type 2 (AT2) are receptors for angiotensin II, a hormone involved 
in regulating blood pressure and electrolyte balance. An increase in AngII receptors at myenteric plexuses 
in the gastrointestinal tract could lead to heightened activity in this area. The raise of AngII receptors at 
myenteric plexuses in the gastrointestinal tract could increase the activity of macrophages which can 
activate the cascade of pro-fibrotic pathway [1] to mediate fibrosis in the GI (gastrointestinal) tract. 
 Aim. The aim of this study is to determine whether there is an increase in the amount of AT2 receptors 
in the myenteric plexuses in the GI of diverticulosis patients. 
 Methods. Control samples were obtained from patients undergoing surgery for non-obstructing 
colorectal carcinoma, who did not have symptoms of complicated or uncomplicated diverticular disease (DD). 
This type of operation was a source of asymptomatic diverticular disease (ADD) samples if diverticula were 
found to be present in these patients. Tissue specimens for the symptomatic diverticular disease (SDD) group 
were obtained from patients who underwent sigmoid resection for diverticulitis disease. [2] Histological 
preparations were stained by immunohistochemistry (IHC) with primary antigens against HuC/HuD for 
neuronal bodies and against AT2 receptors for AngII. The area of neuronal bodies and neurons, positive to 
AT2 receptors in 92 myenteric plexuses were measured using the ImageJ program. The statistical data were 
calculated using SPSS 29.0 (using one-way ANOVA and Bonferroni post hoc tests). 
 Results. Data revealed a significant difference of the neuronal area proportion (AT2/neuronal bodies) 
between control and symptomatic DD groups (p=0.011). The percentage of positive AT2 receptors covering 
positive neuronal bodies in control at the myenteric plexuses were 42.00% compared to 56.65% in 
symptomatic DD. The percentage of area per unit (one myenteric plexus) showed the difference between 
control and symptomatic DD groups 14.48% (42.12% and 56.50% respectively). The asymptomatic group 
showed neuronal area (AT2/neuronal bodies) percentage of 46.00%. The percentage of area per unit marked 
45.00%. There were no significant differences between asymptomatic DD and other patient groups.  
 Conclusions. Research results show an increase of the AT2 receptors area in the myenteric plexuses 
of symptomatic DD patients’ group which may lead to fibrosis in the gastrointestinal tract. Fibrosis can have 
various consequences, depending on its location and severity. In the context of diverticular disease (DD), 
fibrosis could contribute to the development of diverticula (small pouches that protrude from the wall of the 
colon) and potentially exacerbate symptoms such as abdominal pain, bloating, and changes in bowel habits.  
 Acknowledgments. This study was generously supported by the Research Council of Lithuania (Grant 
SEN06/2015/PRM15/135). 
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Emerging therapies targeting EGFR and KRAS are notably advancing cancer treatment. Increased EGFR 
protein expression in breast cancer promotes malignant cell proliferation and survival. Therefore, targeting EGFR 
with antibodies can effectively inhibit or stop these processes [1]. Similarly, the KRAS gene, responsible for 
producing various isoforms of the KRAS protein, plays a critical role in cell growth, migration, and differentiation. 
Suppressing specific KRAS gene isoforms can lead to the activation of different gene signaling pathways. Evaluating 
EGFR and KRAS in vitro helps in understanding treatment responses in breast cancer cell lines. The study focused 
on evaluating the differential responses of breast cancer cell lines MCF-7 and MDA-MB-231 to anti-EGFR antibody 
treatment and KRAS isoforms A and B silencing via targeted siRNA. 

First, the optimal conditions non-toxic concentrations of anti-EGFR and siRNA’s treatments were 
determined. The ‘wound healing’ method was utilized for migration assay following treatments. The expression of 
KRAS isoforms, EGFR, and endothelial mesenchymal transition genes: FBX7, MAML1, CDH1, and VIM was measured 
using reverse transcription quantitative real-time PCR after 24 hours. The relative gene expression was quantified 
utilizing the ΔΔCT method. A gene with over a two-fold expression change compared to control was classified as 
significantly expressed. siRNAs were designed with Eurofins Genomics’ siRNA design tools, and the primers were 
designed using NCBI primer BLAST software. 

siRNA-KRAS-A reduced KRAS-A transcript by 58% in MCF-7 and 69% in MDA-MB-231 cells; siRNA-KRAS-B 
cut KRAS-B by 12% in MCF-7 and 15% in MDA-MB-231. An EGFR antibody decreased EGFR levels by 2% in MCF-7 and 
1% in MDA-MB-231. Treatments had diverse effects on the genes’ expression, influencing cell migration. VIM gene 
expression in the MCF-7 cell line was elevated after treatment with siRNA-KRAS-A and siRNA-KRAS-B. On the 
other hand, in the MDA-MB-231 cell line, all treatments, led to a reduction in VIM expression. In the MCF-7 cell line 
CDH1 expression increased after anti-EGFR treatment. Meanwhile, in the MDA-MB-231 cell line, CDH1 gene 
expression was reduced following treatments with siRNA-KRAS-A and siRNA-KRAS-B. Results of migration 
indicate significant differences in the effects of anti-EGFR (p = 0.0002) and both si-RNA-KRAS (p < 0.0001) on MCF-7 
and MDA-MB-231 cell lines, showing decreased migration effect on MDA-MB-231 treatments correlating with 
decreased VIM and CDH1 expression. 

In conclusion, the distinctive effects observed with siRNA-KRAS-A and siRNA-KRAS-B treatments on gene 
expression and cell migration within MCF-7 and MDA-MB-231 cells shows how the KRAS isoforms contribute to 
breast cancer cell behavior. In MCF-7 cells, siRNA-KRAS-A reduces migration and alters EGFR, and CDH1 
expression, highlighting its influence on cell adhesion and signaling pathways [2]. siRNA-KRAS-B treatment in 
MCF-7 cells decreases migration more significantly and affects CDH1 and VIM expression, indicating its role in 
modifying cell morphology [2, 3]. For MDA-MB-231 cells, both treatments lead to variations in migration and gene 
expression, with siRNA-KRAS-A primarily affecting CDH1, and siRNA-KRAS-B impacting VIM. These findings 
delineate the nuanced roles of KRAS isoforms in modulating gene expression and cancer cell migration dynamics, 
offering valuable insights into the response to silencing treatments. 
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 With a projected 22% rise in the elderly population by 2030, particularly susceptible to cardiovascular 
diseases (CVDs) like hypertension (HPT), understanding the underlying mechanisms becomes crucial. The 
aetiology of HPT is a result of imbalance in sympathetic and parasympathetic regulation of the CVS [1]. HPT 
manifests as endogenous neural substances such as calcitonin gene-related peptide (CGRP) - the most 
potent microvascular vasodilator, important in vascular-related stress, nitric oxide synthase (nNOS) - also 
known as endothelium-derived relaxation factor, release [2].  
 Aim. This study explored the link between aging and hypertension in male rats using very old (60-63 
weeks) spontaneously hypertensive rats (SHR) and its age-matched Wistar-Kyoto (WKY) models in terms 
of area, nodal volume, and expression of CGRP and nNOS proteins.  
 Method. Cryosections of nodose ganglion (NG) were prepared by immunohistochemical reactions with 
primary antibodies against CGRP / nNOS proteins and PGP9,5 (marker for all neuronal bodies). Secondary 
antibodies were conjugated with fluorochrome Cy3 and AF488. Sections were examined using fluorescence 
microscope. The ganglia area was measured and neurons, positive to PGP9,5, CGRP and nNOS were counted 
using AxioImage and ImageJ programs. Statistical data was analysed using T-test and one-way ANOVA tests. 
 Results. Surprisingly, no significant differences (p>0.05) were found in nodal ganglion area, volume, or 
CGRP/nNOS expression between SHR and age-matched control rats. These findings suggest the greater the 
age of the mouse the less difference they exhibit in terms of CGRP and NOS expression, area, and volume of 
ganglion. The tendency between the groups shows higher expression of nNOS in SHR rats – 42.9%, whereas 
in WKY nNOS - 39.3%. Expression of CGRP in SHR group also showed lower results than WKY - 29.5% 
compared to 35.2%. The SHR rats also showed higher area of the ganglia by 3%, however smaller volume of 
neural bodies by 29.8%, compared to the WKY rats. Interestingly, the significant difference (p<0.05) was found 
in measurements of an area of NG in WKY rats between right and left ganglia. Right ganglia were bigger than 
left by 32,1% but no difference between node sides was found in SHR rats.  
 Conclusion. Even though, the results did not show a significant difference in SHR and WKY rats, they 
still exhibit different morphology and levels of CGRP and nNOS protein expressions. These distinctions are 
not significant due to the age of the rats. However, the tendency of SHR rats to higher nNOS and lower CGRP 
expression, smaller volume of the ganglion, is due to long term pathological action of HPT on blood vessels, 
compared to WKY rats who underwent natural ageing process [1]. Difference in WKY NG area might indicate 
slight difference in parasympathetic innervation and type of nerve fibres [3]. Similarly in humans, the older 
the human the greater the risk of naturally occurring hypertension because of morphological changes of the 
cardiac plexuses, this explains the huge rise of CVDs in elderly population. 
 Acknowledgements. This study was supported by the Grant S-MIP-19-23/PRM19-113 from the Research 
Council of Lithuania. 
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 α-L-Fucose (Fuc) is a unique carbohydrate having a L-configuration and lacking a hydroxyl group on 
the C-6 carbon. It is found in the structure of oligosaccharides, and Fuc is also the most common terminal 
sugar of glycoconjugates [1]. Fucosylated glycoconjugates, present in both prokaryotic and eukaryotic 
(including humans) organisms, are essential for many biological processes, such as host-microorganism 
interactions in bacterial pathogenesis, cell-to-cell communication in plants, neurological and immunological 
processes in humans [1, 2, 3]. Additionally, L-fucose plays a significant role in the human body as a component 
of secretor blood group antigens and human milk oligosaccharides [4]. 
 α-L-Fucosidases (EC 3.2.1.51) are exo-acting glycoside hydrolases that catalyze the removal of α-L-
fucose from oligosaccharides and glycoconjugates. These enzymes can be found in a wide variety of 
organisms and tissue types. The diversity of α-L-fucosidases produced by gut microorganisms may provide 
these species with an advantage in colonizing and adapting to the gut environment [1]. In humans, α-L-
fucosidase deficiency may lead to two pathological events: fucosidosis and cancer. These enzymes are 
applied in medicine, research, and biotechnology, as they show potential for the enzymatic synthesis of 
valuable oligosaccharides through transfucosylation [2]. 
 This study introduces three novel α-L-fucosidases – FucKUR, FucLINKA, and FucMSL2, obtained from 
metagenomic libraries. They all belong to the glycoside hydrolase family GH151. This novel family was first 
recognized in 2012. To date, it contains over 260 members, of which only three are characterized and only 
one structure (α-L-f2wt) has been determined experimentally. The amino acid sequences of the fucosidases 
in question were analyzed using bioinformatic analysis tools. A phylogenetic tree constructed using GH151 
family proteins revealed that the three fucosidases are quite distinct from each other. Analyzing structures 
modeled via AlphaFold2, the main structural differences were found in the C-terminal domain of the 
investigated proteins. Comparative analysis with α-L-f2wt showed that the active site residues are highly 
conserved among the GH151 family proteins, with only minor differences. 
 α-L-Fucosidases belonging to the GH151 family are novel, thus limited research has been conducted, 
resulting in a relatively sparse understanding. Further research is needed to gain a better understanding of 
the mechanisms and properties of these enzymes, as well as their potential for biotechnological applications. 
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Knowledge of the 3D structure of protein-protein and protein-nucleic acid complexes is crucial for 

understanding the molecular mechanisms that govern essential cellular processes. Experimental methods 
such as X-ray crystallography, NMR, and cryoEM provide high-quality structures, but are expensive and time 
consuming. Thus, there is a need for computational structure prediction. While the AI-based method 
AlphaFold has revolutionized single chain protein structure prediction, challenges remain, particularly in 
modeling antibody-antigen interactions, protein-nucleic acid complexes, and proteins lacking close 
homologs. In these cases, docking can be employed to generate structure models. As a result, effective 
methods for selection of the most accurate models are necessary.  

Here we present FTDMP, a newly developed framework for protein-protein and protein-nucleic acid 
docking and scoring. The framework can be used in two ways: to perform docking and subsequent scoring, 
or to evaluate and rank user provided models coming from various sources (AlphaFold, RoseTTAFold, 
docking, etc.). The ranking in FTDMP is done by the VoroIF-jury method, that is based on the consensus of 
several scoring functions [1]. The protocol based on this method obtained top results in the community-wide 
CASP15-CAPRI scoring experiment, that evaluates computational methods for predicting protein structures 
and interactions [2]. 

The full FTDMP docking and scoring framework was tested on protein-protein, protein-DNA, and 
protein-RNA docking benchmarks [3-5]. Compared to currently available docking systems, FTDMP 
demonstrated improved results of the free unbound-unbound docking when the top-ranked model was 
considered. Moreover, the success rates were very high for bound-bound docking (up to 83% for the top 
prediction), which opens new application possibilities when the conformational changes upon binding are 
negligible. For example, rigid-body docking using FTDMP assisted the identification of high-quality models 
when AlphaFold and docking predictions were similar for hard CAPRI targets. In addition to that, the 
framework can be employed for fast and straightforward evaluation of new scoring functions, since it can be 
used not only with the built-in, but also with external scoring methods.  

FTDMP, docking benchmarks and docking results are available at https://github.com/kliment-
olechnovic/ftdmp. 
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 X-ray crystallography is one of the most popular methods for accurate protein structure 
determination, which usually provides enough data to construct macromolecular models with atomic 
precision. However, in protein crystals with numerous inter-chain contacts it may be difficult to distinguish 
interactions originating from the underlying biological assemblies and artifacts produced by crystal packing 
alone. To alleviate this problem, the community of computational structural biologists has created a plethora 
of automated methods for detection of biologically relevant protein-protein interfaces (PPIs) in X-ray 
crystallography data. These methods are quite diverse, ranging from purely physicochemical single 
structure-based models to the ones based on evolutionary distant protein comparisons. Nevertheless, none 
of the available methods are capable of perfect PPI annotation. While specialized methods still struggle with 
the said problem, they are getting complemented with other computational techniques [1]. One such case is 
repurposing of AlphaFold-Multimer [2], a method, initially designed to model proteins with no experimental 
structures available. This new application of AlphaFold-Multimer is reported to be quite successful, however 
in its initial study only around ~1500 protein dimers were examined, leaving a vast protein pool yet to be 
explored [1]. 
 In this study we investigated a wider non-redundant dataset of crystal structures for protein 
complexes from PPI3D database [3], comprising of 19002 protein-only homodimers with unique PPIs, 
corresponding to 16667 protein sequence clusters at 95% sequence identity threshold. We discovered that 
only around 2/3 of these sequence clusters contain proteins which are found in the Protein Data Bank (PDB) 
only as homodimers, indicating some uncertainty for the rest of the dataset. Moreover, we revealed that a 
small fraction of the dataset sequence clusters (approximately 2%) contain homodimers, whose structures 
resemble cases of incomplete C3 symmetry, which is unexpected for dimeric structures. Additionally, we 
remodeled the entire homodimer dataset with AlphaFold-Multimer implemented in ColabFold [4]. We 
analyzed top ranked models and determined that most of them reproduce PDB biological assemblies. 
However, we identified two additional groups of models that differ from corresponding homodimer biological 
assemblies in the PDB. One group, making up almost 1/3 of all top ranked models, has unreliable interfaces, 
according to AlphaFold-Multimer self-confidence estimates. This suggests that the corresponding 
homodimers, annotated in the PDB as biological assemblies, may be in fact homodimers resulting from 
crystal packing. Another group, which comprises nearly 4% of all top models, has relatively high AlphaFold-
Multimer self-confidence estimates. In this case it is most likely that structure remodeling discovered new 
biologically relevant assemblies that were missed in the PDB experimental data. 
 Based on our results, we conclude that a significant minority of PDB X-ray homodimer structures have 
dubiously assigned oligomeric states and/or PPIs. Although our analysis does not definitively disprove the 
existence of these homodimers, we suggest using these experimental models with caution. 
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The protein-ligand binding affinity prediction based on 3D structural data is one of the important 
tasks in modern drug development, driving rational drug design, structure-based lead optimization, and 
drug repurposing. At the moment, a large number of computational models aiming to predict the protein-
ligand binding affinity have been developed. However, designing a model able to precisely predict the 
binding affinity for diverse protein-ligand complexes remains an unsolved challenge [1]. Moreover, recent 
studies revealed the extreme impact of the presence of similar structures in the training set on the model 
performance, questioning the actual predictive power of existing methods [2].

Here we present the development of predictive models for protein-ligand binding affinity using 
descriptors based on Voronoi tessellation of biomolecular structures: inter-atom contact areas and atom 
volumes [3]. To account for different interaction types, the contact areas were grouped according to atom 
properties computed by the RDKit software. The developed models are based on different machine learning 
methods (PLS, Random Forest, and Gradient Boosting), and the correlation coefficient between predicted 
and experimentally determined binding affinity values ranges between 0.58 and 0.67.

We investigated the performance of our models using independent datasets of experimentally 
determined structures of protein-ligand complexes with known binding affinity. To compare the models 
with widely used methods, we tested their performance on CASF scoring, ranking, docking, and screening 
tasks designed to benchmark scoring functions [1]. Our models demonstrated better binding affinity 
prediction accuracy compared to the classical scoring functions but performed poorly for docking-related 
tasks. The models were additionally tested using a large dataset of diverse structures published after 2019 
and single protein target datasets [4]. In the latter case, mimicking a realistic drug discovery scenario, we 
observed different prediction accuracies for different target proteins. Moreover, we demonstrated that the 
accuracy of prediction depends on the similarity of both protein and ligand to the training set even for the 
developed simplistic binding affinity predictors.
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[1] Su, M., Yang, Q., Du, Y., Feng, G., Liu, Z., Li, Y., & Wang, R. (2019). Comparative Assessment of Scoring Functions: The CASF-2016 Update. 
Journal of Chemical Information and Modeling, 59(2), 895–913.  
[2] Kanakala, G. C., Aggarwal, R., Nayar, D., & Priyakumar, U. D. (2023). Latent Biases in Machine Learning Models for Predicting Binding 
Affinities Using Popular Data Sets. ACS Omega, 8(2), 2389–2397.  
[3] Olechnovič, K., & Venclovas, Č. (2014). Voronota: A fast and reliable tool for computing the vertices of the Voronoi diagram of atomic 
balls. Journal of Computational Chemistry, 35(8), 672–681.  
[4] Durant, G., Boyles, F., Birchall, K., Marsden, B., & Deane, C. M. (2023). Robustly interrogating machine learning-based scoring 
functions: What are they learning? bioRxiv doi: 10.1101/2023.10.30.564251. 
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Seasonal fluctuations in the microbial communities of marine and freshwater bodies play a pivotal role 
in ecosystem dynamics [1]. Cyanobacteria, while vital for oxygen production, can also trigger harmful algal 
blooms due to eutrophication, posing significant challenges to water ecosystems [2]. To comprehend 
cyanobacteria's influence, it's crucial to discern the broader microbial population within these bodies of 
water. Next Generation Sequencing technologies offers a powerful tool for this purpose. 

In order to understand the influence of cyanobacteria on the water ecosystem, it is first necessary to 
find out which microorganisms make up the population of the studied water bodies. This can be achieved by 
using Oxford Nanopore Technologies long-read sequencing on water samples. The main goal of this work is 
to find out the abundance of dominant microorganisms populations and investigate the mutual exchange of 
functional groups of the microbial nutritional network during the seasonal blooming and non-blooming of 
cyanobacteria. During this work, bacterial community samples and colony-forming phytoplankton of 
Curonian Lagoon water samples were collected and their DNA was purified, concentrated, and finally 
sequenced. 

 Bioinformatic metagenomic analysis was employed to visualize the results. In the waters of the 
Curonian Lagoon, the constancy of bacterial communities over time was observed, where the majority of the 
population consisted of Actinobacteria, Betaproteobacteria and Flavobacteria. Acidobacteria, Actinobacteria 
and Betaproteobacteria had the highest mutual similarity. While diatom blooms, including colony-forming 
Cyclotella sp. and Desmodesmus communis, were observed on September 9, 2022, no direct connection with 
the bacterial community was identified. This highlights the complexity of microbial interactions within aquatic 
ecosystems, where multiple factors influence community dynamics.  

The findings show the need for comprehensive understanding and monitoring of microbial 
communities in water bodies, particularly in the context of cyanobacterial blooms and their ecological 
repercussions. Such insights can inform management strategies aimed at preserving water quality and 
mitigating the adverse effects of eutrophication and algal blooms on aquatic ecosystems and human health. 

 

 
Figure 1. The diversity of the water bacterial community of the Curonian Lagoon in different weeks, 
taxonomic level: class. The diagram was made using RStudio. 
 
 
[1] C. C. Carey, B. W. Ibelings, E. P. Hoffmann, D. P. Hamilton, and J. D. Brookes, “Eco-physiological adaptations that favour freshwater 

cyanobacteria in a changing climate,” Water Res., vol. 46, no. 5, pp. 1394–1407, Apr. 2012, doi: 10.1016/j.watres.2011.12.016. 
[2] I. Bertani et al., “Tracking cyanobacteria blooms: Do different monitoring approaches tell the same story?,” Sci. Total Environ., vol. 

575, pp. 294–308, Jan. 2017, doi: 10.1016/j.scitotenv.2016.10.023. 
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               A comprehensive molecular level model of CARCINOGENESIS-MALIGNIZATION is essential for 
precise drug therapy. Unfortunately, oncology articles tend to be very fragmented and clinical trials are based 
on too weak logic.  Therefore, carcinogenesis-malignization scenarios creation also require artificial 
intelligence algorithms that mimic the author's deductive reasoning presented below, integrating the causal 
relationships of the individual facts by means of a "mosaic" method, obtained by "mining" the texts using the 
keywords "upregulated" and "downregulated", while also taking into account the stochasticity [1].  
              Let the description of a malignant tumour be {TUMOROEx}t=UkUij fk,ij(Exξ1, G(K)ξ2, C(K)ξ3, Tr(K)ξ4, 
P(K)ξ5,L(K)ξ6,Mtl(K)ξ7,M(K)ξ8, F(K)ξ9,Ep(K)ξ10,I(K)ξ11),  where U is the union of sets, k=1... n, and n is the number 
of clones in the tumour, ij belongs to the set of t - random, stochastic time points of the start of biological 
processes - their alignment yields the biological level scenarios of cancer, K denotes the fatal karyotypic 
phenotype, (Ex) denotes the exposome, (G) - genomic factor , (C) - cystromic, (TR) - transcriptomic, (P) - 
proteomic, (L) – lipidomic, (Mtl) – metallomic,  (M) - metabolomic, (F) - fliucosomic, (Ep) - epigenetic, (Im) - 
immunomic factors, t - time, ξ - the stochastic moment of the factor's expression in carcinogenesis. Let  Bi, 
i=1...41 be the biological hallmarks of malignancy [2].   The qualitative full sequential model of molecular level 
carcinogenesis-malignization is then the result of the identification of the sequences ST,i i=1...m generated by 
{TUMOROEx}t, mapping FC to the set {UBi, i=1...n, n=41}.   
            The main result::  The oncogenes K-ras and c-myc, the mTOR complex together with p53 are not only 
effector genes ("drivers"), but also stochastic triggers of carcinogenesis with a long time course and a long 
sequence of reactions and biological changes, which by the activation of RTKs - mK-ras-mTor1 - c-myc (-
p53), polyamines, and the changes in the methionine cycle... pathways and scenarios determine the 
generation of the necessary and sufficient biological properties and signs of cancer: 
  

 
[1] Urba K.. AI ir  kancerogenezės modelis.  Tezės.  Konferencija „Dirbtinio intelekto technologijos medicinoje: tyrimai ir diagnostika“, 
Vilnius, 2023 10 20 LMA renginiai - Lietuvos mokslų akademija 
[2] Baker S, Ali I, Silins I, et al. Cancer Hallmarks Analytics Tool (CHAT): a text mining approach to organize and evaluate scientific 
literature on cancer. Bioinformatics. 2017;33(24):3973-3981. doi:10.1093/bioinformatics/btx454  
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Figure 1. The overall pattern of mK-ras induced carcinogenesis-malignancy was obtained by 
"mosaicking" the individual fragmented results using the PubMed‘s articles text „mining“ 
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Some viruses of Orthomyxoviridae family are unusual amongst RNA viruses due to their distinctive 
transcription process, which occurs within the nucleus of the infected cell [1]. Viruses of this family have a 
segmented, single-stranded, negative-sense RNA genome and the number of segments typically ranges 
between 6 to 8 segments within different virus genera [2]. Well-researched Orthomyxoviruses, such as 
Influenza viruses, are known to use the host splicing machinery to modify their mRNAs from some of their 
genome segments, therefore expanding their proteome diversity and ensuring replication [3]. 

Several Orthomyxoviruses have been found and studied in invertebrates because they have also been 
recognized to cause human or other vertebrate infections (e.g. thogotoviruses). Even though many others 
have been identified, they are rarely researched any further [4]. Hence, there have not been cases where 
splicing would be described in the Quaranjavirus genus. Therefore, in this study, we conducted bioinformatics 
analysis on metagenomic data to identify if splicing is found in a virus of the Quaranjavirus genus – with 
Wuhan Mosquito Virus 6 specifically and its nearest relatives with known complete genomes. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[1] Digard, P., Tiley, L., & Elton, D. (2009). Orthomyxovirus genome transcription and replication. In Springer eBooks (pp. 163–180). 
https://doi.org/10.1007/b135974_9  
[2] Mostafa, A., & Abdel‐Moneim, A. S. (2019). Orthomyxoviruses. In Springer eBooks (pp. 351–378). https://doi.org/10.1007/978-981-13-
9073-9_19 
[3] Dubois, J., Terrier, B., & Rosa‐Calatrava, M. (2014). Influenza Viruses and mRNA Splicing: Doing More with Less. MBio, 5(3). 
https://doi.org/10.1128/mbio.00070-14 
[4] Li, C., Shī, M., Tian, J., Lin, X., Kang, Y., Chen, L., Qin, X., Xu, J., Holmes, E. C., & Zhang, Y. (2015). Unprecedented genomic diversity of 
RNA viruses in arthropods reveals the ancestry of negative-sense RNA viruses. eLife, 4. https://doi.org/10.7554/elife.05378  
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Allergy is a hypersensitivity reaction to non-hazardous substances such as pollen, food and animal 

proteins. House dust mite (HDM) allergy affecting approximately 65-130 million people worldwide ranks HDM 
one of the main indoor allergens [1]. Dermatophagoides pteronyssinus commonly found in Europe, is a prominent 
HDM species. One of its major allergenic molecule (allergen component) is Der p 2. Serological assays measuring 
allergen-specific IgE levels are one of the diagnostic measures for determining sensitization to allergens. To  
develop accurate quantitative serological diagnostic systems, calibrators of human IgE antibodies are needed. 
However, the utilization of human serum or plasma-derived calibrators presents several limitations, including 
low quantities, variability in antibody specificity and affinity, characterization constraints, and high costs. 
Recombinant chimeric antibodies offer a promising approach for standardizing such systems.  

This study aimed to characterize mouse monoclonal antibodies (mAbs) against Der p 2 for chimeric  
antibody development. Four mAbs were generated previously in our laboratory using hybridoma technology. 
Folowing purification by affinity chromatography, the mAbs were analyzed using SDS-PAGE, Western blot and 
indirect enzyme linked immunosorbent assay (ELISA).  

During this investigation isotypes of the mAbs by commercial ELISA kit were determined. MAbs 10C12, 4G7, 
5E12 were of IgG1, kappa (κ) and mAb 2B4 – IgG2a, κ isotype. All mAbs were tested to determine the ability to 
recognize natural allergens by Western blot assay using 6 natural allergen extracts from different 
manufacturers. Subsequently, all mAbs were found to interact with Der p 2 in natural allergen extracts. 
Additionally, mAbs 10C12, 4G7, 5E12 were cross-reactive with natural allergen component Der f 2 from the HDM 
Dermatophagoides farinae. The apparent dissociation constants (Kd, nM) of the mAbs were determined using 
indirect ELISA, where the reactivity of the mAbs with recombinant Der p 2 was analyzed. MAbs 10C12, 4G7, 5E12 
demonstrated high affinity (0.09, 0.12, and 0.13 nM, respectively), whereas mAb 2B4 – lower affinity (8.19 nM) to 
the recombinant Der p 2.  

Hybridoma producing mAb 4G7 was chosen for chimeric antibody creation. Polymerase chain reactions 
were used to amplify the nucleotide sequences of the mAb heavy and light chain variable regions. Their sequence 
was determined by Sanger sequencing.  

This study revealed that all four mAbs recognized both recombinant and natural Der p 2. MAbs 10C12, 4G7, 
5E12 also recognized Der f 2. Apparent dissociation constants reveal that 10C12, 4G7, 5E12 can interact with 
antigen with high affinity. Variable regions of 4G7 mAb were determined and chimeric recombinant antibodies 
are being created. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[1] Calderon M. A., Linneberg A., Kleine-Tebbe J., De Blay F., Hernandez Fernandez de Rojas D., Virchow J. C., Demoly P. (2015). Respiratory 
allergy cause by house dust mites: What do we really know? Journal of Allergy and Clinical Immunology, 136(1), 38-48.  
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 Drug-induced photosensitivity refers to the development of skin disorders resulting from the 
interaction between a chemical substance and sunlight exposure. Photosensitivity is one of the most common 
types of adverse drug reactions related to the skin. These reactions can occur from medications taken 
internally or applied directly to the skin [1]. Drug-induced photosensitivity can pose significant challenges in 
diagnosis, often leading to underrecognition of this condition [2]. 
 The research aimed to describe photosensitivity reactions and their mechanisms. The articles were 
searched in the Medline (PubMed) and Embase (ScienceDirect) electronic databases using the keywords 
"photosensitivity," “drug-induced,” “photoallergy,” and “phototoxicity.” Inclusion criteria included relevance to 
the described topic, availability of full text, English language texts, and publication between 2013 and 2023. A 
total of 11 articles were selected for review. 
 Over 300 medications have been associated with drug-induced photosensitivity with many commonly 
used in everyday medical practice. Drug-induced photosensitivity can be classified into two main types: 
phototoxicity and photoallergy. Additionally, it can manifest as lichenoid reactions, subacute cutaneous lupus 
erythematosus, or pseudoporphyria, which includes bullous reactions and photo-onycholysis [2]. Phototoxic 
reactions occur when a light-activated compound directly damages tissue including cell membranes, and 
sometimes DNA. Typically, phototoxic reactions manifest as an exaggerated sunburn-like response and 
usually occur within minutes or hours of light exposure [3]. Photoallergy is a type IV (delayed) hypersensitivity 
reaction mediated by the immune system. In this reaction, the drug, activated by light, serves as the antigen. 
When activated by light, the drug forms a metabolite, which can bind to protein carriers in the skin, forming 
a complete antigen [3]. Photosensitizing drugs are increasingly linked to more cases of skin cancer. Most 
drug-induced photosensitivity reactions are linked to UV-A wavelengths. UV-A radiation, although less potent 
than UV-B, can penetrate deeper tissue layers, interacting with medications deposited there. In contrast, UVB 
radiation is notorious for causing sunburns, primarily penetrating the epidermal layer and playing a more 
significant role in carcinogenesis [4]. 
 Numerous widely used medications have the potential to induce photosensitivity. Educating both 
clinicians and patients about the potential danger of sun light and photosensitivity is crucial to prevent many 
dangerous skin diseases. 

 
FFiigguurree  11.. UV-A and UV-B wave penetration to the skin 

 

 
[1] Kowalska, J., Rok, J., Rzepka, Z., & Wrześniok, D. (2021). Drug-Induced Photosensitivity—From Light and Chemistry to Biological 
Reactions and Clinical Symptoms. Pharmaceuticals, 14(8), 723. 
[2] Monteiro, A. F., Rato, M., & Martins, C. (2016). Drug-induced photosensitivity: Photoallergic and phototoxic reactions. Clinics in 
Dermatology, 34(5), 571–581. 
[3] Drug-Induced Photosensitivity: Background, Pathophysiology, Etiology. (2023). 
[4] Davis, A. E., Kennelley, G. E., Amaye-Obu, T., Jowdy, P. F., Ghadersohi, S., Nasir-Moin, M., Paragh, G., Berman, H. A., & Huss, W. J. 
(2024). The phenomenon of phototoxicity and longterm risks of commonly prescribed and structurally diverse drugs. Journal of 
Photochemistry and Photobiology, 19, 100221. 
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β-lactamases are the enzymes produced by bacteria that provide multidrug-resistance (MDR) 
to β-lactam antibiotics such as penicillins, cephalosporins, cephamycins, and others by breaking the 
structure of the antibiotic. In the health settings β-lactams are typically used for the treatment of 
infectious diseases caused by the broad spectrum of gram-positive and gram-negative bacteria [1]. 
Therefore, rapid and reliable detection methods of MDR bacteria is clinically and epidemiologically 
relevant. Antibody-based assays, such as immunochromatographic tests using monoclonal antibodies 
(MAbs) specific to β-lactamases, are promising diagnostic tools. Immunoassays are fast, simple, easy 
to perform, and affordable for the clinical laboratories [2]. The sensitivity of these assays can be 
improved by utilizing the multimeric recombinant antibodies. Displaying Fc-fused single-chain 
variable fragments (scFv) on the virus-like particles (VLPs) increases avidity of the recombinant 
antibodies, thus improving the sensitivity of the assay [3, 4].  

In this study we describe the determination of the variable region sequences of hybridoma-
derived MAb 7B6 against ACT-14 β-lactamase and their application for the development of multimeric 
recombinant β-lactamase specific antibodies. During the study, the variable fragments to heavy (VH) 
and light (VL) chains of MAb 7B6 were determined. For this purpose, total RNA was isolated from the 
stable hybridoma and the VH and VL coding sequences were amplified by reverse transcription and 
PCR using a set of previously  described primers  [5] specific for the framework of mouse IgG heavy 
and light chains. PCR products were cloned, VH and VL coding DNA sequences were verified by 
suquencing and analysed using IMGT/V-QUEST, IgBLAST, Geneious Biologic tools. Moreover, the 
sequences of the complementarity determining regions (CDRs) of VL and VH were defined. The 
obtained VL and VH sequences were engineered as two scFv variants (VL-VH and VH-VL) displayed 
on the surface of pseudotype virus-like particle (VLPs) as VP2-foreign sequence (Figure 1). The 
particles were produced in yeast Saccharomyces cerevisiae expression system and purified. VLP 
forming VP1, VP2 proteins and scFv in the particles were verified by SDS-PAGE and immunoblotting. 
We believe that our study provides a new data on the Mab against ACT-14 β-lactamase, its antigen-
binding region, and the development of multimeric recombinant antibodies. 

 
FFiigguurree  11.. Pseudotype virus-like particle. VP1 – capsid protein, VP2 – foreign sequence fusion protein 

(scFv) [4]. 
 
[1] Nordmann, P., Dortet, L. and Poirel, L. (2012) ‘Carbapenem resistance in Enterobacteriaceae: here is the storm!’, Trends in 
Molecular Medicine, 18(5), pp. 263–272. Available at: https://doi.org/10.1016/j.molmed.2012.03.003. 
[2] ] Hsieh, H.V., Dantzler, J.L. and Weigl, B.H. (2017) ‘Analytical Tools to Improve Optimization Procedures for Lateral Flow 
Assays’, Diagnostics, 7(2), p. 29. Available at: https://doi.org/10.3390/diagnostics7020029. 
[3] Pleckaityte, M. et al. (2015) ‘Construction of polyomavirus-derived pseudotype virus-like particles displaying a functionally 
active neutralizing antibody against hepatitis B virus surface antigen’, BMC Biotechnology, 15(1), p. 85. Available at: 
https://doi.org/10.1186/s12896-015-0203-3. 
[4] Jandrig, B. et al. (2021) ‘Hamster Polyomavirus Research: Past, Present, and Future’, Viruses, 13(5), p. 907. Available at: 
https://doi.org/10.3390/v13050907. 
[5]Z, W. et al. (2000) ‘Universal PCR amplification of mouse immunoglobulin gene variable regions: the design of degenerate 
primers and an assessment of the effect of DNA polymerase 3’ to 5’ exonuclease activity’, Journal of immunological methods, 
233(1–2). Available at: https://doi.org/10.1016/s0022-1759(99)00184-2. 
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 Glucose-regulated protein of 78 kDa (GRP78) is one of the most important endoplasmic reticulum (ER) 
chaperone proteins. This protein, also known as human binding immunoglobulin heavy chain protein (hBiP), 
facilitates protein folding, assembly and quality control, export into the ER, signal transduction, calcium ion 
and ER homeostasis [1]. The accumulation of unfolded proteins in the ER leads to ER stress and hBiP initiates 
signalling cascade of unfolded protein response (UPR) to remove/correct misfolded proteins. It was 
discovered that ER stress plays a role in disease progression, including heart disease, neurodegenerative 
disorders, diabetes, hypoxia, autoimmune inflammatory diseases and cancer [2]. There is evidence, that 
during ER stress GRP78 can exist outside the ER – in the cytoplasm and cell membrane. In the case of cancer, 
tumor cells face acidity, low glucose levels and nutrient deprivation. When hBiP is localised in the cell 
membrane, it acts as a multifunctional protein and plays an important role in tumor cell survival, metastasis, 
angiogenesis and resistance to chemotherapy. Increased levels of GRP78 expression have been noted in 
primary tumors in contrast to benign tissues, suggesting its role in tumor advancement and heightened 
aggressiveness [3]. If the diseases caused by ER stress are thoroughly monitored, patients have a better 
chance of survival or significant symptom relief.  
 Monoclonal antibodies (MAbs) are great biotechnological tools for protein detection and their function 
investigation [4]. Because of GRP78's ability to be localised on the cell surface during ER stress, it allows this 
protein to become a biomarker for the detection and monitoring of ER stress-related diseases. In this study, 
our goal is to characterise monoclonal antibodies against hBiP, so that research studies of mentioned 
diseases could be improved. Four mouse MAbs were generated using hybridoma technology. Cross-reactivity 
of monoclonal antibodies with other recombinant ER proteins and natural GRP78 expressed in various cell 
lines lysates was tested by Western blot. MAbs affinity to GRP78 was evaluated by measurement of the 
apparent dissociation constant by indirect ELISA. MAbs reactivity to natural GRP78 in cell lines was assessed 
by immunofluorescence microscopy. 
 In conclusion, one MAb generated against recombinant hBiP has shown the best characteristics as it 
was specific to natural hBiP in Western blot and immunofluorescence microscopy, and demonstrated the 
strongest affinity to the antigen. This antibody has a high potential for becoming a valuable reagent in GRP78 
studies. 

 
 
 
 
 
 
 
 
 
 
[1] Ni, M., Zhang, Y., & Lee, A. S. (2011). Beyond the endoplasmic reticulum: Atypical GRP78 in cell viability, signalling and therapeutic  
targeting. The Biochemical Journal, 434(2), 181–188. 
[2] Park, Y.-J., Yoo, S.-A., & Kim, W.-U. (2013). Role of Endoplasmic Reticulum Stress in Rheumatoid Arthritis Pathogenesis. Journal of  
Korean Medical Science, 29(1), 2–11. 
[3] Akinyemi, A. O., Simpson, K. E., Oyelere, S. F., Nur, M., Ngule, C. M., Owoyemi, B. C. D., Ayarick, V. A., Oyelami, F. F., Obaleye, O., Esoe, 
D.-P., Liu, X., & Li, Z. (2023). Unveiling the dark side of glucose-regulated protein 78 (GRP78) in cancers and other human pathology: A 
systematic review. Molecular Medicine, 29(1), 112. 
[4] Zahavi, D., & Weiner, L. (2020). Monoclonal Antibodies in Cancer Therapy. Antibodies (Basel, Switzerland), 9(3), 34.   
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 According to the World Health Organization, antimicrobial resistance (AMR) is one of the greatest 
threats to human health in this century. Currently about 700 000 deaths are linked to AMR each year globally. 
It is estimated that 10 million lives a year may be lost due to AMR by 2050 [1]. The emergence of AmpC β-
lactamases, which degrade β-lactam antibiotics, in Enterobacteriaceae is widely identified in health settings, 
and AmpC is increasingly being detected in livestock, wild and companion animals. B-lactamases of the CMY-
2-type subfamily are identified as the most prevalent AmpC enzymes [2]. Currently, there are no criteria 
approved by the Clinical and Laboratory Standards Institute for the detection of these β-lactamases in 
pathogenic bacterial isolates [3]. Therefore, accurate and easy-to-perform diagnostic approaches for AmpC-
producing bacteria are needed in the clinical laboratories. 
 The aim of this study was to apply previously characterized monoclonal antibodies (MAbs) raised 
against CMY-34 β-lactamase for the detection of AmpC enzymes. CMY-34 is one of the barely investigated 
members of the CMY family, making this β-lactamase a noticeable target for the development of detection 
assays. In this study the most promising and broadly reactive pair of characterized MAbs against CMY-34 
was selected and diagnostic potential of these MAbs was evaluated by their ability to recognize natural β-
lactamases in the CMY-positive bacterial isolates. For this purpose, MAbs were applied for the development 
of rapid diagnostic systems, such as quantitative lateral flow immunoassay, sandwich ELISA and two-photon 
excitation assay. These MAb-based immunoassays were able to detect all analyzed CMY-positive isolates, 
producing CMY-2, CMY-4, CMY-6, CMY-16, CMY-34 and one unidentified CMY variant. We believe that in this 
study described antibodies can be applied for the CMY immunodetection in bacterial isolates and are highly 
promising for the rapid diagnostics. 
 

 
 

Figure 1. Schematic representation of CMY-type β-lactamase detection using two-photon excitation assay. 
B-lactamase is captured by MAb coated microparticles and detected by fluorescently labelled MAb 

 
 
 
 
 
[1] Rosini R, Nicchi S, Pizza M, Rappuoli R. Vaccines Against Antimicrobial Resistance. Front. Immunol., 2020. 
[2] Jacoby GA. AmpC β-Lactamases. Clin Microbiol Rev., 2009. 
[3] Clinical and Laboratory Standards Institute. CLSI. Performance Standards for Antimicrobial Susceptibility Testing. 33rd ed. Vol. CLSI 
supplement M100, 2023. 
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 Inflammation is a protective immune response triggered by innate and adaptive immune systems in 
response to harmful stimuli such as pathogens or dead cells. An important part of the innate immune system 
is the inflammasome. It is a multiprotein complex that is activated through a group of innate immunity 
receptors called pattern recognition receptors that respond to structures that only pathogens possess and 
structures that occur in damaged cells. Inflammasomes are found in cells of the innate immune system such 
as monocytes, macrophages, and dendritic cells. Microglia, macrophages in the brain, are immune cells of 
the central nervous system and an important part of innate immunity. These cells are among the main cells 
in which the inflammasome is strongly activated [1]. 
 NLRP3 inflammasome is the best-characterized inflammasome. NLRP3 inflammasome consists of 
three major components – nucleotide binding and oligomerization domain-like receptor NLRP3, adapter 
protein apoptosis-associated speck-like protein ASC, and proteolytic enzyme pro-caspase 1. Activation of 
NLRP3 inflammasome leads to the release of IL-1β and inflammatory cell death, i.e. pyroptosis. Importantly, 
IL-1β stimulates the production of other cytokines and chemokines to attract other immune cells to the site 
of infection [2]. 
 Given the strength of inflammasome-dependent immune responses, it is not surprising that impaired 
NLRP3 inflammasome activity is implicated in several disorders, including Parkinson's and Alzheimer's 
disease [3]. Recent studies have reported the role of viral antigens in inflammasome activation. For instance, 
inflammasomes are activated in response to SARS-CoV-2 infection. SARS-CoV-2 N protein activates the 
NLRP3 inflammasome, which is associated with hyperinflammation in patients with SARS-CoV-2 infection 
[4]. Therefore, mechanisms of NLRP3 inflammasome activation and therapeutic interventions targeting 
structures involved in NLRP3 inflammasome signaling are promising areas of basic research. This study 
aims to investigate the effect of viral antigens and their immune complexes on the activation of the NLRP3 
inflammasome and the release of cytokines and chemokines in primary mouse microglia. 
         Primary microglia cell culture was prepared from newborn C57BL/6 mice and treated with virus-like 
particles (VLP) and their immune complexes (IC). IC were composed of VLP of WU polyomavirus and murine 
immunoglobulins specific to VLP. Different subtypes of IgG class immunoglobulins were used: IgG1, IgG2a, 
and IgG2b to form IC. Microglia and NLRP3 inflammasome activation was studied by analysis of released 
inflammatory cytokines, such as TNF-α and IL-1β, and chemokines, such as CXCL1 and CXCL2 with the 
enzyme-linked immunosorbent assay method. Cell viability was measured by LDH release detection assay. 
To confirm NLRP3 inflammasome activation, the specific inflammasome inhibitor MCC950 was used. 
           Our study shows that VLP and their IC causes cell death and release of chemokines and cytokines, 
like IL-1β, indicating NLRP3 inflammasome activation. Moreover, antibodies alone did not induce any cellular 
response and NLRP3 inflammasome inhibitor MCC950 caused a decrease in IL-1β secretion in microglia. In 
conclusion, our results show that IC of VLP induces inflammatory response and NLRP3 inflammasome 
activation in microglia. 
  
 
 
 
 
 
[1] Gustin, A., Kirchmeyer, M., Koncina, E., Felten, P., Losciuto, S., Heurtaux, T., Tardivel, A., Heuschling, P., & Dostert, C. (2015). NLRP3 
inflammasome is expressed and functional in mouse brain microglia but not in astrocytes. PLOS ONE, 10(6), e0130624.  
[2] Lučiūnaitė, A., Dalgedienė, I., Žilionis, R., Žilionis, R., Mašalaitė, K., Norkienė, M., Šinkūnas, A., Gedvilaitė, A., Kučinskaitė-Kodzė, I., & 
Žvirblienė, A. (2022). Activation of NLRP3 inflammasome by Virus-Like particles of human polyomaviruses in macrophages. Frontiers 
in Immunology, 13. 30. 
[3] Zheng, D., Liwinski, T., & Elinav, E. (2020). Inflammasome activation and regulation: toward a better understanding of complex 
mechanisms. Cell Discovery, 6(1). 
[4] Pan, P., Shen, M., Yu, Z., Ge, W., Chen, K., Tian, M., Xiao, F., Wang, Z., Wang, J., Jia, Y., Wang, W., Wan, P., Zhang, J., Chen, W., Lei, Z., 
Chen, X., Luo, Z., Zhang, Q., Xu, M. (2021). SARS-CoV-2 N protein promotes NLRP3 inflammasome activation to induce hyperinflammation. 
Nature Communications, 12(1). 
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 CAR-T cell therapy is an innovative, rapidly advancing field of immunotherapy. CAR-T cell therapy can 
be used to treat patients with tumours - lymphoma, leukemia, myeloma; autoimmune diseases - myasthenia 
gravis, systemic lupus erythematosus; and viruses - HIV, hepatitis B virus [1]. CAR-T cell therapy offers a 
promising alternative for patients who show resistance to conventional treatments such as surgery, 
radiotherapy or chemotherapy. CAR-T cell infusions are given to oncology patients to stimulate the immune 
system to achieve anticancer, antiviral or immunomodulatory effects. These cells are derived from 
genetically modified T cells ex vivo by expressing a CAR (chimeric antigen receptor) on the cell surface. CAR 
receptor consists of 4 parts: antigen recognition domain, hinge region, transmembrane domain and 
intracellular signalling domain [2]. CAR-T cells CAR receptor can recognize the specific antigens of cancer 
cells and initiate their death. Advantages of CAR-T cell therapy: stimulates a specific immune response, does 
not require antigen-presenting cells (APCs) for antigen presentation and antigen recognition stimulates the 
proliferation of CAR-T and T cells. 
 From 2017 FDA approved four anti-CD19 CAR-T cell therapies: “Kymriah”, “Yescarta”, “Tecartus”, 
“Breyanzi”, which are used to treat B-cell malignancies and anti-BCMA therapies “Abecma” and “Carvykti” for 
the treatment of myeloma [3]. In addition to anti-CD19 and anti-BCMA therapies, dozens of antigen targets 
are being tested under preclinical and clinical settings for solid and haematological tumours. To take CAR-T 
cell research from bench to bedside, first, genetically modified T cells have to be tested in vitro for CAR 
expression on the cell surface. 
 In 2022, B. Sharpless won a Nobel Prize for developing a more efficient way of conjugating molecules: 
he used water instead of organic solvents and catalyzed the reaction of azide and alkyne with copper [4]. The 
“click chemistry” reaction can take place in bioorthogonal conditions (in living cells), so the functioning of the 
body is not disturbed. Here, azide reacts only with compounds containing an alkyne group (BCN, DBCO, OCT).  
 GenieTAG technology was developed by Genie Biotech company [5] which allows the site-specific 
introduction of azide into the protein for subsequent “click chemistry”-based conjugation of various payloads 
for the vaccine, diagnostics, protein therapeutics and slow delivery applications. The linker is conjugated to 
proteins at a neutral pH of the solution (~7), the duration of the process is 1-3 hours, at 37 ℃. 
 In this project, we are developing and characterizing a novel single-step modular detection systems 
to determine the expression of CARs. For this purpose, we are conjugating recombinant protein L to 
fluorescent dyes using GenieTAG site-specific conjugation technology. We used Western blotting and flow 
cytometry to determine the specificity of the modular detection systems. These single-step modular detection 
systems will allow for faster and more precise identification of CAR receptors on engineered T cells. 
 
[1] Aghajanian, H., Rurik, J. G., & Epstein, J. A. (2022). CAR-based therapies: opportunities for immuno-medicine beyond cancer. Nature 
Metabolism 2022 4:2, 4(2), 163–169. https://doi.org/10.1038/s42255-022-00537-5  
[2] Fujiwara, K., Tsunei, A., Kusabuka, H., Ogaki, E., Tachibana, M., & Okada, N. (2020). Hinge and Transmembrane Domains of Chimeric 
Antigen Receptor Regulate Receptor Expression and Signaling Threshold. Cells, 9(5). https://doi.org/10.3390/CELLS9051182 
[3] Zheng, P.-P., Kros, J. M., & Li, J. (2018). Approved CAR T cell therapies: ice bucket challenges on glaring safety risks and long-term 
impacts. Drug Discovery Today, 23(6), 1175–1182. https://doi.org/10.1016/J.DRUDIS.2018.02.012 
[4] Kolb, H. C., Finn, M. G., & Sharpless, K. B. (2001). Click Chemistry: Diverse Chemical Function from a Few Good Reactions - Kolb - 2001 
- Angewandte Chemie International Edition - Wiley Online Library. https://onlinelibrary.wiley.com/doi/10.1002/1521-
3773(20010601)40:11%3C2004::AID-ANIE2004%3E3.0.CO;2-5  
[5] Brune, K. D., Liekniņa, I., Sutov, G., Morris, A. R., Jovicevic, D., Kalniņš, G., Kazāks, A., Kluga, R., Kastaljana, S., Zajakina, A., Jansons, 
J., Skrastiņa, D., Spunde, K., Cohen, A. A., Bjorkman, P. J., Morris, H. R., Suna, E., & Tārs, K. (2021). N-Terminal Modification of Gly-His-
Tagged Proteins with Azidogluconolactone. ChemBioChem, 22(22), 3199–3207. https://doi.org/10.1002/CBIC.202100381 
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 Bladder cancer (BCa) is the 10th most common malignancy with high recurrence rates compared to 
other genitourinary cancers with most of the primary cases (~70%) diagnosed with non-muscle invasive 
cancer. Nowadays one of the most promising (especially in BCa) treatments is immunotherapy. BCa is known 
for developing a plethora of mechanisms to evade antitumor immunity, including the overexpression of 
inhibitory receptors and their ligands, known as immune checkpoints (IC). ICs are responsible for keeping 
healthy cells from immune response, while cancerous cells are known to hijack this response to their own 
advantage. Therapeutic targeting of ICs recently demonstrated the great potential of such an approach, 
especially in BCa. Circulating forms of IC and their ligands are actively involved in immune regulation and 
could provide a non‐invasive tool in gaining a broader understanding of ICs and their ligands. 
  This study is aimed at quantifying most common ICs and their ligands in BCa patients’ blood and 
compare the levels of each protein to those found in healthy controls. 
 In this research we used 34 NMIBC patients’ and 16 healthy controls’ plasma to measure a panel of 10 
most common ICs and their ligands, including sCD25 (IL-2Ra), 4-1BB, B7.2 (CD86), Free Active TGF-β1, CTLA-
4, PD-L1, PD-1, Tim-3, LAG-3, and Galectin-9, using flow cytometry approach. After analysing the results, we 
determined three ICs (sCD25 (IL-2Ra), B7.2 (CD86) and CTLA-4) were at least 4 times higher (p<0.05) vs 
controls. Also, a comparison of clinicopathological characteristics such as stage and grade revealed that 
there are some considerable distinctions between some of the groups: there is a variation of PD-1 and LAG-
3 concentrations in pTa, pT1 and pT2a stages while sCD25 (IL-2Ra), B7.2 and Tim-3 vary in G1, G2 and G3 
grades. 
 Based on our findings, bigger concentrations of sCD25, B7.2, CTLA-4 and possibly PD-1, LAG3, Tim-3 
suggest that these ICs are the most common ones in BCa plasma. Deeper understanding of these immune 
checkpoints and their changes in cancer could change the approach of immunotherapy and be used for non-
invasive response to treatment prediction. 
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 Oomycetes are among the most damaging of disease-causing organisms in forestry, agriculture, and 
aquaculture, presenting global threats to natural and anthropogenic environments, as well as to food 
production [1]. Infections caused by the oomycetes of the genus Saprolegnia are among the main parasitic 
diseases affecting farmed salmonids [2]. The total annual production losses in freshwater aquaculture due 
to saprolegniasis remain consistently high, with losses of 50% having been reported for over two decades, 
and with Saprolegnia responsible for at least 10% of all annual salmonid economic loss worldwide [3]. All fish 
in fresh water can possibly be infected by disease-causing oomycetes, which is termed saprolegniasis. This 
infection could be caused by several species within the genus Saprolegnia, in particular, the species 
S. australis, S. diclina, and S. parasitica [3]. Infected fish are easily recognized by the cotton-like white to 
greyish patches on the skin and gills [4]. However, oomycetes could infect not only adult salmonids, but also 
fish embryos and larvae [5]. The destructive economic impact of saprolegniasis on freshwater aquaculture 
necessitates further study on the range of Saprolegnia species within salmonids farms [3]. Because it is the 
only way to discover how to prevent the spread of saprolegniasis. 
 The study was carried out to assess the toxic effects of different Saprolegnia species oomycetes on 
Salmo salar larvae. Changes in activity of oxidative stress biomarkers, such as superoxide dismutase (SOD) 
and catalase (CAT), were detected in this study.. CAT was one of the first enzymes proposed to be an effective 
biomarker of oxidative stress, which protects tissues against damage by hydrogen peroxide [6]. SOD is a 
group of metalloenzymes that plays a crucial antioxidant role and constitutes the primary defence against 
the toxic effects of superoxide radical in aerobic organisms [7]. 
 In this study, results showed changes in catalase activity in S. salar larvae, but no significant 
differences were observed after exposure to oomycetes. Significant changes in SOD activity in S. salar larvae 
were detected after exposure to S. australis oomycetes. The obtained results show changes in biomarkers 
of oxidative stress following exposure to oomycetes. However, further extensive investigations of antioxidant 
enzymes and other indicators are required to better understand the impact of oomycetes on salmonid fish. 
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Aphanizomenon flos-aquae is a filamentous, bloom-forming, cyanobacteria commonly found in 

freshwater environment, Baltic Sea, and Curonian lagoon. Intensive growth of this cyanobacteria results 
in a process called algal-bloom and even could be responsible in some toxin production [1]. In this 
study, Aphanizomenon flos-aquae 2012/KM1/D3 strain and cyanophage vB_AphaS-CL131 system 
collected in Curonian lagoon is used, to understand the impact of viral infection not only in host dynamics 
but also in all aquatic environment. This cyanophage has an isometric head, 97 nm in diameter and a 
long, flexible non- contractile tail, 361 nm long. With a genome size of ∼120 kb, it is the second largest 
cyanosiphovirus isolated to date [2]. 

This study aim is to understand the dynamics of host and cyanophage to be a step further finding a 
solution for algal blooms in aquatic environment. The infection cycle of vB_AphaS-CL131 has been studied by 
applying adsorption test method (Fig. 1). By using different multiplicity of infection (MOI) values we tried to 
figure out when all the infection cycle stages (phage adsorption, replication, and cell lysis) occur. 

 
 

Figure 1. Adsorption test sampling scheme 
 

Samples were examined using real time PCR method and these are following results: adsorption 
phase was dependent on MOI: in samples with MOI1.0 phage adsorbed in approximately 30 minutes, MOI0.1 
– 60 minutes and MOI0.01 – 90 minutes. Cell lysis phase was similar in all the samples – 900 minutes (15 
hours). 
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FEMS Microbiology Ecology, t. 91, nr. 2, p. 1–7, vas. 2015, doi: 10.1093/femsec/fiu012. 
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 For decades, dams on the small rivers served diverse purposes from resource management to energy 
production and flood control. However, these structures have negative consequences for native ecosystems, 
particularly on the populations of native fish species, such like brown trout (Salmo trutta) [1]. The first man-
made riverine barrier in Lithuania was demolished in the Brazuole stream in 2020. The main aim of the 
present study was to investigate Brazuole stream Salmo trutta population dynamics before and after dam 
removal. 
 The study was conducted in the Lithuania’s lowland Brazuole river, 23 km long third order tributary 
(Nemunas, Neris, and Brazuole river) of the Nemunas river (Baltic Sea). To analyze fish communities 
abundance and composition a continuous single run electrofishing survey using the same backpack unit with 
the same electric current settings was undertaken few days before dam removal in 2020 and repeated in the 
end of summer in 2021 and 2023. Fishes sampling was performed under typical flow condition in each of the 
studied years when total length (TL thereafter) to the nearest mm and weight (W thereafter) to the nearest 
0,1 g were recorded. All fish individuals after analysis were released at the same point of capture. Fish density 
N (ind.) and biomass B (kg) were calculated and extrapolated for 100 m2 (ind./100 m2 and kg/100 m2. Fish 
community diversity (H') was calculated using Shannon-Weiner diversity index. 
 The results showed that Salmo trutta density ratio between the monitoring points comparing 2020 and 
2023 years went closer to each other more than 4 times (Fig. 1 A). After an increase of Salmo trutta density 
comparing 2020 and 2021 years above and below dam site, it dropped twice comparing 2021 and 2023 years 
(Fig. 1 A). Salmo trutta biomass ratio between the same monitoring points through years didn‘t change 
noticeably, but drooped twice comparing 2020 and 2021 years with 2023 (Fig. 1 B). Shannon-Wiener Diversity 
index between 2020 and 2023 years showed that there were considerable ratio differences and even a decline 
in index value (Fig. 1 C). 

 
Figure 1. Salmo trutta individuals N (A), B (B) and fish community H' (C) above and below dam monitoring 

sites, before and after Brazuole stream artificial dam removal. 
  

 Despite an increase in Salmo trutta density, biomass, and the Shannon-Wiener Diversity index in 2021, 
these metrics declined in 2023. Usually in such salmonid streams like the Brazuole, the main individuals are 
typically 0+ or 1+ years old [2]. Therefore, this decrease could be related to the absence of artificial Salmo 
trutta stocking in 2022. Brazuole is a lowland stream, and it is very possible, that after artificial dam removal 
in 2020 it needs at least a decade or more time to recover [3] and further monitoring needs to be performed. 
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 The monkey goby (Neogobius fluviatilis Pallas, 1814) is an invasive fish from the Ponto-Caspian region 
that has rapidly spread in European waters only in recent decades [1]. In Lithuania N. fluviatilis was first 
discovered in 2015 in the river Neris on the border with Belarus, where it entered through an artificial canal 
system, connecting the catchment of Neris and Berezina rivers (the right tributary of the Dnieper) [2]. 
Although almost a decade has passed since N. fluviatilis entered the Nemunas basin, there is still very little 
knowledge about the impact of this invasive species on native ecosystems.  

The purpose of this study was to determine the diet of N. fluviatilis and to compare the dietary 
spectrum with native fishes found in similar habitats. Three sites with different biotopes were selected for 
the samples of monkey gobies gut content analysis – one site standing water in Kaunas water reservoir, 
slow-flowing river Nemunas and faster-flowing river Neris. Fish were caught in 2021 and 2022 using 
electrofishing in rivers and beach seine in Kaunas water reservoir. The diet of N. fluviatilis and the native fish 
– gudgeon (Gobio gobio) – were compared, since they occupy similar habitats. Relative importance index (IRI) 
was used to determine the importance of food items, Schoener's index was used to determine nutritional 
overlap. 

A total of 272 N. fluviatilis and 60 G. gobio stomachs were analysed. Analysis of the stomach contents 
showed that the diet of N. fluviatilis is dominated by the larvae of Chironomidae in standing water, in rivers N. 
fluviatilis also feed on Chironomidae larvae, but a large part of the diet consists of bivalve molluscs 
(Sphaeriidae), mayflies (Ephemeridae, Baetidae) and net-spinning caddisflies (Hydropsychidae) larvae. It 
was found that the feeding niches of N. fluviatilis and G. gobio overlap by 52.4%. It is relevant to mention that 
smaller fish has been detected in the stomachs of several gobies, suggesting that monkey gobies may have 
a direct impact on native fish communities. 

 
 

Figure 1. Percentage of relative importance index (%IRI) of Neogobius fluviatilis diet in different habitats. 
 
 
[1] Grabowska, J., Grabowski, M., & Kostecka, A. (2009). Diet and feeding habits of monkey goby (Neogobius fluviatilis) in a newly invaded 
area. Biological Invasions, 11(9), 2161–2170. 
[2] Rakauskas, V., Virbickas, T., Skrupskelis, K., & Kesminas, V. (2018). Delayed expansion of Ponto-Caspian gobies (Pisces, Gobiidae, 
Benthophilinae) in the Nemunas River drainage basin, the northern branch of the central European invasion corridor. BioInvasions 
Records, 7, 143–152. 
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Different species exhibit a wide range of growth rates and strategies, influenced by a complex of biotic 

and abiotic factors within their respective environments. Understanding these dynamics is a valuable in the 
assessment of species ecology, providing invaluable insights essential for the management of both 
aggressively spreading invasive species as well as rare and vulnerable ones [1]. Differences in growth 
patterns can often we quite visual, even between species that are closely related or occupy similar ecological 
niches.  In aquatic environments, plant growth is subject to considerable variation, influenced by factors such 
as light and nutrient availability, as well as interspecific and intraspecific competition [2]. Therefore, 
understanding the dynamics of plant growth in aquatic habitats is important for elucidating ecological 
processes and improving plant management strategies. In this context, our research aims to investigate 
differences in the accumulated plant biomass of two annual aquatic plant species, Najas marina L. and Najas 
major All. in different depth zones, to gain knowledge about species dynamics and expansion within aquatic 
habitats. 

During the fieldwork carried out between August and September 2022-2023, we collected plant 
biomass samples measuring 0.16 m² from six lakes containing communities of Najas marina and Najas major, 
using a Bernatowicz sampler. Samples were collected at each metre depth in three transects extending from 
the shoreline to the maximum depth of plant growth. The biomass samples were then carefully sorted by 
species and air dried in the laboratory. Each sample was evaluated to determine both mass and species 
composition. 

Primary data analysis revealed distinct associations between Najas marina and Najas major in 
different species assemblages within the sampled lakes. Specifically, Najas marina was found predominantly 
in associations with stoneworts, whereas Najas major tended to grow solitary or in association with floating-
leaved plants. Despite these ecological differences, conducted Mann-Whitney U test did not reveal any 
significant differences in collected plant biomass samples of Najas marina and Najas major across different 
depth zones.  

Future studies using different designs are recommended to help reveal clearer ecological patterns. 
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All over the world, various insects are known as vectors that can transmit a wide variety of 

infections. One of the best-known infections is the mosquito-borne disease malaria, which is caused by the 
unicellular parasite Plasmodium [1]. Moreover, studies conducted in recent years show rapid changes in 
the epidemiology and distribution of zoonotic vector-borne pathogens. Ever growing occurrence of 
outbursts of parasitic diseases is affecting not only animals but also humans, since with the help of insects 
they can overcome long distances and various environmental conditions [2]. However, there is still a lack 
of research on the ability of many parasitic species to use insects as vectors. Therefore, the aim of this 
work was to investigate whether parasites of the genus Sarcocystis can be transmitted by insects using 
molecular-based methods. 

During the work, a sample of insect washings and a   sample of   crushed insects   were 
prepared. The collected insects were washed with sterile distilled water in a glass flask at room 
temperature for about 1 hour by shaking. After that, the outwashes were concentrated using the filtration 
method [3] and applied for genomic DNA (gDNA) extraction. The remaining insects were crushed using a 
mortar and pestle and stirred for 30 minutes with sterile distilled water. The crushed insects were 
removed from the sample, the remaining liquid was centrifuged, and collected sediment was used for 
gDNA extraction. Universal primers were used to detect the DNA of Sarcocystis parasites. PCR-amplified 
DNA fragments were cloned into pJET cloning vector with the following selection of positive 
transformants, plasmid DNA isolation, and sequencing. 

Based on the sequencing data, the DNA of two Sarcocystis species infecting cattle - Sarcocystis cruzi 
and Sarcocystis bovifelis - was found on the investigated insects. These results suggest that insects may 
be vectors of Sarcocystis parasites. However, further research is needed to investigate the transmission of 
these parasites and to determine whether the transmission takes place on the body of the insect or 
through the intestines. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[1] Bria, Y. P., Yeh, C. H., & Bedingfield, S. (2021). Significant symptoms and nonsymptom-related factors for malaria diagnosis in 
endemic regions of Indonesia. International journal of infectious diseases, 103, 194–200. 
[2] Bezerra-Santos, M. A., Dantas-Torres, F., Benelli, G., & Otranto, D. (2023). Emerging parasites and vectors in a rapidly changing 
world: from ecology to management. Acta tropica, 238, 106746. 
[3] Strazdaitė-Žielienė, Ž., Baranauskaitė, A., Butkauskas, D., Servienė, E., & Prakas, P. (2022). Molecular Identification of Parasitic 
Protozoa Sarcocystis in Water Samples. Veterinary Sciences, 9(8), 412. 
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Bacteria are ubiquitous in diverse environments, exerting significant influence as one of the most 
abundant microorganisms in nature. In contemporary agricultural landscapes, the microbial dynamics within 
pastoral ecosystems are pivotal for understanding the overall ecological conditions and potential threats to 
animal and human health. Approximately 243 of the 616 pathogens (39%) currently known to infect livestock 
are also infectious to humans [1]. 

This study aims to investigate the distribution of antibiotic-resistant bacteria (ARBs) in Lithuanian 
farmland ecosystems, focusing on soil, feed, and freshwater. Samples were collected from four different 
pastoral dairy farmland locations around Lithuania. The identification of ARBs was based on the combination 
of cultural and molecular methods. Collected microorganisms were cultivated on selective LB media with 
four different antibiotics (Ampicillin, Streptomycin, Tetracycline, and Chloramphenicol). A total of 58 bacterial 
strains showing resistance against antibiotics were morphologically analyzed, followed by PCR amplification 
of the V1 to V3 regions of 16S rRNA genes using universal primers. Restriction fragment profiling of the 
amplified regions using multiple restriction enzymes was conducted. Eventually, bacteria strains were 
grouped by morphological features and their restriction pattern. Each group’s representative’s PCR products 
were purified with a commercial purification kit, and sequenced using the Sanger sequencing method, and 
identified using NCBI BLAST. 

The investigation revealed a higher prevalence of ARBs in soil samples with 26 strains, comprising 
almost half of all observed bacteria. High resistance was revealed to both Ampicillin and Streptomycin 
compared to other antibiotics. Where 48 % of strains were showing resistance against Ampicillin and 43 % of 
strains against Streptomycin. This number is significantly lower with four strains in the case of Tetracycline 
and only one stain in Chloramphenicol. 

After identification, several bacteria genera that are considered non-pathogenic or opportunistic to 
humans and animals were found in soil, water, and feed, including Solibacillus, Enterobacter, Acinetobacter 
in soil, Pantoea in feed, and Chryseobacterium in water. However, some potentially pathogenic genera to 
both humans and animals, for instance, Bacillus was also identified in soil samples. 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[1] Cleaveland, S., Laurenson, M. K., & Taylor, L. H. (2001). Diseases of humans and their domestic mammals: Pathogen characteristics, 
host range and the risk of emergence. Philosophical Transactions of the Royal Society B: Biological Sciences, 356(1411), 991–999. 
https://doi.org/10.1098/rstb.2001.0889 
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Endophytic fungi inhabit the inner tissues of foliar parts and roots of plants. These endophytes 

protect the plants from both biotic and abiotic stress and enhance the uptake of nutrients, including 
phosphorus. Their capacity to stimulate plant growth positions them as a promising substitute for 
chemical fertilizers. Many studies show that most grasses are symbiotic with endophytic fungi, but 
roots, the hidden parts of plants, are less studied compared to above-ground organs. This work was 
aimed to identify endophyte fungi in the roots of herbaceous plants, Festuca gigantea, Lolium perenne 
and L. perenne × F. gigantea hybrids. Endophytic fungi were isolated from ~1 cm root tip cuttings on PDA 
medium by incubation at 27℃ in the dark. For the isolation of the genomic DNA of endophytic fungi, 10-
day-old fungal colonies were used. The DNA assessment was based on ITS, RPB2, TEF1-α, BTUB, ACT 
sequences aligned to fungi reference DNA data by BLAST. The fungal isolates were characterized by 
their morphological characters, including structure, color, and colony edge. A mixture of glycerol and 
lactic acid (1:4) was used for fungal mycelium microphotography. Three species of Ascomycota, 
Cadophora fastigiata, Plectosphaerella cucumerina and Paraphoma fimeti, were obtained in culture from 
the roots of F. gigantea and L. perenne × F. gigantea hybrids. Microscopically, the highest frequency of 
endophytic fungi, up to 90%, was found in L. perenne × F. gigantea hybrids, compared to the frequency in 
parental L. perenne (74%) and F. gigantea (46%) species. Standardized ITS and RPB2 sequences were 
more reliable for the identification of endophytic fungal species, compared to TEF1-α, BTUB, and ACT 
sequences. In this study, we discovered the occurrence of endophytic fungi in the roots of F. gigantea 
and hybrids for the first time and confirmed their taxonomy at the species level, which to our knowledge 
is not available in the literature. In addition, in the experiment of seed inoculation by fungal spore 
suspension, we demonstrated that inocula of P. cucumerina and C. fastigiata have a positive effect on 
the root growth of spring barley plants.  
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Endophytic fungi are associated with almost all plants found in natural ecosystems. Their 

necessity in the formation of plant communities became evident when their impact on plant growth 
was discovered. They can affect overall plant growth by regulating stress resistance mechanisms, 
nutrient uptake, photosynthesis and phytohormone levels. Many endophytic fungi that inhabit plant 
tissues have been documented so far but data on root endophytic fungi of Festuca and Lolium 
(Poaceae) plants are still lacking. Plants of the genera Festuca and Lolium are the dominant species 
of grassland communities. This study aimed to determine the prevalence of endophytic fungi in the 
roots of Festuca gigantea, Festuca arundinacea, Festuca pratensis, Lolium perenne, Lolium 
multiflorum, Lolium temulentum and Lolium perenne × Festuca gigantea hybrids. We estimated the 
frequency of endophytic fungi in cytological root samples by staining them with Trypan Blue (0.025%). 
We found that endophytic fungi colonize 44-56 percent of the roots in perennial Festuca and Lolium 
species and 84-94 percent of the roots of annual multiflorum and L. temulentum. 200-250 root 
fragments (1-2 cm long) were used to isolate endophytic fungi on PDA medium by incubating at 27℃ 
in the dark. 10-day-old fungal colonies were used for genomic DNA isolation. The sequence data of 
rDNA ITS, TEF, SSU, and RPB2 were obtained and aligned to fungi reference DNA by BLAST. The 
morphological assessment of the mycelium of fungi was carried out by describing the color and 
structure. Microscopically, mycelium specimens were analyzed in glycerol : lactic acid (1:4) under the 
phase contrast microscope. We found that endophytic fungi were more common in the roots of 
annual L. temulentum and L. multiflorum; and the highest abundance was recorded in L. multiflorum. 
Ten different fungi species were isolated from L. multiflorum roots. In total, in culture, we obtained 
and identified 22 species of endophytic fungi, members of Ascomycota (18), Basidiomycota (2) and 
Zygomycota (2). The occurrence of Microdochium bolleyi fungus in culture was the most prevalent 
from the roots of all studied plants, except for L. perenne and F. pratensis. 



100

E10
ISOLATION AND IDENTIFICATION OF MESOPHILIC BACTERIA FROM 

UNDERINVESTIGATED ENVIRONMENTS 
Galkutė E.1, Šimoliūnas E. 1, Šimoliūnienė M.1  

 
1Department of Molecular Microbiology and Biotechnology, Institute of Biochemistry, Life Sciences Centre, 

Vilnius University, Saulėtekio al. 7, Vilnius, Lithuania 
emilija.galkute@gmc.stud.vu.lt 

Bacteria are widely spread in every possible place in the world. They have conquered deep and dark 
places like the bottom of the seas, can survive in various soils and in other living organisms. Bacteria can be 
divided into groups by the temperature at which they exist. Mesophilic bacteria are adapted to grow in 
temperature range from 20°C to 40°C, and this feature makes them attractive tools for food industry, 
agriculture and even in biodegradation processes. On the other hand, most human pathogens are also 
mesophilic bacteria. Thus, it is important to search for new bacteria species, identify them and look for useful 
properties or ways to combat them. 

In this study, environmental samples were taken from the mud of the gypsum karst lake Kirkilai (Biržai, 
Lithuania), from the excrement of the lynx (lot. Lynx lynx), as well as from the compost heaps. In total, eight 
bacterial strains were isolated and identified based on the results of 16S rRNA gene fragment sequences. It 
was demonstrated that isolates belonged to phylogenetically distinct groups of the bacteria from the genera 
Bacillus, Microbacterium, Aeromonas, Exiguobacterium, Pseudomonas, Enterococcus, and Micrococcus.  

The results of this study not only expand our knowledge about microorganisms present in 
underinvestigated environments but also provide an opportunity for further research of biotechnologically 
attractive bacterial strains (Bacillus spp., Exiguobacterium spp.) or potential pathogens (Aeromonas spp., 
Pseudomonas spp., Enterococcus spp.). 
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In recent decades, many climate problems such as air pollution and climate warming have arisen due 

to human existence. With the rise in oil prices and depletion of natural energy sources, humanity must find 
alternative solutions and nurture them. As the number of people in the world increases, so does the 
consumption of plant- and animal-based foods, resulting in a large amount of food waste. Renewable energy 
resources are one of the most promising areas that can reduce pollution and the use and import of fossil 
fuels. Biogas production is one of the renewable energy use alternatives. Large amounts of food waste can 
become a potential energy value. Using biodegradable waste in biogas production creates an opportunity to 
reduce climate change and air pollution. In order to improve the decomposition of organic waste and the 
production of biogas, it is recommended to add organic materials as additives. One such material is zeolite, 
an ecologically clean, inert and non-toxic material. Zeolite is resistant to high temperature, aggressive 
environment, the effects of ionizing radiation, selectivity for large cations of alkaline, alkaline earth and some 
heavy metals. 
 Two-staged bioreactor can be used to transform food waste into biogas, it is breakthrough in the field 
of renewable energy technology. This process can provide increased energy efficiency and process stability. 
 The literary analysis will aim to clarify how it is possible to improve the decomposition of food waste 
using organic material additives and their use to produce high-quality biogas. 
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 Species distribution models (SDMs) can be used to estimate current and future patterns of biodiversity 
and to help discover new localities of known species. One of the key requirements for robust SDMs is 
wellsampled and abundant species occurrence data. This is not always possible for understudied, rare, or 
endangered species that often have little distribution data available. Consequently, SDMs that are trained on 
sample sizes that are too small, tend to perform poorly, lead to incorrect assumptions, and have the potential 
to misdirect conservation efforts [1]. This problem is particularly prevalent when it comes to small 
arthropods, such as spiders (order Araneae) [2]. Despite being abundant and highly diverse generalist 
predators, spiders are rarely included in research and conservation efforts across Europe [3], making it 
difficult to protect rare or vulnerable species and estimate their distribution. 
 In this study, we investigate tree based SDM performances across a gradient of presence data 
availability for peat bog generalist and specialist spiders in Europe. We aim to: estimate the minimum range 
of presence records required for accurate distribution models; evaluate whether model performance 
depends on spider habitat specialization; identify which modeling method is most suitable for spiders with 
small sample sizes. 
 Using publicly accessible presence-only occurrence spider data from the Global Biodiversity 
Information Facility (GBIF) and recently collected data from Lithuania, we compiled a spider occurrence 
dataset comprising five specialist and five generalist European peat bog spider species, integrating it with 
bioclimatic variables and habitat classification from satellite data. Tuned random forest (RF) and generalized 
boosted regression models (GBM) were used to fit 1200 models along decreasing sample sizes from 300 to 
10 observations. Model accuracy was evaluated using the area under the receiving operator curve (AUCROC) 
and the precision-recall area under the curve (AUC-PRC). 
 We found that the minimum number of presences needed for robust SDMs ranged between 50-75 
observations for RF and 50-125 for GBM, with models for specialist spiders leading in predictive performance 
and RF models performing better than GBM. Our results show that, with consideration to their ecology and 
model selection, both habitat specialist and generalist spider distribution can be predicted using SDMs even 
at relatively small sample sizes. This study provides new insights into tree based SDMs for under-sampled 
invertebrate groups and helps inform conservation and research planning. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[1] Gábor, L., Moudrý, V., Barták, V., & Lecours, V. (2020). How do species and data characteristics affect species distribution models and 
when to use environmental filtering? International Journal of Geographical Information Science, 34(8), 1567–1584. 
https://doi.org/10.1080/13658816.2019.1615070 
[2] Mammola, S., Pétillon, J., Hacala, A., Monsimet, J., Marti, S., Cardoso, P., & Lafage, D. (2021). Challenges and opportunities of species 
distribution modelling of terrestrial arthropod predators. Diversity and Distributions, 27(12), 2596–2614. https://doi.org/10.1111/ddi.13434 
[3] Milano, F., Blick, T., Cardoso, P., Chatzaki, M., Fukushima, C. S., Gajdoš, P., Gibbons, A. T., Henriques, S., Macías-Hernández, N., 
Mammola, S., Nentwig, W., Nolan, M., Pétillon, J., Polchaninova, N., Řezáč, M., Sandström, J., Smith, H., Wiśniewski, K., & Isaia, M. (2021). 
Spider conservation in Europe: A review. Biological Conservation, 256, 109020. https://doi.org/10.1016/j.biocon.2021.109020. 
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 Phthalates are diesters of 1,2-benzenedicarboxylic acid (phthalic acid). Di(2-ethylhexyl)phthalate 
(DEHP) and dibutyl phthalate (DBP) are the most commonly used phthalates in industry. Phthalates have 
been shown to affect the endocrine system [1]. They are found only in micrograms in nature, but if released 
into water, they can pose a serious health risk to humans and ecosystems. TThhee  aaiimm  ooff  tthhiiss  pprroojjeecctt was to 
assess the effects of two types of phthalates (which are consistently above the maximum permissible 
concentration in Lithuanian waters) on hippocampal CA1 and CA3 region (Fig. 1) thickness and neuronal 
density in rat male pups. Rat male pups for the study comes from the study carried out on 2022-08/09, which 
was reviewed and approved by the Ethics Committee for Animal Experiments of the State Food and Veterinary 
Service (No. G2-221 of 08/09/22). 
 36 female rats of the Wistar strain, 5-8 weeks old, were divided into control and 5 experimental groups, 
which received phthalates for 3,5 months: 2 months before pregnancy, and a further 1,5 months throughout 
pregnancy and lactation. They received standard food with additional piece of an ecological biscuit infused 
with different doses of phthalates dissolved in olive oil: 1) DEHP 200 μg/kg; 2) DEHP 1000 μg/kg; 3) DBP 100 
μg/kg; 4) DBP 500 μg/kg; 5) mixture of phthalates (DEHP 200 μg/kg, DBP 100 μg/kg). Control animals received 
only a piece of the same biscuit with oil and without phthalates. After 2 months, females were mated with 
unaffected males. At the postnatal day 21 young male pups were selected and euthanised in a CO2 chamber. 
The brain was collected and placed in formaldehyde. The brains were cut in half, one half was embedded in 
paraffin, cut into 5 µm-thick sections, and stained with Nissl dye, where nuclei and Nissl bodies (rough 
endoplasmic reticulum) are stained blue purple with cresyl violet. 

FFiigguurree  11.. Schematic illustration of the hippocampus region in the rat brain, drawn with Biorender.com. 

 Neuronal density was counted in three sections per animal in the CA1 region in 100 x 200 µm2 and in 
the CA3 region in 200 ´ 200 µm2 squares [2]. For the measurement of the thickness of the regions, 10 lines 
per hippocampus were drawn in three sections per animal [3]. 
 It was found that DEHP 1000 μg/kg, DBP 100 μg/kg, DBP 500 μg/kg and a mixture of phthalates have 
toxic effects on the hippocampus of rat pups. Statistically significant decreases in neuronal density and in 
the thickness of the CA1 and CA3 hippocampal regions were observed. 
 
AAcckknnoowwlleeddggmmeennttss::  WWee  wwoouulldd  lliikkee  ttoo  tthhaannkk  ddrr..  VViirrggiinniijjaa  BBuukkeellsskkiieennėė  ffoorr  hheellpp  iinn  oorrggaanniizziinngg  tthhee  rreesseeaarrcchh,,  mmeeddiiccaall  ssttuuddeennttss  
JJuussttiinnaa  AAllččaauusskkaaiittėė  aanndd  EEvviittaa  SSėėrriikkoovvaaiittėė  ffoorr  aassssiissttiinngg  iinn  tthhee  eexxppeerriimmeenntt..  TThhee  pprroojjeecctt  wwaass  ffiinnaanncceedd  bbyy  tthhee  SScciieennccee  
PPrroommoottiioonn  FFuunndd  ffoorr  SScciieennttiiffiicc  pprroojjeeccttss  ooff  VViillnniiuuss  UUnniivveerrssiittyy,,  aaggrreeeemmeenntt  NNoo  MMSSFF--JJMM--1188//22002222..  
 
[1] Fan Z., Lin L., 2019. Exposure science: Contaminant mixtures. In Encyclopedia of Environmental Health (pp. 805–815). Elsevier. DOI 
10.1016/B978-0-444-63951-6.00122-4 
[2] Kurozumi, A., Hara, T., Sakamoto, S., Araki, D., Iida-Tamada, S., Kuroda-Ishimine, C., & Minagi, S. (2019). Effects of the loss and 
reconstruction of molar occlusal support on memory retrieval and hippocampal neuron density in rats. Journal of prosthodontic 
research, 63(3), 283–287. https://doi.org/10.1016/j.jpor.2018.12.009 
[3] Bahey, N. G., Abd Elaziz, H. O., & Gadalla, K. K. (2015). Toxic effect of aflatoxin B1 and the role of recovery on the rat cerebral cortex 
and hippocampus. Tissue & cell, 47(6), 559–566. https://doi.org/10.1016/j.tice.2015.09.001 
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Populations of raptors in Europe recovered at the end of the 20th century following heavy decline due to 
contaminants and persecution in the past [1], however, some species or populations in certain regions continue 
to face pressure from human induced mortality today. Causes of mortality may vary between, and within, raptor 
species and populations, therefore, it is important to understand reasons and patterns for mortality in a 
particular region because knowledge derived from elsewhere may not be applicable for the target population. 
Typically anthropogenic factors result in greater mortality of young individuals compared to adults within the 
same population [2] and different acting factors may be age dependent. Therefore understanding factors and age 
dependent effects on mortality is crucial for effective population conservation. We studied mortality patterns in 
White-tailed Eagle (n = 94) and Osprey (n = 45) in the eastern region of the Baltic Sea, Lithuania. Most deaths were 
human related with a majority caused by electrocution, and more frequently for Ospreys than White-tailed 
Eagles. While patterns of mortality did not significantly differ between sexes and seasons, the causes of 
mortality significantly differed between adults and younger birds in both species. However, the pattern of 
mortality was unique for each species contrary to our expectations (see FFiigguurree  11). Namely, human related 
mortality was more frequent in young individuals than adult individuals of White-tailed Eagle, however the 
opposite was true for Osprey. Additionally, White-tailed Eagles death recoveries were spatially aggregated with 
several hotspots, but deaths of Ospreys were randomly distributed throughout the region. Most likely, species-
specific mortality patterns emerged because of behavioural and life history differences despite association of 
both raptors with aquatic habitats. We estimate that age-dependent mortality patterns formed as a result of 
changes in movement behaviour during maturation and, for White-tailed Eagle especially, an increase in 
territoriality post-maturation. This indicates that species-specific behavioural traits in adult raptors may 
outweigh individual experience at early life stages in susceptibility to specific mortality factors. Our results 
suggest that conservation efforts should be focused on dealing with the main threats for each species, but also 
could benefit from prioritisation of efforts in most problematic areas for raptor species if the clustered mortality 
pattern is evident. 

 

FFiigguurree  11..  Causes of mortality among young and adult individuals of Osprey Pandion haliaetus and White-
tailed Eagle Haliaeetus albicilla in the eastern region of the Baltic Sea. 

 
[1] Krüger O, Grünkorn T, Struwe-Juhl B (2010) The return of the white-tailed eagle (Haliaeetus albicilla) to northern Germany: Modelling the 
past to predict the future. Biological Conservation 143(3):710–721. https://doi.org/10.1016/j.biocon.2009.12.010 
[2] Newton I, McGrady MJ, Oli MK (2016) A review of survival estimates for raptors and owls. Ibis 158(2):227–248. 
https://doi.org/10.1111/ibi.12355 
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 Agriculture has been practiced in Lithuania for a long time and changes in land areas are confirmed 
by the statistical data of the 70-year period (1946-2016): arable land areas increased by 4.5 percent, while the 
decrease in the areas of grassland and natural pastures since 1946 reaches as much as 74.9 percent [1]. 
Although the European Union and Lithuania have set goals to stop the loss of birds in agricultural landscapes, 
the data collected during the long-term research of the Lithuanian Ornithological Society (LOD) Common 
Bird Population Monitoring Project shows that the abundance of farmland bird is decreasing [2]. 
 The aim of this research – to examine the presence of farmland bird species in Kupiškis District 
Municipality, in order to derive the extent of flowering strips and other measures for the breeding birds are 
useful and beneficial. The positive example should later serve as a model that could be adopted on a larger 
scale by other farms.  
 We conducted the research of birds in the selected farm (owner Zigmantas Aleksandravičius) of the 
BASF Farm Network in Kupiškis District Municipality, Lithuania. A total of 2-areas were studied: the main 
area – Juodpėnai-Šileikiai (130 ha) included flowering strips and continued through several farmers' fields, 
and control field – Puponys II (140 ha) had no flowering strips. Six bird counts were carried at regular 
intervals every year between April and June 2021-2023. The breeding bird counts were made in the period 
from 1st to 15th and from the 16th to the end of every month at least 5 days apart in the same study site. A 
modified mapping-point count methodology was used for bird counts [3].  
 There were 1419 individuals and 68 bird species recorded in 2023. The Shannon index was calculated 
as a measure of diversity and Evenness as a measure of distribution (Fig. 1). The highest diversity in 2023 
was reached in the Juodpėnai-Šileikiai (H = 3.16), the lowest Shannon (H = 2.09-2.47) and Evenness (E = 0.67-
0.76) indices were found in Puponys II field. 
 

 
Figure 1. Shannon diversity and Evenness indices for comparing of bird species per studied Juodpėnai-

Šileikiai site during different bird counts. 
 
 The results of three years research confirm that flowering strips affects the maintenance of species 
diversity and abundance: 1) farmland bird diversity and abundance is significantly lower in the control area; 
2) a total of 9 (of 14) Lithuania farmland bird indicator species moderately increased in Juodpėnai-Šileikiai. 
The population of 3 breeding bird species (A. pratensis, M. flava, S. rubetra) slightly decreased, most possibly 
due to loss of grassland area in the Juodpėnai-Šileikiai research site.  
 
Acknowledgments: We would like to thank dr. Grita Skujienė for consultations and direct help conducting research. Financial support 
was by the VU-BASF R&D-SERVICE AGREEMENT No. (1.57) 15600-INS-43. 
 
 
[1] Aleknavičius, P. (2017). Veiksniai, darantys įtaką kultūrinio agrarinio kraštovaizdžio pokyčiams Lietuvoje. Geologija. Geografija, 3(1). 
[2] Kurlavičius, P. (2023). Tyrimo „Biologinės įvairovės poveikio rodiklio „Paukščių populiacija žemės ūkio naudmenose 2020-2022 metais” 
nustatytmas ir biologinės įvairovės kaitos vertinimas“ galutinė ataskaita. Vilnius: Lietuvos ornitologų draugija. 
[3] Südbeck, P., et al. (2005). Methodenstandards zur Erfassung Brutvogel Deutschlands. Dachverband Deutscher Avifaunisten, Max-
Planck-Inst. Fur Ornithologie, Vogelwarte Radolfzell.  

2.5
2.71 2.9 3.16 2.72 2.9 2.815

0.74 0.81 0.84 0.84 0.8 0.83 0.81

0
0.5

1
1.5

2
2.5

3
3.5

1 2 3 4 5 6 Average

Shannon_H’2021 Shannon_H’2022 Shannon_H’2023 

Evenness-E 2021 Evenness-E 2022 Evenness-E 2023



106

E16
FUNGUS – INSECT INTERACTION: ASPERGILLUS FLAVUS 

VOLATILES INFLUENCE BEHAVIOUR OF YEALLOW MEALWORM 
(TENEBRIO MOLITOR L.) 

Ieva Lučinskaitė1, Gabrielė Bumbulytė2 
 

1Life Sciences Center, Vilnius University, Lithuania 
2Laboratory of Chemical and Behavioural Ecology, Nature Research Centre, Lithuania 

ieva.lucinsk@gmail.com 
 
 The escalating global human population necessitates multifaceted strategies to mitigate 
environmental pollution. Insects, long regarded as an alternative to conventional meat (such as pork, beef, 
or chicken) in Asian cultures, offer several advantages [1]. Their rapid growth, minimal environmental impact, 
and rich protein content position them as an excellent protein source. 
 Among the most widely recognized edible insects worldwide, the mealworm (Tenebrio molitor) stands 
out. Its ease of cultivation and substantial biomass gain contribute to its favorable nutritional profile. To 
maintain optimal production hygiene, efforts are underway to distinguish between live and deceased insects. 
One promising approach involves leveraging natural repellents found in the insects’ native habitat—cereals. 
For instance, the microscopic fungus Aspergillus flavus colonizes mealworm food substrates, suggesting 
that volatile compounds produced by this fungus could serve as natural repellents. 
 This study aimed to assess the impact of volatile compounds generated by Aspergillus flavus on adult 
mealworm beetles. The investigation employed a two-choice pit-fall test, utilizing vials containing control 
grains (no stimulus) alongside vials containing Aspergillus flavus-infected grains at different ages (0, 5, 10, 
20 days). A Petri dish served as the experimental arena. 
 Additionally, the study evaluated the effects of Aspergillus flavus compounds reported in the literature. 
Behavioral experiments were conducted in Petri dishes using a two-choice assay. Beetle behavior was 
meticulously tracked using the computer program EthoVision XT 12 (developed by Noldus, the Netherlands). 
Observations spanned 5 minutes, with 10 replications performed for each tested compound. Chemical 
compounds were applied to five spots on the side of the Petri dish (2 μl each, totaling 10 μl). 
 The findings indicate that female mealworm beetles detected the presence of Aspergillus flavus from 
the very onset of infection (day 0), whereas male beetles began distinguishing the infected grain only from 
day 5 onward. Notably, the study identified the most potent compounds, which will be unveiled in the 
forthcoming presentation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[1] —

. 
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 As global population projections surge toward 10 billion by 2050, the demand for food—particularly 
animal-derived protein—intensifies [1]. However, this growth must align with environmental and economic 
sustainability. Yellow mealworms (Tenebrio molitor L.), notorious for causing substantial losses in 
agriculture, also serve as a prolific source of larvae produced on an industrial scale for both human and 
animal consumption. These larvae boast high protein content, rich nutrient profiles, and low-fat levels, 
positioning them as a sustainable alternative to traditional meat sources. Importantly, mealworm production 
and consumption exert a lesser environmental footprint compared to conventional meat. 
 For insect farmers aiming to maximize biomass yield, understanding the nutritional and chemical 
composition of feed is paramount. However, numerous unanswered questions persist regarding large-scale 
insect farming. Among these, egg quantity and collection play a pivotal role. To address this, we investigate 
the impact of chemicals derived from oats (Avena sativa L.) and fatty acids on the oviposition behavior of 
female yellow mealworms. Identifying oviposition stimulants could enhance egg yield within shorter 
timeframes, while inhibitors would guide substrate selection. 
 Our behavioral study utilized a two-choice test: oat-derived chemical substances (extracted) and fatty 
acids (administered at doses of 1 g and 0.1 g) were deposited on sand (simulating a nutritional substrate), 
while solvent-treated sand served as the control. In the test with a single stimulus, we employed 10 males 
and 10 paired females. We conducted 5 repetitions. After 24 hours of egg-laying exposure, we meticulously 
quantified egg numbers in each stimulus and control plate. 
 Notably, female mealworms exhibited significantly higher egg deposition in sand than in sand 
supplemented with oat extract. Furthermore, we will present data on specific fatty acids implicated in 
egg-laying regulation. Understanding the chemical triggers behind yellow mealworm oviposition holds 
promise for optimizing egg yield and advancing environmentally conscious insect farming. Future 
investigations should explore additional fatty acids as attractants, paving the way for efficient and sustainable 
mealworm production. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[1] Syahrulawal, L., Torske, M. O., Sapkota, R., Næss, G., & Khanal, P. (2023). Improving the nutritional values of yellow mealworm 
Tenebrio molitor (Coleoptera: Tenebrionidae) larvae as an animal feed ingredient: a review. Journal of Animal Science and Biotechnology, 
14(1), 146. 
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Organisms (plants, animals, fungi) that have been accidentally or purposefully introduced from 
other countries have a significant impact on the biocenoses that have historically been established in a 
particular country, and can disturb completely change the balance of entire ecosystems. This poses a 
threat to the region's biological diversity [1]. Since 2001, Sosnovskiy hogweed (Heracleum Sosnowskyi) 
has been the only plant species in Lithuania included in the list of harmful and endangered species of wild 
plants and mushrooms due to its ability to release physiologically active substances that can harm flora, 
fauna and humans. Phototoxic organic compounds, such as furanocoumarins, can react with DNA bases 
to form adducts. Under the influence of further UV-A radiation, they can react with other bases in the DNA 
strands and form cross-links between the strands. This can eventually lead to cell death [2].   

The study of allelopathic properties of Sosnovsky hogweeds is presented in this research. The 
aim of this study was to investigate the allelopathic effect of the Sosnovskiy hogweed on model species: 
Garden cress (Lepidium sativum), Lettuce (Lactuca sativa), and native plant species: White clover 
(Trifolium repens), Perennial ryegrass (Lolium perenne), Timothy grass (Phleum pratense) using different 
concentrations of aqueous solutions of leaves, roots and flowers (0.1; 0.5; 1.0). One of the main tasks was 
to identify the most allelopathically active morphological part of the invasive plant. Seed germination tests 
were used for this purpose. 

The study results indicate that the aqueous extracts of Sosnovsky hogweed significantly inhibited 
the germination and growth of the selected model and native meadow plants (One-way ANOVA test, 
Tukey's test, p<0.05). The highest concentration of leaf aqueous extract (1.0) had the greatest impact on 
the germination of model plant species. Garden cress and lettuce had germination rates of 27.22 ± 0.08% 
and 25.56 ± 0.08%, respectively. The most allelopathically sensitive native species was identified as White 
clover. The germination rate of seeds exposed to the strongest concentration of leaf solution was 0%. 
Among the native species tested, Perennial ryegrass was the least affected by aqueous extracts of 
Sosnovsky hogweed.  

Results of this study may contribute to the better understanding of the phenomenon of allelopathy, 
and may help in the control of the spread of invasive plants. 
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[1] Rašomavičius, V. 2005. Sosnovskio barščio (Heracleum Sosnowskyi) invazijos tyrimų atlikimas ir priemonių jai stabdyti parengimas. 
Ataskaita. Vilnius. 
[2] Del Rio J., A., Diaz L., Garcia – Bernal D., Blanquer M., Ortuno A., Correal E., Moraleda J., M., 2014. Chapter 5 – Furanocumarins: 
Biomolecules of Therapeutic Interest. University of Murcia, Spain.  
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 Approximately 95% of all municipal solid waste collected worldwide are deposited in landfills. The 
increasing generation of municipal solid waste (MSW) has become a major burden on our society, causing 
serious environmental and economic problems [1]. Physical, chemical and biological interactions in landfills 
result in the formation of toxic landfill soils. Landfill soil is particularly toxic and hazardous, accumulating 
hazardous substances, and posing a serious threat to living organisms, surface water, and groundwater due 
to its complex components, such as ammonia, metals, and organic compounds [2]. Eventually, the toxicity to 
organisms depends on the waste disposed of in the landfill, the type of landfill in operation, and the stage of 
decomposition of the waste [3].  
 The aim of this study was to evaluate metal pollution and ecotoxicity in soil from the Kazokiškės landfill. 
Five samples of landfill soil were collected from different sites (from the oldest operating site (KZ3-KZ5) to 
the newest (KZ1-KZ2)) in November 2023 (Figure 1). The concentrations of heavy metals in the soil samples 
were determined using X-ray fluorescence spectrometry. The following model organisms were used for 
ecotoxicity testing: lettuce (Lactuca sativa L.), garden cress (Lepidium sativum L.) and the bioluminescent 
bacterium Aliivibrio fischeri (Beijerinck). 

 
FFiigguurree  11.. Kazokiškes landfill soil sampling plan. 

  
 Comparison of the determined metal concentrations with the limit value (LV) of the Lithuanian Hygiene 
Standard (60:2015) showed that the concentrations of Zn and Cu in samples KZ3 and KZ4 are above the LV: 2 
and 2.3 times more zinc and 1.4 and 1.6 times more copper, respectively. Data from ecotoxicological bioassays 
showed that the sample of KZ1 has the strongest negative effects, significantly inhibiting the bioluminescence 
of A. fischeri by 78.17% and 37.9% at concentrations ranging from 72% to 36%. The model plants germination 
test showed that the KZ1 soil sample was the only one (at 100% concentration) that inhibited plant growth. 
Based on the results, it was concluded that the toxicity of the KZ1 sample may be related to contaminants 
other than heavy metals. Further research is needed to determine the cause of the observed adverse effects. 
 
  
 

[1] Renou, S., Givaudan, J. G., Poulain, S., Dirassouyan, F., & Moulin, P. (2008). Landfill leachate treatment: Review and opportunity. 
Journal of hazardous materials, 150(3), 468-493. 
[2] Kjeldsen, P., Barlaz, M. A., Rooker, A. P., Baun, A., Ledin, A., & Christensen, T. H. (2002). Present and long-term composition of MSW 
landfill: A review. Critical Reviews in Environmental Science and Technology, 32(4), 297–336. 
[3] Ghosh, P., & Thakur, I. S. (2017). An integrated approach to study the risk from landfill soil of Delhi: Chemical analyses, in vitro 
assays and human risk assessment. Ecotoxicology and environmental safety, 143, 120-128. 
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 Pesticides can contaminate groundwater or surface water if they are used excessively or if 
recommendations for their use are not followed. This accounts for between 20 and 80 per cent of the total 
pollution by pesticides of surface waters [1]. Pesticides can be washed out of agricultural fields by rainwater 
leaching or by adsorption to soil particles which then enter shallow groundwater through erosion [2]. Surface 
water runoff can carry pesticides to lakes, rivers and drainage canals, where they can have negative effects 
on ecosystems depending on their amount and duration of exposure [3][4].  
 The objective of this study was the assessment of the presence of pesticide residues in straightened 
rivers of Lithuania. The rivers selected for sampling are located in areas with different levels of urbanisation 
and different types, sizes and intensities of urbanisation. Water and sediment samples for pesticide pollution 
studies were taken from the different sites in the rivers Gubesėlė, Nemėža and Vadaktis. 
 A gas chromatograph coupled to a mass spectrometer was used for the determination of pesticides in 
the water and sediments. The sample preparation was carried out according to a modified QuEChER method. 
The analysis of pesticide residues included 28 different analytes. A total of 27 water and 30 sediment samples 
taken from the Gubesėlė, Vadaktis and Nemėža rivers were analyzed. 
 The water and bottom sediment samples of the rivers Gubesėlė and Vadaktis did not show any signs 
of pesticide contamination. Although no pesticide pollution was detected in the water samples of the Nemėža 
river, biphenyl was found in all sediment samples. However, additional investigation is required to determine 
the extent and implications of this contamination. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[1] Holvoet, K. M., Seuntjens, P. & Vanrolleghem, P. A. (2007). Monitoring and modeling pesticide fate in surface waters at the catchment 
scale. Ecological Modelling, 209, 53-64. 
[2] Vryzas, Z. (2018). Pesticide fate in soil-sediment-water environment in relation to contamination preventing actions. Current Opinion 
in Environmental Science & Health, 4, 5-9. 
[3] Rasool, S., Rasool, T. & Gani, K. M. (2022). A review of interactions of pesticides within various interfaces of intrinsic and organic 
residue amended soil environment. Chemical Engineering Journal Advances, 11, 100301. 
[4] Rice, P. J., Rice, P. J., Arthur, E. L. & Bsrefoot, A. C. (2007). Advances in Pesticide Environmental Fate and Exposure Assessments. 
Journal of Agricultural and Food Chemistry, 55, 5367−5376. 
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 As the production of novel synthetic compounds escalates, the levels of these substances and their 
byproducts in the environment rise. Phthalates are ubiquitous chemical compounds produced in high volumes 
and extensively used as plasticizers, which have endocrine disrupting properties and impair cardiovascular 
health across all ages [1]. Although found in micrograms, they have a tendency to accumulate in the 
ecosystem and human body [1]. Therefore, analytical methods of phthalate induced behaviour play a crucial 
role in assessing their presence and impact. This study aim was using modern rodent’s behaviour analysis 
program to determine whether phthalates can change rats behaviour. All experimental procedures were 
reviewed and approved by the Ethical Committee of State Food and Veterinary Service of the Republic of 
Lithuania (2022-08/09, No G2-221) and were conducted following the European Communities Council 
Directive (2010/63/EU) and the local Animal Welfare Act. To determine anxiety-related rats behaviour, an 
behaviour test and its data analysis were carried out. 

During this research, 36 Wistar female rats, aged 1 month, were used. Standard laboratory food and 
tap water were provided ad libitum throughout the experimental period. Rats were divided into control 
(without phthalates) and 5 experimental groups that received different doses of phthalates: 1) DEHP 200 
µg/kg; 2) DEHP 1000 µg/kg; 3) DBP 100 µg/kg; 4) DBP 500 µg/kg; 5) DEHP 200 µg/kg and DBP 100 µg/kg. 

 Two Elevated Plus Maze (EPM) behaviour tests were performed – after one week and a month of 
phthalate consumption. The ANY-maze (Ireland, version 7.20) computer software was utilized for the analysis 
of the video recordings (Fig.1, 2): traveled distance and entries into open zone were measured. Statistical 
analysis was performed using RStudio 4.3.1, one-way ANOVA and Kruskal–Wallis tests were used. 

 
It was found that daily, uninterrupted long-term (2 month) consumption of small doses of phthalates 

does not show any trends of rat behavioural changes (p < 0.05), but it was found significant decrease in entries 
into open zone of DEHP_DBP group. However, it has been observed that daily, uninterrupted short-term (1 
week) consumption of 100 µg/kg DBP showed a reliable increase in traveled distance and entries into open 
zone. 

We can conclude, that animal behavior tracking program ANY-maze, used in the current study, reveals 
that it is useful to evaluate ecotoxicity of environmental chemical compounds on the behavior of rats. Yet, to 
enhance confidence in the data it is necessary to perform more tests to state that phthalates lead to adverse 
outcomes. 

 
Acknowledgments: We would like to thank Martynas Arbačiauskas for consultations explaining the analysis methodology. 
Financial support was by the Vilnius University Science Promotion Fund for Scientific Projects, No MSF-JM-18/2022. 
[1] Mariana, M., Castelo-Branco, M., Soares, A. M., & Cairrao, E. (2023). Phthalates’ exposure leads to an increasing concern on 
cardiovascular health. Journal of Hazardous Materials, 457, 131680. https://doi.org/10.1016/j.jhazmat.2023.131680 

FFiigguurree  11.. ANY-maze rodent‘s analysis results examples: track (A), heat map 
(B) – the longer rat stay in a specific place, the redder it becomes. 

FFiigguurree  22.. ANY-maze analysis process. 
Orange dot shows rodent’s center, 
green color refers presence in zone. 
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Tanacetum vulgare L. – is a perennial herb of the Asteraceae family, cultivated in gardens and growing 

wild on the well-drained or sandy soils in open disturbed areas such as roadsides, pastures and hedges. 
Native to Europe and Asia, it was introduced to North America as a medicinal and horticultural plant. The 
members of the genus Tanacetum are widely used for a variety of purposes, including both traditional and 
modern medicine, food preservation, cosmetics also as insecticides, spices, dyes [1]. Thus, biological 
properties such as antioxidant, antibacterial, antifungal and repellent activity have been demonstrated in 
various extracts obtained from T. vulgare [2]. 
 It is important to point out that tansy is a widespread weed that competes with agricultural crops for 
space, light, nutrients and as a result has a negative impact on biodiversity, ecosystems and economy. T. 
vulgare can also hinder reforestation and landscape restoration efforts. The spread of the plant is determined 
by several factors: great propagation via seeds, underground rhizomes and root fragments, broad climatic 
tolerance, phenotypic plasticity [3]. 
 The success of the tansy’s spread is also determined by its allelopathic properties. Allelopathy is 
defined as any direct/indirect harmful or beneficial effect of one plant on another through the production and 
release of chemical compounds. T. vulgare is rich in the phenolic acids, flavonoids and their derivatives, 
tannins, carotenoids. It is known that plant secondary metabolites can be obtained from different parts of the 
plant. They may affect other plants seed germination and root formation in the early stages, as well as the 
growth of the whole plant: chlorophyll production, membrane conductance, photosynthetic activity [4]. The 
allelopathic effect of aqueous extracts of tansy on the other plants has not been widely studied. This opens 
up a wide range of research possibilities. 
 The aim of the experiment was to determine the allelopathic activity of aqueous extracts from T. 
vulgare roots, leaves and inflorescences. Under laboratory conditions, allelopathic properties of acidic, 
neutral and alkaline fractions and different concentrations (0.1; 0.5; 1.0 M) were tested on the model objects 
Lettuce (Lactuca sativa L.) and Garden pepper cress (Lepidium sativum L.) seeds. The observed results 
showed that tansy extracts significantly affected the germination and growth of the seeds tested. On the 
other hand, the allelopathic effect of T. vulgare differed depending on the morphological part and the pH of 
the extracts. Leaf and inflorescence aqueous extracts showed the strongest inhibitory activity. The effect was 
most active in the acidic and neutral fractions. In the case of the leaves, at the relative concentrations of 0.5 
and 1.0 M the germination and growth of L. sativa seeds was suppressed from 89.93 % to 98.37 % in the acidic 
fraction and from 66.55 % to 80.10 % in the neutral pH. L. sativum was reduced by 100 %. In case of 
inflorescences, L. sativum was also more sensitive: seed germination was inhibited up to 100 %. This study 
revealed that it is important to investigate the allelopathic mechanism and its role in the widespread weed 
species. 

[1] Acimovic M., Puvača N. (2020). Tanacetum vulgare L. – A systematic review 3(3), 416-422. 
[2] Mot C.A., Lupitu A.I., Bungau S., Iovan C., Copolovici L.P., Melinte C.E., Copolovici L. (2018). Composition and antioxidant activity of 
aqueous extracts obtained from herb of tansy (Tanacetum vulgare L.). Revista de Chimie, 69 (5), 1041-1044. 
[3] Stevović S., Mikovilović, V.S., Ćalic-Dragosavac D. (2009). Environmental adaptibility of tansy (Tanacetum vulgare L.). Afr. J. 
Biotechnol, 8, 6290–6294. 
[4] Lalljee B., Facknath S, (2000). Allelopathy in ecological agriculture and forestry: 47–58. 
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 Avian haemosporidian parasites (Apicomplexa: Haemosporida) are widespread in the wild and are 
transmitted by blood-sucking insects (Insecta: Diptera). They are virulent both to blood-sucking insects and 
birds, can cause diseases or even mortality in birds. Haemosporidian parasites (genus Plasmodium) can also 
infect humans causing malaria, a common disease in warm countries that affects and kills millions of people 
each year. Much research has been devoted to the investigation of genetic diversity and phylogenetic 
relationships of avian blood parasites belonging the genus Haemoproteus and Plasmodium but there is still 
insufficient information on their epidemiology, development in blood-sucking insects, and their transmission 
patterns [1]. 
 The aim of this work was to get new knowledge about vectors of Haemoproteus parasites using 
microscopy and PCR-based methods. The use of both methods provides more precise information on the 
interactions between blood-sucking insects, their vertebrate hosts and parasites. Bloodsucking biting 
midges (Diptera: Culicoides) were collected in study sites in Curonian spit, they were sexed and females were 
identified, dissected for the preparations of salivary glands, which were later investigated using microscopy. 
The remains of Culicoides females were individually analysed using PCR [2] in the Nature Research Centre. 
The detection of sporozoites (invasive parasite stage) and the identification of the parasite genetic lineages 
by PCR in the same biting midge allowed us to identify vector species of avian haemosporidian parasites in 
the wild. In total 751 specimens were examined using both microscopy [1] and PCR-based methods[2]. So far, 
seven PCR positive results were obtained. 
 The obtained results showed that Culicoides kibunensis biting midge was found to be a vector of the 
Haemoproteus pallidulus (genetic line hSYAT03), and biting midge of C. obsoletus group was found to be the 
vector of the Haemoproteus sp. (hSYAT01) as both sporozoites and parasites DNA were detected in the same 
Culicoides female. DNA of Haemoproteus parasites of genetic lineage hSYAT02 (H. parabelopolskyi) and 
genetic lineage hCULKIB01 (H. syrnii) were also detected in Culicoides biting midges using PCR. The vectors 
of H. syrnii are known to be C. impunctatus and C. nubeculosus [3]. In order to better understand the 
Haemoproteus vectors in Europe, it is necessary to pay attention to other, less studied and described in the 
literature, Culicoides species of biting midges. 
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[2] Hellgren, O., Waldenström, J., & Bensch, S. (2004). A new PCR assay for simultaneous studies of Leucocytozoon, Plasmodium, and 
Haemoproteus from avian blood. Journal of parasitology, 90(4), 797-802. 
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G., 2015. Biting midges (Culicoides, Diptera) transmit Haemoproteus parasites of owls: evidence from sporogony and molecular 
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 Parasites of the genus Sarcocystis are widespread globally following a two-host life cycle. While 
infections in the definitive hosts may not be symptomatic, acute infections in intermediate hosts can reduce 
production and render meat unfit for consumption [1]. This poses ecological challenges and significant 
economic losses in the livestock sector. Predatory mammals of the Canidae and Felidae families play an 
important role in the distribution of Sarcocystis. One of the most widespread wild canids and terrestrial 
predators is the red fox (Vulpes vulpes), which is best adapted to survive in a wide range of environmental 
conditions [2]. This mammal can be found not only in the wild but also in urbanised areas, posing a significant 
risk to both the livestock sector and humans due to the transmission of Sarcocystis species [3]. Studies in 
Lithuania have shown common Sarcocystis species in farm and cervid animals with canids as definitive 
hosts, including S. tenella, S. cruzi, S. hominis, S. miescheriana, S. capracanis, S. bertrami, S. iberica, S. 
morae, and S. venatoria [4-6]. Infection experiments indicate some of these species can infect the red fox. To 
date, there is a lack of studies on the Sarcocystis species diversity in the faeces of Canidae. This research 
aimed to investigate how the red fox contributes to the transmission of Sarcocystis parasites in Croatia, 
Lithuania, and the Czech Republic, specifically by analysing the faecal matter of this predator. 
 In collaboration with researchers from Croatia, Lithuania, and the Czech Republic, 90 samples of red 
fox faeces were collected in different regions of each country. The sporocysts in the samples were isolated 
by flotation in sucrose solution. Subsequently, DNA isolated by a commercial kit was amplified using the cox1 
gene as a molecular marker. Sarcocystis species were identified using a nested PCR approach with 
Sarcocystis genus (step I) and species (step II) specific primers. 
 Of the 90 animals tested across the three countries, 48 (53.3%) were positive for Sarcocystis spp. 
Notably, S. tenella, S. miescheriana, and S. cruzi were the most common species of the parasite in all three 
countries. Only in the Czech Republic, a single specimen was discovered to be infected with S. arieticanis and 
S. capracanis. Additionally, in Croatia and Lithuania, it seems that red foxes can transmit S. hjorti. The primary 
results show that the red fox can harbour more than one species of Sarcocystis parasites thus posing a 
major threat to both the economic and health sectors. 
 This research was funded by the Research Council of Lithuania (P-ST-23-239). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[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] Scott, D. M., Berg, M. J., Tolhurst, B. A., Chauvenet, A. L. M., & Smith, G. C. (2014). Changes in the Distribution of Red Foxes (Vulpes 
vulpes) in Urban Areas in Great. 
[3] Edwards, C. J., Soulsbury, C. D., Statham, M. J., Ho, S. Y., Wall, D., Dolf, G., Iossa, G., Baker, P. J., Harris, S., Sacks, B. N. & Bradley, D. 
G. (2012). Temporal genetic variation of the red fox, Vulpes vulpes, across western Europe and the British Isles. Quaternary science 
reviews, 57, 95-104. 
[4] Rudaitytė-Lukošienė, E., Prakas, P., & Butkauskas, D. (2021). Molecular identification of seven Sarcocystis species in red deer (Cervus 
elaphus) from Lithuania. Parasitology International, 85, 102419. 
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The genus Sarcocystis is an abundant group of Apicomplexa parasites found in mammals, birds, and 

reptiles. These parasites are characterised by the formation of sarcocysts in the muscles of intermediate 
hosts and the development of sporocysts in the intestines of definitive hosts.  

To date, over 40 different Sarcocystis species have been identified in rodents. Majority of the 
investigations have focused on synanthropic rodent species, such as the house mouse (Mus musculus) and 
brown rat (Rattus norvegicus), thus data concerning Sarcocystis species prevalence and diversity in wild 
mice and voles remain sparse [1]. Yellow-necked mouse (Apodemus flavicollis) and the bank vole 
(Clethrionomys glareolus) are two most commonly found wild rodent species in Lithuania, that are mostly 
prevalent in the forests, but frequent other habitats as well [2].  

Traditional research approaches prove challenging for studying Sarcocystis spp. in small mammals, 
prompting exploration of alternative methods such as screening blood samples from intermediate hosts [3, 
4]. In this study the molecular identification of Sarcocystis spp. in the blood samples of yellow-necked mice 
and the bank voles was carried out using nested PCR and sequencing.  Sarcocystis spp. were statistically (p 
< 0.01) more frequently detected in the bank vole (6.3%) than in yellow-necked mice (0.9%). Samples were 
collected from seven different habitats and Sarcocystis spp. were identified in specimens from four different 
habitats, such as mature deciduous forest, bog, natural meadow, and arable land.  

In this study, Sarcocystis myodes was the only species identified in yellow-necked mice. Meanwhile 
three Sarcocystis species were confirmed in the blood of the bank voles - Sarcocystis funereus, Sarcocystis 
myodes, and Sarcocystis cf. glareoli. The obtained results are important in the development of molecular  
identification of Sarcocystis parasites in live animals and understanding of Sarcocystis species richness in 
wild rodents of Lithuania. 
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Lingonberries (Vaccinium vitis-idaea L.) are low-growing, evergreen shrubs of cooler, northern regions of 

North America and Europe. These plants produce berries with unique flavour and high economic value, which play 
a vital role in maintaining the diversity of the northern ecosystems [3]. Plant yellows diseases can result in 
significant harm to beneficial plants and berry crops. Some plant yellows diseases, once thought to be viral, are 
actually caused by prokaryotic organisms known as phytoplasmas. These pathogens lack a cell wall and are limited 
to the phloem. Phytoplasmas exhibit pleomorphism and have not yet been successfully cultured without cells. They 
infect over 700 plant species worldwide, leading to symptoms such as yellowing and stunting like those caused by 
certain plant viruses, resulting in substantial economic impact [2]. The spread of these pathogens between plants 
is facilitated by insect vectors, while grafting and vegetative propagation play key roles in their dissemination in 
agriculture. In Eastern Europe, the prevalence of these diseases is less pronounced compared to southern regions 
of Europe, making early detection and control more challenging. ‘Candidatus Phytoplasma trifolii’ was found in 
lingonberries (Vaccinium vitis-idaea L.) in naturally occurring forests of Labanoras Regional Park in Lithuania. 
Diseased plants usually showed symptoms that indicate a disturbance in the normal balance of plant hormones. 
‘Candidatus Phytoplasma trifolii’ is characterized by pronounced plants stunting, yellowing, small leaves, shortened 
internodes, and stem distortions [Fig.1]. Samples of plants with possible phytoplasma infection were collected and 
genomic DNA was extracted using CTAB protocol. ‘Candidatus phytoplasma trifolii’ was identified using routine 
method by amplifying 16S rRNA region using two-step PCR protocol with P1/P7 and R16F2n/R16R2 primer pairs [4; 
5]. Restriction fragment length polymorphism (RFLP) analysis of nested PCR products of 16S rRNR revealed that 
detected phytoplasmas belonged to 16SrVI-A subgroup. In order to better molecularly describe and sub-group the 
phytoplasma identified in the mentioned berry plants, another genetic marker - SecA - was analysed. Strains of 
16SrVI phytoplasma group were reported in Vaccinium myrtillus in Austria [2] and in Vaccinium vitis-idaea in Canada 
[1]. This is the first report of ‘Candidatus. phytoplasma. trifolii’ strain belonging to 16SrVI phytoplasma group infecting 
lingonberry worldwide. Also, this is the first report of 16SrVI-A phytoplasma group found in Lithuania. The presence 
of this phytoplasma poses a threat to the natural ecosystem and could eventually spread into agricultural settings 
in our country. Therefore, it’s crucial to conduct surveillance for insect vectors, and assess effective control 
methods. Without proactive intervention, the long-term sustainability of lingonberries and their associated 
ecosystems may be jeopardized. 

 

 
 

[1]. Brochu, A. et al. 2022. New Dis. Rep. 45, e12058. https://doi.org/10.1002/ndr2.12058 
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[3]. Kowalska, K. 2021. Int. J. Molecular Sci. 22, 5126.https://doi.org/10.3390/ijms22105126 
[4]. Lee, I. et al. 1998. Int. J. Syst. Evol. Microbiol. 48, 1153. http://dx.doi.org/10.1099/00207713-48-4-1153 
[5]. Zhao, Y. et al. 2009. Int. J. Syst. Evol. Microbiol. 59, 2582. https://doi.org/10.1099/ijs.0.010249-0 

A                                     B                                 C                           D 

Fig 1. Lingonberry plants: A – plants infected with ‘Candidatus Phytoplasma trifolii’ exhibiting symptoms of stunting, yellowing, small 
leaves, shortened internodes, and stem distortions; B - infected plants in natural habitat; C - healthy plants; D - healthy plants in natural 
habitat. 
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Smoking has become very popular nowadays, especially among young people. Smoking of 
conventional cigarettes (CCs) or heated tobacco products (HTPs) results in high levels of particulate matter 
(PM) [1]. People very often tend to think that CCs are a safer alternative to smoking, but there is currently 
insufficient independent research to support this claim [2]. The current lack of research on the health harms 
caused by second-hand smoke underlines the importance of such studies. Current in vitro systems for PM 
or aerosol particles can be divided into monolayer cultures, cocultures, systems to simulate the air-liquid 
interface and lung-on-a-chip models. However, nowadays, new integrated indicators are being sought that 
allow a simpler and faster assessment of the health impact of aerosol particles around us. 

The aim of this study was to characterise the cytotoxicity of aerosol PM from conventional cigarettes 
(CCs) and heated tobacco products (HTPs) using a novel in vitro “cells-on-particles” exposure model. Viability 
of BEAS-2B cells, the levels of IL-6 and IL-8 cytokines in the medium and changes in the expression of genes 
involved in xenobiotic metabolism were evaluated by culturing the cells on 3D poly(ε-caprolactone) (PCL) 
matrix. These matrixes were constructed using an innovative electrospinning technology. The relatively low 
cost of air toxicity analysis, the ease of use, minimal sample preparation and the possibility of real-time 
monitoring of the system under investigation are some of the main advantages of such systems over current 
cytotoxicity methods [3]. After we performed the cell viability test, we found that CCs aerosol caused a 
significant and dose-dependent decrease in cell proliferation, while the highest doses tested led to complete 
cell death. In contrast, HTPs aerosol increased cell proliferation and metabolic activity by up to 92% after 24 
hours. In addition, we found by RT-qPCR that aerosol exposure to HTPs aerosol resulted in a significant up-
regulation of CYP1A1 and NQO1 genes, while CCs aerosol particles strongly and significantly increased the 
expression of CYP1A1, particularly at higher doses. After we performed ELISA assay, we showed, that exhaled 
HTPs aerosol did not significantly alter the secretion of proinflammatory interleukins, but a significant 
decrease in IL-6 and IL-8 levels was observed in the case of the CCs in relation to the NPs concentration. 
Particle concentration of CCs low as 2.8 µg/cm2 resulted in a ~1.8-fold increase in IL-6 secretion after 48 
hours. 

Thus, using an innovative in vitro “cells-on-particles” system, which is technically much simpler, faster 
and well suited for initial NPs cytotoxicity testing, we found that aerosol particles exhaled from HTPs products 
are significantly less harmful to bystanders. 
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 Genetic variation is an essential aspect for all organisms to survive and adapt to a rapidly changing 
environment. Ongoing climate change, leading to shifts in temperature and precipitation trends, and the 
expansion of global trade and transport, is driving the introduction of non-native species into new habitats. 
These events have the potential to influence genetic changes in both plants and microorganisms. It is known 
that endophytic fungi can enhance the host's ability to tolerate a range of abiotic and biotic stress factors, 
potentially reducing the demand for pesticides and fertilizers in agriculture. However, it is known that 
depending on the host species or environmental conditions, endophytes can switch to pathogenic behaviour, 
overcome the plant's immunity and cause the disease. 
 The plant material for the study was collected in the Kairėnai Botanical Garden of Vilnius University. 
The samples were collected from a total of 7 plants of the genus Pinus (Pinus sylvestris ‘Beuvronensis’, Pinus 
mugo ‘Frisia’, Pinus strobus, Pinus nigra, Pinus Banksiana xp contorta, Pinus ponderosa var. scopulorum, 
Pinus parviflora ‘Glauca’). A total of 135 isolates were obtained from needles, buds and twig samples.   
 The fungal isolates were classified into 13 morphological groups based on the most important 
microscopic and macroscopic phenotypic characteristics, such as colour, shape and size of colonies, hyphae 
and spores. The cetyltrimethylammonium bromide (CTAB) method was used to extract genomic DNA. 
Molecular identification of the isolates was performed by the amplification of the internal transcribed spacer 
(ITS) region [1]. The genetic diversity of the isolated fungi was analysed using ISSR (Inter Simple Sequence 
Repeat) primers [2].  
 The results of sequencing revealed a diverse fungal community on pine trees. Out of 13 morphological 
groups, 11 fungal genera were identified. About 61 % of the isolates were related to Sydowia polyspora, which 
was identified as the causal agent of current season needle necrosis. The genera Alternaria, Diaporthe and 
Fusarium were other common potentially pathogenic fungi. Between 3 and 5% of less common species were 
observed, which were mainly endophytic fungi. S. polyspora was found to be dominant on Pinus sylvestris 
'Beuvronensis', while fungi of the genus Alternaria were frequently found on Pinus parviflora ‘Glauca’ pines. 
In addition to S. polyspora, Diplodia sapinea and Fusarium sp. were frequently found on Pinus mugo ‘Frisia’. 
 The ISSR analysis was carried out with 10 ISSR primers. Among the 10 tested ISSR primers, 4 primers 
were selected for the species Sydowia polyspora, Epicoccum nigrum and Diaporthe eres and the following 
genera: Alternaria, Diplodia, Fusarium and Plagiostoma. Five primers were used for Pestalotiopsis sp. and 
Microsphaeropsis olivaceae. Finally, 3 primers were used for Mollisia albogrisea and 2 primers for Pezicula 
eucrita. 
 The minimum spanning network and cladograms were generated using GenAlEx 6.51b2 [3] and 
Treeview X [4] and showed the association between isolates and their hosts in a genotype-dependent manner. 
 
[1] White, T. J., Bruns, T., Lee, S., & Taylor, J. (1990). Amplification and direct sequencing of fungal ribosomal RNA genes for phylogenetics. 
In PCR Protocols (pp. 315–322). Elsevier.  
[2] Gemmill, C. E. C., & Grierson, E. R. P. (2021). Molecular Plant Taxonomy: Methods and Protocols (Vol. 2222). Springer US.  
[3] Peakall, R., & Smouse, P. E. (2012). GenAlEx 6.5: Genetic analysis in Excel. Population genetic software for teaching and research—
an update. Bioinformatics, 28(19), 2537–2539.  
[4] Page, R. D. M. (1996). Tree View: An application to display phylogenetic trees on personal computers. Bioinformatics, 12(4), 357–358.  
 
 



119

E29
PREVALENCE OF FACULTATIVE SYMBIONTS AMONG SOME TREE-

DWELLING SPECIES OF THE GENUS DYSAPHIS BÖRNER 
(HEMIPTERA: APHIDIDAE) 

Barbora Ieva Masoit1, Jekaterina Havelka1 

 
1Department of Zoology, Vilnius University, Lithuania 

barbora.masoit@gmc.stud.vu.lt  
 

 Like other insects, aphids can have a wide range of symbiotic bacteria, which can enhance their 
survival abilities. The obligate symbiont Buchnera aphidicola provides aphids with nutritional components, 
while facultative symbionts are important for the protection against parasitoid wasps and other parasites, 
the tolerance of high temperatures, the modification of body colour, or the use of host plant [1]. Previous 
study of microbiome of twelve species of Dysaphis Börner, 1931 aphids collected in Poland showed the 
presence of facultative symbionts from genera Serratia, Regiella, Fukatsuia, Wolbachia, Gilliamella, 
Hamiltonella, Spiroplasma, Sphingomonas, Pelomonas, and Acinetobacter [2]. 
 The aim of the present study was to check the prevalence of Serratia symbiotica, Regiella insecticola, 
Hamiltonella defensa and Spiroplasma sp. among four tree-dwelling species and two species groups of the 
genus Dysaphis. Fourty nine samples of total genomic DNA extracted from individual aphids collected in 
Lithuania (n=40), France (n=1), Latvia (n=1), Czech Republic (n=1), Italy (n=1), Turkey(n=4), Poland (n=1) were 
screened for the presence of facultative symbionts using diagnostic PCR with species-specific primers as 
described by [3] and [4], and yielding fragments of different length, namely, 1600 bp for H. defensa, 1000 bp 
for Spiroplasma sp., 500 bp for S. symbiotica and 200 bp for R. insecticola [3-4]. 
 The most abundant facultative symbiont was R. insecticola detected in 31 samples, followed by S. 
symbiotica, which was found in 9 samples. There were also 5 samples with Spiroplasma sp. and 3 samples 
with H. defensa. During this study facultative symbionts of Dysaphis pyri (Boyer de Fonscolombe, 1841) 
were detected for the first time as the single sample analyzed by [2] contained on B. aphidicola. The 
presence of S. symbiotica in Dysaphis devecta group (Walker, 1849), H. defensa in Dysaphis sorbi 
(Kaltenbach, 1843) and Dysaphis crataegi group (Kaltenbach, 1843), R. insecticola and Spiroplasma sp. in D. 
sorbi and Dysaphis plantaginea (Passerini, 1860) was recorded for the first time. The majority of analyzed 
aphid samples harboured only one species of facultative symbiont. Coinfection with two species of 
facultative symbiotic bacteria was observed in 11 samples, and there was a single sample with three 
species of facultative symbionts detected. Further studies are needed to evaluate the presence and 
prevalence of other facultative symbiotic bacteria species and their proportion in microbiome of different 
Dysaphis species comparing to B. aphidicola. 
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The protected old-growth forests are ecologically, economically, socially important and may serve as a key 

point of reference for ecological research. Compared to commercial forests, the protected old-growth forest 
stands are not always more species-rich, but the most obvious advantage of them in terms of biodiversity is their 
uniqueness. They are a refuge for rare, red-listed and even endemic species, as active forest management is 
usually restricted there. The flora and fauna in Lithuania’s old-growth forests have been well studied. However, 
there is a lack of information on microorganisms in these areas, especially on the diversity of microscopic wood-
inhabiting fungi. Therefore, the main aim of the present study is to assess the diversity of wood-inhabiting fungi 
in four economically and ecologically important tree species – Scots pine (Pinus sylvestris), Norway spruce 
(Picea abies), pedunculate oak (Quercus robur) and silver birch (Betula pendula), growing in two protected old-
growth forests in Lithuania. 

In the summer of 2023, a total of 115 middle-aged P. sylvestris (15 healthy and 15 dead trees), P. abies (20 
healthy and 20 dead trees), Q. robur (20 healthy trees) and B. pendula (15 healthy and 10 dead trees) were sampled 
with an increment borer in two mixed old-growth forest stands located in the Punios Šilas Strict Nature Reserve 
(southern Lithuania) and in the Plokštinė Strict Nature Reserve (north-western Lithuania). A total of 311 fungal 
cultures were isolated from wood cores of 7 healthy and 35 dead trees. Most isolates (104) were obtained from 
dead P. abies. All fungal cultures were assigned to 66 groups according to their characteristics and 
micromorphological features of colonies. Twenty-six cultures of the largest morphological group were isolated 
from dead P. sylvestris (7 isolates) and P. abies (19 isolates). The other two main groups consisted of 25 isolates. 
All cultures from one of these groups were isolated exclusively from B. pendula. Molecular identification of the 
fungal cultures representing these morphological groups will be performed in the near future by sequencing the 
ITS region of the fungal DNA. It is expected that rare and protected fungi or even new species for Lithuania could 
be found in the studied old-growth forests.  
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Nepticulidae is a highly specialized yet phylogenetically primitive lepidopteran family, 
distinguished by peculiar morphological and biological characteristics [1]. Up to now, the taxonomic 
diversity of Nepticulidae in the Caucasus, especially in Armenia, has been poorly understood. The goal of 
this study was to investigate the world's smallest lepidopterans of the family Nepticulidae in the 
Caucasus for the first time and to discuss possible cryptic taxa. 

During our recent fieldwork in the Caucasus, conducted within the framework of the Agreement of 
Scientific Cooperation between the Scientific Center of Zoology and Hydroecology of the National 
Academy of Sciences of Armenia and the State Research Institute Nature Research Centre, we collected 
a significant amount of Nepticulidae specimens. The part of this material was evaluated not only by 
morphological and ecological differences but also by molecular characters [2-4].  

In total, the research revealed thirty-two Nepticulidae species belonging to eight genera. 
Surprisingly, quite a lot of these species appeared to be previously unknown to science: Stigmella 
colchica Stonis & Diškus [3], S. ararati Stonis, Dobrynina & Remeikis, S. armi Stonis, Dobrynina & 
Remeikis, S. garnica Stonis, Dobrynina & Remeikis, S. inopinoides Dobrynina, S. magicis Stonis & 
Dobrynina, Etainia caucasi Remeikis, Trifurcula vardenisi Stonis, Dobrynina & Remeikis [2]. One of them 
is Stigmella colchica, well supported by both morphological and molecular data, is a previously 
unknown potential Nepticulidae pest infesting plum trees in the Caucasus [3]. Besides the mentioned 
species, we detected some specimens, which did not exhibit any obvious morphological or ecological 
differences from the European Simplimorpha promissa (Staudinger) and Ectoedemia (Zimmermannia) 
longicaudella Klimesch, but distinguished by significant molecular characters, what may actually 
represent possible cryptic taxa, allopatric subspecies or species [2, 4]. 

We assume that the currently identified species in the Caucasus may account for only about 40–
45% of the species actually occurring in this region, i.e., in total, at least 70–80 species of Nepticulidae 
can be discovered in the future. Among those still undescribed taxa, we expect a significant portion of 
species similar to European but cryptic. Consequently, we believe that further research is necessary in 
this fascinating and biogeographically very important region. 
 
 
 
 
 
 
 
 
[1] Stonis, J. R., Remeikis, A., & Diškus, A. (2022). Neotropical Nepticulidae (a pictorial monograph introducing an electronic 
identification tool). Nature Research Centre, Vilnius, 363 pp.  
[2] Stonis, J. R., Dobrynina, V., Remeikis, A., Diškus, A., Orlovskytė, S., & Kalashian, M. Y. (2024). The first attempt to assess the 
taxonomic diversity of the Nepticulidae of Armenia resulted in the discovery of new species and cryptic taxa in the Caucasus. 
Diversity, 16(60).  
[3] Stonis, J. R., Diškus, A., Orlovskytė, S., & Dobrynina, V. (2024). Revealing a novel potential pest of plum trees in the Caucasus, a 
species resembling the European leaf-mining Stigmella plagicolella, Nepticulidae. Insects, 15(198).  
[4] Orlovskytė, S., Dobrynina, V., & Stonis, J. R. (2023). Unexpected mitotype diversity of Simplimorpha promissa (Lepidoptera: 
Nepticulidae) in Ukraine and Armenia revealing a possible cryptic taxon. Zootaxa, 5336(1), 113–124.  
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 The presence of microplastics (MPs) in the environment has become a critical issue in recent decades. 
The alarming increase in the concentration of MPs in aquatic ecosystems is a matter of utmost concern. 
Different MPs have various physicochemical properties, which can cause environmental stress to living 
organisms [1]. Accurately measuring the amount of MPs in the environment is a major challenge, given the 
diverse sources of MPs. In addition, the long-term effects of MPs on organisms remain largely unexplored 
and require further investigation. Ecotoxicological studies are widely used to evaluate the status of fish after 
exposure to MPs and cover a wide range of functional areas. Exposure to MPs can induce oxidative stress 
leading to apoptosis, inflammation reactions, and metabolic disorders [2]. Therefore, the evaluation of 
changes in enzymes activity is an effective tool for assessing the ecotoxicological effects of MPs in fish [3]. 
It is important to note that antioxidant enzymes such as glutathione S-transferase (GST) and superoxide 
dismutase (SOD) are important biomarkers of oxidative stress that need to be evaluated. 
 The aim of this study was to determine the changes in the activity of antioxidant enzymes in the liver 
of rainbow trout (Oncorhynchus mykiss) after long-term exposure to different MPs polymers. Glutathione S-
transferase activity in the liver of O. mykiss was determined by the method of Habig et al. (1974) [4]. Total 
superoxide dismutase activity was measured according to the pyrogallol autoxidation method of Marklund 
and Marklund (1974). [5].  
 The obtained results showed that GST activity significantly increased in low-density polyethylene and 
polystyrene exposure groups compared to the control group [6]. Low-density and high-density polyethylene 
have been shown to significantly increase in SOD activity. In this study, the analysis of the results showed 
that the different types of MPs induced significant changes in SOD and GST enzyme activity, suggesting that 
MPs cause oxidative stress in fish. Significant changes in enzyme activity were also found between the 
different groups of MPs. However, more detailed studies on antioxidant enzymes and other biochemical 
biomarkers are needed to characterize adverse effects of MPs in fish. 
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 The constant arms race between bacteria and their viral predators, bacteriophages, has fueled the 
development of intricate bacterial immune systems. Traditionally, research focused on well-known defense 
mechanisms like restriction-modification (RM) systems, abortive infection (Abi) systems, and the widely-
recognized CRISPR-Cas system. However, recent advancements in exploring the vast bacterial pangenome, 
the collective genetic pool of a species, are revealing a hidden arsenal of previously unknown defense 
systems clustered in "defense islands" [1, 2]. 

This study delves deeper into this newly discovered landscape, focusing on novel bacterial defense 
systems characterized by the presence of nuclease and ATPase domains. By analyzing how these catalytic 
domains interact, the research aims to shed light on the molecular mechanisms underlying the hydrolysis, 
or breaking down, of DNA bonds during phage defense. This work not only provides fundamental insights into 
the intricate machinery of bacterial immunity, but also holds significant potential for future biotechnological 
applications. 

Exploring this newly discovered realm of bacterial defense systems promises to not only broaden our 
understanding of the intricate dance between bacteria and their predators, but also holds immense potential 
to revolutionize various fields through innovative biotechnological applications. 
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 Carbonic anhydrase (CA) is an enzyme that catalyzes the reversible reaction of carbon dioxide to 
bicarbonate (CO2 + H2O ⇄ H2CO3); because of this function, the enzyme plays a crucial role in various 
physiological processes, including respiration, photosynthesis, bicarbonate and CO2 transport, pH regulation, 
ion and water transport, bone development, bile and gastric production, among others. Therefore, some CA 
isozymes are drug targets for managing fluid secretion and pH change-linked diseases, such as glaucoma 
and edema; specifically, CA IX has become a target for cancer [1]. 
 CA IX is a transmembrane glycoprotein whose involvement in various cancers has been extensively 
studied. This isozyme has received more attention because of its limited expression in normal cells and 
upregulation in many aggressive cancers compared to other CA isozymes. It is now known that CA IX is 
important for the growth and survival of tumor cells under normoxia and hypoxia [2]. 
 While studying carbonic anhydrase inhibitors and related diseases, it is difficult to say whether a 
compound will be as effective on mouse carbonic anhydrase as it is on human carbonic anhydrase, even 
though these organisms' CAs are homologously similar [3]. Therefore, additional screening studies with 
recombinant murine carbonic anhydrase proteins (Car) would help assess whether the effects of the 
compounds under investigation in mice can be related to the established effects on human CA. 
 This research presents CarIX protein purification and recombinant protein binding to several small-
molecule compounds (Figure 1). 
 

 
Figure 1. (Left) Crystal structure of human carbonic anhydrase IX catalytic domain (PDB id: 6Y74) (Right) 

Fluorescent thermal shift assay (FTSA) results of murine carbonic anhydrase IX binding to acetazolamide – 
symbols correspond to experimental data while line shows fitting using Kd determination model. 

 
[1] Chegwidden, W. R. and Carter, N. D. (2000), Introduction to the carbonic anhydrases, in W. R. Chegwidden, N. D. Carter and Y. H. 
Edwards, eds, ‘The Carbonic Anhydrases: New Horizons’, EXS 90, Birkhäuser, Basel, pp. 13–28. 
[2] Robertson, N., Potter, C. and Harris, A. L. (2004), 'Role of Carbonic Anhydrase IX in Human Tumor Cell Growth, Survival, and Invasion', 
Cancer Research 64(17), 6160–6165. 
[3] Takacova, M., Barathova, M., Zatovicova, M., Golias, T., Kajanova, I., Jelenska, L., Sedlakova, O., Svastova, E., Kopacek, J. and 
Pastorekova, S. (2020), ‘Carbonic Anhydrase IX—Mouse versus Human’, International Journal of Molecular Sciences 21(1), 246. 
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 The ongoing coronavirus disease 2019 (COVID-19) pandemic, stemming from various strains of the 
severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), resulted in a constant need to diagnose 
cases of this illness quickly and accurately enough to segregate infected individuals from the rest of the 
population and evaluate the necessity of quarantine or other public health actions. Electrochemical 
immunosensors and other affinity sensors offer advantages over the gold-standard polymerase chain 
reaction test due to their affordability, ease of use, point-of-care detection, and shortened sample analysis 
times, all of which are instrumental in facilitating early diagnosis of COVID-19 disease [1,2]. 
 Here, we are reporting an electrochemical biosensor tested for the detection of different clones of 
monoclonal antibodies (mAbs) against the SARS-CoV-2, which are sourced from a single B cell clone and 
detect a particular antigen epitope. For this purpose, screen-printed carbon electrodes were covered with 
gold nanostructures via deposition [1] and then modified with a self-assembled monolayer (SAM) based on 
L-cysteine to ensure the covalent immobilization of the nucleocapsid protein (rN) [2]. The resulting system 
was used as a sensing platform for studying the interaction between the protein and three clones of mAbs. 
Employing cyclic voltammetry (CV) and differential pulse voltammetry (DPV) techniques, we 
electrochemically characterized the working electrode at different modification stages, then captured and 
analyzed the response elicited by the mAbs upon interacting with the immobilized rN [2]. CV applies a 
triangular waveform to a working electrode to analyze reaction mechanisms from voltammogram peaks, 
while DPV, using fixed-amplitude pulses overlaid on step potentials, compares pre- and post-pulse currents, 
providing insights into electrode reactions with a consistent baseline for noise reduction and improved 
detection limits [2]. 
 It was revealed, that the suggested electrochemical biosensor may provide testing options for the 
assessment of particular mAbs for medical monitoring that are more economically friendly. An inverse 
sensor for detecting SARS-CoV-2 antigens and viral particles in ambient samples may be created based on 
the affinity relationship between antigen and antibody.  
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biosensing based comparative study of monoclonal antibodies against SARS-CoV-2 nucleocapsid protein. Science of The Total 
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 Bacteriophages and bacteria are in a constant evolutionary arms race, developing a variety of attack, 
defence and counter-defence tactics. In the face of phage attacks, bacteria have evolved multiple defensive 
mechanisms, one of which is the CRISPR-Cas system. This system encodes a ribonucleoprotein complex that 
destroys the invading phages by targeting their genetic material [1]. To evade this defence strategy, phages 
employ anti-CRISPR (Acr) proteins that disrupt the functionality of the CRISPR-Cas system, typically by 
interfering with its DNA-binding or hydrolytic functions [2]. CRISPR-Cas systems are used as invaluable tools 
for genome editing [3]. The ability of Acr proteins to modify the actions of CRISPR-Cas opens up new 
possibilities for their biotechnological applications [4]. More than 100 Acr families have been identified, but 
the molecular mechanisms are only understood for a limited number of these proteins [4].   
 In this study, we aim to elucidate the inhibition mechanisms of the type I-F CRISPR-Cas system by 
small AcrIF proteins. By combining in vivo, structural and biochemical methods, we analyse the molecular 
interplay between the components of the system and the AcrIF proteins. 
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 Development of CRISPR technologies, particularly Cas9 and Cas12a, has transformed the field of 
genome editing. However, as the limitations associated with current methods reliant on double-stranded 
breaks (DSBs) grows, attention is shifting towards alternative approaches, like base editing. This technique 
enables precise and predictable modifications without introducing DSBs. Adenine base editing, which 
converts adenine (A) to guanine (G) within the DNA sequence, offers targeted and predictable single 
nucleotide alterations. Although adenine base editing activity has been demonstrated with the nuclease-
impaired dCas9 and dCas12a effector proteins [1, 2], there is a demand for more compact protein variants that 
can retain the precision of base editing while being compatible with efficient packaging into adeno-associated 
virus (AAV) vectors, that are commonly used in clinical applications [3]. 
 Cas12 effector proteins encoded in CRISPR-Cas type V systems are characterized by a wide range of 
sizes. Among them are relatively small Cas12m effector proteins (~600 aa), the size of which would not limit 
the use of AAV vectors to deliver protein-encoding genes. Previously, we demonstrated that Cas12m proteins 
provide protection against bacteriophages and plasmids through targeted DNA binding rather than DNA 
cleavage. Therefore, this innate programmable DNA binding could offer an alternative for dCas9 and dCas12a 
protein based base editing. 
 The objective of this study was to assess the intrinsic DNA binding capacity of Cas12m proteins for 
programmable base editing. We engineered base editors by fusing selected Cas12m proteins with adenine 
deaminase TadA-8e. Their activity was evaluated by testing the targeted A-to-G editing in human cells via 
next generation sequencing. Ultimately, this work contributes towards the attempts to develop a new 
generation of base editing tools compatible with AAV vectors. 
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tRNA is an adapter molecule required for protein synthesis. tRNAs are heavily decorated with a variety 

of post-transcriptional modifications. Most modifications are found in the tRNA anticodon, making them 
crucial for precise codon recognition and reading frame maintenance which leads to efficient protein 
synthesis. These modifications are introduced enzymatically [1]. Biosynthesis pathways of chemical 
modifications are well studied; however, little is known about the metabolic fate of chemically modified 
nucleosides or heterocyclic bases after RNA degradation [2]. 

One type of tRNA modification is enzymatic thiolation. 4-thiouridine (s4U) is found at position 8 of 
tRNAs. s4U acts as a photosensor for ultraviolet light (UV) and saves bacteria from photomutagenic effects 
by causing reduced growth when exposed to UV radiation [3]. Upon the degradation of bacterial tRNA 4-
thiouracil monophosphates are recycled by thiouracil desulfidase (TudS) which catalyzes the abstraction of 
sulfide from 4-thiouracil derivatives. Although TudS domain is widespread as a stand-alone protein, about 
one third of known TudS domain encoding genes are coding TudS fused with the sequence of a Domain of 
Unknown Function 1722 (DUF1722) [4]. Our recent studies revealed that in contrast to stand-alone TudS which 
is active towards individual 4-thiouridine derivatives, TudS-DUF1722 protein is capable to desulfidise 4-
thiouridine in the context of intact tRNA. 

The aim of this study is to analyze the activity of fused Tuds-DUF1722 proteins from Pseudomonas 
putida KT2440. To achieve this goal, site directed mutagenesis was performed to detect which amino acids 
are crucial for in vivo activity. Phenol extraction was used to obtain tRNAs from bacteria producing various 
proteins, followed by tRNAs purification using Fast protein liquid chromatography (FPLC). Finally, tRNAs 
samples were hydrolyzed and the quantity of 4-thiouracil was determined with High-performance liquid 
chromatography-tandem mass spectrometry (HPLC-MS/MS). In addition, the electrophoretic mobility shift 
assay (EMSA) was conducted to confirm that TudS-DUF1722 protein interacts with tRNA. 
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The application of protein nanotubes is quickly emerging in medicine, biotechnology and 
pharmaceutical sector as these structures are biocompatible, biodegradable and can undergo surface 
modifications [1]. One of these nanotube-forming proteins are tail sheath proteins of bacteriophages. Tail 
sheath proteins can be modified by genetic and protein engineering, so it is possible to fuse them with 
enzymes, ligands or drug molecules. They possess the ability to self-assemble and form stable structures 
of precise geometry which makes them potential therapeutic nanocarriers that can be applied to deliver 
therapeutic biomolecules [2].  

In this study we focused on the tail sheath protein gp13 of the bacteriophage Pantoea vB_PagS_MED16 
which self-assembles into nanotubes. It was determined that the shape and size of these nanotubes depend 
on which terminus of the protein is anchored with polyhistidine-tag (His-Tag) [3]. To investigate other 
possible structures of the gp13 nanotubes, several protein modifications were conducted. We performed 
three different studies to evaluate: a) the influence of cysteine residues in gp13, b) its ability to form longer 
than wild-type nanotubes, c) the potential to transport a fused enzyme. 

To study disulphide bond formation in nanotubes we used site-directed mutagenesis to create genes, 
coding mutant gp13 with additional cysteines in 114 and 132 positions or without native cysteine. After protein 
purification, transmission electron microscopy analysis revealed that the mutant proteins self-assemble into 
tubular structures, similar to the ones formed by the wild-type protein. Raman spectroscopy analysis 
revealed the possible disulphide bond formation in some cysteine mutants; the melting temperatures of the 
mutant proteins were also evaluated. 

Gp13 with His-Tag at N-terminus forms short nanotubes made of several layers of hexamers, so we 
searched for a way to induce the formation of longer structures. This was found possible by fusing gp13 with 
green fluorescent protein (GFP) at the N-terminus and then specifically cleaving it with WELQut protease. 
The nanotubes formed by hybrid GFP and gp13 protein prior to cleavage with protease were not observed 
during transmission electron microscopy analysis, instead amorphous formations were visible. During the 
specific cleavage GFP and His-Tag were removed from the N-terminus of gp13 and the remaining protein 
was found capable of self-assembling into long nanotubes, up to 1.5 μm in length.   

To test gp13 as a potential enzyme carrier, we fused it with amidohydrolase YqfB using one or more GS 
linkers. After protein purification, an activity assay was performed spectrophotometrically: the hydrolysis of 
N4-acetyl-2’-deoxycytidine confirmed that YqfB fused with gp13 retains its enzymatic activity and gave 
prospect to use gp13 for enzyme delivery. 

In conclusion, the conducted studies present ways to modify the tail sheath protein gp13 by various 
strategies: induce long nanotube formation and use gp13 as a potential enzyme nanocarrier. 
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 A defining characteristic of CBASS (cyclic oligonucleotide-based antiphage signaling systems) and 
type III CRISPR (clustered regularly interspaced palindromic repeats) antiviral defense systems is the use of 
cyclic nucleotides as second messengers to activate a diverse range of effector proteins [1]. These effectors 
degrade or disrupt key cellular components such as nucleic acids, membranes, metabolites, attenuate 
translation or transcription in the infected cell, thereby slowing down viral replication kinetics or leading to 
cell death [2]. Although effectors with cyclic oligonucleotide sensory SAVED (SMODSassociated and fused to 
various effector domains) domain are characteristic of CBASS defense systems, SAVED domain-containing 
proteins are sometimes encoded in close vicinity to type III CRISPR systems [3]. 
 Type III-D CRISPR system of the bacterium Clostridium novyi encodes a SAVED nuclease containing a 
sensory SAVED domain fused to an endonuclease-like domain. Upon binding cyclic tri-adenylate, this effector 
protein oligomerizes, triggering its DNase activity. Our cryo-EM studies revealed that SAVED nuclease 
oligomerizes through SAVED domains, but the structure and position of the endonuclease-like domain in the 
helical filament are not visible. Here, we present the construction and characterization of a dimer-forming 
mutant SAVED nuclease to determine the arrangement of the activated endonuclease-like domains. 
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S100 is a family of calcium-binding proteins, consisting of isoforms with structural similarity but 
functional diversity [1]. S100 proteins regulate various proteins involved in cellular functions like calcium 
homeostasis, cell growth, differentiation, cytoskeleton dynamics, and energy metabolism [2]. Several 
members are known to be important in neurodegeneration by signaling neuroinflammation and forming 
amyloid fibrils. One of them is S100A9, which is well-studied, but the roles of S100A1 and S100A8 remain 
relatively unexplored. 

S100A1 is predominantly expressed in the brain, skeletal and cardiac muscles [3]. S100A1 interacts with 
tau, RAGE, and RyR - proteins that participate Alzheimer s disease (AD) cascade [4]. Another family member 
S100A8 is mostly found in neutrophils and monocytes [5] and plays a ´ role in neurological disease pathology 
as well. S100A8 homodimers can independently induce neuroinflammation [6] and their overexpression in AD 
patients leads to activation of microglia [7, 8]. However, it is known that S100A8 can form a heterodimer with 
S100A9 called calcprotectin [9], but intereaction with S100A1 is still not investigated. Both S100A1 and S100A8 
are expressed in the cerebral cortex as per the Human Protein Atlas (https://www.proteinatlas.org/) [10] and 
share structural similarities [1]. Thus, our main goal was to elucidate their potential complex formation. 

To explore the aggregation kinetics of the S100A1/A8 complex, we employed the Thioflavin T 
Fluorescence Assay, unveiling calcium concentration-dependent amyloid formation. In addition, Atomic 
Force Microscopy (AFM) was used to visualize the S100A1/A8 fibrils and, Differential Scanning Fluorimetry 
(DSF) to quantify protein stabilities. In conclusion, our research contributes new findings to the understanding 
of S100A1 and S100A8 aggregation dynamics, offering valuable insights into their relevance to various 
diseases. 
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 α-synuclein (α-Syn) is a naturally formed protein in the body that is involved in neurotransmission 
functions. However, several factors contribute to α-Syn aggregation and pathology, including aging, 
environmental factors, mutations, changes in α-Syn expression, interactions with other aggregated proteins 
and post-translational modifications [1]. During α-Syn aggregation, protein undergoes a conformational 
change from its normal soluble state to misfolded, resulting in the formation of fibrillar structures. The 
structures known as Lewy bodies and Lewy neurites are formed. These aggregates accumulate in the 
nervous system, disrupt normal neurotransmission (affecting dopaminergic receptor function), and may 
contribute to neuronal loss. Consequently, Lewy bodies and Lewy neurites are associated with a spectrum 
of neurodegenerative disorders, including Parkinson's disease, dementia with Lewy bodies and multisystem 
atrophy. Despite sharing common pathological features, each condition exhibits distinct clinical 
presentations and affects different brain regions, resulting in varying symptoms and effects [2]. 
 The aim of the study is to determine the polymorphism of α-Syn amyloid fibrils in the artificial 
cerebrospinal fluid. To achieve this, the aggregation kinetics of α-Syn were investigated by monitoring the 
changes in thioflavin T fluorescence intensity over time. Additionally, the α-Syn aggregation assay was 
carried out by selectively removing and adding one component of artificial cerebrospinal fluid. The resulting 
secondary fibrillar structures were evaluated by using Fourier-transform infrared spectroscopy. 
Furthermore, the morphological variability of amyloid fibrils was observed by atomic force microscopy. The 
structural diversity of aggregates formed in the artificial cerebrospinal fluid can be compared with structures 
formed in disease cases. The polymorphism exhibited by α-Syn aggregates could have significant 
implications for disease pathogenesis and progression. Variations in the folding patterns can lead to the 
formation of distinct pathological species with differential toxicity profiles. By identifying disease-specific 
aggregates (existing polymorphism among them), further exploration can be conducted to search for 
potential inhibitors aimed at preventing their formation [3, 4]. 
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 Escherichia coli is an extensively used expression system for producing recombinant proteins. Despite 
being well-characterized and possessing properties such as simple media requirements, fast growth, and 
high protein yields, its poor secretion of proteins into the extracellular medium remains a drawback on 
analytical and industrial scales. Protein secretion in the culture medium is desirable due to cheaper and 
simplified downstream processing in addition to improved protein stability and solubility [1]. Moreover, it is 
necessary to move proteins into the extracellular space in order to screen and analyze enzymes capable of 
degrading substrates that cannot be transported into the cell. Therefore, different approaches to enhance 
recombinant protein secretion in E. coli strains are being investigated. One of them is the non-classical 
secretion system. While classical secretory proteins possess a signal sequence or secretion motifs that 
allow them to be exported via cell’s secretion systems, the non-classical system offers a distinct method of 
secreting proteins without requiring a signal peptide [2]. Nevertheless, it is still unclear what selection 
mechanism governs these enzymes' secretion pathways. 
 The aim of this work is to evaluate the possibility of secretion of cytosolic proteins by using the 
recombinant Thermobifida fusca PETase 075, which is known to be excreted out of the cell without an 
appended leader sequence [3].  
 In this study, fusions of an active and inactive PETase 075 variants and a bacterial amidohydrolase 
YqfB were engineered. Afterwards the gene encoding for the fused enzymes was expressed in E. coli 
BL21(DE3) cells. A fusion of an active PETase 075 and YqfB has been found to be secreted into the 
extracellular space. In addition, the hybrid protein retained both amidase (YqfB) and esterase (PETase 075) 
activities. 
 In the future, the applicability of PETase 075 to enhance the extracellular production of other 
recombinant cytosolic proteins of varying structures and molecular masses will be further scrutinized and 
optimized. 
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Research on prokaryotic antiviral defense systems has been on the rise, especially since it was shown 

that the genes of bacterial defense systems are usually located in clusters called "defense islands". This 
observation led to discovery of new bacterial antiviral defense systems and expanded the knowledge about 
the mechanisms of the bacterial immune response [1]. One of the novel defense systems discovered was 
named Thoeris. 

The Thoeris system consists of two genes, thsA and thsB. The Thoeris system can be divided into two 
types - type I, where ThsA is composed of SIR2 and SLOG domains, and type II, where ThsA is composed of 
transmembrane and Macro domains. ThsB protein contains Toll/interleukin-1 receptor (TIR) domain in both 
Thoeris types. Upon bacteriophage infection, ThsB produces a signalling molecule (1"-3'gcADPR for type I and 
histidine-ADPR for type II) which is bound by the ThsA SLOG or Macro domain, respectively [2, 3]. In type I 
systems, the activated ThsA forms helical filaments, that stabilize SIR2 active sites and allow rapid NAD+ 
hydrolysis, resulting in NAD+ depletion and host cell death [4]. It is yet to be discovered how ThsB recognizes 
bacteriophage infection and what is the ThsA Macro domain effector response. 

Both ThsA and ThsB are required for protection against bacteriophages, since mutations in the active 
sites of ThsA or ThsB result in a complete loss of viral resistance [1]. Moreover, multiple diverse thsB genes 
can be located around the single thsA gene. It is predicted that differences in TIR domains serve the purpose 
of recognising diverse phage components increasing the range of bacteriophages the Thoeris system can 
protect against [1].  

It has been shown that the type II Thoeris system derived from B. amyloliquefaciens Y2 protects against 
Bacillus sp. and E. coli bacteriophages [5]. In this work, we determined which proteins of the homologous 
Thoeris system, consisting of two thsB and one thsA genes, are essential for protection against E. coli 
bacteriophages. Determining the impact on the protection of both ThsB and ThsA proteins gives more insights 
into the function of the diversity of ThsB proteins and provides further perception for determining the 
molecular basis of bacteriophage infection recognition. 
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Gram-negative bacterium Acinetobacter baumannii is an opportunistic pathogen, which causes 
hospital-acquired infections worldwide. The rapid spread and multiple-drug resistance have led to the 
breeding of this pathogen in health centers, especially in intense care units, therefore this pathogen poses 
an increasing threat to immunosuppressed patients. One of the main virulence factor is the capsular 
polysaccharides (CPS) covering the surface of the bacterium. CPS increase resistance to desiccation, 
disinfectants, antimicrobials, and antibiotics as well as host immune responses. The aim of this study was to 
obtain pure fractions of CPS without any remaining of nucleic acids, proteins, and most importantly without 
lipopolysaccharides. 

Methods: To study the interaction of CPS with phagocytic cells of innate immunity, it was necessary 
to purify CPS from other cell components such as DNA, RNA, proteins, lipopolysaccharides, and others. 
Several purification methods were optimized to obtain the high yield of CPS. A hot phenol method was used 
for the purification of CPS from proteins and lipopolysaccharides. Further purification steps included Gel-
filtration chromatography based on the separation of components according to their molecular size. To 
ensure that the purification methods gave positive results, the collected fractions were run on agarose and 
SDS-page gels. CPS was visualized by the staining with Alcian blue dye.  

Results: After using hot phenol to separate proteins and lipopolysaccharides from CPS, Bradford 
assay demonstrated no proteins were present in the samples. Analysis of agarose gel showed that some 
DNA and RNA remaining were detected in subsequent chromatographic fractions. In contrast, SDS-page gel 
revealed that CPS were released in the first chromatographic fractions. Moreover, no lipopolysaccharides 
were observed in the first fractions. Those results indicate that the hot phenolization procedure and the Gel-
filtration chromatography method helped to purify CPS from extraneous cell components such as DNA, RNA, 
proteins, and lipopolysaccharides.  
 

This project has received funding from the Research Council of Lithuania (LMTLT), agreement No S-
MIP-23-109. 
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 Cytidine deaminases (CDAs; EC 3.5.4.5.) are enzymes belonging to the class of hydrolases that catalyse 
the deamination of cytidine or 2'-deoxycytidine to uridine or 2'-deoxyuridine respectively. In the Department 
of Molecular Microbiology and Biotechnology, prokaryotic cytidine deaminases have been discovered that are 
capable of hydrolyzing to uridine various derivatives of N4-acyl, N4-/O4-/S4-alkyl, and N4-/O4-/S4-
arylpyrimidine nucleosides. Some of the latter compounds may be produced in organisms during damage or 
may be used as antiviral or anticancer drugs.  Therefore, metagenomic cytidine deaminases (mCDAs) have 
the potential to participate in reparation processes and in the process of activation/deactivation of prodrugs 
[1]. 
 One of the deaminases, the metagenomic cytidine deaminase CDA_F14, was able to deaminate wide 
range of 4-substituted nucleosides. As found in previous studies, this result was due to the large binding 
pocket of the enzyme. However, CDA_F14 deaminase did not deaminate any nucleosides with substitutions at 
the ribose ring. Studies on the metabolism of nucleosides with substitutes at ribose ring are important for 
pharmacological industry. 
 The aim of this study was to determine the impact of amino acids to specificity of CDA_F14 towards 
substrate with substituted ribose ring.  Molecular docking of CDA_F14 molecule showed that Ala46 and Tyr48 
form hydrogen bonds with ribose 5’-OH group, while Asn42 and Glu44 – with 3’-OH group. The site-directed 
mutagenesis was performed to reveal the effect of mentioned amino acids on activity of CDA_F14.  As results, 
the replacing Ala46 and Tyr48 to glycine showed no changes in substrate specificity compared to wild-type 
CDA_F14. However, the Ala46Gly mutant showed impaired kinetic constants, while the Tyr48Gly mutant 
exhibited drastic reduction in activity towards 2’-deoxycytidine. Moreover, random mutagenesis of Tyr48 
amino acid revealed, that the mutants Tyr48Phe and Tyr48Trp retain hydrolytic activity towards N4-benzoyl-
2’-deoxycytidine. Additionally, these mutations altered substrate specificity compared to wild-type CDA_F14. 
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 Indigoids are natural pigments that consist of two oxygenated indole molecules. These indole 
derivatives can be linked in different ways, resulting in a variety of structural isomers. Indirubin is one of the 
possible oxygenated indole dimerization products. It is chemically a 3-2‘ bisindole characterized as a violet 
pigment that exhibits low solubility in water [1], [2]. Also, indirubin and its derivatives have been well-
documented for their potent antiproliferative and anticancer properties that are mostly attributed to the 
inhibition of cyclin-dependent kinases and glycogen synthase kinase 3-β [1]. However, the limited solubility 
of non-substituted indirubin in aqueous solutions restricts its effects on proliferation [2]. Therefore, the 
structure of indirubin serves as a model for the synthesis of new indirubin derivatives that could demonstrate 
improved chemical and pharmacological properties [1], [3]. There is a published approach for indirubin 
organic synthesis employing indoxyl acetate and isatin derivatives [4]. Nevertheless, the recent 
advancements in molecular biology and biotechnology provided an opportunity to execute environmentally 
friendly indigoid biosynthesis driven by bacterial monooxygenases [3]. 

During this research, a method for the synthesis of asymmetric carboxy-substituted indirubins was 
developed. The approach is based on whole-cell bioconversions of substrates, such as indole-5-carboxylic 
acid or indole-6-carboxylic acid and 2-indolinone derivatives (Fig. 1). These bioconversions were carried out 
in the presence of bacterial monooxygenases expressed in the bacterial host. The bioconversion system 
yielded the highest monocarboxyindirubin production titer of up to 327 mgL-1 for 5-bromoindirubin-6‘-
carboxylic acid during the incubation period of 16-h. It was demonstrated that the purified 
monocarboxyindirubins exhibited up to a thousandfold higher solubility in water compared to indirubin. 
Moreover, several monocarboxyindirubins, specifically 1-methylindirubin-5‘-carboxylic acid, exhibited potent 
antiproliferative effects on different cancer cell lines. In consequence, the applied approach for the synthesis 
of monocarboxyindirubins is a considerable opportunity due to the efficiency and significantly reduced 
environmental harm compared to organic synthesis. Besides, the synthesized monocarboxyindigoids could 
be attractive in the field of drug design, according to their solubility and antiproliferative activity. 

 
Figure 1. A schematic representation of indirubin derivative biocatalytic synthesis in Pseudomonas putida 

KT2440 cells expressing the monooxygenase activity. 
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 The increasing demands for process efficiency and sustainability for industrial production require new 
solutions. Biocatalysts are biodegradable, produce fewer byproducts, and have significantly higher reaction 
rates and substrate specificity compared to chemical catalysts. Some of the most employed biocatalysts in 
industrial applications are enzyme lipases, which catalyse a plethora of reversible carboxyl-nucleophile 
hydrolysis reactions. Nonetheless, free-state lipases exhibit limitations such as sensitivity to the reaction 
medium or low operational stability [1]. Enzyme immobilisation extends the application of lipases by 
enhancing their stability and allows enzyme recycling. Yet, currently, most applied immobilisation techniques 
for lipases (absorption or covalently binding to carriers) produce an insufficient increase in stability, carriers 
are expensive and often make up most of the enzyme-carrier mass [2]. These issues could be avoided by 
using carrier-free enzyme immobilisation. 
 One of the most promising carrier-free immobilisation methods is based on the cross-linking enzyme 
aggregates (CLEA). This method is fast, easy to execute and inexpensive. It entails enzyme aggregation by 
adding salts or organic solvents followed by aggregate cross-linking with a bi- or multi-functional linking 
agent. Currently, one of the most widely used cross-linkers is glutaraldehyde. However, due to its small size 
and high reactivity, glutaraldehyde can enter the enzyme’s active site and inactivate it [3]. A potential solution 
to this problem could be the use of transglutaminase instead of glutaraldehyde. Transglutaminases are 
widely employed in the food industry to cross-link proteins, such as whey or collagen, by transamidation 
between lysine and glutamine residues, resulting in the formation of isopeptide bonds [4]. Yet, there is little 
literature describing the use of transglutaminase in the making of CLEAs. 
 In this project, we investigated three different approaches for lipase immobilisation by CLEA method: 
two-step, one-pot, and the use of transglutaminase (TGA) (Fig. 1). Lipase aggregation induced by four organic 
solvents (acetone, ethanol, isopropanol and 2-methoxyethyl ether) and aggregation time were optimised. The 
investigation of the cross-linking reaction time and glutaraldehyde concentration revealed the impact on 
formed CLEA catalytic properties. The range of lipase and TGA v/v ratios and their effect on the total amount 
of immobilised proteins and lipase activity was examined.  

Figure 1. Three approaches of lipase immobilisation by CLEA method. 
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reactors: A review. Process Biochemistry, 114, 1–20. 
[3] Ahrari, F., Yousefi, M., Habibi, Z., & Mohammadi, M. (2023). Cross-linked lipase particles with improved activity; application of a non-
toxic linker for cross-linking. LWT, 173, 114371. 
[4] Willis, W. L., Foster, A., Henry, C., Wu, L. C., & Jarjour, W. (2020). In vitro Crosslinking Reactions and Substrate Incorporation Assays 
for The Identification of Transglutaminase-2 Protein Substrates. Bio-Protocol, 10 (12). 
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 Klebsiella spp. are Gram-negative bacteria commonly found in the gastrointestinal tract. As an 
opportunistic pathogen, it is responsible for up to 10% of all nosocomial infections, due to its emerging 
multidrug-resistance (MDR), and numerous virulence factors [1]. One of the most important virulence factors 
of Klebsiella spp. is the capsule composed of polysaccharides (PS), which repel the host's immune system, 
manifesting in the evasion of neutrophil phagocytosis [2]. The capsule also provides a spatial barrier, that 
hinders the attachment of bacteriophages on the outer surface components of the bacterial cell membrane. 
However, certain bacteriophages bear specific enzymes, namely depolymerases, which degrade capsular 
PS, facilitating the penetration through this defence and the infection of bacterium. While bacteriophage-
borne proteins may serve as an alternative means of fighting back these MDR pathogens, they also hold 
potential as valuable reagents in the saccharide industry, aiding in the catalysis of novel saccharides under 
physiological conditions. 
 In this study, a bacteriophage p15 was discovered and isolated from a compost biosample (Fig. 1A) 
employing the double agar method with the Klebsiella pneumoniae KV-3 strain. The bacteriophage p15 forms 
0.7–1.2 mm lysis centres, with depolymerase activity extending up to ~1.9 mm in diameter. Transmission 
electron microscopy (TEM) analysis revealed that phage p15 possesses a morphology corresponding to podo-
type (Fig. 1B) viruses, characterized by an icosahedral head (~60 nm) and a short noncontractile tail (~13 nm). 
Genomic phage DNA was extracted and sequenced using Oxford Nanopore Technology, achieving a length of 
<40 kbp. The gDNA sequence was used to identify the potential depolymerase, gp36 (Fig. 1C). The full-
sequence gene encoding gp36 was amplified by PCR and cloned into pET16 expression system for 
recombinant protein production. Despite the tendency of full-sequence phage-borne depolymerases to 
aggregate, a synthesis of gp36 was successfully induced and purified in a soluble form (Fig. 1D), using the 
following induction conditions: Escherichia coli HMS174(DE3) gene expression strain, 0.8 mM IPTG, for 17 h at 
30 °C. The enzymatic specificity of gp36 was investigated through PS hydrolysis assays (Fig. 1E), using both 
the purified gp36 and isolated KV-3 capsular PS, with gp531 [3] serving as a reference for known enzymatic 
specificity. The enzymatic reaction products were analysed by TLC and HPLC-MS assays (Fig. 1F), confirming 
the specificity of gp36 as a β-glucosidase. 

 
FFiigguurree  11. Klebsiella-infecting phage isolation and investigation of its depolymerase activity: bacteriophage 

screening from biosamples (AA); phage morphology analysis using TEM (BB); genome extraction and depolymerase-
encoding gene identification (CC); g36 cloning, expression and recombinant protein purification (DD); extracted PS 
digestion with recombinant gp36 (EE); TLC and HPLC-MS analyses of PS hydrolysis products to determine specificity 
(FF). 
 
[1] Mohd Asri, N. A., Ahmad, S., Mohamud, R., Mohd Hanafi, N., Mohd Zaidi, N. F., Irekeola, A. A., Shueb, R. H., Yee, L. C., Mohd Noor, N., 
Mustafa, F. H., Yean, C. Y., & Yusof, N. Y. (2021). Global Prevalence of Nosocomial Multidrug-Resistant Klebsiella pneumoniae: A Systematic 
Review and Meta-Analysis. Antibiotics, 10(12), 1508. https://doi.org/10.3390/antibiotics10121508 
[2] Opoku-Temeng, C., Kobayashi, S. D., & DeLeo, F. R. (2019). Klebsiella pneumoniae capsule polysaccharide as a target for therapeutics 
and vaccines. Computational and Structural Biotechnology Journal, 17, 1360–1366. https://doi.org/10.1016/j.csbj.2019.09.011 
[3] Noreika, A., Stankevičiūtė, J., Rutkienė, R., Meškys, R., & Kalinienė, L. (2023). Exploring the enzymatic activity of depolymerase gp531 
from Klebsiella pneumoniae jumbo phage RaK2. Virus Research, 336, 199225. https://doi.org/10.1016/j.virusres.2023.199225 



141

F18
A DIVERSITY OF POLYCAPROLACTONE DEGRADING 

CARBOXYLESTERASES 
Povilas Kruopis1, Renata Gasparavičiūtė1, Nina Urbelienė1, Rolandas Meškys1 

 
1Department of Molecular Microbiology and Biotechnology, Life Science Centre, Vilnius University, Vilnius, 

Lithuania 
povilas.kruopis@gmc.stud.vu.lt 

 
 Esters represent a major group of organic molecules used as pharmaceuticals, flavorings, odorants 
or chemical precursors. [1] A significant number of aforementioned applications require stereo-pure 
compounds, which are difficult or impossible to synthesize by chemical methods. [1] Moreover, chemical 
methods often involve environmentally harmful substances. [1] Therefore, efficient and stereoselective 
biological catalysts are necessary. Additionally, esterases have the potential to accelerate the natural 
biodegradation of plastics, reducing the time it takes for plastics to break down in the environment. 
 In this study we aim to characterize six carboxylesterases, screened from environmental 
microorganisms. The enzymes were identified by halo formation on polycaprolactone diol Mn530 (PCLD) agar 
plates. First, various cultures from environmental samples (soil, water, sludge) were collected from Vilnius 
region, Lithuania. Then positive hits on PCLD agar by hallo formation were purified and genomic libraries 
were constructed. In the second step, the clones of transformed E. coli DH5α, exhibiting PCLD hydrolytic 
activity were detected on LB agar containing 1% PCLD. Then the plasmid DNA from the positive clones was 
isolated, ORFs were identified by sequencing. 
 The sequence analysis showed, that five enzymes belong to an alpha/beta fold hydrolases (SSF53474) 
superfamily, and one (PCLDk83) belongs to a beta-lactamase/transpeptidase-like (SSF52266) superfamily. 
To further investigate their lineage, a phylogenetic tree of amino acid sequences of the enzymes was 
assembled using IqTree with default settings. The resulting tree clearly shows PCLDk83 as having furthest 
branched evolutionarily. 
 Various p-nitrophenol esters were used to determine a specific activity of the carboxylesterases. 
Qualitative assay determined, that all six enzymes possess a p-nitrophenol acetate hydrolytic activity. 
PCLDk32 also displayed p-nitrophenol butyrate, valerate, decanate and stearate hydrolytic activity. 
Additionally, the tested carboxylesterases revealed a hydrolytic activity towards plastics. All six enzymes 
were determined to hydrolyze a PCL film (Mr 80,000) and some PET monomers. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
[1] Zarmeena Khan, Fahed Javed, Zufishan Shamair, Ainy Hafeez, Tahir Fazal, Ambreen Aslam, William B. Zimmerman, Fahad Rehman, 
Current developments in esterification reaction: A review on process and parameters, Journal of Industrial and Engineering Chemistry, 
Volume 103, 2021, Pages 80-101 
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 Clustered regularly interspaced palindromic repeats (CRISPR)/Cas9 is gene-editing technology causing 
a major upheaval in biomedical research. It makes possible to correct errors in the genome and turn on or off 
genes in cells and organisms quickly, cheaply and with relative ease [1]. In addition to Cas9, researchers are 
actively exploring other CRISPR-Cas enzymes with therapeutic potential. One of them is AsCas12a. Cas12a, a 
small CRISPR-associated nuclease, uses a guide RNA (gRNA) to direct sequence-specific DNA cleavage. 
Cas12a recognizes DNA sequences with T-rich PAM site and cleaves DNA to produce 5’ overhangs. It also 
tolerates small differences between the gRNA and DNA target sequences, especially in PAM-distal regions. This 
contributes to ‘off-target’ activity, where the nuclease may cut additional sequences, causing unexpected and 
adverse consequences in the genome. Our objective was to elucidate the kinetics and specific cleavage 
outcomes upon programming Cas12a with gRNA that mispairs with its DNA target. To understand how such 
intentional modifications to the gRNA or target DNA influence AsCas12a, we performed in vitro cleavage assay 
experiments with targets and gRNAs containing PAM-distal mispairs. We fluorescently tagged each end of the 
target and non-target DNA strands. Upon analysis, our data revealed their cleavage rates, initial DNA cleavage 
sites, and end trimming rates for each of the DNA strands and ends. We found that differences between the gRNA 
and target DNA sequences produced mispair-dependent cleavage products of different lengths and related 
trimming profiles. In conclusion, mispairing affects CRISPR-Cas enzymes’ ability to accurately recognize and 
cut their intended target sites, which impacts their gene editing potential. Intentionally programming AsCas12a 
with PAM-distal mispairs could even alter gene editing outcomes simply by changing gRNA sequence. Other 
part of the project will be to check if the in vitro data aligns with in vivo experiments and how mispairs affect 
editing in cells.  
 

 
Figure 1..  Mispairing in the PAM - distal region of the target DNA alters the initial cleavage sites by the AsCas12a 

enzyme. 

 
  

 
[1] Redman, M., King, A., Watson, C., & King, D. (2016). What is CRISPR/Cas9?. Archives of disease in childhood. Education and practice 
edition, 101(4), 213–215. https://doi.org/10.1136/archdischild-2016-310459  
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 Mobile genetic elements (MGE), such as plasmids, bacteriophages, insertion sequences (IS), and 
transposons, are widespread elements that can be transmitted between the cells or can change location 
within the genome of the same host. MGEs are found in both prokaryotes and eukaryotes and play a crucial 
role in evolution and genome plasticity [1]. Recent studies and bioinformatic analysis have suggested that 
IscB and TnpB – proteins encoded by IS200/IS605 family insertion sequences – might be the predecessors 
of the CRISPR-associated proteins Cas12 and Ca9, respectively [2]. Prokaryotic CRISPR-Cas systems form 
an adaptive immunity against foreign DNA through RNA-dependent DNA or RNA nuclease activity and can be 
easily applied for programmable gene editing. However, while widely used for genome engineering, these 
systems lack efficiency, are prone to off-target activity, require PAM sequences that greatly limit the possible 
targets in the genome, and the size of the nucleases causes delivery difficulties. Furthermore, the mechanism 
of gene editing with Cas proteins is based on homologous recombination repair, feasible only in actively 
dividing cells, thus restricting application in certain cell types [3]. These limitations of CRISPR-Cas systems 
raise a demand for novel genome editing tools. Considering the evolutionary proximity of IS to Cas nucleases, 
IS could potentially offer a variety of alternative genome editing tools. In this study, we aimed to establish a 
bacterial-conjugation-based screening system to assess the mobility of transposable elements. Based on 
the previously described works [4], we constructed vectors that contain an active transposase and an 
antibiotic resistance gene-carrying minimal transposable element (mini-Tn). We performed selection for the 
bacterial strain that is most suitable for transposition assay, optimized the conditions of the bacterial 
conjugation, and conducted primary experiments allowing us to detect the transposon‘s mobility. These 
findings contribute to the development of a robust IS screening system, enhancing the ability to identify new 
IS elements that have the potential to be used as novel genome editing tools. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[1] Siguier, P., Gourbeyre, E., & Chandler, M. (2014). Bacterial insertion sequences: Their genomic impact and diversity. FEMS Microbiology 
Reviews, 38(5), 865–891. https://doi.org/10.1111/1574-6976.12067 
[2] Sasnauskas, G., Tamulaitiene, G., Druteika, G., Carabias, A., Silanskas, A., Kazlauskas, D., Venclovas, Č., Montoya, G., Karvelis, T., & 
Siksnys, V. (2023). TnpB structure reveals minimal functional core of Cas12 nuclease family. Nature, 616(7956), Article 7956. 
https://doi.org/10.1038/s41586-023-05826-x 
[3] Strecker, J., Ladha, A., Gardner, Z., Schmid-Burgk, J. L., Makarova, K. S., Koonin, E. V., & Zhang, F. (2019). RNA-guided DNA insertion 
with CRISPR-associated transposases. Science, 365(6448), 48–53. https://doi.org/10.1126/science.aax9181  
[4] Meers, C., Le, H. C., Pesari, S. R., Hoffmann, F. T., Walker, M. W. G., Gezelle, J., Tang, S., & Sternberg, S. H. (2023). Transposon-encoded 
nucleases use guide RNAs to promote their selfish spread. Nature, 622(7984), Article 7984. https://doi.org/10.1038/s41586-023-06597-1 
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 Lacticaseibacillus paracasei is a Gram-positive, lactic acid, probiotic bacteria that is naturally found in 
the human body and is often used in the production of fermented foods [1]. Due to their different living 
locations, these bacteria can adapt to constantly changing environmental conditions, which allows them to 
be utilized in a wide range of industrial applications, such as production of cosmetics, food, oil and 
pharmaceuticals [2]. 
  Generally, the ability of bacteria to withstand stressful situations and adjust to their surroundings is 
facilitated by small regulatory RNA (sRNA) molecules, which play an important role in the post-
transcriptional regulation of gene expression. These small RNAs range in length from 50 to 500 nucleotides 
and modify the stability or expression of their mRNA targets through base pair interactions [3]. Since little is 
now known about these sRNA molecules in lactic acid bacteria, research on them is essential to improving 
their beneficial traits. 
 Therefore, the aim of this work was to use Northern blotting to determine how exposure to stressors 
affects the expression of sRNA in L. paracasei bacteria and to compare these findings with sequencing 
results. For this we selected the stressors that can be frequently encountered in medical and industrial 
applications: H2O2, lactic acid, NaCl, bile salts and penicillin G. In terms of sRNA molecules, sLCB2400-, 
sLCB2636-, sLCB3045+, sLCB766+ and sLCB1336+ were chosen as they showed one of the highest changes 
in expression after exposure to stressors, based on the sequencing results of previous work. 
 In order to accomplish our goal, we isolated total RNA from bacteria that were exposed to selected 
stressors. We then used Northern blotting, a technique in which the radioactive probes were hybridized to 
target sRNAs. Changes in the target sRNA expression were evaluated when the intensity of the signal 
between the treated and control bacteria were compared. 
 In conclusion, this study focused on detecting changes in L. paracasei sRNA expression in response 
to various stressors. The data acquired have the potential to enhance our comprehension of L. paracasei's 
environmental adaptation, an important aspect in the development of probiotic products. 
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 CRISPR-Cas provides RNA-guided adaptive immunity against invading genetic 
elements. CRISPR systems consist of multiple Cas proteins, which are responsible for CRISPR-
dependent cell immunity mechanisms. The effector complex in CRISPR I-E consists of Cascade and 
Cas3. Cascade is responsible for foreign DNA targeting. Meanwhile, Cas3, which possesses 
helicase and nuclease activities, is a key protein of the system, necessary for crRNA-guided 
interference against virus proliferation. 

Although single-component Class 2 CRISPR systems, such as type II Cas9 are widely used for 
genome-editing, the research on multi-component Class 1 proteins, including Cas3, of the same 
system has been less developed. Components of the I-E CRISPR system have already been used 
as a genome-editing tool to generate big deletions. However, the detailed mechanism by which 
Cas3 achieves its function is not well understood. This study aims to elucidate the mechanism of 
Cas3 DNA unwinding and shredding. We are using single-molecule force microscopy, namely, 
magnetic tweezers (MT) and RepX helicase as a model to optimise MT methodology to probe the 
mechanical aspects of Cas3 unwinding activity in the nearest future. Greater knowledge of the Cas3 
mechanism of action would improve the application of Cas3 as a tool for genome editing.  
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Barley (Hordeum vulgare L.) is a widely cultivated cereal grain, the fourth most important, after rice, 
wheat and corn. Due to its rich nutritional content, including fiber, complex carbohydrates, essential vitamins 
and minerals, it is a key component of human diet in many developing countries, where access to more 
productive cereals might be limited. Additionally, a significant portion of barley production is used as livestock 
fodder due to its high fiber content, as well as for malting in alcoholic beverage brewing [1]. During the 2000–
2022 period, Europe experienced an increase in drought caused by a combination of factors, including low 
precipitation, heatwaves and high evaporation rates [2]. This climate disbalance, negatively affecting natural 
ecosystems and cultivated cropland peaked in summers of 2018 and 2019, resulting in billions of euros of 
damages. Studies show that without action to counteract climate change and develop sustainable drought-
management strategies, losses and impact to the agricultural sector will only grow higher [3]. In order to 
protect cropland from decreasing yield, it is necessary to identify and breed potential drought-resistant 
cereal cultivars, as well as to expand the understanding of the genetic mechanisms of drought tolerance. 
Barley is an ideal candidate for this, as an important cereal crop itself, moreover a convenient model 
organism for other cereals. In this study, correlations between various biochemical and morphological 
parameters in the early barley growing stages were analyzed, comparing laboratory grown barley cultivate 
data with field data. With the aim to determine most drought resistant Lithuanian barley cultivars and the 
most phenotype-representative individual parameters. 

Five parameters were investigated under laboratory conditions: leaf relative water content (RWC), 
proline content, root cell viability, cell lipid peroxidation, chlorophyll a/b and carotenoid content. Of these, we 
determined RWC and proline content to be the most differentiating parameters. Accordingly, it was selected 
4 of the assayed cultivars – 2 as the most resilient with ‘RGT Planet’ and ‘Rusnė’, and 2 as the most susceptible 
– with ‘Laureate’ and ‘Ema’.

To compare laboratory findings with field data, five other parameters from multi-year field 
observations were analyzed, such as grain yield, thousand grain weight (TGW), protein content, plant height 
and starch content. It was observed a much-decreased drought resilience phenotype with the ‘Rusnė’ 
cultivar, on par with the susceptible ‘Ema’, as well as a marked improvement in the susceptible ‘Laureate’ 
cultivar. Cultivars ‘Alisa’ and ‘Kirsna’, unremarkable under laboratory conditions, were also observed to 
perform better in the field. Finally, the shortcomings of field and laboratory investigations were evaluated to 
find merit in combining the most prospective aspects of both to paint a complete picture of drought resilience 
in Lithuanian barley cultivars. 

[1] Horsley, R., Franckowiak, J., Schwarz, P. (2009). Barley. In: Carena, M. (eds) Cereals. Handbook of Plant Breeding, vol 3. Springer, New
York, NY. https://doi.org/10.1007/978-0-387-72297-9_7
[2] Naumann, G., Cammalleri, C., Mentaschi, L., & Feyen, L. (2021). Increased economic drought impacts in Europe with anthropogen ic
warming. Nature Climate Change, 11(6), 485-491. https://doi.org/10.1038/s41558-021-01044-3
[3] European Enviroment Agency (EEA). (2023, October 10). Drought impact on ecosystems in Europe. https://www.eea.europa.eu/data-
and-maps/data/data-viewers/drought-impact-on-ecosystems-in
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 The weevil Otiorhynchus salicicola was introduced to Lithuania from the Northwest of Balkans, the 
Alps, and other mountainous regions of central Europe through the trade of imported ornamental plants [1]. 
This beetle poses a significant threat to agriculture, gardening, plant trade, and general citizens as it feeds 
on a wide range of plants [2]. Understanding its developmental biology is essential for devising effective and 
sustainable pest control methods since it has not been extensively studied. 
 The developmental cycle of Otiorhynchus species typically comprises four stages: egg, larvae, pupae, 
and adult. During a natural generation, adults emerge in early spring and survive until autumn, laying eggs 
from late spring or early summer until their activity ceases. Larvae spend the winter in the final instar stage 
in soil until late spring when they pupate, and adults emerge once again [3]. 
 The aim of this study is to comprehensively explore the developmental cycle of O. salicicola, including 
the duration of its various developmental stages under laboratory conditions. This understanding is crucial 
for initiating the process of developing effective methods to monitor and control these agricultural pests. 
 To implement this study, several O. salicicola adult weevils were collected from the wild to establish 
a population in a laboratory setting. Adult weevils were kept in plastic containers with host plant leaves. The 
beetles were closely monitored and reared, including mating and collecting eggs, measuring the head 
capsules of the larvae to determine the different larvae growth stages, and monitoring pupae until the adult 
stage. The study yielded successful results as an entire generation of the weevil was successfully cultivated 
in the laboratory and the durations of its various developmental stages were determined. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[1] Aleksandrowicz, O. and Wanat, M. (2021). The presence of Otiorhynchus armadillo (Rossi, 1792)(Coleoptera: Curculionidae: Entiminae) 
in North Poland. 
[2] Mpamnaras A., Eliopoulos P. (2018). First record of the weevil Otiorhynchus armadillo (Coleoptera: Curculionidae) in Greece. 
Entomologia Hellenica, 27(2), 12-15. 9. 
[3] Buxton J., ADAS Rosemound, (2003). Two new weevils threaten nursery stock – Otiorhynchus armadillo and Otiorhynchus salicicola, 
Hardy Nursery Stock. 
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   Glioblastoma tumors are highly vascularized tumors, and glioma growth depends on the formation of new 
blood vessels. Angiogenesis is a complex process involving the proliferation, migration, and differentiation 
of vascular endothelial cells under the stimulation of specific signals. It is controlled by the balance between 
its promoting and inhibiting factors [1]. Sema3A controls vascular pattering by interacting with membrane 
receptor NRP1 and functionally interfering with the VEGF-mediated pathway, which is also associated with 
the NRP1 complex [2]. The dynamics of Sema3A interaction with NRP1 in living cells are largely unknown, 
therefore, research in this field can provide new insights of cytokine-regulated mechanisms of angiogenesis 
in general. This research aims to determine the interaction of the receptor NRP1 with Sema3A in living cells 
by using a fluorescence labeling of the ligand. 
   During the assay, we applied several molecular engineering techniques and constructed a pTO/SCherry-
Sema3A expression vector, which consist of signal sequence (required for secretion), red fluorescent protein 
mCherry (label), and Sema3A protein without signal sequence. Six clones were verified by restriction 
analysis. The functionality of pTO/SCherry-Sema3A vector was verified by Western-Blot analysis on extracts 
prepared from transfected HEK293FT cells with a constructed SCherry-Sema3A vector. In the functional 
study, medium from SCherrySema3A-expressing cells was placed by the Boyden method onto the U87MG 
cell line which expresses NRP1, and incubated overnight, the interaction was monitored by fluorescence 
microscopy. 
    Restriction analysis identified SCherry-Sema3A clones consisting of 3039 base pairs. Western-blot 
analysis confirmed the integrity of SCherry-Sema3A protein encoded by a newly constructed vector of 
SCherry-Sema3A. Fluorescence microscopy revealed signals of SCherry-Sema3A bound to NRP1-
expressing cells. 
Taken together, our data demonstrated a method for visualization of Sema3A interaction with 
transmembrane protein NRP1 in living cells, which, although it requires optimization in acquiring higher 
signals of interaction, can be a promising tool for angiogenesis studies in vitro. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[1] Ahir BK, Engelhard HH, Lakka SS. Tumor Development and Angiogenesis in Adult Brain Tumor: Glioblastoma. Mol Neurobiol. 2020 
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[2] Jeon HM, Shin YJ, Lee J, Chang N, Woo DH, Lee WJ, Nguyen D, Kang W, Cho HJ, Yang H, Lee JK, Sa JK, Lee Y, Kim DG, Purow BW, 
Yoon Y, Nam DH, Lee J. The semaphorin 3A/neuropilin-1 pathway promotes clonogenic growth of glioblastoma via activation of TGF-β 
signaling. JCI Insight. 2023 Nov 8;8(21):e167049. doi: 10.1172/jci.insight.167049. PMID: 37788099; PMCID: PMC10721275. 



149

F26
CAPSULE-BASED TECHNOLOGY FOR SINGLE-CELL GENE 

EXPRESSION ANALYSIS 
Emilė Pranauskaitė1, Linas Mažutis1 

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

emilepra@gmail.com 
 

 Droplet microfluidics is a high-throughput technology for analyzing individual cells isolated in 
nanoliter-volume droplets. This technique effectively tackles the complexities of cell heterogeneity, 
facilitating the comparison of various cell states and types within complex samples [1]. However, traditional 
droplet-based systems face constraints in performing multi-step operations that are often required for 
preparing and analyzing complex biological samples. To circumvent these limitations our research team has 
pioneered a technology based on semi-permeable capsules [2,3]. These capsules are designed to selectively 
retain large molecules like genomic material or mRNA while facilitating the passive diffusion of smaller 
molecules such as enzymes or reaction components across their shells. This selective permeability enables 
the execution of multi-step reactions on millions of individual cells. In comparison to alternative systems 
possessing comparable features, our semi-permeable capsules demonstrate enhanced retention of 
encapsulated cells and yield greater quantities of whole-genome amplification [2]. 
 Herein, we employed semi-permeable capsules to examine gene expression in complex clinical 
samples, such as cells from dense tissues or those with high concentrations of intracellular inhibitors. We 
devised a method to remove ambient nucleic acids or active nucleases released by dead cells, tailoring this 
method as highly sensitive for single-cell gene expression analysis. Taking advantage of capsule-based 
technology, we demonstrated the effective recovery of diverse cell types from difficult-to-analyze samples. 
The capsules, carrying purified cellular RNA from single cells, serve as microreactors for barcoding and 
subsequent library preparation. The flexibility and efficiency provided by our method, termed "CapDrop", 
present new avenues for exploring cellular heterogeneity and advancing single-cell RNA sequencing 
methodologies. 
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using droplet microfluidics. Nature Publishing Group. 
[2] Leonaviciene, G., Leonavicius, K., Meskys, R., & Mazutis, L. (2020). Multi-step processing of single cells using semi-permeable 
capsules. Lab on a Chip, 20(21), 4052–4062. 
[3] Leonaviciene, G., & Mazutis, L. (2022). RNA cytometry of single-cells using semi-permeable microcapsules. BioRxiv, 
2022.09.24.509327 



150

F27
THE ROLE OF MIRNA IN LUNG CANCER PROGRESSION AND 

CONTROL 
Laurynas Visockas1,2, Julija Simienė2 , Rytė Rynkevicienė2, Kamilė Normantaitė1,2, 

Stanislava Vaškevičiūtė2, Eglė Balčiūnaitė2, Kęstutis Sužiedelis1,2 
 

1Institute of Biosciences, Life Science Center, Vilnius University, Vilnius, Lithuania 
2Laboratory of Molecular Oncology, National Cancer Institute, Vilnius, Lithuania 

laurynas.visockas@gmc.stud.vu.lt 
 

 Lung cancer is a leading cause of cancer death world-wide. Non-small cell lung cancer (NSCLC) is the 
most common form accounting for more than 80 % of lung cancer cases (Duma et al., 2019). The early 
diagnosis and control of cancer metastasis are critical factors in cancer treatment. Discovery of novel 
biomarkers and therapeutic targets have helped to increase survival rates for many types of cancer, 
including lung cancer. Over the past decade miRNAs have emerged as potential biomarkers and targets in 
lung cancer diagnosis and treatment. miRNAs are small 20-25 nucleotide long single-stranded noncoding 
RNAs that play an important role in tumour initiation and growth. miRNAs function in post-transcriptional 
regulation of gene expression can act as tumour suppressors, oncogenes or metastasis regulators. Previous 
studies have shown that miRNA-574, miRNA-195, miRNA-196, miRNA-328, miRNA-355, miRNA-500, 
miRNA-877 may be potential regulators of a number of cancers. However, a precise role of these miRNAs in 
lung cancer has not been elucidated. 
 The signatures of miRNA expression were investigated both in normal and cancerous lung tissue 
biopsies, as well as in lung cancer cell lines H23 and A549 in order to identify novel potential biomarkers for 
lung cancer. Real-time quantification of microRNAs using a stem-loop RT-PCR method (Chen et al., 2005) 
was used to assess changes in miRNA expression associated with lung malignancies. 
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 DNA modifications, post-translational histone modifications, chromatin structure and non-coding RNA 
molecules are important epigenetic mechanisms that regulate gene expression without changing DNA 
nucleotide sequence. These mechanisms interact closely to assure a proper functioning of the cell. Therefore, 
more accurate predictions of gene activation potential could be achieved by simultaneously analysing 
multiple epigenetic regulatory layers together from one sample. [1] This prompted us to develop a new 
method by which cytosine methylation and hydroxymethylation patterns, as well as open chromatin regions, 
could be profiled from a single sample. In our Mx-TOP approach (multi-omic tethered oligonucleotide-primed 
sequencing), in native nuclei we perform triple labeling reactions using DNA methyltransferases eM.SssI, 
M.CviPI and Ado-6-alkyne cofactor to introduce a terminal alkyne group into unmodified CG and GC sites, and 
T4 bacteriophage β-glucosyltransferase (BGT) and UDP-6-azide-glucose cofactor to tag 5hmC residues with 
azide-carrying glucose moieties. [2] Such covalently-tagged sequences are then identified at a single-base 
resolution by the TOP-seq technology. [3] 
 In this study, we performed extensive validation of the different steps of the Mx-TOP procedure. We 
validated this method on a model DNA fragment systems, demonstrating that our triple covalent DNA 
labeling-based method can discriminate 5hmC modifications from unmodified CG sites. In order to enable 
such discrimination, in sequencing, we chemically tethered an alkyne- or azide-bearing DNA oligonucleotides 
that differ in their DNA sequence and chemical linker structure to the covalently-labeled unmodified CG and 
and 5hmC targets. To test their suitability for Mx-TOP, we performed a pilot experiment and demonstrated 
that DNA polymerase can amplify DNA sequences equally well from selectively conjugated azide- or alkyne-
modified DNA oligonucleotides. We also assessed the potential interference of the DNA strand extension 
reactions from closely positioned DNA oligonucleotide-tagged sites and obtained some inhibition by the 
presence of 5hmC upstream to the analytical site. Finally, we investigated the potential DNA intra or inter-
strand crosslinking reactions among the deposited azide and alkyne tags and determined that such cross-
reactivity is absent using a high excess of alkyne- and azide-modified DNA oligonucleotides and low 5hmC 
levels reminiscent of those found in the native mammalian genome. 
 These results confirmed that Mx-TOP is able to identify different genomic targets with high specificity 
and efficiency and thus, is suitable for simultaneous profiling of unmethylome, DNA hydroxymethylome and 
chromatin accessibility in epigenomic studies. 
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 Endogenous viral elements (EVEs) are DNA sequences of viral origin that were inserted into the host 
germline genome and have persisted throughout evolution. Initially it was thought that all EVEs stemmed 
from Retroviridae family as one of the steps in their replication cycle involves reverse transcription and 
insertion of the viral genome into the host genome. It was later discovered that all groups of viruses can 
integrate their genomes although less frequently [1]. Over time EVEs accumulate numerous mutations and 
as a result barely resemble extant viruses. In some cases, a host can utilize such sequences for their needs. 
For instance, diverse pools of EVEs in Aedes mosquitoes play an important role in their immunity against 
viral infections [2]. 
 The evolutionary rate of exogenous RNA viruses can reach 10-3 substitutions per site per year which 
is roughly a million times faster than humans. Studies have shown that calibrating molecular clocks based 
on available sequences can give erroneous age estimates of RNA viruses reaching at most 100 000 years 
when the true age can reach several million years. Dating the origins of viral lineages through EVEs gives 
more accurate predictions since integrated sequences evolve at host rate [3]. 
 Orthomyxoviridae is a family of single-stranded negative-sense RNA viruses. Influenza viruses 
comprise four genera within the familyandare notable forcausingoutbreaks in a wide array of species 
including humans. Other genera include Isavirus which infect farmed Atlantic salmon, and Thogotovirus and 
Quaranjaviruses which are associated with ticks with occasional spillovers to humans and other animals [4]. 
Research on long-term evolutionary history of Orthomyxoviridae can reveal unprecedented viral behavior, 
extinct viral groups and expand our knowledge of their host range. 
 The aim of this research is to infer the evolutionary timescale and investigate the host range of 
Orthomyxoviridae using EVEs detected in Arthropoda which were derived from RNA-dependent RNA 
polymerase subunit PB1. To achieve this goal, publicly available protein sequences of PB1 were gathered and 
tBLASTn searched in Arthropoda. Next, a multiple sequence alignment was generated from detected 
integration sites and a maximum-likelihood phylogenetic tree was constructed. 
 Acknowledgments: This project is funded by the Research Council of Lithuania (project No. P-ST-23-
92). 
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Lactococcus lactis are Gram-positive, non-spore-forming bacteria, which produce lactic acid as one of 

their main metabolic products. These microorganisms have probiotic properties and are often used in 
fermentation, where their main function is to convert lactose into lactate. During this process the pH of the 
medium decreases, which is associated with a longer shelf life of fermented products and thus the antimicrobial 
properties of L. lactis [1]. However, these bacteria, like majority of other microorganisms, are sensitive to various 
environmental changes, such as temperature, nutrient availability, oxidation, and other factors which can cause 
them to experience stress [2]. Few genes have been identified that are involved in the expression and regulation 
of stress response proteins. Among them are small regulatory RNAs (sRNAs) which help bacteria to adapt to 
ever changing environmental conditions by either changing the amount of targeted mRNA and/or protein itself. 
And even though the role of sRNAs in stress response continues to be extensively studied in other bacteria, the 
specific functions of sRNAs in L. lactis remain unknown [3]. In the Department of Biological DNA Modification, it 
was determined that overexpression of one of L. lactis sRNAs sLLM2- increases bacterial resistance to lysozyme 
which due to its antimicrobial properties is often used in fermentation and medicine. However, the molecular 
mechanism behind this phenotype remained unsolved.  

The aim of this study is to determine the mechanism of action of L. lactis small RNA sLLM2–. During this 
research, first, we will electroporate bacteria with two vectors: one with a cloned sLLM2– gene and an empty 
one for the control. Afterwards, we will grow bacteria in liquid medium and plot their growth curves to determine 
the early, middle, and late exponential and stationary growth stages at which bacterial biomass will be collected. 
After this, we will perform RNA purification and use the resulting RNA for Northern blotting. This method will 
help us to determine the level of sLLM2- expression in the control and experimental samples throughout 
separate stages of bacterial growth. Later, we will perform real-time quantitative PCR (RT-qPCR) to determine 
the amount of mRNA of genes potentially regulated by this sRNA. Finally, protein purification and proteomic 
analysis will be performed to assess how the expression of sLLM2- targets changes then sRNA is 
overexpressed.  

We hope that the obtained results will help us to evaluate the expression of genes regulated by sLLM2- 
in L. lactis and that the mechanism of action of this sRNA will be successfully determined. 
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 Metal-organic frameworks (MOFs) are a class of crystalline materials known for their highly porous 
structure and potential for various applications [1]. In this study, Zn(NO3)2, a type of MOF, is examined, 
revealing a three-dimensional network of interconnected metal and organic components. The research 
presents a synthesis approach and characterization of metal organic nanoparticles using the co-precipitation 
method. Gemcitabine (Gem), a well-established chemotherapy agent for pancreatic cancer, is utilized in this 
study. In nano-drug delivery, imaging contrast is significantly enhanced owing to the increased surface area 
and selective accumulation in target tissues [2]. 
 One of the prominent MOFs explored is the zeolitic imidazolate framework (ZIF-8) crystal, recognized 
for its potential in small molecule delivery due to its high loading ability. ZIF-8 exhibits notable 
biodegradability in low-pH environments, facilitating drug release in tumor sites. Following the synthesis of 
ZIF-8 nanoparticles (NPs), gemcitabine is added to the solution containing MOF at a 1:2 ratio and incubated. 
The concentration of gemcitabine is determined spectrophotometrically at 270 nm using UV/vis analysis, with 
the absorbance-concentration relationship established through a standard curve. 
 The study focuses on determining nanoparticle concentration and evaluating drug loading in 
nanoparticles via incubation with gemcitabine and subsequent spectrophotometric analysis. Key parameters 
such as encapsulation efficiency and drug loading capacity are assessed. Encapsulation efficiency measures 
the percentage of successfully entrapped drug within nanoparticles, while drug loading capacity quantifies 
the amount of drug accommodated by the nanoparticles. The study identifies an optimal drug encapsulation 
ratio of 1:2, resulting in an encapsulation efficiency of 99.89% and a drug loading capacity of 49.95%. Size 
distribution analysis of MOF and MOF-gemcitabine is conducted based on number, volume, and intensity. 
Additionally, zeta potential and Fourier-transform infrared spectroscopy (FTIR) are employed for further 
characterization. 
 Moreover, the concentration of gemcitabine loaded onto MOFs is determined to be 25 micrograms per 
milliliter, demonstrating potential for effective chemotherapy drug delivery. Overall, this research 
emphasizes the synthesis and characterization of metal organic nanoparticles, shedding light on their 
potential applications in drug delivery systems for pancreatic cancer therapy. 
 

 
Figure 1. TEM images of MOF. Scale bar: 30 nm (A). The size distribution of MOF were determined using transmission electron 

microscopy (TEM) (LEO 906, Zeiss, 100KV, Germany) with a LIBRA 120 Plus Carl Zeiss microscope (Oberkochen, Germany). 

[1] Yang, M., et al. (2021). The application of nanoparticles in cancer immunotherapy: Targeting tumor microenvironment. Bioact Mater, 
6(7), 1973-1987. 
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Neoadjuvant chemotherapy (NAC) is the standard of care for triple-negative breast cancer (TNBC) patient 
treatment. However, the effectiveness of treatment is unpredictable, as patients frequently develop 
resistance. TNBCs have a much higher recurrence and metastasis as a result of not being eligible for current 
treatment options due to the lack of estrogen, progesterone receptor, and human epidermal growth factor 
receptor 2 [1]. This aggressive cancer contributes to the overall shortened survival of patients diagnosed with 
TNBC [2]. For these reasons, there is a growing need to develop novel noninvasive molecular predictive 
approaches for treatment and monitoring [3]. It has become evident that multiple signaling pathways are 
responsible for treatment resistance in TNBC [2]. Recent evidence from preclinical studies have marked a 
pivotal role of the R-RAS-2 gene which is involved in the STAT3 signaling pathway, progression, and 
chemoresistance of TNBC patients [3]. 
 The aim of this study was to evaluate the amount of STAT3, ALDH1A1, NFIB, UPF3A, BCL-2, and R-RAS-
2 gene transcripts in serial plasma samples before and after NAC and determine their potential as predictive 
biomarkers. 
 In this study, we used reverse transcription quantitative PCR to determine gene expression in 84 NBC 
patients’ paired plasma samples before and after NAC. We determined that BCL-2, R-RAS-2, STAT3 and NFIB 
expression was higher after NAC (all P<0.005, respectfully).  WhileR-RAS-2 higher expression of at least 10% 
was associated with partial response to NAC and residual disease (P=0.013 and P=0.006, respectfully). 
 In conclusion, understanding how the multiple signaling pathways influence the course response to 
NAC in TNBC is important. To date, we found that R-RAS2 could be used as a predictive biomarker for 
monitoring TNBC patient response to chemotherapy and treatment effectiveness.  
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 Electrochemical Impedance Spectroscopy (EIS) is a powerful tool used in biosensor applications [1]. 
Traditional interpretation of EIS data often relies on equivalent circuit modeling, a method that provides 
quantitative attributes to describe the impedance response of a biosensor. However, a common challenge 
arises with the necessity of employing constant phase elements (CPE) to achieve a satisfactory fit to EIS 
data. 
 An alternative approach involves modeling the distribution of relaxation time, offering valuable insights 
into the number and timescales of different processes. Yet, both methods often lack the incorporation of 
structural features inherent to the biosensor under study and are difficult to interpret [2].  
 This research sets out to demonstrate the efficacy of a structure-based EIS model tailored for tethered 
lipid bilayer sensors, aiming to not only interpret but also fit experimental data while providing insights into 
the bilayer's structure and its interaction with the analyte of interest. It is well known that lipid bilayers are 
highly diverse, dynamic and often heterogeneous systems that can undergo phase transitions, induce 
interactions between reconstituted proteins and modulate membrane protein function. This can lead to lateral 
patterns in lipid composition or heterogeneity in protein affinity to the bilayer and subsequently to 
heterogeneous lateral distribution of conductive defects. Therefore, focus is to build on earlier works [3,4] 
and investigate how lateral distribution of bacterial pore forming proteins impacts EIS response and 
demonstrate that EIS data encodes nano scale structure. This approach relies on solution of the Helmholtz 
partial differential equation to impart geometric intuition for the relation of lateral distribution and qualitative 
features of EIS spectra, Fredholm integral equation to fit EIS spectra and recover defect density function as 
well as neural-network model to bridge the two, simplified diagram of the modeling approach is depicted in 
Fig. 1.  

 
Figure 1. Modeling diagram. 

 By adopting this methodology, we not only achieve a comprehensive fit to the data, capturing qualitative 
attributes such as Helmholtz capacitance and bilayer capacitance, but also formulate geometric insights that 
establish a clear relationship between structural features and observed "non-idealities" in impedance 
spectra.   
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 The HMG-CoA reductase inhibitors, statins, are worldwide used drugs for lowering the level of 
cholesterol in the blood [1]. Different clinical studies of statins in cancer patients have indicated a decrease 
in cancer mortality, particularly in patients using lipophilic statins comparing to those on hydrophilic statins 
[2, 3]. In this paper, we selected two structurally different statins (simvastatin and pravastatin) with different 
lipophilicity and investigated their effects on cell viability (MTT assay and LDH cytotoxicity assay) and 
apoptosis (caspase 3 activation) of hepatocellular carcinoma cells HepG2. Lipophilic simvastatin highly 
influences cancer cell growth and survival, while pravastatin due to hydrophilic structure and limited cellular 
uptake, showed minimal cytotoxic effects. Furthermore, simvastatin treatment induces concentration-
dependent morphological changes in HepG2 cells as reported previously also for prostate and pancreatic 
cancer cells [4]. From a fusiform, fibroblast-like morphology, cell acquires a smaller rounded form. Our work 
underlines the importance of statin selection according to lipophilicity (Figure 1), since statins cytotoxicity, 
while undesirable in simple hyperlipidemia therapy, could have beneficial effects in cancer therapy. 
 

 
FFiigguurree  11:: Statins lipophilicity, hence their ability to cross the cell membrane by passive diffusion, is 

expressed by the log P. 
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 S100 proteins are calcium-binding proteins that regulate several processes associated with 
Alzheimer’s disease (AD) but whose contribution and direct involvement in disease pathophysiology remains 
not fully established. Due to neuroinflammation in AD patients, the levels of several S100 proteins are 
increased in the brain and some S100s play roles related to the processing of the amyloid precursor protein, 
regulation of amyloid beta peptide levels and Tau protein phosphorylation [1]. The number of studies on the 
impact of S100 family proteins in co-aggregation processes with amyloid-like proteins is increasing. 
However, research has yet to unravel how S100 proteins interact with neuronal membranes. The present 
study is focused on the pro-inflammatory calcium-binding protein S100A8 of the S100 family. We employ 
various biomimetic membrane models such as solid supported lipid bilayers, tethered bilayer lipid 
membranes and liposomes to monitor the interaction between S100A8 protein and membrane surface. For 
this purpose, we employed high speed atomic force microscopy (HS-AFM), fluorescence spectroscopy and 
electrochemical impedance spectroscopy techniques. Our results indicate that the interaction between 
S100A8 and the membrane is lipid-charge sensitive. The greatest membrane disruptive effect is observed in 
negatively charged membranes. HS-AFM data reveals that the interaction of S100A8 with negatively charged 
bilayer leads to the rupture of the membrane by a detergent-like effect (Fig. 1). These results might broaden 
the understanding of S100A8 protein interactions with neuronal membranes and potentially affect the 
development of new diagnostic and therapeutic approaches for AD or other related diseases. 
 

 
Figure 1. HS-AFM images of S100A8 induced membrane dissolution. At t = 0, the protein was injected in the 

fluid cell during imaging. Interaction between S100A8 and negatively charged membrane leads to a 
detergent-like effect. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[1] J.S. Cristovao, C.M. Gomes. S100 Proteins in Alzheimers Disease. Frontiers in neuroscience, 2019, 13, 463. 
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For the past years CRISPR-cas9 system is being studied as a new genome editing tool that could lead 

to new gene therapy strategies and improve human health. However the delivery of such system to a cell 
has remained a challenge. Since CRISPR-Cas9 system consists of Cas9 protein and guide RNA, it is not only 
important to protect both components from degradation, before they reach the cell, but also that the delivery 
system could transfer this gene editing tool through cell membrane and would not cause negative immunity 
response. Lipid based nanoparticles (LNPs) are versatile, have low imunogenity and are easy to manufacture 
– all these characteristics make liposomes an attractive potential delivery vector for CRISPR/Cas9 
transportation through cell membrane. 
 Lipid nanoparticles are very flexible and can vary both in size and composition. In this research project 
different size and composition liposomes were investigated. Based on previous studies there were chosen 4 
different LNP compositions [2]. All LNPs were made using these lipids: Dipalmitoylphosphatidylcholine 
(DOPC), dioleoylphosphatidylethanolamine (DOPE), cholesterol, 1,2-dioleoyl-3-trimethylammonium propane 
(DOTAP) and PEG-lipids [2]. PEG-lipids‘ and cholesterol percent was altered. Also liposomes of negative 
charge were made, by including 1,2-dioctadecenoyl-sn-glycero-3-Phosphoserine (DOPS) instead of DOTAP.. 
The size and stability of LNPs were measured using dynamic light scattering technique (DLS, ZetaSizer). The 
results showed that concentration of PEG and cholesterol changes the stability and size of LNPs. The 
encapsulation efficiency was investigated using model protein BSA- Alexa Fluor 488. Protein encapsulation 
efficiency was above 60% percent. The encapsulation efficiency was determined by changing the size of LNPs, 
using diffrent pore diameter of membrane (30 nm, 200nm, 400nm) during LNPs preparation [3] . LNPs made 
with 200nm pores showed the best encapsulation efficiency and had the smallest polydispersity index

[1] Walther, J., Porenta, D., Wilbie, D., Seinen, C. W., Benne, N., Yang, Q., De Jong, O. G., Lei, Z., & Mastrobattista, E. (2024). Comparative 
analysis of lipid Nanoparticle-Mediated delivery of CRISPR-Cas9 RNP versus mRNA/sgRNA for gene editing in vitro and in vivo. European 
Journal of Pharmaceutics and Biopharmaceutics, 196, 114207 
[2] Eoh, J., & Gu, L. (2019). Biomaterials as vectors for the delivery of CRISPR–Cas9. Biomaterials Science, 7(4), 1240–1261 
[3] Song Zhang, Jiangtao Shen, Dali Li, Yiyun Cheng (2021) Strategies in the delivery of Cas9 ribonucleoprotein for CRISPR/Cas9 genome 
editing. Theranostics 11(2): 614-648 
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 Stevia rebaudiana Bertoni is a natural zero calorie sweetener, with Stevioside (Stev) and Rebaudioside 
A (RebA) being the most abundant and important secondary metabolites [1]. Stev and RebA are responsible 
for stevia’s sweet taste. Apart from steviol glycosides, the leaves of stevia are also known for their 
antioxidant properties [2] Antioxidants are important in preventing free radicals from damaging proteins, 
DNA, lipids, and other molecules [3].  
 The aim of this study is to determine the effect of seed treatment with cold plasma on phytochemical 
composition in two S. rebaudiana cultivars (SHUG A3-6 and SHUG HIGH A3). Seeds prior to sowing were 
treated with cold plasma using low-pressure capacitively-coupled (CC) and atmospheric-pressure dielectric 
barrier discharge (DBD) systems for durations of 2, 5, and 7 minutes. Eight-week-old plant leaves were dried, 
and extracts were prepared for the analysis of steviol glycosides using HPLC, total antioxidant activity 
determined as 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging capacity, chlorophil a and b were 
determined by K. Lichtenthaler method. 
 Our research indicates an increase in general antioxidant activity. Both SHUG HIGH A3 and SHUG 6-A3 
showed an increase in the CP2 and DBD2 groups. We noted an increase in the sum of chlorophyll a and b, 
which was dependent on cultivars. SHUG 6-A3 displayed an increase in the DBD2 and DBD5 groups, while 
HIGH A3 displayed an increase in CP5, CP7, and DBD7 groups. It looks like variations in chlorophyll levels are 
dependent on cultivar specific response to different plasma treatment and duration.  
 We noted a remarkable increase of Stev in the DBD5 group for SHUG 6-A3. Both cultivars showed a 
trend to increase Stev and decrease RebA biosynthesis, when comparing the RebA to Stev ratio. For SHUG 
6-A3, the ratio of RebA to Stev exhibited a decrease over time affected by CP system. The DBD system showed 
a sharp increase for the 2-minute treatment period and a subsequent return to the control standard ratio 
after a 7-minute treatment, but a severe decrease for the 5-minute treatment. For SHUG HIGH A3, the ratio 
of RebA to Steviol revealed a general decrease post-treatment, with DBD demonstrating a poorer ratio 
compared to CP. Both CP and DBD systems exhibited a sharp decrease in the ratio for the 2-minute treatment, 
an increase for 5 and 7-minute treatments, although it was lower than the control. 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[1] Ucar, E., Ozyigit, Y., Eruygur, N., Güven, D., Yur, S., Turgut, K., ... & Kütük, N. (2018). The effect of the plant age and growth period on the 
nutritional substance, chlorophyll and steviol glycoside rates in Stevia (Stevia rebaudiana Bertoni) leaves. Communications in Soil 
Science and Plant Analysis, 49(3), 291-302. 
[2] Ceunen, S., & Geuns, J. M. (2013). Steviol glycosides: chemical diversity, metabolism, and function. Journal of natural products, 76(6), 
1201-1228. 
[3] Halliwell, B. (1996). Antioxidants: the basics-what they are and how to evaluate them. Advances in pharmacology, 38, 3-20. 
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 The increasing concerns regarding fossil fuel resources and their impact on the environment are 
encouraging the search for alternative fuel sources. Bioethanol, which can be produced from renewable raw 
materials, is an excellent fuel alternative and the burning of bioethanol releases fewer nitrogen oxides as 
well as fewer solid particles into the environment. Specifically, second-generation bioethanol is produced 
from lignocellulosic biomass, which is extracted from agricultural and forestry waste, which is considered 
to be more suitable for biofuel production, as it is produced from non-food raw materials [1]. 
 Xylose is the second most abundant monosaccharide in the world after glucose, and the most abundant 
pentose sugar on our planet. It is also the most abundant sugar found in hemicelluloses. Besides this, more 
than half of global agricultural plant biomass consists of lignocellulosic crop residues [2]. Xylose utilization 
could increase bioethanol yield from raw material, but to increase it from lignocellulose, it is necessary to 
maximize the uptake of xylose into yeast cells. 
 A thermotolerant methylotrophic yeast Ogataea polymorpha can ferment xylose at high temperatures. 
However, the transport of xylose into cells from a mixture of glucose and xylose is a bottleneck in 
lignocellulosic ethanol production. Xylose consumption by the wild-type strains of xylose-utilising yeasts 
occurs only after the depletion of glucose, which results in a prolonged fermentation process and incomplete 
conversion of sugars liberated by hydrolysates from lignocellulose [3]. Therefore, the delivery of xylose into 
the yeast cells is rather problematic because the carriers have a higher affinity for glucose than for xylose. 
In addition, some potential xylose carriers are removed from the yeast plasma membrane at low glucose 
concentrations, and it is important to ensure the stability of the carriers by modifying them [4]. For this 
reason, transporters found in Saccharomyces cerevisiae Gal2 and Hxt7 or O. polymorpha Hxt1 are identified 
as potential xylose carriers for which mutagenesis could increase the xylose uptake into cells and usage for 
alcoholic fermentation. This research project aims to investigate the importance of the O. polymorpha Hxt1 
transporter and heterologous modifications of the S. cerevisiae Gal2 or Hxt7 transporters in O. polymorpha 
yeast for high-temperature alcoholic fermentation. As the registration of the activity of energy metabolism 
(respiration, glycolysis, ATP synthesis) allows us to determine the rate of glucose and xylose uptake into the 
cells. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[1] ] Li, B., Xie, C.-Y., Yang, B.-X., Gou, M., Xia, Z.-Y., Sun, Z.-Y., & Tang, Y.-Q. (2020). The response mechanisms of industrial Saccharomyces 
cerevisiae to acetic acid and formic acid during mixed glucose and xylose fermentation. Process Biochemistry, 91, 319-329. 
https://doi.org/https://doi.org/10.1016/j.procbio.2020.01.002 
[2] Sibirny, A. A. (2023). Metabolic engineering of non-conventional yeasts for construction of the advanced producers of biofuels and 
highvalue chemicals. BBA Advances, 3, 100071. https://doi.org/https://doi.org/10.1016/j.bbadva.2022.100071 
[3] Vasylyshyn, R., Kurylenko, O., Ruchala, J., Shevchuk, N., Kuliesiene, N., Khroustalyova, G., . . . Sibirny, A. (2020). Engineering of sugar 
transporters for improvement of xylose utilization during high-temperature alcoholic fermentation in Ogataea polymorpha yeast. 
Microbial Cell Factories, 19(1), 96. https://doi.org/10.1186/s12934-020-01354-9  
[4] Sharma, N. K., Behera, S., Arora, R., Kumar, S., & Sani, R. K. (2018). Xylose transport in yeast for lignocellulosic ethanol production: 
Current status. Journal of Bioscience and Bioengineering, 125(3), 259-267. https://doi.org/https://doi.org/10.1016/j.jbiosc.2017.10.006 
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Bacteriophages are viruses with the ability to infect and replicate in bacterial cells. Numerous 
bacteriophage species are virulent and therefore kill the infected cell. However, these organisms have a long 
history of coexistence. During their evolution, bacteria have been able to adapt by developing defense 
mechanisms that protect cells from the entry of bacteriophages and foreign nucleic acids. Although more 
than a hundred bacterial defense systems are currently known, bacteriophages can inhibit them by various 
mechanisms [1]. Research of defense systems and their inhibitors is crucial not only for a better 
understanding of microbial evolution, but also as a resource for the development of various tools for 
biotechnology and biomedicine.  
 One of the bacterial antiviral defense systems is BREX (Bacteriophage Exclusion). It is present in about 
10% of prokaryotic genomes. However, the mechanism of action is still undefined. BREX systems are divided 
into 6 types, with our research focusing on the predominant type 1 BREX system (BREX1), which consists of 
6 genes: brxA, brxB, brxC, pglZ, brxL, pglX. The pglX gene encodes the m6A DNA methyltransferase, which 
methylates specific sequences in the host genomic DNA to distinguish itself from foreign DNA [2]. 
Bacteriophages can evade the BREX1 system by two different mechanisms: (i) by epigenetically modifying 
(either by methylation or glycosylation) BREX1 recognition sequences in their genomes [3], or (ii) by blocking 
the BREX1 system with their encoded protein inhibitors [4]. In this study, we analyse some phage-encoded 
proteins as potential inhibitors of the Escherichia coli HS BREX1 system in cells. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[1] Mayo-Muñoz, D., Pinilla-Redondo, R., Birkholz, N., & Fineran, P. C. (2023). A host of armor: Prokaryotic immune strategies against 
mobile genetic elements. Cell reports, 42(7), 112672.  
[2] Goldfarb, T., Sberro, H., Weinstock, E., Cohen, O., Doron, S., Charpak-Amikam, Y., Afik, S., Ofir, G., & Sorek, R. (2015). BREX is a novel 
phage resistance system widespread in microbial genomes. The EMBO journal, 34(2), 169–183.  
[3] Gordeeva, J., Morozova, N., Sierro, N., Isaev, A., Sinkunas, T., Tsvetkova, K., Matlashov, M., Truncaite, L., Morgan, R. D., Ivanov, N. V., 
Siksnys, V., Zeng, L., & Severinov, K. (2019). BREX system of Escherichia coli distinguishes self from non-self by methylation of a specific 
DNA site. Nucleic acids research, 47(1), 253–265.  
[4] Isaev, A., Drobiazko, A., Sierro, N., Gordeeva, J., Yosef, I., Qimron, U., Ivanov, N. V., & Severinov, K. (2020). Phage T7 DNA mimic protein 
Ocr is a potent inhibitor of BREX defence. Nucleic acids research, 48(10), 5397–5406.  
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Antibiotics are one of the greatest medical inventions that have saved countless lives. However, 
antibiotic-resistant bacteria evolved various mechanisms allowing them to escape antibiotic effect and cause 
life-threatening infections. Stenotrophomonas maltophilia is one of the rising multidrug-resistant 
opportunistic pathogens that causes various infections with a mortality rate of up to 37.5% [1]. This pathogen’s 
antibiotic resistance phenotype and ability to form biofilms enables it to persist in hospitals and infect patients 
who are treated there [2]. Biofilms are complex microbial communities encased in extracellular polymeric 
substances [3]. This structure produced by bacteria helps them adhere to the surfaces and protects from 
desiccation, antiseptic, or immune system. S. maltophilia is known to be a genetically diverse species with 
varying abilities to form biofilms [4], therefore it is important to evaluate how the genetic difference of this 
bacteria affects its ability to form biofilms.  

This study aimed to evaluate biofilm-associated gene distribution and biofilm formation in 44 clinical 
isolates of S. maltophilia from patients of Vilnius University Hospital Santaros klinikos. Biofilm-associated 
genes pilU, rmlA, fliC, smf1, spgM, ax21, fliA, rpfF were chosen for analysis, selected gene prevalence in 
isolates was evaluated by performing PCR with gene-specific primers and visualizing results using agarose 
gel electrophoresis. Biofilm formation at 37 °C temperature was evaluated using crystal violet dye assay [4]. 

Out of 44 analysed isolates, 11% were weak biofilm producers, 39% were moderate biofilm producers, 
and 50% were strong biofilm producers. Analysed genes were found with a varying frequency: pilU was 
detected in 100% of analysed S. maltophilia isolates, rmlA –100%, fliC –98%, smf1 – 98%, spgM –91%, ax21 –
91%, fliA – 82%, rpfF –64%. However, no apparent correlation was found between biofilm formation levels 
and biofilm-associated gene distribution. Because of this, other not analysed genes or gene regulation 
might be responsible for S. maltophilia biofilms formation level. All analysed clinical S. maltophilia isolates 
formed biofilms indicating that this ability is important to S. maltophilia survival in a clinical environment. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[1] Falagas, M.E.; Kastoris, A.C.; Vouloumanou, E.K.; Rafailidis, P.I.; Kapaskelis, A.M.; Dimopoulos, G. Attributable mortality of 
Stenotrophomonas maltophilia infections: A systematic review of the literature. Future Microbiol. 2009, 4, 1103–1109. 
[2] Brooke, J.S. Stenotrophomonas maltophilia: An Emerging Global Opportunistic Pathogen. Clin. Microbiol. Rev. 2012  
[3] Ailing Zhao, Jiazheng Sun, Yipin Liu. Understanding bacterial biofilms: From definition to treatment strategies. Cell. Infect. Microbiol., 
06 April 2023. Sec. Biofilms 
[4] Montoya-Hinojosa E, Bocanegra-Ibarias P, Garza-González E, Alonso-Ambriz ÓM, Salazar-Mata GA, Villarreal-Treviño L, Pérez-Alba 
E, Camacho-Ortiz A, Morfín-Otero R, Rodríguez-Noriega E, Flores-Treviño S. Discrimination of biofilm-producing Stenotrophomonas 
maltophilia clinical strains by matrix-assisted laser desorption ionization-time of flight. PLoS One. 2020
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Candida albicans and Candida glabrata are among the most important opportunistic pathogens that 

cause thousands of superficial or disseminated and fatal infections in immunocompromised individuals 
every year. These yeasts can acquire resistance to all four known classes of antifungal drugs, making the 
treatment of these infections much harder [1]. It is necessary to find new antifungal compounds or ways to 
strengthen the effect of those already known.  

Polyene drug nystatin creates pores in the cell wall, increasing the plasma membrane permeability 
and osmotic disbalance [2]. This study aimed to evaluate the effect of this antifungal drug on C. albicans and 
C. glabrata yeasts in different environments – buffer solutions and growth media of different pH. It was 
determined that the deletion of efflux pump genes of ABC superfamily CDR1 and/or CDR2 did not have an 
impact on the cells’ sensitivity to this drug which means that one of the popular ways to strengthen the 
effects of antifungal drugs by inhibiting the efflux pumps would not improve the efficiency of nystatin. Since 
the inhibition of efflux pumps is not a suitable way to strengthen the effect of this antifungal, the impact of 
different environments was tested. Effects of nystatin on Candida yeasts can be followed using real-time 
methods such as the analysis of lipophilic anion PCB- binding to yeast cells. After evaluation of the effects 
of nystatin at different pHs of citrate-phosphate buffer, it was determined that C. albicans and C. glabrata 
wild-type cells bound the highest amount of PCB- ions when the buffer pH was 3. Some differences 
between the tested yeasts were noted. At pH 6 and pH 8, C. glabrata cells, exposed to nystatin, bound less 
PCB- than C. albicans cells, but at pH 3 C. glabrata cells bound more PCB- compared to C. albicans ones. 
Moreover, the effect of nystatin on the yeast of both species was also stronger in growth media of pH 3 
compared to pH 6.  

These findings suggest that the efficiency of nystatin can be strengthened in an acidic environment, 
but further research on this problem is still needed.  
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[2] Esfahani, A. N., Golestannejad, Z., Khozeimeh, F., Dehghan, P., Maheronnaghsh, M. & Zarei, Z. (2019). Antifungal effect of Atorvastatin 
against Candida species in comparison to Fluconazole and Nystatin. Medicine and Pharmacy Reports, 92(4), 368–373.  
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 Hydrogels are preferred scaffolds due to their tissue-like properties, including fibrous structure, 
softness, high water content and extracellular matrix (ECM) mimicking biochemistry. It is a powerful tool not 
only for the artificial tissues, but also a platform for single cell-surface interaction studies.  High cost, difficult 
purification processes, high batch-to-batch variations and biocontamination risk of the full-length ECM 
proteins leads to search for alternatives such as synthetic peptides as the functional blocks for the ECM-cell 
interactions. By adjusting matrix stiffness and bioactivity, it is possible to engineer the desired cell 
morphology, orientation or functionality. 

We have previously been involved in developing the following  series of hydrogels that are based on 
collagen-derived synthetic peptides Cys-Gly-(Pro-Lys-Gly)4 (Pro-Hyp-Gly)4 (Asp-Hyp-Gly)4, hereinafter 
Cys-CLP, and optionally contain various functional peptide extensions: the fibronectin cell adhesion sequence 
RGD (Cys-CLP-RGD)[1], collagen binding sequence DGEAG (Cys-CLP-DGEAG) or laminin adhesive motif 
IKVAV (Cys-CLP-IKVAV)[1]. Here, using an one-pot strategy, we have been reported the synthesis of ultrathin 
(from a few hundred microns to the tens of nanometers) hydrogel coatings containing the above peptide 
blocks. Namely, we have carried out an initiator free, UV-controlled self-initiated photografting and 
photopolymerization reaction (SIPP)[2] on substrates such as glass and plastic. To achieve this goal, the 
ECM-like peptides were functionalized via Michael addition reaction with photoactive methacrylate group 
using the 3-(acryloyloxy)-2-hydroxypropyl methacrylate reagent, thus obtaining methacrylated peptides. We 
have successfully synthesized 15-50 nm thick, transparent, mechanically stable, ECM mimicking peptide 
hydrogels by combining the methacrylated peptides, 2-hydroxyethyl methacrylate, PEG methacrylate and 
methacrylic acid monomers in SIPP on the glass surface. We have been tested different cell lines 
(endothelial, epithelial, fibroblast and others) on these hydrogel coatings. We demonstrate the varying cell 
properties induced by the composition of ECM-like coatings. 
 

 
[1] Balion Z. et al., Front Bioeng Biotechnol. Sep 4;8:773, 2020. 
[2] Cėpla V. et al., ACS Appl. Mater. Interfaces, 12 (29), 32233–32246, 2020. 
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 Bacteria have developed a wide range of antiviral defenses to protect themselves from infection by 
their own viruses (bacteriophages). One of the defense strategies that bacteria use against their viruses is 
abortive infection (Abi). The Abi system acts as a cellular response to viral infection, with virus-infected cells 
dying or slowing down their metabolism, thereby limiting further phage multiplication in the population [1]. 
 Although the understanding of bacterial defense mechanisms has increased considerably, one of the 
main unanswered questions is how the Abi system is activated in the event of phage infection. So far, in the 
study of bacterial defense systems, one approach to finding factors that activate bacterial defense systems 
has been to study bacteriophage mutants that evade bacterial defense systems, but this approach has 
drawbacks [2]. 
 Our work aims to address the shortcomings of phage mutant assays and to propose a new, faster 
method to simultaneously screen more bacterial defense systems for their activating factors. This will be 
done using libraries of random genomic DNA fragments from bacteriophages. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[1] Bernheim A, Sorek R. The pan-immune system of bacteria: antiviral defence as a community resource. Nat Rev Microbiol. 2020 
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 Viscosity is a key characteristic of biological membranes – it governs the passive diffusion of solutes 
and affects the lipid raft formation and membrane fluidity. Moreover, viscosity measurements provide a 
convenient way to observe the compositional changes that take place in biological membranes and 
organelles, as the efficiency of lipid packaging and the order of lipids have a great influence on the viscosity 
values of lipid structures [1]. In the case of cancer, multiple mutations produce cell signaling and metabolism 
alterations, which change the composition of lipid membranes and allow for the identification of maligancies 
via viscosity measurements [2]. 
 In this work, we explore the viscosity-sensitive dyes, called molecular rotors [3], as diagnostic tools 
for cancer detection. Through the use of fluorescence lifetime imaging microscopy (FLIM) in combination with 
organelle-specific BODIPY dyes, whose fluorescence lifetimes increase with increase in microviscosity, we 
investigate the order of lipids in lysosomes and lipid droplets of cancerous and non-cancerous live cells. Our 
results demonstrate that lipid droplets in cancerous cells have vastly different lipid packaging efficiences 
between different cells in the same culture. In contrast, we show that lipid packaging efficiences of lipid 
droplets are uniform in non-maligant cells. Additionally, we demonstrate that common antichemotherapeutic 
drugs – doxorubicin and etoposide – induce different lipid compositions in lipid droplets depending on the 
cell type. Finally, we demonstrate that both lysosomes and lipid droplets in maligant cells possess up to 3 
times greater microviscosities compared to non-maligant cells. 

 
Figure 1. FLIM of BODIPY-LD in lipid droplets of human lung cancer A549 cells (A) and human embryonic kidney HEK 

293T cells (B). The top panel shows images of fluorescence intensity. FLIM images are shown in the middle panel. The 
corresponding lifetime histograms are shown in the bottom panel. Scale bars are 10 µm. 

 
[1] Polita, A., Stancikaitė, M., Žvirblis, R., Maleckaitė, K., Dodonova-Vaitkūnienė, J., Tumkevičius, S., Shivabalan, A., P., & Valinčius, G. 
(2023). Designing a green-emitting viscosity-sensitive 4,4-difluoro-4-bora-3a,4a-diaza-s-indacene (BODIPY) probe for plasma 
membrane viscosity imaging. RSC Advances, 13(28), 19257-19264. 
[2] Polita, A., Stancikaitė, M., Žvirblis, R., Dodonova-Vaitkūnienė, J., Shivabalan, A., P., Maleckaitė, K., & Valinčius, G. (2024). Bimodal 
effects on lipid droplets induced in cancer and non-cancer cells by chemotherapy drugs as revealed with a green-emitting BODIPY 
fluorescent probe. Journal of Materials Chemistry B, 12(12), 3022-3030. 
[3] Polita, A., Toliautas, S., Žvirblis, R., & Vyšniauskas, A. (2020). The effect of solvent polarity and macromolecular crowding on the 
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 This literature review was conducted to research tick-borne encephalitis prevalence and vaccination 
rates in Lithuania, the influence of financial and public education on tick-borne encephalitis vaccination. It is 
believed that the rise of tick-borne encephalitis, which began more than 20 years ago, is mainly related to 
the increase in the abundance of ticks and the expansion of their range, changing climate conditions, better 
diagnosis of tick-borne encephalitis, greater attention of specialists to this disease, but this problem 
continues to persist in Lithuania. 
 Although the morbidity of tick-borne encephalitis has been decreasing since 2020 in Lithuania, the 
country is still an endemic zone compared to other countries in the EU/EEA. Research shows that people 
living in villages are more prone to getting tick-borne encephalitis than people in cities. This can be explained 
by frequent visits, work, living in or near forests, having more contact with ticks, and sometimes ingesting 
the food that is not thermally treated. From 2020 to 2022, there have been 4 deaths and 1 176 hospitalizations 
in Lithuania (every year, more than 80% of people infected with tick-borne encephalitis get hospitalized). [1] 
 Currently, two vaccines in Europe are used for vaccinating individuals from 1 year of age which contain 
inactivated virus and are protective from all subtypes of the virus. Research shows that after 3 doses of the 
vaccine, more than 98% of subjects who followed the vaccination schedule were protected from tick-borne 
encephalitis. It is recommended to get the vaccine before the start of the warm season to get the full 
immunity, but analysis shows that people usually get it too late. The side effects of tick-borne disease 
vaccines are mild, quickly pass, and are more prevalent after the first dose. Short-term fever occurs more 
often in children after vaccination, severe systemic reactions and post-vaccine neuritis are very rare side 
effects. [2] 
 The biggest issue with tick-borne encephalitis is the prevalence of residual effects after the illness. 
Research shows that a third of patients have post-encephalitis syndrome with the most common residual 
effects being headache, fatigue, difficulty concentrating and sleep disorders. Rare but serious residual effect 
is muscle paralysis. [3] 
 Research shows that there has been a rise in vaccine hesitancy across 90% of countries since 2014. 
Vaccine confidence is built by medical staff, government, media, and other non-state actors. There is a lack 
of time to effectively discuss vaccination in healthcare institutions. In addition, negative media reports can a 
create lack of confidence in healthcare policies, and anti-vaccine groups are negatively impacting vaccine 
confidence. 
 Currently, the minimum wage in Lithuania is 633 euros after taxes. With the high inflation rate, the cost 
of living is increasing rapidly. Therefore, people are not able to afford additional vaccines that are not funded. 
In addition, research shows that every 1 euro invested in vaccination has a return of 4 euros of economic 
revenue, consequently providing beneficial economic consequences, economic growth, and savings in 
healthcare costs. [4] 
 
 
 
 
 
 
 
 
 
 
 
 
[1] National Center for Public Health. (2022). Sergamumo erkių platinamomis ligomis 2021 m. apžvalga. National Center for Public Health. 
https://nvsc.lrv.lt/uploads/nvsc/documents/files/2022%2B%2BEPL%2Bapzvalga%2Btinklalapis.pdf  
[2] Navickaite G, Mineikyte R, Valaikiene J. Erkinio encefalito epidemiologija, klinikiniai požymiai, diagnostika ir vakcinacija: literatūros 
apžvalga. Neurologijos seminarai, 22(76), 99-104. 
[3] Bogovic, P., Stupica, D., Rojko, T., Lotric-Furlan, S., Avsic-Županc, T., Kastrin, A., Lusa, L., & Strle, F. (2018). The long-term outcome 
of tick-borne encephalitis in Central Europe. Ticks and tick-borne diseases, 9(2), 369–378. https://doi.org/10.1016/j.ttbdis.2017.12.001  
[4] Supporting Active Aging through Immunization (SAATI) Partnership. (2018). Adult Vaccination: A Key Component of Healthy Ageing. 
https://ilcuk.org.uk/wp-content/uploads/2018/11/Adult-vaccination_a-key-component-of-health-ageing.pdf  
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 Aim: The increased high fat content of today's normal diet is one of the factors contributing to the rising 
obesity rates in society. Many studies indicate that maternal high-fat diet (mHFD) is the cause of systemic 
inflammation, which may lead to the development of neurodevelopmental disorders in the offspring [1, 2, 3]. 
Female estrous cycle stages appeared to also have different response to inflammation [4, 5, 6]. In the context 
of inflammatory conditions, CD68 is used as a microglia activation marker that is often associated with 
immune cells of the central nervous system, including the retina [7]. Studies have shown that a high-fat diet 
can impact the retina, however, there’s little research done investigating its effects on the offspring retina 
[8]. This study aims to evaluate area changes of microglia and CD68 in the peripheral retina of mHFD offspring 
and assess how microglia and CD68 area depend on the stages of the estrous cycle. 
 Methods: Female C57Bl/6J mice from weaning to lactation were fed with control diet (CD, 10% fat) or 
high-fat diet (HFD, 60% fat). The offspring were weaned to CD. The eyeballs of the offspring were collected, 
fixed with 4% PFA, cryoprotected and sliced using cryotome. Microglia and activated microglia cells were 
labeled immunohistochemically using anti-RFP and anti-CD68 antibodies respectively, while cell nuclei were 
labeled with DAPI. The estrous cycle stages were determined by vaginal cytology in female offspring on the 
day of tissue collection (22 weeks old). 
 Results: We evaluated the area of microglia and CD68 in the peripheral retina and compared the 
measurements between the groups of offspring. mHFD significantly increased area of microglia and CD68 in 
female peripheral retina compared to maternal control diet offspring but had no significant effect on male 
retina. In addition, during assessment of microglia area and CD68 area in microglia, alterations were 
observed in female offspring estrous cycle stages due to mHFD. 
 Conclusion: Our findings demonstrated that mHFD had a gender-specific effect on the area of microglia 
and CD68 in offspring peripheral retina as well as revealed microglia and CD68 area changes in mHFD female 
offspring during estrous cycle stages. 
 Funding: This work was supported by the Science Promotion Fund of Vilnius University 
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Life sciences, 71(16), 1837–1848. 
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(ADHD) and glial integrity: an exploration of associations of cytokines and kynurenine metabolites with symptoms and attention. 
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 Various disorders, including mental and neurodegenerative, have been shown to correlate with 
circadian disruptions [1]. Long-term electrophysiological evaluation allows the extraction and analysis of 
circadian and ultradian components, yet traditional long-term recording options are either limited in 
recording duration (battery life) or restrict the animal (tethered approaches). With non-tethered research 
systems emerging [2], we present such a system for electrophysiological signal recording in rats, and a 
specific application in sleep analysis.  
 Our system can record data from 4 channels simultaneously, with a battery life of ~30 hours at a 1 kHz 
sampling rate. Recording equipment is placed on the animal by using a harness and connected to implanted 
electrodes. Data is saved to an SD card. The signal that is obtained contains more noise yet is comparable to 
that obtained from a tethered system.  
 Using this approach, we were able to record a three-week-long signal, with daily ~5-minute 
interruptions for a battery change. Furthermore, we show that sleep-like states can be extracted in a 
completely unsupervised manner by a combination of clustering and rule-based analysis.  
 The sleep state results that are obtained fit the parameters found in literature – rat sleep is polyphasic, 
with more occurring in the light phase of the day. In total, non-REM sleep was detected in 49% of data, wake 
in 47%, and REM in 4%. Extracted sleep episodes were short (median durations <1 min for all states) but highly 
variable in duration, with non-REM and wake states lasting longer than REM. A clear circadian pattern can 
be observed in all parameters (Fig. 1) and extracted circadian or ultradian components of sleep partially 
match those extracted from locomotor activity data, occurring periodically at ~24, ~6 and ~4 hours. 
 

Figure 1. Median 24-hour parameters of sleep-like states (non-REM, REM and wake) extracted from 
electrophysiological data and scaled locomotor activity values. A clear circadian pattern is visible, with the 

beginning of the dark phase indicated as a black line.  
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Remotely Programmable Deep Brain Stimulator Combined with an Invasive Blood Pressure Monitoring System for a Non-Tethered Rat 
Model in Hypertension Research. Brain Sciences, 13(3), 504. https://doi.org/10.3390/brainsci13030504 
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 It is widely acknowledged that circadian rhythms regulated bodily processes are by over a 24-hour 
period [1].  Circadian rhythms may influence brain functions, as seen in the variation of internal states such 
as arousal, vigilance, and attention throughout the day. This has a direct impact on the brain, where low-
frequency oscillations are prevalent during rest, while high-frequency oscillations occur during activity [2]. 
However, research is often conducted without considering the time of day, which can significantly affect the 
results. Therefore, it is necessary to investigate how brain activity changes under the same recording 
conditions but at different times of the day. 
In this study, we tracked the activity of mice over a 24-hour period. The results showed that the mice were 
significantly more active at night, with maximum activity occurring about an hour after the lights were 
switched off. Based on these results, brain activity was monitored in head-fixed mice through 
electrocorticography (ECoG) recordings. ECoG recordings were taken at two time-points: one hour after the 
lights were switched off (8 PM, night) and one hour after the onset of the light period (8 AM, day). Both, 
spontaneous and evoked brain activity were assessed during the recordings. Differences were observed in 
almost all frequency bands during both spontaneous and evoked oscillations. The study shows a significant 
variation in brain activity during the day, highlighting the importance of noting the time of experiments. 
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A migraine is a neurological condition characterized by recurrent, intense headaches typically 

accompanied by symptoms such as nausea, vomiting, and sensitivity to light or sound. These exhausting 
headaches often appear as throbbing or pulsating pain on one side of the head and can last anywhere from 
a few hours to several days.  Despite their prevalence and impact, migraine remains poorly understood [1,2]. 
Current understanding suggests several interacting factors, including genetics, neurological conditions and 
environmental influences. Migraines can be triggered by a variety of stimuli, such as certain foods, drinks, 
hormonal imbalance, stress, fatigue, or even the weather changes. Migraine-type of headache can also be 
pharmacologically induced, for instance by use of nitroglycerine therapy. 

Trinitroglycerin (NTG), a vasodilator that relaxes and widens blood vessels, can trigger events in the 
brain mimicking certain aspects of migraines not only in humans but also in laboratory animals [1,2]. Thus, 
administering NTG to rodents has become a well-established animal model of migraine. Since it is known 
that women are more likely to develop migraine-type of headache than men, the aim of this study was to 
compare if administration of NTG would induce different effect in male and female rats. To this end, rats 
received total of 8 NTG (10 mg/kg) injections every second day. Ultrasonic vocalizations (USV), loss of righting 
reflex (LORR) and hot plate tests were performed to measure migraine-like pain in both sexes.  

From the results obtained during the experiment, it is clear that a migraine-like pain develops 
following 5 administrations of NTG in female rats, whereas in male rats expression of pain was not 
statistically significant even after 8 administrations of NTG. Specifically, our data demonstrated that the 
number of 22 kHz vocalizations (demonstrating negative emotional state of rats) in females increased 
significantly, whereas in male rats there was no significant difference between vehicle and NTG groups. 
LORR test (this test is used to measure the sensitivity to the sedative effect of substance), showed that NTG 
induced sedation in all rats. In male rats, this effect was still present even after 90 minutes. In female rats, 
LORR was restored within 90 minutes. Hot plate test showed in NTG treated male rats pain-sensitivity 
threshold was lower compared to controls. Contrary, females were more sensitive to the thermal pain than 
controls. 

In conclusion, our data support that administration of NTG may cause headaches resembling a 
migraine-like pain, however female rats are a more suitable sex for modeling of NTG-induced migraine in 
animals. 
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Auditory steady-state response (ASSR) is an electrophysiological brain response to periodic auditory 
stimuli and is characterized by having a constant frequency and phase for an infinitely long time period [1].  
ASSR has been increasingly researched as a potential biomarker of neuropsychiatric diseases such as 
schizophrenia [2]. Furthermore, in recent years it has also been investigated for a possible application in 
brain-computer interface technologies [3]. The most frequently researched is 40 Hz ASSR while studies of 
higher gamma band ASSR are still scarce. In addition, attention has been investigated as one of the factors 
that could impact the ASSR [1]. However, studies of attention role in ASSR provide inconsistent results. 
Therefore, to further expand ASSR applications, it is important to focus on understanding how attention can 
affect both low and high gamma band ASSR. 

The aim of the study was to evaluate the influence of attention on the 40 Hz and 80 Hz ASSRs. 
Electroencephalography (EEG) was used to record ASSRs elicited to 40 Hz and 80 Hz click trains in nineteen 
healthy subjects, during two experimental conditions: 1) concentration - counting presented stimuli while 
watching a video, 2) distraction - ignoring presented stimuli while watching a video. ASSRs obtained over the 
frontocentral region of interest were evaluated using two measures: phase-locking index (PLI) and evoked 
amplitude (EA). Both measures were averaged across time period starting from 0 ms to 500 ms. The averages 
of PLI and EA were compared between two attentional conditions. Significance of results was evaluated by 
applying paired samples t-test with 10 000 test repetitions. 

Study results revealed significantly increased PLI of 40 Hz (p = 0.04) and 80 Hz (p = 0.04) ASSRs with 
attention to presented stimuli. Moreover, evoked amplitude measurement showed tendency for increased 
response power during concentration condition for 40 Hz (p = 0.06) ASSR. 

In conclusion, our findings reveal increased phase locking of 40 Hz and 80 Hz ASSRs when attention 
is directed to click stimulation. 
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In the most studies evaluating the effects of social stress, participants are asked to provide a speech 
in front of the audience, which is known as the Trier Social Stress test [1]. However, this test is costly for 
studies with larger samples due to the constant need of having audiences of several people. Therefore, the 
short Sing-a-Song Stress Test (sSSST) was developed [2]. In this test, participants are suddenly cued to sing 
a song in the presence of a video camera. Although it was shown that the sSSST reliably elicits subjective 
and physiological stress, the dynamics of different physiological parameters during this test is still 
understudied. The aim of the present study was to establish the sSSST procedure and to evaluate how it 
affects males’ subjective arousal and parameters of heart rate, heart rate variability (HRV), and breathing 
rate. 

A total of 20 males participated in the study. Prior to the sSSST procedure, electrocardiography (ECG) 
electrodes and a respiratory belt were attached to participants. Males sat in front of the computer while 
different tasks followed by a 60 s countdown were shown. The tasks consisted of neutral messages that had 
to be read silently or out loud. After three control tasks, males were informed that they have to sing the 
National Anthem of Lithuania within 90 s. Before starting the 90 s countdown, the camera was turned on and 
the image of the participants briefly appeared on the screen. This manipulation was used to increase social 
stress and make males believe that their performance will be recorded. When 90 s passed, participants were 
informed that they do not need to sing and could relax (see Fig. 1 for the study design). The 90 s period of 
preparation to sing was regarded as a stress condition. Baseline (before the task) and stress-recovery (after 
the task) values of ECG and respiration were also measured for 90 s. Additionally, males had to evaluate 
their subjective arousal by filling in the Visual Analog Scale (VAS), both before and after the task. The leftmost 
side of VAS states “I feel completely calm” and the rightmost “I feel aroused to the maximum”. 

 
Figure 1. Study design. 

The analysis of study results revealed that participants’ heart rate was higher and R-R intervals were 
shorter during stress condition compared to both baseline and stress-recovery. Although the baseline did 
not differ from values during stress, the low frequency component of the HRV was lower during stress-
recovery compared to stress condition. Furthermore, high frequency components did not differ between 
conditions. Males’ breathing rate during stress was higher than during baseline but not stress-recovery 
conditions. Moreover, stress-recovery subjective arousal ratings were higher compared to baseline. These 
results suggest that the sSSST reliably induces mild stress, which is reflected in heart rate, heart rate 
variability parameters and subjective ratings. 

 
[1] Kirschbaum, C., Pirke, K.-M., & Hellhammer, D. H. (1993). The ‘Trier Social Stress Test’ – A Tool for Investigating Psychobiological Stress 
Responses in a Laboratory Setting. Neuropsychobiology, 28(1–2), 76–81. 
[2] van der Mee, D. J., Duivestein, Q., Gevonden, M. J., Westerink, J. H. D. M., & de Geus, E. J. C. (2020). The short Sing-a-Song Stress Test: 
A practical and valid test of autonomic responses induced by social-evaluative stress. Autonomic Neuroscience, 224, 102612. 
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 IInnttrroodduuccttiioonn:: Glioblastomas, recognized as the most fatal form of human brain tumors, typically lead 
to a median patient survival duration of 15 months [1]. A minor fraction of cells within these tumors, termed 
as Glioma stem cells (GSCs), are predominantly accountable for resistance to treatment, tumor recurrence, 
and progression [2]. Hence, despite their limited presence within the tumor, GSCs are the primary cells to 
target. Neural stem cells (NSCs), present in the brains of adult organisms, are instrumental in repairing and 
regenerating damaged or aging tissues [3]. Considering the high similarity between GSCs and NSCs, it's vital 
to include NSCs when identifying GSC-specific markers for targeted treatment. Additionally, it has been 
shown that stem cells can exert a therapeutic effect on gliomas by inhibiting tumor growth through 
extracellular signaling [4-5]. To explore the therapeutic influence of extracellular vesicles and GSC-specific 
markers, we first need to establish a NSCs model. This can be accomplished in several ways, such as 
isolating them from embryos or de-differentiating stem cells or iPSC. The latter approach is safer and aligns 
with current EU standards. We therefore suggest that MSCs obtained from dental pulp could potentially 
dedifferentiate into NSCs, similar to those sourced from the human brain. To validate this proposition, it is 
essential to verify that the cells extracted from dental pulp are indeed MSCs with the ability to differentiate.  
  AAiimm:: To confirm the capacity of extracted MSCs to develop into adipocytes, osteoblasts and evaluate 
the expression of stemness markers after the differentiation. 
 MMeetthhooddss:: The extracted MSCs were validated by inducing adipogenic and osteogenic differentiation. 
For adipogenic differentiation was used 100nM Dexamethasone, while the StemPro Osteogenesis kit was 
used for osteogenic differentiation. After 4 weeks cells were stained to assess the differentiation results, 
employing AlizarinRed for osteogenic and OilRedO dye for adipogenic differentiation. RNA was isolated from 
the cell pellets using TRIzol reagent and transcribed with the High-Capacity RNA-to-cDNA kit. The expression 
levels of MSCs markers were measured using RT-qPCR, the expression difference was calculated using the 
2-dCT method. [6] 
 RReessuullttss:: AlizarinRed staining, conducted after a four-week period of differentiation into osteoblasts, 
demonstrated the existence of calcium deposits in the monolayer cell cultures. Similarly, OilRedO staining 
indicated small presence of lipid droplets in the cells cultivated in conditions of adipogenic differentiation. 
The mRNA analysis of differentiated cells showed an increased expression of RUNX, BGLAP for osteogenic 
and PPARG for adipogenic differentiation compared to the control. The expression of stemness markers such 
as SOX2, OCT4, KLF4, NES, MYC, NANOG, TUBB3 was aberrated in differentiated cells compared to control 
cells. 
  CCoonncclluussiioonn:: The findings of the study demonstrate that previously derived dental pulp stem cells have 
the capability to differentiate into both osteoblasts and adipocytes, confirming their identity as MSCs. Next, 
these cells can be used for de-differentiation into NSCs for furher GSCs studies. 
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[5] Chen J, Li Y, Yu TS, McKay RM, Burns DK, Kernie SG, Parada LF. A restricted cell population propagates glioblastoma growth after 
chemotherapy. Nature. 2012 Aug 23;488(7412):522-6. doi: 10.1038/nature11287. PMID: 22854781. 
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 Genetic factors and environment together shape the architecture and functionality of the developing 
brain. The development of a neural network comprises several stages, a critical development period occurs 
when plasticity in specific brain regions is especially heightened. 
 The ocular system is crucial in studies of neuronal plasticity during this critical period, as the visual area's 
critical period is well-defined and easily manipulated by visual stimuli. In particular, layers 2 and 3 of the primary 
visual cortex form cortico-cortical connections, where plasticity is most evident (Hooks & Chen, 2020). 
Research indicates that during the critical plasticity period of the mouse visual cortex (from the 21st to the 35th 
postnatal day), visual stimuli and changes in the synapses leads to optimized connectivity. Throughout the 
intricate process of cerebral maturation, glial cells assume a pivotal role in coordinating the connectivity among 
neurons. This underscores the importance of meticulously assessing the dynamic alterations that transpire.  
 During neuron network development, microglia mediate synaptic pruning and facilitate neuronal circuit 
formation through the phagocytosis of synaptic connections. Activity-dependent changes prompt microglial 
cells to phagocytose excess synapses through various signaling receptors, thus contributing to the maturation 
of the neuronal network (Andoh & Koyama, 2021). Synapses exhibiting lower activity are targeted for 
phagocytosis via "eat me" signals. A thorough understanding is crucial, as the mechanisms behind pruning are 
not fully known across all brain regions.  
 High-resolution fluorescent microscopy and quantitative optimized binary-processed image analysis 
enabled us to collect detailed images of microglia and neuronal axon branches in the visual cortex's layer 2/3. 
By analyzing these images, we have investigated axon bouton size/density and microglia area changes in the 
immature cortex (P21), during the peak of the critical period (P28) and in the cortex of mature adult mice (P35).  
 We have discovered that during the critical development period in layers II/III of the visual cortex, changes 
in the microglia-occupied area, as well as bouton density and size. During the peak of the critical period, both the 
area of microglia and the size of axon boutons increase, while bouton density decreases compared to before and 
after the critical development of the visual cortex. The study reveals the essential functions, thereby shedding 
light on the sophisticated, activity-dependent mechanisms facilitating neural circuit optimization and 
underscoring the temporally constrained nature of cerebral maturation processes. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[1] Andoh, M., & Koyama, R. (2021). Microglia regulate synaptic development and plasticity. Developmental neurobiology, 81(5), 568–590. 
[2] Hooks, B. M., & Chen, C. (2020). Circuitry Underlying Experience-Dependent Plasticity in the Mouse Visual System. Neuron, 106(1), 21–36. 
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 Parkinson's disease (PD) is a neurodegenerative disorder that results in tremor and bradykinesia 
due to the death of dopaminergic neurons. PD is difficult to diagnose, it progresses for several years before 
a clinical diagnosis is made and its treatment isn‘t curative (1). Recently, miRNA interference has been 
extensively studied due to it’s affects in many biological processes including neurodegenerative diseases (2). 
MiRNA molecules formed in various body cells can be packed into extracellular vesicles (EV), then infiltrate 
the extracellular space and travel through biological fluids providing long lasting effects of disease related 
genes. EV associated miRNA‘s are expected to useful in clinical practice to facilitate diagnosis, prognosis and 
treatment (3). 
 The aim of this study was to evaluate EV miR-16-5p, miR-103a-3p, miR-497-3p, miR-22-3p expression 
levels in the serum of patients with PD and check for relations with patient’s age, sex, the onset of the disease, 
its duration, severity of symptoms and selected method of treatment. 
 EV miRNA’s were isolated from blood serum, transcribed into cDNA and its expression was measured 
by RT-PCR. Statistical analysis was performed using Student's t test, ANOVA criteria and Pearson’s 
correlation coefficient in GraphPad Software Inc. Prism 8. 3 groups of PD patients were tested. 36 control 
group patients received medicamental treatment, 39 underwent deep brain stimulation and 13 had gamma 
knife surgery. miR-126 expression was evaluated before and after the surgical treatment. 
 The results reveled, that miR-16, miR-103a and miR-22 expression was higher in patients receiving 
medicamental treatment when comparing patients between different treatment groups (p < 0,05; p < 0,01; p < 
0,001). Statistical analysis showed that miR-16, miR-22 and miR-103a levels were down regulated (p < 0,05; p 
< 0,01) and miR-497 was upregulated as intensity of bradykinesia increases. As symptoms of tremor become 
more intense miR-16 levels decrease and miR-497 expression increases. No statistically relevant changes 
in miRNA expression were observed after assigned treatment, but it seemed, that patients had lower miR-
103a and miR-497 expression levels after receiving gamma knife surgery. However, more patient samples 
are needed to confirm this pattern. Association between miRNA expression levels were observed regarding 
gender of the patients. Men had higher miR-103a and miR-22 levels in their blood (p < 0,05). Also, no 
statistically relevant correlation was found between miRNA expression and patients age, duration of the 
disease and age of diagnosis.  
Primary data suggest that patient groups with downregulated EV miR-16, miR-22, miR-103a expression levels 
and elevated miR-497 experience stronger PD related symptoms and require surgical treatment. However 
miRNA profile did not change significantly after treatment.  
 
 
 
 
 
[1] Cacabelos R. Parkinson's disease: from pathogenesis to pharmacogenomics. Int J Mol Sci. 2017 Mar 4;18(3):551.  
[2] O'Brien J, Hayder H, Zayed Y, Peng C. Overview of microRNA biogenesis, mechanisms of actions, and circulation. Front Endocrinol. 
2018 Aug 3;9:402. 
[3] Xia X, Wang Y, Huang Y, Zhang H, Lu H, Zheng JC. Exosomal miRNAs in central nervous system diseases: biomarkers, pathological 
mediators, protective factors and therapeutic agents. Prog Neurobiol. 2019 Dec;183:101694. 
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 Microglia, innate immune cells in the central nervous system, not only respond to chemical signals but 
are also influenced by the mechanical properties of their microenvironment. Microglia display a preference 
for stiff materials and the degree of stiffness directly correlates with their inflammatory activity. Although 
this response has a physiological role in vivo (e.g., microglia are recruited to stiff amyloid plaques in 
Alzheimer's disease) [1], microglial behavior changes while cultured in vitro, as cells are typically cultured 
on non-physiologically rigid materials. Studies suggest that culturing microglia on substrates with brain-like 
elasticity promotes an anti-inflammatory activation. However, the impact of surface elasticity on microglial 
function is still largely unexplored. The field of biomaterials offers cell culture systems allowing precise 
control over mechanical and compositional cues to mimic the properties of natural tissue. [2] Alginate 
hydrogels, with their biocompatibility and tunable mechanical properties, have emerged as promising 
biomaterials. Despite their extensive use in 3D cell culture, their application in 2D neural cell culture remains 
underexplored. 
 In this study, we developed alginate hydrogels with a stiffness of approximately 1 kPa and a 
functionalized surface for adequate cell adhesion. Initially, we demonstrated that BV-2 cells exhibit higher 
phagocytosis efficiency when cultured on alginate hydrogels compared to plastic, regardless of 
lipopolysaccharide (LPS) treatment. It may be linked to the M2 (anti-inflammatory) phenotype, prompting us 
to evaluate and compare the expression of pro-inflammatory and anti-inflammatory genes following LPS 
treatment on both stiff plastic surfaces and the alginate hydrogel system. Our results indicate that BV-2 cells 
cultured on alginate hydrogels express lower levels of pro-inflammatory genes and higher levels of anti-
inflammatory genes compared to those cultured on plastic.  
 Nevertheless, further experiments will show whether this effect is solely attributed to the stiffness of 
the substrate or if alginate itself plays a role in modulating microglial response. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[1] Hu, J., Chen, Q., Zhu, H., Hou, L., Liu, W., Yang, Q., Shen, H., Chai, G., Zhang, B., Chen, S., Cai, Z., Wu, C., Hong, F., Li, H., Chen, S., Xiao, N., 
Wang, Z. X., Zhang, X., Wang, B., Zhang, L., … Mo, W. (2023). Microglial Piezo1 senses Aβ fibril stiffness to restrict Alzheimer's disease. 
Neuron, 111(1), 15–29.e8.  
[2] Castillo Ransanz, L., Van Altena, P. F. J., Heine, V. M., & Accardo, A. (2022). Engineered cell culture microenvironments for 
mechanobiology studies of brain neural cells. Frontiers in bioengineering and biotechnology, 10, 1096054.  
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Dendritic spine plasticity includes the changes of spine number and morphology and has the central 

role in brain development, physiology and pathology. Density and structure of dendritic spines changes 
dynamically with experience during development and healthy adulthood as well as can reflect pathogenesis 
of major neurological disorders, such as autism, schizophrenia or Alzheimer’s. Thus, the quantitative analysis 
and classification of dendritic spines is important towards understanding neuronal function and bases of 
brain pathology. Although many methods for automated spine segmentation and evaluation have been 
developed, manual analysis still obtains better results, even though being time consuming and subjective. 
Therefore, we are developing deep-learning based automated tool for precise dendritic spine segmentation 
and quantification in light microscopy images obtained by different techniques. 
 Two-photon microscopy is prominent method to analyze spine changes and dynamics in various types 
of brain preparation including in vivo. Therefore, we trained and evaluated models for semantic spine 
segmentation in two-photon microscopy images of pyramidal excitatory neurons expressing iGluSnFR from 
mouse organotypic hippocampal slices*. We used deep learning platform APEER and open source FIJI 
software. To facilitate the recognition of the objects, images first were pre-processed with custom-designed 
FIJI plugins and used as a data set for training and segmentation in APEER. Then images were pixel-wise 
annotated and models were trained for semantic segmentation of spines, shaft and background using deep 
learning U-net architecture. After that, models were validated in independent datasets. Finally, we 
quantitatively determined how the performance of different models in pixel and spine segmentation depends 
on training data set size. To select optimal number of images for model training, we used regressive analysis 
to select threshold values. The analysis showed that our model required small training data set for successful 
spine detection. Also we showed that increasing training data set size spine segmentation performance on 
different images improves. 
 In conclusion, our method suggested a quick automated tool for the quantification and segmentation 
of dendritic spines from two-photon microscopy images. This study is a part of project to create universal 
deep-learning model to segment spines from two-photon, confocal and STED microscopy. This tool could 
assist further research on brain plasticity, development and diseases. 
 
* shared by Sébastien Marais from Bordeaux Imaging Center 
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 Mechanobiology is a new interdisciplinary field that studies the mechanisms by which cells sense and 
respond to mechanical signals from the environment. Mechanical forces and stresses have been shown to 
be important in morphogenesis, cell migration, polarization and proliferation [1]. Knowledge of the changes 
induced by mechanical forces at the molecular, cellular and tissue levels would provide new insights into 
tissue physiology, disease development and lead to new regenerative medicine approaches. In particular, 
mechanobiological research of heart tissue, could contribute immensely to drug testing, disease modelling 
and regenerative medicine, given development of standardized experimental methods and platforms [2], [3].

Our main goal is to create hydrogel based platform for myoblast growth and differentiation, that would 
allow further research of heart tissue. For this purpose we chose to fabricate a biochip with hydrogel of 
tunable stiffness and create different patterns of fibronectin on top of this gel, to serve as binding sites and 
physical barriers for myoblast cell attachment, growth and spreading. Hydrogel chosen for this task was 
polyacrylamide, as it is one of the mostly utilized hydrogels worldwide, mimicking extracellular matrix 
environment, with well defined properties, low cost, plethora of preparation protocols and prospects for 
functionalization [4].  

Within the framework of this project polyacrylamide chips of 4 different Young’s modules values were 
fabricated, to confirm literature data AFM measurements of several chips from each batch have been taken: 
Target value - 10kPa (experimental value: 11,87 ± 2,13 kPa), 50kPa (experimental value: 54,71 ± 22,87 kPa), 
75kPa (experimental value: 69,03 ± 10,48 kPa), 100kPa (experimental value: 126,8 ± 2,83 kPa). Additionally, a 
different type of chip was fabricated, with hydrogel containing carboxyl groups via introduction of methacrylic 
acid. This allowed us to employ NHS/EDC reaction to allow for covalent binding of fibronectin to hydrogel 
surface. These chips had stiffness of ~32kPa. During cell seeding experiment, mouse myoblast (cell line: 
C2C12) cells were seeded on these patterned polyacrylamide chips and left to grow and differentiate, 
resulting in formation of muscle fibers on fibronectin patterned areas. Cell growth and differentiation has 
been tracked on a weekly basis, by brightfield microscopy. Wide field fluorescent microscopy has been 
utilized to confirm presence of fibronectin patterns on biochips.  

Use of patterned polyacrylamide surfaces for cell growth and differentiation offers a different 
approach for biomimetic tissue engineering. Main advantages of such system are control of cell growth area 
and substrate stiffness. Although such type of platform requires further investigation and refinement, it holds 
promise as system for drug screening and disease modelling.  

 Figure 1. A schematic overview of polyacrylamide biochip, for myoblast growth. FN – fibronectin. 
 

[1] U. Blache et al., “Engineered hydrogels for mechanobiology,” Nature Reviews Methods Primers, vol. 2, no. 1, p. 98, 2022, 
doi: 10.1038/s43586-022-00179-7. 

[2] S. Min et al., “Versatile human cardiac tissues engineered with perfusable heart extracellular microenvironment for 
biomedical applications,” Nat Commun, vol. 15, no. 1, Dec. 2024, doi: 10.1038/s41467-024-46928-y. 

[3] M. Notari et al., “C E L L B I O L O G Y The local microenvironment limits the regenerative potential of the mouse 
neonatal heart,” 2018. [Online]. Available: https://www.science.org 

[4] A. Gandin et al., “Simple yet effective methods to probe hydrogel stiffness for mechanobiology,” Sci Rep, vol. 11, no. 1, 
Dec. 2021, doi: 10.1038/s41598-021-01036-5. 



183

H13
THE EFFECT OF THE ANESTHETIC PROPOFOL ON CONNEXINS OF 

CARDIAC AND VASCULAR SYSTEM  
Orestas Makniusevičius1, Tadas Kraujalis1,2, Mindaugas Šnipas1,3, Lukas Gudaitis1, Lina 

Kraujalienė1 

 

1Lithuanian University of Health Sciences, Medical Academy, Institute of Cardiology, Kaunas, Lithuania 
2Kaunas University of Technology, Department of Applied Informatics, Kaunas, Lithuania 

3Kaunas University of Technology, Department of Mathematical Modelling, Kaunas, Lithuania 
orestas.makniusevicius@lsmu.lt 

 
Propofol is a widely used general anesthetic, which causes a rapid induction of anesthesia and rapid 

recovery after it. The most prominent side effect of propofol is the decrease of systemic vascular resistance 
that leads to hypotension [1]. Moreover, in some cases, propofol has been shown to inhibit cardiac conduction 
and cause bradycardia that can result in cardiac arrest. The propofol effect on the induction of bradycardia 
has been known for more than 30 years, but its pathophysiological mechanism is still not fully understood. 
One of the putative mechanisms for the conduction block could be the ability of propofol to change the activity 
of human atrial muscarinic cholinergic receptors [2]. It is also known that propofol may directly inhibit the 
sinoatrial (SA) node cells. On the other hand, propofol was shown to have a protective effect against 
ventricular arrhythmias during myocardial ischemia [3]. Thus, the influence of propofol on the heart rhythm 
remains controversial. 

The side effect of propofol may manifest itself through its action on different targets. Indeed, several 
studies have shown that propofol may regulate cell coupling through gap junction (GJ) channels formed of 
connexin-43 (Cx43). As known Cx43 and Cx45 form gap junction channels in nervous system and, together 
with Cx37 and Cx40, are also expressed throughout cardiac and vascular system. These connexins are 
required for coordination of vascular responses and play a key role in ensuring propagation of action potential 
in cardiac tissue. 

The aim of this study was to get a better understanding of the capacity of cardiovascular connexins to 
participate in side effect caused by propofol. First, we compared the effect of propofol concentrations on GJs 
formed by Cx40, Cx43 and Cx45, which were expressed exogenously in human cervix epithelial 
adenocarcinoma cells (HeLa). The junctional conductance was measured using double whole-cell patch 
clamp method. Our data show that Cx40 and Cx43 channels exhibit similar sensitivity to propofol, while Cx45 
channels are only sensitive to much higher propofol concentrations (above 60 µM) than Cx40 and Cx43 
channels.  

It was suggested that propofol may affect Cx43 GJ channels through activation of protein kinase C 
(PKC), which in turn phosphorylates Cx43 and reduces coupling through GJs [4]. In our study, the kinase 
inhibitor GF109203X was used to assess this putative pathway of propofol action on GJs. It is established that 
low concentrations of GF109203X specifically inhibit PKC while higher concentrations inhibit both PKC and 
protein kinase A (PKA). Our data showed that low (40 nM) concentration of GF109203X significantly reduced 
inhibition of Cx43 channels conductance by propofol, indicating that propofol regulates Cx43 channels in PKC-
dependent manner, which is in good agreement with already published studies. In contrast, GF109203X had 
no effect on inhibition of Cx40 channels by propofol, indicating that neither PKC nor PKA is involved in 
regulation of these channels by the anesthetic. This preliminary data suggest that propofol can have a 
prominent, connexin specific effect on GJs.  
 

 

 

[1] Royse, C. F., Liew, D. F. L., Wright, C. E., Royse, A. G., & Angus, J. A. (2008). Persistent Depression of Contractility and Vasodilation with 
Propofol but Not with Sevoflurane or Desflurane in Rabbits. Anesthesiology, 108(1), 87–93. 
https://doi.org/10.1097/01.anes.0000296077.32685.26 
[2] Aguero Peña, R. E., Pascuzzo-Lima, C., Granado Duque, A. E., & Bonfante-Cabarcas, R. A. (2008). Depresión de la función miocárdica 
inducida por propofol: Posible participación del receptor colinérgico muscarínico auricular. Revista Española de Anestesiología y 
Reanimación, 55(2), 81–85. https://doi.org/10.1016/S0034-9356(08)70514-0 
[3] Hirata, N., Kanaya, N., Kamada, N., Kimura, S., & Namiki, A. (2009). Differential Effects of Propofol and Sevoflurane on Ischemia-
induced Ventricular Arrhythmias and Phosphorylated Connexin 43 Protein in Rats. Anesthesiology, 110(1), 50–57. 
https://doi.org/10.1097/ALN.0b013e318190b537  
[4]Wickley, P. J., Ding, X., Murray, P. A., & Damron, D. S. (2006). Propofol-induced Activation of Protein Kinase C Isoforms in Adult Rat 
Ventricular Myocytes. Anesthesiology, 104(5), 970–977. https://doi.org/10.1097/00000542-200605000-00013 
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 Sensors have emerged as powerful tools for the neurochemical monitoring and detection of 
neurotransmitters, specifically serotonin, epinephrine and norepinephrine in our previous works [1]. 
Enzymatic electrochemical biosensors operate on the principle of utilizing enzymes as recognition elements, 
ensuring specificity and efficiency in detecting neurotransmitters [2]. The catalytic activity of enzymes 
facilitates the conversion of neurotransmitters into measurable signals. Serotonin, epinephrine and 
norepinephrine are often detected in the central nervous system and play important roles in mood regulation, 
stress response and cognitive function. Therefore, the high sensitivity and specificity of these biosensors 
make them promising candidates for diagnostic purposes, allowing for the identification of neurotransmitter 
imbalances associated with various neurological and psychiatric disorders [3]. On the other hand, challenging 
bioanalytical issues, including specificity, stability and selectivity, are resolved by combining nanomaterials 
with nanotechnological methods. As a result, the electron transfer rate between the active center of enzymes 
and electrodes has been improved by using gold nanoparticles (AuNPs) as electric wires and mediators for 
electron transfer. Enzymatic biosensors present a flexible framework for investigating different aspects of 
neurotransmitter release, and personalized approach to neurochemical assessment could revolutionize 
treatment strategies, enabling interventions based on individual neurotransmitter profiles. 
 
 

 
Figure 1. Schematic representation of the bioelectrode based on HRP-Fc and MAO-A. The matrix relies on 

the oxidation of norepinephrine/epinephrine/serotonin by catalyzing MAO-A, which involves molecular 
oxygen. The reaction produces metabolites and hydrogen peroxide as end products. HRP-Fc acts as a 

mediator, taking up the hydrogen peroxide along with two protons and two electrons from a gold electrode. 
 
The goal of this study is to develop a versatile matrix for H2O2-releasing enzymes suitable for 

biosensors (Fig. 1). Therefore, the optimal conditions for modifying horseradish peroxidase (HRP) in an 
organic solvent with a redox-active ferrocene group and immobilizing it on an electrode decorated with 
AuNPs were investigated. After characterizing and comparing the bioelectrodes based on the original and 
modified enzymes, a biosensor for the detection of neurotransmitters based on monoamine oxidases A and 
B (MAO-A and MAO-B) and HRP-Fc was developed, and its sensitivity, selectivity, and stability were 
evaluated. 
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 The discovery of antibiotics in the 20th century marked a significant breakthrough in combating 
bacterial infections, leading to a substantial reduction in morbidity and mortality. However, the widespread 
use of antibiotics accelerated the development of resistance in bacteria, rendering once life-saving drugs 
ineffective. This challenge has underscored the urgent need for new approaches to combat antibiotic-
resistant strains1,2. One promising avenue is the use of antimicrobial peptides (AMPs), also known as host 
defense peptides3,4. Colistin belongs to the polymyxin antibiotic family. The hydrophobic nature of colistin 
molecules’ N-terminal fatty acyl segment underlies both the intrinsic toxicity and the substantial impact on 
the antimicrobial potency of colistin5. However, the exact mechanism of colistin action against microbes is 
yet to be known. Some of the postulated mechanisms include negative membrane surface charge 
neutralization, inner membrane perturbation leading to membrane permeabilization increase, dimer 
formation mediating the contacts between periplasmic leaflets of inner and outer membranes, and oxidative 
burst that produces a reactive hydroxyl radical5,6. 
Bacterial membranes mimetics, composed of synthetic lipid analogs mimicking natural membranes, known 
as tethered lipid membranes (tBLM), enable us to quantitatively assess the impact of colistin acting on tBLMs 
by using electrochemical impedance spectroscopy (EIS)7,8. Besides that, atomic force microscopy (AFM) - a 
high-resolution imaging technique is used to study morphological surfaces changes at the nanoscale level9. 
Our experimental results revealed that tBLMs, when exposed to colistin, exhibited reduced conductance 
within the systems. These conductance changes indicate that the membrane exhibits increased stiffness. 
Complementing our findings with AFM revealed the structural changes and mechanical changes. Lately, we 
also accompanied Laurdan dye to investigate changes in liposome fluidity.  
Taken together, our research demonstrates that tBLMs, in combination with EIS, AFM and Laurdan dye, serve 
as a powerful tool for screening and characterizing the activity of AMPs against bacterial membranes. This 
innovative approach holds great promise for addressing the challenge of antibiotic resistance and advancing 
the development of effective antimicrobial therapies. 
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 Understanding how cells communicate opens the door to new medical therapies. Connexin 43 (Cx43) is 
detected in most human cell types including cardiac tissue and certain tumours cells. Those cells communicate 
through gap junctions made by Cx43. Limited signalling between cells can lead to heart diseases. Terpenes and 
Terpenoids, synthesized via the mevalonate pathway through the condensation of isoprene units, are renowned 
for their broad biological activities, encompassing anti-cancer, anti-inflammatory, and cardio-protective 
effects [1]. Recent work by Mickus and colleagues in 2021 has confirmed Terpene’s direct effect on the 
conductivity of gap junctions [2]. This research aims to extend these findings by characterizing the influence of 
selected Terpenes on Cx43 gap junctions, evaluating their role as either inhibitors or activators in a 
pharmacological context. 
 The methodology encompasses experimental studies on Novikoff-hepatoma cells originally obtained 
from a rat liver. This cell line is endogenously expressing Cx43, maintained in the LSMU, Institute of Cardiology, 
Laboratory of Cell Culture. Farnesene is an acyclic sesquiterpene from the Terpenes family selected for 
investigation. It was chosen based on its documented biological activities with a particular focus on showing the 
impact that Farnesene has on gap junction’s conduction. Additionally, there was an interest in exploring the 
Terpene’s linear structure and examining how its biological activity correlates with the length of the chain. 
 We investigated the effect of Farnesene on the Cx43 gap junction’s conductivity, exploring its potential as 
a chemical modulator. This study aims to disclose the specific ways Farnesene influences Cx43 gap junctions, 
broadening our understanding of its role in intercellular communication. By assessing how Farnesene adjusts 
Cx43's activity, and determining its IC50 values and Hill coefficients we highlight its therapeutic promise for 
treating Cx43-linked conditions, such as cardiac arrhythmias and other pathologies associated with Cx43 
dysregulation. We also carried out molecular docking of Farnesene into Cx43. This research is a step towards 
understanding how nature's bounty can be harnessed for our health, emphasizing the need for further 
exploration into the biological effects of natural compounds. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[1] Edris A. E. (2007). Pharmaceutical and therapeutic potentials of essential oils and their individual volatile constituents: a 
review. Phytotherapy research : PTR, 21(4), 308–323. https://doi.org/10.1002/ptr.2072 
[2] Mickus, R., Jančiukė, G., Raškevičius, V., Mikalayeva, V., Matulytė, I., Marksa, M., Maciūnas, K., Bernatonienė, J., & Skeberdis, V. A. (2021). 
The effect of nutmeg essential oil constituents on Novikoff hepatoma cell viability and communication through Cx43 gap 
junctions. Biomedicine & pharmacotherapy = Biomedecine & pharmacotherapie, 135, 111229. https://doi.org/10.1016/j.biopha.2021.111229 
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 Alzheimer's disease (AD) is a devastating neurodegenerative disease that affects 1 in 9 people aged 65 
and increasing with aging. The principal component of extracellular plaques found in the brains of AD is beta-
amyloid (Abeta). Abeta generation occurs mainly in early endosomes where the amyloid-precursor protein 
(APP) is cleaved by BACE1 and the γ-secretase complex. AD includes significant loss of neurons, loss of 
memory, and cognitive impairment. In the face of the large scale and lack of solutions to tackle this disease, 
it is vitally important to study and reveal the mechanisms associated with this pathology [1,2].  

In the most common late-onset AD (LOAD), which represents 95% of all AD cases, several endocytic 
regulators were identified as risk genes, including CD2AP. CD2AP is a protein implicated in the trafficking of 
APP and BACE1 into and out of early endosomes. Previous research has shown that the knockdown of CD2AP 
reduces APP endosomal sorting for degradation increasing Abeta generation [3]. However, it is unknown how 
CD2AP controls APP sorting. Since CD2AP is an actin-binding protein that controls actin stability, which helps 
to drive membrane invagination for endocytosis and shape membrane tubules for secretory trafficking [4], 
we hypothesized that CD2AP regulates endosomal F-actin, required for APP sorting.  
 Recent results show that CD2AP loss of function reduces actin dynamics associated with early 
endosomes. Moreover, interference with ARPC1A, an important subunit of the endosomal F-actin 
polymerizing Arp2/3 subcomplex, mimics CD2AP-dependent defects in APP endosomal sorting and increases 
Abeta levels. 
 This work aims to investigate whether CD2AP is associated with the endosomal ARPC1A–containing 
ARP2/3 complex. The techniques used in this research were siRNA knockdown, Immunoblotting, and high-
resolution microscopy with immunofluorescence. Results were analyzed with ImageJ software.  
 Results show that knocking down the ARPC1A isoform results in reduced levels of CD2AP, and the 
effects on the perinuclear F-actin observed after CD2AP downregulation can also be observed in the case of 
ARPC1A isoform downregulation. Results support that CD2AP might be part of the endosomal ARPC1A–
containing ARP2/3 complex. 
 We identified a CD2AP partner, ARPC1A, as being required for APP endosomal sorting and 
amyloidogenesis, which should be targeted to prevent Alzheimer’s disease. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[1] O’Brien, R. J., & Wong, P. C. (2011). Amyloid Precursor Protein Processing and Alzheimer’s Disease. Annual Review of Neuroscience, 
34, 185–204. https://doi.org/10.1146/annurev-neuro-061010-113613 
[2] Kumar, A., Sidhu, J., Goyal, A., & Tsao, J. W. (2024). Alzheimer Disease. In StatPearls. StatPearls Publishing. 
http://www.ncbi.nlm.nih.gov/books/NBK499922/ 
[3] Ubelmann, F., Burrinha, T., Salavessa, L., Gomes, R., Ferreira, C., Moreno, N., & Guimas Almeida, C. (2017). Bin1 and CD2AP polarise 
the endocytic generation of beta‐amyloid. EMBO Reports, 18(1), 102–122. https://doi.org/10.15252/embr.201642738 
[4] Coudrier, E., & Almeida, C. G. (2011). Myosin 1 controls membrane shape by coupling F-Actin to membrane. BioArchitecture, 1(5), 
230–235. https://doi.org/10.4161/bioa.18406 
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Genome editing is making its way towards therapeutic applications. However, genome editing 
tools are usually researched using cancerous, undifferentiated cell lines as research models, which do 
not accurately represent living organisms. The commonly used neuronal model, SH-SY5Y human 
neuroblastoma cell line, is often employed in undifferentiated state, which is not representative of 
mature neurons [1]. Differentiated SH-SY5Y neural-like cells are distinguished from undifferentiated 
ones by their neural marker expression, neurite formation, and halt of proliferation.  

We established a dual-reporter SH-SY5Y cell line expressing EGFP (green fluorescent protein) 
and mRuby2 (red fluorescent protein), which could be used for gene editing tools, such as prime editors, 
screening, and evaluation of tool efficiency in both differentiated and undifferentiated cell states at the 
single-cell level. The dual-reporter system was generated by template knock-in via CRISPR-mediated 
HDR into the safe harbor AAV1 locus of SH-SY5Y cells. The donor template and CRISPR-Cas were 
transfected via lipofection. In the template plasmid, mRuby2 was positioned near its promoter, for easy 
visualization upon successful transfection. EGFP, along with the puromycin resistance gene, was 
driven by the cell’s endogenous promoter, ensuring EGFP expression only after a successful 
integration into the genome. Monoclonal populations of edited cells were obtained by single-cell 
dilution, and cells expressing EGFP and mRuby2 were identified and selected by fluorescent 
microscopy. 

Furthermore, we optimized the conditions of SH-SY5Y differentiation [1], by selecting Corning© 
Matrigel extracellular matrix, which enabled cell fixation with paraformaldehyde for antibody staining 
and visualization by immunofluorescence microscopy. Throughout the 18-day differentiation course, 
cells have been exposed to a low-serum environment with retinoic acid, resulting in a halt of 
proliferation and development of neurites. Following terminal differentiation cells were exposed to 
environment supplemented with neural factors. Neuronal features were highlighted using 
immunostaining with axon marker SMI312 and postsynaptic marker PSD95. 

 

 
 
 
 
 

 
 
 
 
 
 

 
[1] Shipley, M. M., Szpara, M. L., & Smyth, M. J. (2016). 
Differentiation of the SH-SY5Y human neuroblastoma cell 
line. PMC, 48(2), 310–319. doi: 10.3791/53193 

Figure 1. SH-SY5Y stable cell line, 
expressing EGFP seen in the nucleus and mRuby2 
seen in cytoplasmic membrane. 
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Carbonic anhydrases (CA’s) are metalloenzymes found in human cells. They catalyse the reversible 
reaction of carbon dioxide hydration (CO2 + H2O ⇄ HCO3- + H+). These enzymes contribute to the efficient 
transport of the product released during cellular respiration away from the site of formation, participate in 
pH regulation, fluid secretion, and other physiologic processes. By selectively regulating activity of carbonic 
anhydrases, i.e. by inhibiting them, it is also possible to control diseases such as glaucoma, edema, epilepsy, 
mountain sickness, etc [1].  

The observed affinity (the dissociation constant Kd) for human carbonic anhydrase binding to 
sulfonamide inhibitors depends on the experimental conditions, such as pH of the buffer [2]. The affinity 
dependence on pH in this system is due to linked (de)protonation reactions of ligand sulfonamide group and 
Zn2+-bound water in the protein active centre. In this study, we analysed how the observed affinity of human 
carbonic anhydrases is affected by presence of different salts. The carbonic anhydrases CAI, CAII and CAXIII 
were tested with 15 different small-molecule ligands and the values of the ligand dissociation constants were 
measured using fluorescent thermal shift assay (FTSA). Two different conditions were used in this study: 
phosphate buffer with NaCl and HEPES buffer with Na2SO4 at pH 7.0-7.5. The experimental data were 
processed using “Thermott” open access online tool to determine ligand affinity for hCAs [3]. 

A systemic difference of ligand affinity for carbonic anydrase isozymes in different composition buffers 
was observed. In most cases, dissociation constants were by up to 2-3 times lower when Na2SO4 has been 
used in buffer, as shown in figure 1.  

 

 

Figure 1. CAI, CAII and CAXIII binding affinity with brinzolamide (BZM) under two different conditions at the 
same pH (7.0): A) phosphate buffer with sodium chloride and B) HEPES buffer with sodium sulphate.  

 
 
 
 
 
 
 
[1] Swenson, E. R. (2014). Safety of carbonic anhydrase inhibitors. Expert Opinion on Drug Safety, 13(4), 459–472. 
https://doi.org/10.1517/14740338.2014.897328 
[2] 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. Quarterly Reviews of Biophysics, 51, 1–48. https://doi.org/10.1017/S0033583518000082 
[3] Gedgaudas, M., Baronas, D., Kazlauskas, E., Petrauskas, V., & Matulis, D. (2022). Thermott: A comprehensive online tool for protein–
ligand binding constant determination. Drug Discovery Today, 27(8), 2076–2079. https://doi.org/10.1016/j.drudis.2022.05.008 
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According to the World Health Organization the outbreak of COVID-19 caused by the SARS-CoV-2 virus 

has resulted in over 7 million related deaths by March 2024. Continuous SARS-CoV-2 genome mutations 
have led to insufficient efficacy of vaccines and have not ensured versatile control of the situation. For this 
reason, combinations of vaccination and antiviral drugs could be the key to more effective treatment strategy. 
Papain-like protease (PLpro) is a 316 amino acids length protease encoded by the SARS-CoV-2 genome. PLpro 
is responsible for the proper virus polyprotein cleavage and the release of non-structural proteins (NSPs), 
which are essential for viral replication, transcription, and maturation. In addition, PLpro plays a significant 
role in the suppression of host innate immune system by removing post-translational ubiquitination and 
ISG-ylation, which are central protein modifications of the antiviral immune response. Therefore, the PLpro is 
identified as a promising target for antiviral drug development [1,2]. However, there are currently no potential 
PLpro drug candidates in clinical trials. 

In this study, a structure-guided ligand synthesis strategy was used to design peptidomimetic, 
site-specific covalent inhibitors. A series of compounds, bearing 2-oxyacetohidrazide as an analogous 
Gly-Gly amino acids fragment, which enables to penetrate to the active site of the enzyme, were synthesized. 
In addition, several electrophilic „warheads“, capable of reacting with the catalytic cysteine (Cys111), were 
incorporated into the compounds structures. The binding affinities of all compounds were evaluated using a 
FRET-based enzymatic assay. The covalent binding mode and direct interaction with catalytic Cys111 were 
confirmed by mass spectrometry and site-directed mutagenesis of full-length SARS-CoV-2 PLpro.  The most 
potent compound AAZZ  2233--66 showed nanomolar dissociation constant toward SARS-CoV-2 PLpro (FFiigg..11) and a 
very weak inhibitory effect on structurally similar human ubiquitin-specific proteases (USPs). 

 

 

 

 

 

 

 

  
  

FFiigguurree  11.. Dose-response curve of WT PLpro inhibition with compound AZ 23-6 and commercial compound 
GRL 0617. 

 
[1]  Osipiuk, J., Azizi, S.-A., Dvorkin, S., Endres, M., Jedrzejczak, R., Jones, K. A., Kang, S., Kathayat, R. S., Kim, Y., Lisnyak, V. G., Maki, S. 
L., Nicolaescu, V., Taylor, C. A., Tesar, C., Zhang, Y.-A., Zhou, Z., Randall, G., Michalska, K., Snyder, S. A., … Joachimiak, A. (2020). Structure 
of papain-like protease from SARS-CoV-2 and its complexes with non-covalent inhibitors (p. 2020.08.06.240192). 
https://doi.org/10.1101/2020.08.06.240192 
[2] Shen, Z., Ratia, K., Cooper, L., Kong, D., Lee, H., Kwon, Y., Li, Y., Alqarni, S., Huang, F., Dubrovskyi, O., Rong, L., Thatcher, G. R. J., & 
Xiong, R. (2021). Design of SARS-CoV-2 PLpro Inhibitors for COVID-19 Antiviral Therapy Leveraging Binding Cooperativity. Journal of 
Medicinal Chemistry. https://doi.org/10.1021/acs.jmedchem.1c01307 



191

H21
ANTIMICROBIAL PHOTODYNAMIC INACTIVATION USING 
MAGNESIUM CHLOROPHYLLIN-CHITOSAN COMPLEX 

Gabrielė Vasiliauskaitė 1, Irina Buchovec2 

 
1 Department of Neurobiology and Biophysics, Vilnius University, Lithuania 

2Institute of Photonics and Nanotechnology, Vilnius University, Lithuania 
gabriele.vasiliauskaite@gmc.stud.vu.lt 

 
 Food deficiency is a global concern additionally, up to 40% of the crops are lost due to plant 
pathogens [1]. In addition, the growing resistance of microorganisms to antibiotics and antimicrobial 
technologies is a noteworthy challenge. Nevertheless, antimicrobial photodynamic inactivation (API) shows 
promising outcomes in deactivating microorganisms [2]. API is based on using photosensitizer (PS), light, 
and molecular oxygen [3]. When PS absorbs a quantum of light, it initiates the generation of reactive oxygen 
species (ROS) through molecular interactions with oxygen present in the environment. Changing the PS 
charge can increase microbial inactivation due to ROS-induced oxidative stress. The natural PS magnesium 
chlorophyllin (Chl) is an anionic compound, which limits its binding or cell penetration. However, when PS is 
combined with the non-toxic cationic chitosan (CHS): the resulting Chl-chitosan (Chl-CHS) complex can more 
easily penetrate intracellular spaces, leading to more efficient inactivation of microorganisms [4]. The aim of 
this study was to evaluate the ability of the photoactivated Chl-CHS complex to inactivate the plant pathogen 
Pseudomonas syringae. 
 P. syringae is a plant pathogen affecting the leaves and stems of cucumbers, cantaloupe, watermelons, 
kiwifruit, and tomatoes. P. syringe cells in the exponential growth phase (optical density (OD600) = 0,55) were 
used for the experiments. The antibacterial efficiency of photoactivated 0,001 % Chl-0,1 % CHS complex (2 pH) 
was tested in 0,9 % NaCl solution (Fig.1). In parallel, the effects of 0,1 % CHS (2 pH) without irradiation, 
photoactivated 0,001 % Chl (7 pH), and 402 nm light alone on P. syringe planktonic cell viability were evaluated 
(colony forming units (CFU)/mL). The samples were irradiated at 63 J/cm2 (402 nm) after incubation for 30 
min in the dark at 28 ºC (170 rpm). In addition, the photostability of the cell-free Chl-CHS complex was 
determined by spectroscopic measurements after an irradiation dose of 63 J/cm2. 

 
Figure 1. Experiment scheme. 

 
 This study showed that the 402 nm light photoactivated Chl-CHS complex is a suitable PS for API and 
can effectively control plant pathogens such as P. syringae.  

This study aims to further evaluate the ability of Chl-CHS-based API to inactivate plant pathogens 
biofilms and investigate the generation of ROS species after this treatment application. 
  
 
[1] FAO, 2019.  
[2] Hamblin, M.R. (2016). Antimicrobial photodynamic inactivation: A bright new technique to kill resistant microbes. Current Opinion in 
Microbiology, 33, 67–73. 
[3] A. Rapacka-Zdoncyk, et al. (2021). Factors Determining the Susceptibility of Bacteria to Antibacterial Photodynamic 
Inactivation. Frontiers in Medicine, 2296-858X. 
[4] I. Buchovec, et al. (2016). Effective photosensitization-based inactivation of Gram (−) food pathogens and molds using the 
chlorophyllin–chitosan complex: towards photoactive edible coatings to preserve strawberries. Photochemical and Photobiological 
Sciences, 15, 506. 
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 The spread of various plant pathogens in agriculture reduces product quality, threatens food security, 
and can lead to significant economic losses for farmers. One such plant pathogen is the Gram-negative 
bacterium Pseudomonas syringae, which causes diseases in a wide range of crops including tomatoes, 
kiwifruit, wheat, and many other plant species [1]. Pesticides are commonly used to control plant pathogens. 
However, intensive use of chemicals is known to cause adverse effects on the plant itself, nearby animals 
and humans. Therefore, other effective strategies to combat plant pathogens are increasingly needed. 
 Antimicrobial photodynamic inactivation (API) is an alternative technology that can help fight a wide 
range of microorganisms, including plant pathogens. API is based on the use of a photosensitizer (PS), which 
generates reactive oxygen species (ROS) when activated by light at a specific wavelength in an oxygen-
saturated environment (Fig. 1) [2]. In order to develop an efficient API, it is necessary to select a suitable PS 
that remains stable under light irradiation. The aim of this study is to investigate the inactivation of the plant 
pathogen P. syringae by copper chlorophyllin (CuChl) induced API. 

Figure 1. Antimicrobial photodynamic inactivation mechanism of action (CuChl - copper chlorophyllin,  
ROS - reactive oxygen species). 

 
 During this study, the CuChl photostability analyses were conducted. Two solutions of CuChl were 
prepared at concentrations of 0,015 mM and 0,0075 mM, respectively. These solutions were illuminated using 
a specialized LED light source. The selected parameters included an optimal PS excitation wavelength of 
402 nm, irradiance of 35 mW/cm2, and exposure times ranging from 1 min to 30 min (light doses from 2,1 J/cm2 
to 63 J/cm2). In addition to spectroscopic measurements, the CuChl induced API was investigated. Two 
solutions were prepared: a control solution and a dark solution. The control solution consisted of PBS buffer 
and P. syringae bacterial cells, while the dark solution additionally contained a 0,015 mM or 0,0075 mM 
concentration of CuChl. Both solutions were exposed to the same specialized LED light source, under 
identical parameters as used in the photostability studies, but different exposure times were chosen: 15 min, 
30 min and 45 min (light doses: 31,5 J/cm2, 63 J/cm2 and 94,5 J/cm2). The CuChl induced API effect was 
determined using a bacterial plating technique by counting the number of culturable microorganisms present. 
 The measurements of the photostability study show that CuChl remains photostable even when 
applying the maximum light dose of 63 J/cm2. The API results showed efficient inactivation of P. syringae 
bacteria using the 402 nm light and CuChl. However, bacteria was more susceptible to only using 402 nm 
light, than to using both CuChl and light. 
 The further prospect of this research is to perform CuChl induced API studies against the plant 
pathogen P. syringae using a larger concentration of PS.  
 
 
[1] Xin, X. F., Kvitko, B., & He, S. Y. (2018). Pseudomonas syringae: what it takes to be a pathogen. Nature reviews. Microbiology, 16(5), 
316–328. 
[2] Buchovec, I., Gricajeva, A., Kalėdienė, L., & Vitta, P. (2020). Antimicrobial Photoinactivation Approach Based on Natural Agents for 
Control of Bacteria Biofilms in Spacecraft. International journal of molecular sciences, 21(18), 6932. 
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 Oxidative stress is a significant factor influencing various physiological processes in plants. It can arise 
from unfavorable lighting conditions such as UV exposure and excessive light, as well as nutrient deficiencies 
and exposure to various chemical compounds (e.g. hydrogen peroxide) [1]. While intact plant and algae cells 
benefit from protective mechanisms provided by the cell membrane and cytoplasm, which aid in regulating 
and adapting to external stressors, isolated chloroplasts lack these defenses and are more vulnerable to 
direct impacts from environmental stressors. Therefore, it is important to assess stressors-induced 
responses in organelles. Furthermore, there is a lack of comprehensive studies explaining the autotroph 
fluorescence and photosynthetic parameter changes induced by different types of oxidative stressors, which 
could prove invaluable in the development of biosystem-based sensors for environmental monitoring 
purposes.  
 The aim of this study is to spectroscopically determine changes of autofluorescence and 
photosynthetic parameters in isolated chloroplasts of macroalgae Nitellopsis obtusa, induced by white light, 
hydrogen peroxide and photosensitizer chlorophyllin. Furthermore, comparing responses to different types 
of stressors would allow to distinguish photooxidative stress from other types of effects. The study was 
conducted using steady state and kinetic (pulse-amplitude-modulated (PAM)) spectroscopy. Isolated 
chloroplasts were kept in buffer solution pH 7.5, in dark and refrigerated (4°C) environment and used for 
experiments within 24-hour timeframe. During experiments three doses of white light (exposure to 829 μmol 
photons/(m2s) for 5, 10 and 20 min) and H2O2 (1, 2.5 and 5 mM) were chosen to determine dose-dependent 
changes in chloroplast responses. Chlorophyllin was chosen as photosensitizer, potentially causing oxidative 
stress, therefore samples were illuminated with violet light (LED max. em. at 404±9 nm) for more efficient 
excitation of the photosensitizer.  

PAM results revealed that exposure to H2O2, chlorophyllin, and white light leads to a decrease in 
effective PSII quantum yield Y(II) during dark adaptation, with the impact of light being dose-dependent 
(Figure 1 A). Fluorescence excitation spectra (λem=683 nm) of samples affected with white light (Figure 1 B), 
as well as chlorophyllin revealed relative decrease of intensity in 460-500 nm spectral region, although no 
significant change was seen for H2O2 exposure. These results revealed sensitivity of isolated chloroplast 
system to variable conditions, therefore more statistical studies are needed to confirm the findings. 

Acknowledgement. This research is funded by Research Council of Lithuania, agreement No. P-ST-23-
111.  
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Figure 1. Dependency of (A) the effective quantum yield of PSII (Y(II)) and (B) autofluorescence excitation 

spectra of Nitellopsis obtusa isolated chloroplasts on different doses of white light. Fluorescence 
registered at 683 nm and normalised at around 455 nm. 

 
[1] Ledford, H.K. and Niyogi, K.K. (2005), Singlet oxygen and photo-oxidative stress management in plants and algae. Plant, Cell & 
Environment, 28: 1037-1045. 



194

H24
INVESTIGATION OF HERBICIDE EFFECT ON NITELLOPSIS OBTUSA 

AUTOFLUORESCENCE 
Aušrinė Navickaitė1, Vilmantas Pupkis1, Saulius Bagdonas2 

 
1 Department of Neurobiology and Biophysics, Life Sciences Center, Vilnius University, Vilnius, Lithuania 

2Laser Research Center, Faculty of Physics, Vilnius University, Vilnius, Lithuania 
ausrine.navickaite@gmc.stud.vu.lt 

 
 In recent decades, environmental conditions have been changing at an accelerating rate, affecting the 
photosynthetic processes of plants and algae. Chlorophyll fluorescence (FL) measurements provide a 
non-invasive and effective method for monitoring a plant's physiological state - increased FL intensity 
indicates disruptions in photosynthesis [1]. Nevertheless, the response of plants to different environmental 
stressors can result in indistinguishable changes in the recorded FL signals. To enhance the diagnostic 
potential of FL measurements in practical applications, it is essential to determine and select appropriate FL 
parameters. 
 Herbicides such as diuron and paraquat, which inhibit photosynthetic electron transport through 
established mechanisms of action [2], are often utilized to validate FL-based techniques that aim to detect 
impaired photosynthetic performance. To investigate the effects of diuron and paraquat on the single cell 
level, we employed the internodal cells of the macroalgae Nitellopsis obtusa. Pairing an optical fiber system 
with a controlled stepper motor enabled us to record autofluorescence (aFL) spectra at 1 mm intervals along 
the cell. For excitation, a low-intensity (< 1 mW) LED light source emitting at 405 nm was used. 
 Fig. 1A shows the aFL spectrum of N. obtusa, which has two peaks: the main one at 680 nm and the 
second one at 740 nm. FL intensities measured at these wavelengths varied along the cell, correlating with 
changes in the FL intensity ratio between 680 nm and 750 nm (F680/F750). Diuron increased the peak 
intensity value at 680 nm (F680), while no significant changes were observed after paraquat treatment. 
Investigation of the relationship between F680 and the F680/F750 ratio showed a distinct separation of algal 
cells treated with either of the herbicides (Fig. 1B). These results confirm that diuron and paraquat interfere 
with photosynthetic performance, and that the combination of the selected FL parameters is sufficient to 
detect the effect of herbicides in N. obtusa cells. If future studies confirm that the proposed parameters 
adequately describe the influence of other external factors on photosynthetic processes, the applied method 
could be used to monitor the physiological state of plants. 
 

 
Figure 1. Herbicide effect on N. obtusa median aFL spectrum (A) and the relationship between F680 and the 

F680/F750 ratio in algae cells kept under different conditions (B); k – number of cells, n – number of 
recorded spectra. 

 
 
 
[1] Kalaji, H. M., Jajoo, A., Oukarroum, A., Brestic, M., Zivcak, M., Samborska, I. A., Cetner, M. D., Łukasik, I., Goltsev, V., & Ladle, R. J. 
(2016). Chlorophyll a fluorescence as a tool to monitor physiological status of plants under abiotic stress conditions. Acta Physiologiae 
Plantarum, 38(4), 102. 
[2] Draber, W., Tietjen, K., Kluth, J. F., & Trebst, A. (1991). Herbicides in Photosynthesis Research. Angewandte Chemie International 
Edition in English, 30(12), 1621–1633. 
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 Over billions of years of evolution, various photosynthetic organisms have developed different 
photosynthetic apparatus. Despite their vast diversity, all these apparatus are designed in a very similar 
way: the so-called light-harvesting antenna is composed of pigment molecules usually bound to a protein 
scaffold. The mutual arrangement of these pigment-protein complexes, as well as their spectroscopic 
properties, ensures optimal absorption of the incoming photons and can lead to extremely efficient (up to 
~99%) delivery of the generated electronic excitations to a reaction center [1]. Despite the ever–growing 
knowledge about the structural organization of these complexes and excitation energy transfer dynamics 
in photosystem II, specific molecular mechanisms responsible for such high efficiency of excitation energy 
transfer are still not fully understood. To explain fluorescence measurements, fluctuating light–harvesting 
antenna model was formulated, which takes into account the continuous spatial rearrangement of the 
pigment-protein complexes within the photosynthetic membrane [2]. 
 This work aims to expand the previously suggested fluctuating light–harvesting antenna model, 
introducing constant excitation generation and dissipation parameters depicting constant illumination 
conditions and molecular relaxation. The time evolution of the excitation in such a system can be described 
by a diffusion equation 

∂
∂𝑡𝑡 𝑝𝑝(𝒓𝒓, 𝑡𝑡|𝑅𝑅) = 𝐷𝐷∇d

2 𝑝𝑝(𝒓𝒓, 𝑡𝑡|𝑅𝑅) + 𝐺𝐺 − 𝑘𝑘dis𝑝𝑝(𝒓𝒓,𝑡𝑡|𝑅𝑅), 
with the initial condition 𝑝𝑝(𝒓𝒓, 𝑡𝑡 = 0|𝑅𝑅) =  𝛿𝛿(𝒓𝒓) and boundary condition given by 𝑝𝑝(𝒓𝒓, 𝑡𝑡|𝑅𝑅)|𝑟𝑟|=𝑅𝑅 = 0. Here 
𝑝𝑝(𝒓𝒓, 𝑡𝑡|𝑅𝑅) is the density of the survived excitation at the time moment 𝑡𝑡, parametrically depending on 𝑅𝑅, the 
distance to the reaction center; 𝐷𝐷 is the diffusion constant; ∇𝑑𝑑

2 is the Laplacian in a d - dimensional system; 
d represents the effective dimensionality of the antenna during the transfer of excitation energy. 
 An average steady fluorescence quantum yield 〈𝐹𝐹(𝐷𝐷𝑐𝑐2/𝑑𝑑) 〉𝑥𝑥 was obtained by taking into account the 
average concentration of excitation traps, 𝑐𝑐. Numerical solutions demonstrated that with the same number 
of excitation traps, the intensity of the steady-state fluorescence decreases faster in systems with higher 
dimensionality (Fig. 1). 

 
 
 
[1] Blankenship, R. E. Molecular Mechanisms of Photosynthesis; Blackwell Science: Oxford, 2002. 
[2] J. Chmeliov, G. Trinkunas, H. van Amerongen, and L. Valkunas, Light harvesting in a fluctuating antenna, Journal of the American 
Chemical Society, 2014, 136, 8963–8972. 

FFiigguurree  11.. Steady-state fluorescence quantum yield in various 
dimensions. 
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Non-linear microscopy is a relatively new tool in the field of microscopy for histopathology, that could 

potentially improve the process of cancer diagnostics and prognostics. A second harmonic generation (SHG) 
can be observed from the non-centrosymmetric collagen molecules present in the extracellular matrix. The 
signal can provide further insight into the orientation and the ultrastructure of the collagen fibers. Similarly, 
a third harmonic generation (THG) response is evoked simultaneously from the membranes and 
nanostructures present in the cells. Such signal allows to inspect the cell’s nuclei, present in the entire tissue 
of the sample that is being measured [1]. The goal is to analyse the non-linear tissue response at the margin 
of the tumor, as well as to inspect the changes in the structure of the collagen, comparing the results of 
cancerous and normal tissue. The detected changes in the collagen fibers could be used in the betterment of 
clinical histopathology. 

The method of the study includes the imaging of collagen using SHG microscopy, while illuminating the 
samples with different states of laser light polarization. The two methods in practice are the Double Stokes-
Mueller Polarimetry (DSMP) and Polarization-in, polarization-out (PIPO) methods. The recorded signals were 
used to calculate and generate the distribution maps of the C ratio (orientation of collagen fibers out of the 
image plane [1]) and the R ratio (structural organization of fibers in the focal volume [2]). These maps can be 
compared with the recorded and visualized signals of the THG imaging response, as well as images of 
fluorescence imaging and bright field microscopy (Fig. 1). 

 
FFiigguurree  11. Non-linear microscopy results of the human cervix serous carcinoma. Right to left: bright view 

microscopy images, fluorescence, SHG and THG images, C and R ratio distribution maps (DSMP 
measurements). Top to bottom: images of the margin of the tumor, moving further away to the healthy 

tissue.  
The results from the polarimetric measurements showed an increase of the R ratio when approaching 

the tumor margin. The THG images showed enlarged nuclei of the cancerous cells. The increased R ratio 
could signal a higher-level of disorder for collagen fibers. The non-linear multimodal microscopy provides 
valuable information about the structure of the collagen fibers and can potentially be integrated into the 
process of clinical H&E histopathology. 

[ ] K. Mirsanaye, Digital Histopathology with Second Harmonic Generation Microscopy, PhD thesis, University of Toronto, 2022 
[ ] A.Golaraei, Polarimetric second-harmonic generation microscopy of the hierarchical structure of collagen in stage i-iii non-small 
cell lung carcinoma, Biomedical Optics Express, 2020.
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 In 2024, it is predicted that over 2 million new cancer cases will occur in the United States alone, with 
1.2 million deaths projected in the European Union [1]. These predictions underscore cancer's enduring status 
as a leading cause of death worldwide, significantly affecting human well-being. In recent years, 
nanoparticles and nanomedicine have generally broadened perspectives and possibilities, becoming the 
basis for more precise and novel techniques, both for diagnostics and cancer therapy. Theranostics, which 
combines diagnostic and therapeutic procedures within a single system, promises expedited and more 
accurate cancer treatment alongside diagnosis. It is essential that the theranostic complex be biocompatible, 
and phospholipids (PL) are ideal candidates since PLs are the main cell membrane components. Additionally, 
polyethylene glycol (PEG) is known to extend the longevity of nanoplatforms in the bloodstream. [2] 
           This study aims to assess the impact of PEG amount in phospholipid (PLs) coating on NaGdF4:Yb3+, 
Er3+@NaGdF4:Yb3+,Nd3+ upconverting nanoparticles (UCNPs), and Chlorin e6 (Ce6) complex formation and 
efficacy. Hydrogenated soybean phosphatidylcholine (HSPC) and 1,2-distearoyl-sn-glycero-3-
phosphoethanolamine phospholipids conjugated with polyethylene glycol (DSPE-PEG) were used for the 
investigation. Firstly, UCNPs were transferred from organic solvent to water by surface modification. Each 
of 3 different PL coatings had various amounts of PEG. This transfer from the organic medium into an aqueous 
environment is essential prior to using UCNPs in biomodels. After that, complex formation between 
differently coated UCNPs and photosensitizer Ce6 was performed to select the best ratio of HSPC and PEG. 
Because of UCNPs' extraordinary emission properties, phospholipid-coated UCNPs function as diagnostic 
agents, while Ce6 is a photosensitizer with exceptional singlet oxygen generation capabilities, which serve 
in cancer therapy. The therapeutic effect was evaluated indirectly using a probe singlet oxygen sensor green 
and, on the MDA-MB-231 cancer cell line. 
   The collected results show that all three variations of surface modification do not compromise the 
spectroscopic properties or optical stability of UCNPs. All 3 UCNPs-Ce6 complexes had emission peak 
changes in the regions of Ce6 absorbance, which indicate energy transfer from UCNPs to Ce6. All 3 
complexes resulted in singlet oxygen generation; however, HSPC:DSPE-PEG with a ratio of 2:1 exhibited the 
most effectiveness. Singlet oxygen generation validates that all three complexes were formed successfully. 
Further investigations on accumulation, toxicity, and viability on MDA-MB-231 cancerous cells using the most 
effective HSPC:DSPE-PEG 2:1 UCNPs-Ce6 complex were conducted to prove the clinical efficacy of 
theranostic complex. We anticipate that the PLs-modified UCNPs-Ce6 complex will emerge as a promising 
candidate for optical diagnostics and impactful cancer therapy. This research enhances our broader 
comprehension of PLs coatings' significance in improving nanoplatforms for cancer therapy. 
 This study was supported by the funds of Lithuania. Grant No. S-MIP-22-31 and Grant  
No. P-ST-23-224. 
 
[1] Siegel, R. L., Giaquinto, A. N., & Jemal, A. (2024). Cancer statistics, 2024. In CA: A Cancer Journal for 
Clinicians (Vol. 74, Issue 1, pp. 12–49). Wiley. https://doi.org/10.3322/caac.21820 
[2] Skripka, A., Dapkute, D., Valanciunaite, J., Karabanovas, V., & Rotomskis, R. (2018). Impact of Quantum Dot 
Surface on Complex Formation with Chlorin e6 and Photodynamic Therapy. In Nanomaterials (Vol. 9, Issue 1, 
p. 9). MDPI AG. https://doi.org/10.3390/nano9010009 
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 Magnetic tweezers have emerged as invaluable tools for probing the mechanical properties and 
behaviors of biomolecules at the single-molecule level. By exerting controlled magnetic forces on 
paramagnetic beads tethered to molecules of interest, researchers can unravel the intricate dynamics of 
biological systems with unprecedented precision. The following sections include methodology and findings 
of investigating DNA mechanical properties using magnetic tweezers technology. 
 DNA mechanical properties were investigated using magnetic tweezers technique [1]. Magnetic beads 
attached to DNA substrate can be controlled using 2 cube-shaped magnets and all of the measuring is done 
from the view bellow attachment surface (fig. 1). This technique is significant in the realm of biophysics, as it 
provides insights into the mechanical properties, interactions, and behaviors of biomolecules with incredible 
precision. Moreover, their non-destructive nature and high spatial resolution make them invaluable tools for 
testing the intricate workings of biological systems. Thus, magnetic tweezers represent a valuable technique 
in modern biophysical research, facilitating the exploration of the intricate mechanisms at the molecular 
level. 

  
Figure 1. A scheme of magnetic tweezers experiment setup 

 Three different positions of magnets were used in the experiment and using the technique described 
in the paragraph above measurements were made. Force calculations were done using the equipartition 
theorem [2]. Then the DNA force-extension curve was plotted using the calculated force as well as z 
displacement and Worm-Like-Chain model [3] was applied to the data. The highest force generated was 
around 24 pN when the magnets were around 2 mm away from the sample. Later on this data was used to 
perform supercoiling experiments at different forces and to determine the optimal conditions for maximal 
superspiralization. 
 Accurate calculating of force applied to the DNA substrate at different magnet heights and optimal 
conditions for DNA superspiralization are extremely important for further experiments of interactions 
between DNA and DNA motor proteins. By knowing the exact conditions applied to the experiment it is easier 
to repeat it and also deduce a more precise mechanism of the protein action. 
 
[1] Toleikis, A. (2016). Initiation of asymmetric rolling-circle plasmid replication by RepD studied using magnetic tweezers. In Doctoral 
thesis, UCL (University College London). https://discovery.ucl.ac.uk/id/eprint/1474862 
[2] T. R. Strick, J.-F. Allemand, V. Croquette, & D. Bensimon. (1998). Physical approaches to the study of DNA. Journal of Statistical 
Physics, 93(Nos. 3/4). 
[3] Bustamante, C., J. F. Marko, E. D. Siggia and S. Smith (1994). "Entropic elasticity of lambda-phage DNA." Science 265(5178): 1599- 
1600. 
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When short, high-voltage electric pulses are applied, the cell plasma membrane becomes permeable. 
This process is known as electroporation (EP). It is still unclear how exactly electropermeabilization works.[1] 
The duration, quantity, and intensity of electric pulses are critical characteristics that impact the effectiveness 
of EP; high levels of any of these parameters may have a detrimental effect on cell viability.[2] Cell survival 
post-EP depends on the plasma membrane recovery, underscoring the function of the annexin family 
proteins, especially annexin A4, which is known to be involved in the processes of cell plasma membrane 
repair following activation by Ca2+ ions. Although there have been many publications on the influence of 
calcium on cell plasma membrane recovery after EP, but there is a lack of knowledge regarding the role of 
proteins in the restoration of cell plasma membrane post-EP.  The purpose of this research was to investigate 
how Ca2+ ions affect the cell plasma membrane’s ability to recover after EP. The response of MCF7 wild-type 
cells, which have an intact annexin A4 gene, was compared to MCF7-AnxA4-KO cells, which have defective 
annexin A4 gene expression.  

The MTS assay was utilized to assess the vitality of the cells, and flow cytometry was employed to 
determine the dynamics of electropermeabilization and plasma membrane repair by quantifying the amount 
of propidium iodide permeable cells. Fluorescence microscopy was used to monitor ANX-A4 activity. A single 
100 µs electric pulse was used to operate the electroporation at different intensities, using a 2 mM 
concentration of CaCl2.  

As a result, MCF7-WT cells are less susceptible to the negative effects of electroporation in 
comparison to MCF7-AnxA4- (KO) cells. Furthermore, although calcium had no observable effect on cell 
electropermeabilization, the data indicated that calcium had a negative effect on the survivability of both cell 
lines. On the other hand, 35 minutes after EP, the amount of permeable cells in both cell lines decreased, 
which signified cell plasma membrane restoring process that was more pronounced in MCF-WT cell line. 
Microscopy images indicate that cells electroporated in calcium demonstrate higher AnxA4 activity and faster 
translocation from cytosol to plasma membrane and nucleus proving that AnxA4 protein is involved in cell 
plasma membrane recovery after EP. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[1] Neumann E., Ridder M. S., Wang Y., Hofschneider P.H. (1982). Gene transfer into mouse lyoma cells by electroporation in high 
electric fields. EMBO, 1(7): 841-845. 
[2] Jakštys B., Jakutavičiūtė M., Uždavinytė D., Šatkauskienė I., Šatkauskas S. (2020). Correlation between the loss of intracellular 
molecules and cell viability after cell electroporation. Bioelectrochemistry, 135: 107550.  
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 Bacteriophages are the most abundant biological entity in the biosphere, and they are responsible for 
the destruction of 20-40 % of bacterial cells every day [1]. This evolutionary pressure drives the emergence 
of diverse bacterial defence systems, one of which is the BREX (Bacteriophage Exclusion). This system is 
present in about 10 % of known prokaryotic genomes, yet its detailed defence mechanism remains to be 
elucidated [2].  
Our study focuses on the type I BREX (BREX1) system, which is encoded by a cluster of six genes: brxABCXZL. 
This system methylates host genomic DNA at specific sequences, thereby protecting it from autoimmunity. 
The non-methylated DNA of bacteriophages triggers BREX1, which blocks phage proliferation (Fig. 1). We have 
previously shown that deletion of certain BREX1 genes results in cytotoxicity [3]. This suggests that some 
BREX1 proteins are involved in the autoregulation of the immune response, while others may act as effectors 
that interfere with the vital process of the cell. Here, we are analysing different compositions of BREX 
proteins to find a link to their function in the cell. 

 
Figure 1. The BREX1 defence system protects bacteria from bacteriophage infection. 

 
 
 
[1] L.-C. Fortier and O. Sekulovic, ‘Importance of prophages to evolution and virulence of bacterial 
pathogens’, Virulence, vol. 4, no. 5, pp. 354–365, Jul. 2013, doi: 10.4161/viru.24498. 
[2] T. Goldfarb et al., ‘BREX is a novel phage resistance system widespread in microbial genomes’, EMBO 
J., vol. 34, no. 2, pp. 169–183, Jan. 2015, doi: 10.15252/embj.201489455. 
[3] J. Gordeeva et al., ‘BREX system of Escherichia coli distinguishes self from non-self by methylation of 
a specific DNA site’, Nucleic Acids Res., vol. 47, no. 1, pp. 253–265, Jan. 2019, doi: 10.1093/nar/gky1125. 
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Bacteria, the most diverse organisms on the planet, have been in an arms race against their main 
threat – bacteriophages for billions of years. Eons of co-evolution resulted in an abundance of bacterial 
defense systems that prokaryotes utilize to avoid viral infection and counter–attack mechanisms in 
bacteriophages. The bacterial viral defense arsenal includes restriction-modification, CRISPR-Cas, and 
abortive infection mechanisms which are effectively used to avoid bacteriophage takeover. Bacteriophages 
in response develop escape mutations that help evade bacterial defense but lead to a decrease in fitness. 
Bacterial defense systems, except for CRISPR-Cas, are mainly found in genomic clusters called bacterial 
defense islands [1]. Many new defense mechanisms have been discovered using bioinformatic tools to probe 
these bacterial defense islands. Our focus is on recently discovered prokaryotic antiviral systems that 
contain reverse transcriptases – retrons and DRTs (defense-associated RTs) [2]. 

 Each bacterial defense system has a mechanism for sensing the infection. Potential bacterial defense 
triggers include bacteriophage capsid proteins, viral DNA or RNA and viral gene products. For example, the 
retron Ec48 defense system is triggered by Gam protein of phage λ. Frameshift mutations in λ gam gene 
abolished the antiviral effect of the bacterial defense system [3]. 

The main goal of this study is to isolate bacteriophage mutants that evade the bacterial defense system 
due to spontaneously occurring mutations and determine which genes are responsible for the detection by 
the antiviral mechanism. Bacteria co-transformed with reverse transcriptase were challenged with 
Enterobacteria phage T2 to test plating efficiency. The promising hits containing mutated bacteriophages 
were multiplied in selective pressure conditions to introduce spontaneous phage escape mutations and 
checked if they lyse E. coli cells containing the defense system. Promising bacteriophage isolates were 
sequenced, and results were compared to reveal a gene potentially responsible for the activation of the 
antiviral defense system.  

 
 

 
 
 
 

 

 

 

 

 

 

 
 
 

 
[1] Makarova, K. S., Wolf, Y. I., Snir, S., & Koonin, E. V. (2011). Defense islands in bacterial and archaeal genomes and prediction of novel 
defense systems. Journal of bacteriology, 193(21), 6039–6056. https://doi.org/10.1128/JB.05535-11 
[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 (New York, N.Y.), 369(6507), 1077–1084. 
https://doi.org/10.1126/science.aba0372 
[3] Millman, A., Bernheim, A., Stokar-Avihail, A., Fedorenko, T., Voichek, M., Leavitt, A., Oppenheimer-Shaanan, Y., & Sorek, R. (2020). 
Bacterial Retrons Function In Anti-Phage Defense. Cell, 183(6), 1551–1561.e12. https://doi.org/10.1016/j.cell.2020.09.065 
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 Sosnowsky's hogweed (Heracleum sosnowskyi Manden.) is an invasive species originating from the 
Caucasus region [1]. This monocarpic perennial herbaceous flowering plant, belonging to the carrot family 
Apiaceae, has spread widely throughout the Baltic region [2], Belarus [3], Russia [3], and Ukraine [4] primarily 
as a result of its introduction as a silage plant in the Soviet Union. The plant's juice can cause skin 
photosensitivity and burns, posing a danger to humans, although animals are less susceptible due to the 
protective barrier provided by their fur. In Lithuania, the species is very abundant and is primarily studied 
botanically and ecologically, with limited molecular research conducted thus far. Unlike its counterpart, H. 
mantegazzianum, which is the focus of molecular research in Europe, H. sosnowskyi has received little 
attention. Therefore, it is important to investigate this species through molecular perspective.  
 This study aims to investigate the genetic structure of seven Lithuanian populations (Sirutiškis, Girelė, 
Pakruojis, Šiauliai, Želva, Cirkliškis, Ignalina) using microsatellite (SSR) polymorphism analysis. Specifically, 
the objectives are: 1) to assess the polymorphism of 10 SSR loci in H. sosnowskyi, and 2) to examine genetic 
relationships within and among the populations.  
 The analysis involved a total of 56 samples, comprising 7 populations with 8 individuals each. SSR-
PCR was initially conducted for 10 markers, followed by DNA fragment analysis by capillary electrophoresis 
(Nanodiagnostika). Bioinformatic analysis was performed using Peak Scanner Software (v1.0) (Applied 
Biosystems). Potential genotyping errors were assessed using Micro-Checker (v2.2.3) (Cock van Oosterhout 
et al., 2004) [5]. Subsequently, the data underwent analysis using the GeneAlEx Microsoft Excel add-on 
(Peakall and Smouse 2012) [6]. 
  Analysis of molecular variance revealed that most of the genetic variation was attributed to within-
population differences, while 17% of the variance was observed among populations. Statistically significant 
(p = 0.001) genetic differentiation was found among regions within Central Lithuania, including Sirutiškis and 
Girelė, as well as in the Northern region, covering Pakruojis and Šiauliai, the Eastern region comprising 
Cirkliškis and Ignalina, and the Želva area. The medium polymorphism level was estimated to be 80 %. 
 
 
 
 
 
 
 
 
 
 
 
 
 
[1] Mandenova, Ida P. (1944). "Fragments of the monograph on the Caucasian hogweeds". Zametki Po Sistematike I Geografii Rastenii. 12: 
15–19..  
[2] Booy, Olaf; Cock, Matthew; Eckstein, Lutz; Hansen, Steen Ole; Hattendorf, Jan; Hüls, Jörg; Jahodová, Sárka; Krinke, Lucás; Marovoková, 
Lanka; Müllerová, Jana; Nentwig, Wolfgang; Nielsen, Charlotte; Otte, Annette; Pergl, Jan; Perglová, Irena; Priekule, Ilze; Pusek, Petr; 
Ravn, Hans Peter; Thiele, Jan; Trybush, Sviatlana; Wittenberg, Rüdiger (2005). The giant hogweed best practice manual: guidelines for 
the management and control of invasive weeds in Europe (PDF). Hørsholm: Center for Skov, Landskab og Planlægning/Københavns 
Universitet. ISBN 87-7903-209-5.. 
[3] Laman N.A., Prokhorov V.N. Distribution of Sosnowsky’s hogweed (Heracleum sosnowskyi Manden.) when using fertile soil layer 
from building sites. Natural resources. 2019;(2):113-121. (In Russ.) 
[4] Protopopova, Vira & Shevera, Myroslav & Orlov, Oleksandr & Panchenko, Sergiy. (2015). The transformer species of the Ukrainian 
Polissya. Biodiversity Research and Conservation. 39. 10.1515/biorc-2015-0020. 
[5] Cock van Oosterhout, Bill Hutchinson,Derek Wills and Peter Shipley MICRO-CHECKER: software for identifying and correcting 
genotyping errors in microsatellite data Molecular Ecology Notes (2004)4, 535–538 
[6] Peakall R, Smouse PE. GenAlEx 6.5: genetic analysis in Excel. Population genetic software for teaching and research--an update. 
Bioinformatics. 2012 Oct 1;28(19):2537-9. doi: 10.1093/bioinformatics/bts460. Epub 2012 Jul 20. PMID: 22820204; PMCID: PMC3463245. 
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 Alien plant species are one of the most dynamic and rapidly changing components of flora. Studies 
about their immigration, naturalization and spread are essential to diminish potential negative consequences. 
Nowadays, large numbers of intentionally introduced plants, formerly being only in cultivation, are 
increasingly found escaped and occur in various human-made, disturbed or seminatural habitats [1]. Solidago 
canadensis (Canadian goldenrod) was introduced to Europe as ornamental plant in the 17th century. After a 
short time from the introduction, it escaped from cultivation and became naturalized in many European 
countries. In Lithuania, S. canadensis was mentioned in 1934 only as cultivated ornamental plant, while its 
occurrence in the wild was noted in 1954. Today, S. canadensis is listed as invasive species posing the 
greatest threat to native species and ecosystems in Europe [2], because of tremendous consequences for 
native biodiversity due to the direct effects of interspecific competition, disease, or herbivory. Also due to 
indirect effects of hybridization and introgression between alien and native species. The hybridization 
between alien and native plants should be considered as a risk to biological diversity [3]. S. × niederederi is 
a natural hybrid between the alien S. canadensis and the native S. virgaurea (European goldenrod). In recent 
years, hybrids have been increasingly found in several European countries. In Lithuania, S. × niederederi is 
quite frequent in mixed populations of S. canadensis and S. virgaurea [1]. 

In this study, we examined 5 populations of goldenrods in Lithuania. The genetic diversity was 
investigated by SSR (microsatellite) markers, which are a valuable tool, allowing for the estimation of kinship, 
the identification of invasive genotypes, and the estimation of gene flow among populations [4]. We compared 
the genetic similarity of the hybrid type and the parent species by using 6 different SSR oligonucleotide 
primers, which have been developed specifically for the genus Solidago. 

Principal Coordinates analysis (PCoA) showed that the lowest polymorphism occurs in the local S. 
virgaurea. Another two species showed higher genetic diversity level and are genetically more similar to one 
another, regardless of the population. Hybrid and invasive species had unique (private) alleles while native 
type had none. For further analysis individuals were divided into 13 groups according to their species and 
population. Analysis of molecular variance (AMOVA) showed 13% difference between the species and 7% 
among populations. 3 out of 5 populations had unique alleles. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[1] Gudžinskas, Z., & Petrulaitis, L. (2016). New alien plant species recorded in the southern regions of Latvia. Botanica Lithuanica., 22(2), 
153-160. 
[2] Karpavičiene, B., Radušiene, J., & Viltrakytė, J. (2015). Distribution of two invasive goldenrod species Solidago canadensis and S. 
gigantea in Lithuania. Botanica Lithuanica, 21(2), 125-132.  
[3] Bleeker, W., Schmitz, U., & Ristow, M. (2007). Interspecific hybridisation between alien and native plant species in Germany and its 
consequences for native biodiversity. Biological Conservation, 137(2), 248-253. 
[4] Beck, J. B., Semple, J. C., Brull, J. M., Lance, S. L., Phillips, M. M., Hoot, S. B., & Meyer, G. A. (2014). Genus‐wide microsatellite primers 
for the goldenrods (Solidago; Asteraceae). Applications in plant sciences, 2(4), 1300093. 
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 Barley (Hordeum Vulgare) is a widely cultivated cereal crop, ranking fourth in global production [1]. 
With the world's population expanding and environmental conditions deteriorating the need for more 
adaptable/fertile cereal crops is increasing sparking interest in barley mutants [2]. An example of such 
mutants would be chemically induced barley tweaky spike mutants, they exhibit notable morphological 
alterations in inflorescence and parts of the spike, accompanied by genetic instability, reversions, and 
changes in amino acid composition [3]. These features indicate that mutation at tw gene interferes with 
normal development of barley inflorescence and the genetic mapping and analysis of this locus will provide 
new insight into barley spike development. 

This study aimed to explore the genetic basis of tw phenotype in barley by investigating mutations in 8 
genes found in a non-recombinant region of F  (AII x tw2) generation of individuals with the tw phenotype 
(tw2-rF2). Initially, PCR reactions were performed with the first six genes, visualized by electrophoresis, 
extracted from the agarose gel and sequenced using Senger technology. After reviewing gene sequences 
with comparative analysis, we determined that the six genes were not associated with tw mutations since 
the alterations did not recur in other tw allelic mutants or were not detected at all. However, the remaining 
two genes hold more promise one gene has a full gene deletion and the other a deletion of an exon in tw2-
rF2. We used regular PCR procedures to amplify fragments of these two genes in various allelic tw mutants 
and two WT cultivars (AII and A3) to determine if deletions are present. Our findings suggest that in WT barley 
these deletions are absent, but deletions are present in most of allelic tw mutants. In a nutshell, this study 
investigates potential candidate genes for the tw mutation, however further gene sequence analysis is 
required to determine the precise changes that occur. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
[1] Bigini, V., Camerlengo, F., Botticella, E., Sestili, F., & Savatin, D. V. (2021). Biotechnological Resources to Increase Disease-

Resistance by Improving Plant Immunity: A Sustainable Approach to Save Cereal Crop Production. Plants, 10(6), 1146.  

[2]M. Shahbandeh. (2024). World barley production from 2008/2009 to 2023/2024. Statista.com.  

[3]  Rančelis, V. (2001). Miežių tweaky spike tipo mutantų ypatybės. Moklsas Gamtos mokslų fakultete (p. 43–48). 
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Over the last few decades, areas of arable lands had suffered from an unexpectedly rapid climate 
change, which limits the yield of edible crops, especially cereals, which are the main food and forage source 
all around the world. Common crop varieties cannot adapt sufficiently to extreme weather events and 
creation of new more productive, and stress-resistant varieties is crucial to satisfy the continuously 
increasing demand for crops [1,2]. Barley is the fourth most important cereal crop in the world, having one of 
the smallest genomes in the tribe Triticeae, making barley suitable for the identification of mutations 
compared to other evolutionary relatives, wheat and rye [3]. In conventional breeding, which is predominant 
in the European Union due to strict GMO regulatory policy, great attempts are paid to identify genes related 
to grain yield and/or adaptation [4]. Barley pleiotropic developmental tweaky spike (tw) mutants have an 
abnormal flower/inflorescence structure, possibly caused by disturbances in auxin physiology [5]. 
Considering these properties, tw mutants have no direct economic value, but some features of their 
pleiotropic complex are directly related to fertility and product quality, therefore, the exploration of tw 
mutation genetic determination and regulation may expand the range of targets for genetic manipulations.  

This study aims to describe tw phenotype in more detail and for this purpose field studies were used, 
during which data were collected on morphometric parameter as well in response to exogenous 
phytohormones (auxin (IAA), cytokinin (CK) and gibberellin (GA)). The characteristics of five 
allelic tw mutants were observed: tw, tw1, tw2, tw9, tw10, two non-allelic tw mutants: tweaky no.18 
(n18) and tweaky and missing kernel (tmk) and two Wild Type (WT) cultivars: 'Auksiniai II' (AII) and 'Auksiniai 
3' (A3).  

Morphometric data analysis showed that the mutants have shorter spikes, less grains per spike, are 
taller than WT and are more prone to tillering, and non-allelic tw mutants (n18 and tmk) differ from both WT 
and allelic tw mutants in terms of morphometric parameters. Exogenous phytohormones analysis showed 
that auxin in wild-type plants promotes the formation of crowns and cracks, while in tw mutants, a reduction 
in the frequency of crowns, lodicule transformations and changes in the number of flower organs was 
observed. After exposure to gibberellin, an increase in the frequency of changes in the number of flower 
organs was found, while cytokinin caused a decrease in the frequency of cracks and crowns in tw mutants. 
GA and CK did not significantly affect flower and inflorescence development in wild-type plants. 
 

 

 

 

 

 

[1] Dixon, G.R., 2012. Climate change – impact on crop growth and food production, and plant pathogens. 
[2] Das, J., Poonia, V., Jha, S., Goyal, M.K., 2020. Understanding the climate change impact on crop yield over Eastern Himalayan 
Region: ascertaining GCM and scenario uncertainty. Theor. Appl. Climatol. 2020 1421 142, 467–482. 
[3] Baik BK, Ullrich SE. Barley for food: Characteristics, improvement, and renewed interest. J Cereal Sci. 2008;48(2):233-42.  
[4] Bartsch D, Ehlers U, Hartung F, Kahrmann J, Leggewie G, Sprink T, Wilhelm R. Questions Regarding the Implementation of EU 
Mutagenesis Ruling in France. Front Plant Sci. 2020 Sep 11;11:584485. 
[5] Rančelis, V., 2001. Miežių tweaky spike mutantų ypatybės. Moksl. Gamt. Moksl. Fak. 43–53. 
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    The medicinal mushrooms Ganoderma lucidum (Lingzhi or Reishi) and Hericium erinaceus (Lion’s Mane) 
have been used for generations in Asia to promote health and are said to have numerous health advantages 
such as antioxidant, antimicrobial, and anticancer properties [1, 2, 3]. 
     In this study, lymphocytes from five healthy donors were treated with Reishi and Lion’s Mane mushroom 
extracts, manufactured by Lithuanian company ''MISHKAY '', to evaluate their cytotoxic, genotoxic, and 
antigenotoxic effects. Cytotoxicity was evaluated using a dual acridine orange/ethidium bromide staining 
technique and no significant reduction in cell viability was observed. Genotoxicity and antigenotoxic effects 
were assessed by the alkaline comet assay. Although both mushroom extracts induced DNA damage, 
compared to the negative control, no statistically significant changes were observed. However, it was notable 
that treatments with 10, 20, and 40 µLI of Lion's Mane and 40, 50, and 80 µLI of Reishi mushroom extracts, 
resulted in less DNA damage compared to other tested concentrations. Therefore, these concentrations were 
used in the assessment of the antigenotoxic properties of mushroom extracts and two protocols were 
employed, pre-treatment and post-treatment. In the pre-treatment phase, cells were initially treated with 
the selected mushroom extracts and then subjected to a 20-minute exposure to H2O2 to evaluate the 
genoprotective properties of the extracts. Conversely, in the post-treatment phase, cells were first exposed 
to H2O2, following the 30-minute treatment with mushroom extracts to investigate its impact on the DNA 
repair system. While the pre-treatment with 80 µLI of Reishi extract decreased the DNA damage slightly, 
compared to the positive control, it had no effect. As though with Lion’s Mane, 10 µLI concentration slightly 
decreased DNA damage compared to positive control, but 20 and 40 µLI concentrations induced more 
damage. Post-treatment interventions demonstrated an improvement in DNA damage repair. In the case of 
the Reishi mushroom extract, all tested concentrations reduced DNA damage, induced by h2o2. 80 µLI 
treatment being the most efficient. For the Lion's Mane mushroom extract 20, 10, and 40 µLI concentrations 
induced less DNA damage respectively. 
      Overall, our findings suggest that both Reishi and Lion's Mane mushroom extracts possess potential 
antigenotoxic properties, which could be attributed to their bioactive components.  Further evaluation is 
required to test these mushroom extracts thoroughly and determine their effectiveness in repairing DNA 
damage conclusively. 
 
 
 
 
 
[1] Wachtel-Galor, S., Wong, W. C., Choi, S. W., & Benzie, I. F. (2010). Antioxidant power and DNA repair effects of Lingzhi or Reishi 
medicinal mushroom, Ganoderma lucidum (W. Curt.: Fr.) P. Karst.(Aphyllophoromycetideae), in human acute post-ingestion study. 
International Journal of Medicinal Mushrooms, 12(4).  
[2] Lew, S. Y., Yow, Y. Y., Lim, L. W., & Wong, K. H. (2019). Antioxidant-mediated protective role of Hericium erinaceus (Bull.: Fr.) Pers. 
against oxidative damage in fibroblasts from Friedreich’s ataxia patient. Food Science and Technology, 40, 264-272.  
[3] Ghosh, S., Nandi, S., Banerjee, A., Sarkar, S., Chakraborty, N., & Acharya, K. (2021). Prospecting medicinal properties of Lion's mane 
mushroom. Journal of Food Biochemistry, 45(8), e13833.  
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The threat of radiation exposure from nuclear events is always plaguing public health. To combat it 

there is a growing need of medical counter measurements to manage the exposure to radiation. Radiation 
biodosimetry is used to approximately estimate the dose of acute ionizing radiation a specific person has 
been exposed to based on a relative biological effect. This way, biodosimetry diagnostics can be used to 
present patient-specific information of the radiation-induced damage or biological effect to the tissue, which 
consequentially can be used to provide the best medical treatment. [1] 

The aim of this study is to construct the dose-response curves and to analyze if are accurate and 
correctly estimate the actual acute ionizing radiation doses the person has been exposed to. 

Biodosimetry assays are used to correlate the approximate received ionizing radiation dose with 
radiation-induced tissue damage. To obtain estimated radiation values, dose-response curves are 
constructed firstly. In this study, they were created by analyzing the frequency of micronucleus (MN) 
formation in peripheral blood lymphocytes in vitro exposed to varying doses of acute ionizing radiation (Fig.1). 
The blood samples obtained from 3 volunteers (subject 1- male, aged 36; subjects 2 and 3- women, aged 23 
27, respectively) were irradiated at doses 0.1-5 Gy (dose rate 0.3 Gy/min) using Varian TrueBeam 6MV linear 
accelerator. In total, 143209 cells were analyzed between 15 different ionizing radiation doses and 4 different, 
individual for the subjects 1-3 and combined, dose-response curves (Fig. 2) were created using Biodose Tools 
software [2]. To test the accuracy of the dose-response curves a blind test was conducted with 4 unknown 
ionizing radiation doses using blood samples of two additional subjects, women aged 21-66. 

All 4 calibration curves were used to estimate each of the 4 unknow acute radiation exposure doses 
with the addition of the control dose between two subjects. In total 40 different ionizing radiation dose 
estimations were made using the whole-body exposure model. The dose estimation was deemed to be 
correct, if the actual dose fell within the estimated dose range 95% confidence interval. Out of the 4 dose-
response curves, the first curve had the highest, 60% accuracy and the second dose-response curve had only 
10% accuracy. 

In conclusion, the preliminary results of our study reveal that not all dose-response curves based 
on MN analysis are able to correctly reconstruct the actual ionizing radiation dose, therefore, further analysis 
is required to improve the reliability of the dose estimation curves. 

 

 
 

Fig. 1. Binucleated cell with three micronuclei 

 
 

Fig. 2. Example of the dose-response curve 
 

 
[1] Sproull, M. T., Camphausen, K. A., & Koblentz, G. D. (2017). Biodosimetry: A Future Tool for Medical Management of Radiological 
Emergencies. Health security, 15(6), 599–610. https://doi.org/10.1089/hs.2017.0050 
[2] 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 application for biological dosimetry. International Journal of Radiation Biology, 
1-13. https://doi.org/10.1080/09553002.2023.2176564 
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 Type 1 diabetes mellitus (T1DM) is a T-cell‒mediated autoimmune disease that destroys pancreatic       
β-cells and causes insulin deficiency leading to hyperglycemia. Health and life-threatening complications are 
caused by chronic hyperglycemia which promotes the generation of reactive oxygen species (ROS) [1]. 
Oxidative stress (OS) caused by an excess of ROS and impaired antioxidant defense mechanisms leads to 
DNA damage and changes in gene expression [2]. A detailed understanding of the pathogenesis of T1DM and 
its association with OS would allow the identification of biomarkers that could be used for diagnostic or 
prognostic purposes. 
 This study aimed to evaluate the expression of 30 selected genes (CAT, ERN1, HIF1A, NUDT1, OGG1, 
SOD2, etc.) in leukocyte samples treated with 4-nitroquinoline 1-oxide (4NQO), imitating OS effects, and their 
respective controls. The samples were collected from 23 T1DM cases and 10 non-diabetic patients (NDP; 33 
paired samples in total). The expression levels of the selected genes were quantified by means of real-time 
PCR using custom TaqMan assay plates. 
 H19, HOTAIR, MT1E, NEAT1, and SOD2 baseline expression levels were higher in T1DM leukocytes 
compared to NDP (all p < 0.050), but no differences were observed in the expression of the other genes (all 
p > 0.050). After treatment with 4NQO, the expression of the OS response-related genes ERN1 and NUDT1 
was lower in the T1DM group than in the NDP group (p = 0.004 and p = 0.042, respectively). In the latter group, 
4NQO increased ERN1 and MT1E expression (p = 0.010 and p = 0.010, respectively), however, no differences 
were observed in the T1DM group. The expression of DNA repair-associated genes (FOXO3, HIF1A, MLH1, etc.) 
did not differ between 4NQO-treated and untreated T1DM samples (all p > 0.050). However, 4NQO treatment 
increased HIF1A expression (p = 0.049) in NDP samples. Among the long noncoding RNA genes, treatment 
with 4NQO also resulted in increased HOTAIR expression in both T1DM and NDP groups (p = 0.032 and p = 
0.014, respectively) as compared to the 4NQO-untreated samples, while increased GAS5 and NEAT1 
expression was observed only in NDP. 
 In conclusion, our preliminary data revealed elevated expression levels of certain genes, with 
differential responses to OS induction. While the study sheds light on the gene expression changes in T1DM, 
larger-scale studies integrating clinical data are crucial to comprehensively understand the underlying 
molecular pathways and identify robust biomarkers. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[1] Asmat, U., Abad, K., & Ismail, K. (2016). Diabetes mellitus and oxidative stress—A concise review. Saudi Pharmaceutical Journal, 24(5), 
547–553. https://doi.org/10.1016/J.JSPS.2015.03.013 
[2] Giacco, F., & Brownlee, M. (2010). Oxidative stress and diabetic complications. Circulation Research, 107(9), 1058–1070. 
https://doi.org/10.1161/CIRCRESAHA.110.223545 
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Ovarian cancer is one of the most common gynecologic cancers, exhibiting the highest mortality rate. 
In 2020, 313 959 women worldwide were diagnosed with ovarian cancer, leading to 207 252 confirmed deaths 
[1]. Typically, epithelial ovarian cancer is diagnosed at an advanced stage, known as high-grade serous ovarian 
cancer (HGSOC). The elevated mortality is linked to the absence of specific symptoms for ovarian cancer and 
lack of well-established biomarkers [2]. Currently utilized biomarkers in the clinic, CA-125 and HE4, have 
limitations. For example, CA-125 is elevated in less than 50% of early-stage tumors, and HE4 testing is not 
recommended in routine practice due to contradictory studies [3-4]. Addressing the critical need for improved 
diagnostic tools, the NOTCH signaling pathway emerges as a potential biomarker, demonstrating a pivotal 
oncogenic role in HGSOC and contributing to the occurrence and development of ovarian cancer [5]. 

The aim of this research was to investigate gene expression changes of the NOTCH signaling pathway 
ligands JAG2, DLL1 and signaling pathway target HES1, to evaluate these genes as potential biomarkers for 
the diagnosis of ovarian cancer. 

This study included tissues from 66 patients suspected of ovarian cancer, including 42 HGSOC, 15 other 
gynecological cancers, and 9 benign gynecologic tumors. Genes expression changes were examined using 
RT-qPCR. Results were normalized to the reference gene GAPDH, and the log2(2-CT) method was used to 
calculate genes relative expression. 

We detected that all studied genes were downregulated in HGSOC when compared to benign 
gynecologic tumors tissues, with significant downregulation of DLL1 and HES1 genes. The combined ROC 
curve panel of all three genes for distinguishing the class with HGSOC risk from benign cases showed an 
AUC of 0.99, p<0.0001, sensitivity of 92.86%, and specificity of 100%. Furthermore, significant differences in 
relative expression of DLL1 and HES1 genes were found between HGSOC and other gynecological cancers 
groups. Finally, patients with higher CA-125 serum biomarker values showed statistically significant 
differences (p=0.02) in HES1 gene relative expression compared to the normal CA–125 level. 

In conclusion, our pilot study suggests that components of the NOTCH signaling pathway hold potential 
as biomarkers for ovarian cancer diagnosis. However, further comprehensive studies, including non-invasive 
samples, are essential to validate these genes as suitable biomarkers for the development of novel cancer 
screening assays. 
 
 
 
 
 
 
 
 
 
 
 
[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] Koshiyama, M., Matsumura, N., & Konishi, I. (2017). Subtypes of ovarian cancer and ovarian cancer screening. Diagnostics, 7(1), 12. 
https://doi.org/10.3390/diagnostics7010012 
[3] Charkhchi, P., Cybulski, C., Gronwald, J., Wong, F., Narod, S. A., & Akbari, M. R. (2020). CA125 and ovarian Cancer: A Comprehensive 
review. Cancers, 12(12), 3730. https://doi.org/10.3390/cancers12123730 
[4] Colombo, N., Sessa, C., Du Bois, A., Ledermann, J. A., McCluggage, W. G., McNeish, I. A., Morice, P., Pignata, S., Ray‐Coquard, I., Vergote, 
I., Baert, T., Belaroussi, I., Dashora, A., Olbrecht, S., Planchamp, F., Querleu, D., Baert, T., Banerjee, S., Belaroussi, I., . . . Zeimet, A. G. (2019). 
ESMO–ESGO consensus conference recommendations on ovarian cancer: pathology and molecular biology, early and advanced stages, 
borderline tumours and recurrent disease. Annals of Oncology, 30(5), 672–705. https://doi.org/10.1093/annonc/mdz062 
[5] Zhou, B., Wanling, L., Long, Y., Yang, Y., Zhang, H., Wu, K., & Chu, Q. (2022). Notch signaling pathway: architecture, disease, and 
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 Ovarian cancer is the third most common gynecologic cancer in the world and has the highest mortality 
rate of all gynecologic cancers [1]. Due to asymptomatic progression, ovarian cancer is diagnosed in 4 out of 
5 cases in advanced stages (III or IV), when cancer has spread and control of the disease is difficult [2]. 
Moreover, ovarian cancer is heterogenic disease, which complicates the diagnosis of the disease and the 
selection of the optimal treatment strategy. However, approximately 70% of ovarian cancer cases are 
highgrade serous carcinomas, which is the deadliest type of ovarian cancer [3]. Current diagnostic methods 
for ovarian cancer lack specificity and sensitivity, thus it is important to search for new modern diagnostic 
tools. In recent years, promoter hypermethylation of tumor suppressor genes has gained a lot of attention 
for its potential to be applied as cancer biomarker. Methylation studies of homeotic and chromatin remodeling 
genes attracted clinicians because they are important for the development of various organs, including 
ovaries and are critical for maintaining normal body functions and homeostasis. Therefore, dysfunctions of 
homeotic and chromatin remodeling genes are associated with various diseases, including development and 
progression of ovarian cancer. 
 This study aimed to evaluate promoter methylation profiles of homeotic (ALX4, CDX2 and HOPX) and 
chromatin remodeling (ARID1A) genes that act as tumor suppressor genes in cancerous ovarian tissues as 
potential ovarian cancer biomarkers for more accurate and specific diagnostics. In total methylation profile 
was evaluated in 56 tissue biopsy samples using methylation-specific PCR (MSP). 
 The results demonstrated that methylation profile of HOPX gene significantly differ (p = 0.017) between 
benign gynecologic tumors and high-grade ovarian carcinoma patients, while methylation profiles of ALX4 
and CDX2 genes showed tendency between the same two groups of patients. Furthermore, methylation 
profile of CDX2 gene significantly differ (p = 0.013) between benign gynecologic tumors and other types of 
gynecologic tumor patients, whereas methylation profile of HOPX gene displayed tendency between the same 
groups. Methylation profile of ARID1A gene showed no significant differences between any of the groups.
 Thus, homeotic genes have the potential to be used for early detection of ovarian cancer and various 
development of cancer diagnostics, improving the quality of patients' lives. However, more extensive analysis 
must be performed to validate the studied biomarkers. 
 Acknowledgements: This study was funded by the National Cancer Institute. 
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 In 2020, 495,000 cases of pancreatic cancer (PDAC) were recorded worldwide, with 466,003 resulting 
in death [1]. These numbers are on the rise annually, indicating a rapidly growing problem. Pancreatic cancer 
is challenging to treat due to late-stage diagnosis and surgical complexity, prompting ongoing research into 
new treatment methods and risk reduction strategies. Early diagnosis methods are crucial, with emerging 
hypotheses suggesting a potential link between circulating cell-free DNA (ccfDNA) concentration and 
methylation level with PDAC stages [2]. 
 The aim of our study is to elucidate the concurrent alterations in cell-free circulating DNA (ccfDNA) 
and methylation levels across successive stages in plasma samples obtained from individuals diagnosed 
with pancreatic cancer. 
 The study was approved by the Kaunas Regional Biomedical Research Ethics Committee. Blood 
samples were collected in 10 ml EDTA-containing purple-top tubes, and plasma was separated via 
ultracentrifugation before being frozen at -80°C. After thawing, cell-free circulating DNA (ccfDNA) was 
isolated using the "MinElute ccfDRA Kit". Methylation detection was performed on the ccfDNA samples using 
the procedures outlined in the "Global DNA Methylation Assay Kit" with ELISA. Differences between groups 
were analyzed using the Kruskal-Wallis test. 
 Our study involved individuals diagnosed with pancreatic cancer (n=59), pancreatitis (n=10), and a 
control group (n=9). We aimed to assess ccfDNA concentration. Patients with pancreatic cancer had 
significantly higher (p>0.05) ccfDNA levels than the control and pancreatitis groups. Specifically, the control 
group averaged 27.3 ng/ml, while pancreatitis averaged 42 ng/ml. Pancreatic cancer concentrations varied 
across stages: second stage (122.394 ng/ml), third stage (135.325 ng/ml), and fourth stage (129.8 ng/ml). These 
concentrations laid the groundwork for further investigation. Additionally, a global methylation analysis was 
conducted on ccfDNA samples from a subset of n=33 due to low ccfDNA concentrations. Methylation data 
were categorized based on cancer stage, metastasis, vascular invasion, degree of differentiation, extent of 
cancer spread, and cancer localization. 
 The highest methylation average among cancer stages was observed in the third stage at 0.468%, 
contrasting with a control average of 0.215%. The second stage had a level of 0.136%, and the fourth stage was 
0.111%. However, differences between these groups were not significant (p>0.05). Noteworthy results were 
observed in cancer spread, with an average of 0.468% for systemic spread compared to 0.03% in the highest 
spread group (p>0.05). Additionally, there was a 4.7-fold difference in methylation levels between the first 
and second differentiation stages (p=0.05). Minimal variation was observed in cancer localization, with levels 
remaining comparable across the head, body, and tail. 
 This study concludes our pilot study. We can conclude that there were no significant changes between 
our study groups, but it remains interesting to continue our work and analyze this data in a higher sample of 
patients. 
 
 
 
 
 
 
 
 
 
 
 
 
 
[1] Hu JX, Zhao CF, Chen WB, Liu QC, Li QW, Lin YY, Gao F. Pancreatic cancer: A review of epidemiology, trend, and risk factors. World J 
Gastroenterol. 2021 
[2] García-Ortiz, M.V., Cano-Ramírez, P., Toledano-Fonseca, M. et al. Diagnosing and monitoring pancreatic cancer through cell-free 
DNA methylation: progress and prospects. Biomark Res 11, 88 (2023). https://doi.org/10.1186/s40364-023-00528-y 
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 The most common histological subtype of kidney cancer is called clear cell renal cell carcinoma 
(ccRCC) [1]. In Lithuania, kidney cancer ranked 7th in terms of incidence and mortality in 2022 [2]. This type of 
cancer is often detected at late stages due to the absence of signs of disease at early stages. Even after 
detection, treatment is difficult because ccRCC is resistant to chemotherapy, and therefore surgical 
treatment is the most common treatment, which does not always remove the tumor completely and can lead 
to future recurrence of kidney cancer [1]. 
 The WNT and MYC pathways are important in tumorigenesis because they regulate essential cellular 
processes that are often dysregulated in cancer, leading to uncontrolled cell growth, survival, and 
progression of tumors. WNT pathway key gene is CTNNB1 and C-MYC is the main gene in MYC [3][4]. 
 The absence of available non-invasive tumor markers for early clinical diagnosis is one of the primary 
causes of late cancer detection and high mortality. A liquid biopsy sample from ccRCC patients would be 
useful for the diagnosis of kidney cancer, allowing not only faster but also low-cost detection of malignant 
kidney cancer. Therefore, the main goal of this study is to investigate whether C-MYC and CTNNB1 could be 
novel genetic biomarkers of ccRCC.  
 In this study we evaluated 29 blood plasma samples of malignant ccRCC patients and 11 blood plasma 
samples of non-malignant kidney tumor by using quantitative reverse transcription PCR (RT-qPCR) method. 
-deltaCt method was used for normalization with GAPDH. 
 Analysis of the results shows that the expression of the C-MYC and CTNNB1 genes is different in ccRCC 
cases when compared to control samples. CTNNB1 separates ccRCC cases from benign carcinoma with AUC 
0.69, while C-MYC AUC was 0.68. Also, gene expression showed correlations with other clinical-pathological 
features. 
 Changes in C-MYC and CTNNB1 gene expressions detected in blood plasma samples may be useful for 
the early detection of ccRCC. Additional analysis is required to confirm the CTNNB1 and C-MYC gene 
expressions as putative non-invasive kidney cancer biomarkers.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[1] Yang, J., Wang, K., & Yang, Z. (2023). Treatment strategies for clear cell renal cell carcinoma: Past, present and future. Frontiers in 
Oncology, 13, 1133832. 
[2] International Agency for Research on Cancer. (n.d.). Lithuania fact sheet [PDF]. Retrieved March 27, 2024. 
https://gco.iarc.who.int/media/globocan/factsheets/populations/440-lithuania-fact-sheet.pdf 
[3] Zhan, T., Rindtorff, N., & Boutros, M. (2017). Wnt signaling in cancer. Oncogene, 36(11), 1461–1473. 
[4] García-Gutiérrez, L., Delgado, M. D., & León, J. (2019). MYC Oncogene Contributions to Release of Cell Cycle Brakes. Genes, 10(3), 
244. 
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Laryngeal squamous cell carcinoma (LSCC) originates from the squamous epithelial cells of the 
mucosa and develops in several stages. The exact pathogenesis of LSCC is still unclear, although the onset 
of the disease is characterized by complex genetic, architectural, and cytological changes in the squamous 
epithelium [1]. Throughout the tumorigenesis process, cells lose their normal ability to repair DNA damage 
and regulate the cell cycle [2]. Although the Signal Transducer and Activator of Transcription 4 (STAT4) is not 
directly involved in the regulation of the cell cycle checkpoint or DNA repair, it plays a role in the activation 
of various immune cells and the production of inflammatory cytokines. In addition, the STAT4 is associated 
with growth factors, apoptosis, and angiogenesis, suggesting a possible contribution to tumorigenesis [3]. In 
this study, we investigated how STAT4 rs7574865 is involved in the development of LSCC.  

This research aims to identify the SNP of STAT4 associated with LSCC patients and healthy volunteers. 
A total of 312 patients diagnosed with LSCC and 320 individuals with no known health problems 

participated in the study. DNA extraction from venous blood samples from both LSCC patients and healthy 
individuals was performed using the salting-out method. Genotyping of STAT4 rs7574865 was performed 
using real-time polymerase chain reaction (RT-PCR). The subsequent statistical analysis of the data was 
carried out using the” software program "IBM SPSS Statistics 29.0.1.0”. 

The distribution of GG, GT and TT genotypes of STAT4 rs7574865 is statistically significantly different in 
LSCC patients compared to the control group (p=0.012). In addition, the T allele of rs7574865 was found to be 
statistically significantly more common in patients with LSCC than in the control group (p=0.003). To evaluate 
the influence of rs7574865 on the manifestation of LSCC, a binomial logistic regression analysis was 
performed. The analysis revealed that the TT genotype of STAT4 rs7574865 is associated with 2.5-fold 
increased odds of developing LSCC according to the codominant model (p=0.007), and 2.2-fold increased odds 
of LSSC occurrence according to the recessive model (p=0.016). STAT4 rs7574865 TT and GT genotypes are 
associated with 1.5-fold increased odds of developing LSCC according to the dominant model (p=0.018). Each 
T allele of STAT4 rs7574865 increases the odds of developing LSCC by 1.5-fold according to the additive model 
(p=0.004). 

Results of the present study showed that STAT4 rs7574865 TT genotype is associated with LSCC 
occurrence.  

 
 
 
 
 
 
 
 
 
 
 
 
 
[1] Liberale, C., Soloperto, D., Marchioni, A., Monzani, D., & Sacchetto, L. (2023). Updates on larynx cancer: risk factors and oncogenesis. 
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[2] Alhmoud, J. F., Woolley, J. C., Moustafa, A. A., & Malki, M. I. (2020). DNA Damage/Repair management in cancers. Cancers, 12(4), 1050. 
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 Prostate cancer (PCa) together with other malignancies accounts for 54.2 % of all new cancer cases 
and 50.2 % of cancer deaths in the European Union in 2022 [1]. In recent years, inhibitors of histone methylation 
(HM) regulatory genes, for example, KDM1A, brought attention as a possible target for PCa treatment [2]. 
While HM genes themselves are epigenetic regulators, they can undergo regulation by various molecular 
mechanisms in both normal and cancerous cells. Understanding regulatory interplay between HM genes and 
their regulatory microRNAs (miRNAs) may illuminate new approaches for treating PCa and other 
malignancies with emerging epigenetic drugs. 
 Our previous study showed that miR-155 and miR-137 are downregulated in clinical PCa samples, 
accompanied by higher KDM1A and KDM5B expression levels, which correlate with methylated miR-155 and 
miR-137 host genes promoter status, altogether indicating a potential regulatory mechanism [3]. Significant 
associations between miR-137 and several HM genes (KDM1A, KDM5B, etc.) have already been established in 
preclinical PCa models (like PC-3 cell line) [4], while data regarding the association of miR-155 with HM 
genes is scarce [5]. In the present study, we selected nine HM genes and constructed a hypothetical 
miRNAHM gene regulatory network based on data obtained using in silico approaches. Following an 
assessment of baseline miRNA and HM gene expression levels, as well as DNA methylation status of miRNA 
host gene promoters, we conducted gain-of-function / loss-of-function experiments in PC-3 and LNCaP cell 
lines using miRNA-specific mimic and inhibitor assays, respectively. Gene and miRNA expression was 
quantified by means of real-time PCR. Cell biology assays were performed for validated interactions. 
 The baseline expression of KDM1A was notably higher compared to other HM genes in both PC-3 and 
LNCaP cells lines, while KDM5D showed no expression in PC-3 cells. The low to absent expression of miR-
155 was linked to the methylated status of its host gene promoter, whereas the low levels of miR-137 could 
not be accounted for by an unmethylated promoter. Next, transfection conditions (i.e. duration, assay 
concentration) were optimized before proceeding with functional analyses. In PC-3 cells, the mimic of miR-
137 downregulated KDM1A expression, whereas decrease in KDM5B levels did not reach statistical 
significance (P = 0.0027 and P = 0.0980, respectively). Unexpectedly, the mimic led to increased expression 
of KDM3A and KDM5A (P = 0.0170 and P = 0.0280, respectively). Furthermore, the transfection with miR-155 
mimic resulted in decreased KDM5B expression (P = 0.0478), while downregulation of its other direct targets 
(i.e. KDM1A, KDM3A, and KDM5A), was not significant (all P > 0.0500). Preliminary data showed that 
transfection with miR-155 decreased cell viability by 36% compared with the cells transfected with scrambled 
control. Consistent results of transfection experiments were observed in preliminary data from LNCaP cells, 
suggesting reproducibility across different cellular contexts; however, ongoing experiments are under way 
to thoroughly validate these findings. 
 To conclude, our study demonstrates the novel finding that miR-155 regulates KDM5B expression in 
PCa cells, impacting cell viability. Also, we confirmed miR-137 as a negative regulator of KDM1A. Further 
experiments should follow to evaluate these regulatory connections in other cell lines, thereby providing 
deeper insights into the broader relevance of these miRNA-HM gene interactions in PCa progression. 
 
 
 
 
 
 
 
[1] European Cancer Information System (accessed 2024-03-28), https://ecis.jrc.ec.europa.eu/ 
[2] Noce, B., Di Bello, E., Fioravanti, R., & Mai, A. (2023). LSD1 inhibitors for cancer treatment: Focus on multi-target agents and 
compounds in clinical trials. Frontiers in pharmacology, 14, 1120911. 
[3] Daniunaite, K., Dubikaityte, M., Gibas, P., Bakavicius, A., Rimantas Lazutka, J., Ulys, A., Jankevicius, F., & Jarmalaite, S. (2017). Clinical 
significance of miRNA host gene promoter methylation in prostate cancer. Human molecular genetics, 26(13), 2451–2461. 
[4] Nilsson, E. M., Laursen, K. B., Whitchurch, J., McWilliam, A., Ødum, N., Persson, J. L., Heery, D. M., Gudas, L. J., & Mongan, N. P. (2015). 
MiR137 is an androgen regulated repressor of an extended network of transcriptional coregulators. Oncotarget, 6(34), 35710–35725. 
[5] Du, Z. M., Hu, L. F., Wang, H. Y., Yan, L. X., Zeng, Y. X., Shao, J. Y., & Ernberg, I. (2011). Upregulation of MiR-155 in nasopharyngeal 
carcinoma is partly driven by LMP1 and LMP2A and downregulates a negative prognostic marker JMJD1A. PloS one, 6(4), e19137. 
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 Prostate cancer (PCa) is the second most prevalent cancer among men worldwide [1]. Its incidence is 
higher in Western countries and tends to increase due to advanced age and hereditary factors. Despite 
improvements in longevity for men diagnosed with PCa, a substantial 40% of survivors endure a marked 
decline in their quality of life [2]. Early diagnosis, coupled with the ability to identify specific disease subtypes 
at its early stage, could result in more cost-effective, targeted treatment strategies, potentially alleviating 
the burden associated with PCa. 
 Recent studies indicate that copper ionophores have an inhibiting effect on tumor growth. Cuproptosis 
is a recently described form of programmed cell death that is caused by accumulation of intracellular copper 
and its altered homeostasis [3]. Therefore, this study aimed to investigate the role of cuproptosis in PCa by 
identifying potential tumor subtypes according to the expression patterns of cuproptosis and copper 
homeostasis-related (CCH) genes. 
 The PCa cohort (PRAD; N = 464) from The Cancer Genome Atlas (TCGA) database was used for the 
analysis [4]. CCH genes (54 in total) were identified based on literature review. Differential expression was 
observed in 37 genes (ATP7B, CDKN2A, DLAT, SLC31A1, etc.) between PCa and noncancerous tissue samples. 
After conducting clustering analysis on tumor samples from PCa patients, the samples were classified into 
three distinct subtypes based on CCH gene expression profile (Fig 1). No correlations were observed among 
PCa samples based on clinical-pathological indicators such as tumor stage pT and differentiation grade (ISUP 
group). Further exploration of these PCa clusters is warranted. This entails ongoing clustering analysis to 
identify a minimal set of CCH genes for characterization of PCa subgroups. Furthermore, CCH genes will be 
evaluated as potential prognostic markers of PCa. 
 In conclusion, our study of cuproptosis in PCa, demonstrated by clustering analysis of CCH gene 
expression profiles, paves the way for further research on targeted therapies for PCa subgroups. 
 

 
FFiigguurree  11.. Prostate cancer (PCa) subtypes based on cuproptosis-associated gene expression profile. ISUP - 
PCa tissue differentiation groups defined by the International Society of Urological Pathology; pT - tumor 

stage according to TNM classification, NA - not available. 
 
[1] Chen, J., et al. (2013). Translational bioinformatics for diagnostic and prognostic prediction of prostate cancer in the next-generation 
sequencing era. BioMed research international, 2013, 901578. 
[2] Ralph, N., et al. (2020). Ten-year quality of life outcomes in men with prostate cancer. Psycho-oncology, 29(2), 444–449. 
[3] Tsvetkov, P., et al. (2022). Copper induces cell death by targeting lipoylated TCA cycle proteins. Science (New York, N.Y.), 375(6586), 
1254–1261. 
[4] Cerami, E., et al. (2012). The cBio cancer genomics portal: an open platform for exploring multidimensional cancer genomics data. 
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 Background. Optic neuritis (ON) is the most common cause of subacute optic neuropathy in young 
adults [1]. It is thought to be an immune-mediated disease and research indicates a link between telomeres 
and inflammation, as studies demonstrate that inflammation can lead to increased telomere shortening [2]. 
Telomere-related genes and telomere dysfunction in diseases can lead to persistent chronic low-grade 
inflammation [3]. Telomeric repeat binding factor 2 (TERF2) functions as an inhibitor of telomerase and thus 
plays a role in the regulation of telomere length [4]. 
 Aim. The present study aimed to determine the associations of telomere-related TERF2 rs251796 
polymorphism and relative leukocyte telomere length (LTL) with the occurrence of ON in male subjects. 
 Methods. Men diagnosed with optic neuritis (ON) were analyzed, while the control group comprised 
men without any health problems. The DNA samples were obtained from peripheral blood leukocytes and 
purified using the DNA salting-out technique. Real-time polymerase chain reaction (RT-PCR) assessed single 
nucleotide polymorphism (SNP) and relative leukocyte telomere lengths (LTL). The data obtained were 
processed and analyzed using the "IBM SPSS Statistics 29.0" program. 
 Results. TERF2 rs251796 (AA, AG, and TT) statistically significantly differed between the long and short 
telomeres group, with frequencies of 65.7%, 22.9%, and 2.0% in long telomeres, compared to 35.1%, 56.8%, and 
8.1% in the short telomeres group (p=0.013). TERF2 rs251796 CT genotype, compared to CC, under the 
codominant genetic model, was associated with a 4.7-fold decreased odds of telomere shortening (p=0.005). 
Meanwhile, CT+TT genotypes, compared to CC under the dominant genetic model, were associated with a 3.5-
fold decreased odds of telomere shortening (p=0.011). Also, CT genotype, compared to CC+TT, under the 
overdominant genetic model, is associated with a 4.4-fold decreased odds of telomere shortening (p=0.004). 
 Conclusions. The current findings suggest a protective role of TERF2 rs251796 in the occurrence of ON 
in men. 
 Acknowledgments. None of the authors has proprietary interests or conflicts related to this 
submission. 
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The most distinctive hallmark of Renal Cell Carcinoma (RCC) is the highest mortality rate amongst all 
genitourinary cancers. Timely diagnosis is currently difficult to tackle due to the asymptomatic onset of 
cancer and should be the key element to focus on. Currently, apart from conventional imaging methods and 
invasive biopsies, there are no dependable biomarkers to aid these clinical needs. The potential solution to 
this problem might be non-invasive liquid biopsies such as urine samples containing tumor-derived 
epigenetic markers, more specifically, microRNAs (miRNAs). These molecules are short, non-coding 
nucleotide sequences that participate in the regulation of many signaling pathways, involving cell behavior 
in stressful environments along with many other processes that handle proliferation and differentiation. 
Recent research indicates that miRNAs are strongly linked to tumor formation in Renal Cell Carcinoma [1]. 
The purpose of this study is to determine the differences in the level of four miRNAs, particularly miR-148a, 
miR-365, miR-375, and miR-429 in the urine of patients diagnosed with Renal cell carcinoma compared to 
asymptomatic controls.  

In total, 85 urine samples collected from RCC-having patients, alongside 85 urine samples sourced 
from asymptomatic individuals were investigated. Firstly RNA from the urine samples was isolated by using 
miRNeasy Mini Kit (Qiagen) followed by cDNA synthesis with TaqMan™ MicroRNA Reverse Transcription Kit 
(Applied Biosystems). Reverse Transcription Quantitative PCR (RT-qPCR) was used to evaluate the relative 
amount of the particular miRNA in each sample. 

The analysis revealed a significant increment in the urinary miR-429 level among patients having RCC 
in comparison to asymptomatic individuals (FC = 26.3, P < 0.001). The same tendency was determined with 
miR-148a (FC = 9.07, P < 0.001), miR-365 (FC = 7.09, P = 0.002), and miR-375 (FC = 3.53, P = 0.035).  

The current study suggests that alterations in miR-148a, miR-365, miR-375, and miR-429 levels in 
urine could be an indicator of tumor presence, providing a potential biomarker for diagnosis and prognosis 
in Renal Cell Carcinoma. 
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 Due to the widespread use of plastics, there is a rising serious ecological problem because they remain 
in the environment for hundreds of years. Plastics may be degraded into microparticles and further into 
nanoparticles (NPs). The most common NPs in the environment are polystyrene nanoparticles (PS-NPs). 
They are used in a vast variety of applications: as thickening agents in cosmetics, food packaging, bioimaging 
and electronics [1], so it is significant to do genotoxicity studies to avoid the potential damage that can be 
caused by these nanoparticles. 

In this study, we evaluated the cytotoxicity and genotoxicity of PS-NPs in the human hepatoma cell line 
HepG2 in vitro.  

In this experiment, HepG2 cells were tested at different concentrations of polystyrene nanoparticles 
(5-100 µg/ml). To investigate the potential toxic effects of these nanoparticles, firstly, they were 
characterized, and then the cellular uptake and levels of reactive oxygen species were assessed by 
performing flow cytometry. The cytotoxicity was evaluated using the AlamarBlue assay [2]. The potential 
single-stranded and double-stranded DNA breaks by the exposure of PS-NPs were tested by alkaline comet 
assay and potential induced oxidative damage by enzyme-modified comet assay. The comet is created when 
damaged DNA with a negative charge moves from the nucleus towards a positively charged anode, 
meanwhile intact DNA remains in the nucleoid [3]. To observe the results of these experiments, we used 
ethidium bromide and examined the samples under a fluorescence microscope. 

The results from flow cytometry analysis of HepG2 cells that were exposed to PS-NPs indicated that 
there was an efficient uptake of the nanoparticles into the cells. Additionally, it was observed that an increase 
in the concentration of PS-NPs resulted in a corresponding rise in the levels of reactive oxygen species. 
Tested concentrations were not cytotoxic in HepG2 cells, but an increase in DNA damage was found to be 
statistically significant at most concentrations. The enzyme-modified comet assay results also revealed that 
the concentrations of PS-NPs studied induced oxidative damage in the cells.  

These findings indicate that polystyrene nanoparticles can be absorbed effectively and have genotoxic 
potential, raising concerns about plastic safety. 
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  Harmful alcohol consumption is a significant global issue, contributing to over 3 million deaths 
annually and impacting health, society, and economies worldwide. In 2019, while the European region 
averaged 7.8 liters of alcohol per person per year, Lithuania stood out with a notably higher consumption 
rate of 12.78 liters per person [1].  

Despite ongoing efforts, the mechanisms underlying alcohol addiction remain incompletely understood. 
Addiction is recognized as a complex disorder influenced by a multitude of external and internal factors, and 
understanding the individual contributions and interactions of these factors is an ongoing focus of research 
[2]. Endophenotypes such as impulsivity, recurrent in substance use disorders, warrant thorough 
examination [3]. Additionally, alterations in the mesocorticolimbic system, which involves neurotransmitters 
like dopamine, serotonin, and oxytocin, play a crucial role in understanding addiction's biological basis [3]. 
Investigating changes in these neurotransmitter receptors, particularly on a genetic level, is essential for 
assessing susceptibility to alcohol use disorders (AUDs). 

Furthermore, considering the absence of a universally effective treatment approach for addictions, a 
detailed understanding of the mechanisms and changes occurring in individuals with substance use 
disorders is vital. This knowledge, combined with an appreciation of individualized patient characteristics, 
facilitates the development of tailored treatment or prevention strategies to meet the specific needs of each 
individual. 

Oxytocin, a neuropeptide involved in stress regulation and the reward system, has emerged as a 
potential target for addiction treatment [4]. This study aimed to investigate the association between single 
nucleotide polymorphisms (SNPs) of the oxytocin receptor gene (OXTR ), specifically rs53576 and rs13316193, 
and AUDs in the Lithuanian population. 

Biological specimens were obtained from a cohort of 333 individuals, including volunteers and patients 
undergoing addiction treatment. Genomic DNA extracted from saliva samples underwent genotyping using 
real-time polymerase chain reaction (RT-PCR) employing Taqman technology. Simultaneously, participants 
completed validated questionnaires, including the Alcohol Use Disorders Identification Test (AUDIT), 
Substance Abuse Risk Profiling Scale (SURPS), and Barrat Impulsivity Scale-11 (BIS-11). 

While no direct correlation was observed between OXTR gene polymorphisms and risky alcohol 
consumption or dependence, certain genotypic variations were linked to specific personality traits conducive 
to risky alcohol behaviors. Notably, carriers of the AA genotype of rs53576 exhibited heightened anxiety 
sensitivity (p=0.042), while individuals with the TT genotype of rs13316193 displayed increased impulsivity 
(p=0.011) and anxiety susceptibility (p=0.027). Moreover, significant associations were noted between the 
rs13316193 genotype and the propensity towards despair (p=0.027). 

In conclusion, this comprehensive investigation sheds light on the intricate interplay between genetic 
factors, neurobiological mechanisms, and behavioral phenotypes in the context of AUDs. These findings 
provide valuable insights for the development of personalized prevention and intervention strategies tailored 
to individual susceptibilities, contributing to more effective approaches for addressing AUDs. 

 
 
 
 
 
[1] World Health Organization (2018) Harmful use of alcohol kills more than 3 million people each year, most of them men. 
https://www.who.int/news/item/21-09-%202018-harmful-use-of-alcohol-kills-more-than-3-million-people-each-year-most-ofthem-
men%20[%C5%BEi%C5% 
[2] Chartier KG, Karriker-Jaffe KJ, Cummings CR, Kendler KS. (2017). Environmental influences on alcohol use: Informing research on 
the joint effects of genes and the environment in diverse U.S. populations. Am J Addict. 2017;26: 446-460. 
[3] Koob GF, Powell P, White A. (2022) Addiction as a Coping Response: Hyperkatifeia, Deaths of Despair, and COVID-19. Am J Psychiatry. 
2020 Nov 1;177(11):1031-7. 
[4] Sundar M, Patel D, Young Z, Leong KC. (2021). Oxytocin and Addiction: Potential Glutamatergic Mechanisms. Int J Mol Sci. 27;22(5):2405. 
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Genome editing tools have potential to be used as therapy to treat genetic diseases or cancer [1]. We 
can use these targeted tools to introduce modifications in DNA sequence which result in gene knock-in or 
knockout. Knowing how effective and precise they are helps develop new genome editing tools and 
techniques. To this date various assays have been created to evaluate genome editing tools. One of them 
employs the green fluorescent protein (GFP) as it can be converted to blue fluorescent protein (BFP) after a 
targeted modification [2]. This system can be integrated into Danio rerio to create a new assay for genome 
editing tool analysis in vivo as zebrafish is a convenient model organism to observe fluorescence because 
their embryos are transparent and develop rapidly [3]. Since BFP fluorescence is relatively weak and suffers 
from high background, we have modified the system to switch from BFP to GFP after editing. 
 Two transgenic Danio rerio lines have been created in this work. The first line (vln20) expresses a 
BFP* transgene that was obtained by introducing Y66H mutation into eGFP. The second line (vln22) has BFP** 
gene that is a BFP* gene with an additional mutation expected to improve BFP fluorescence. The blue 
fluorescence in the vln22 D. rerio line is visible under the fluorescent microscope while it can not be detected 
in the vln20 fish line. This data suggests that the additional mutation in the BFP** makes the blue fluorescence 
of the expressed protein more intense and visible. 
 Embryos obtained from these lines were injected with Cas9 mRNA, gRNA and HDR template to convert 
BFP coding gene back to the GFP gene in vivo. The injected embryos were screened at 3 days post fertilization 
(dpf) to evaluate the editing efficiency as well as observe possible differences between the two lines. The 
blue fluorescence becomes barely visible in vln22 embryos after injection, indicating high Cas9 activity after 
injection. Also, most of the embryos from both lines that were injected with Cas9 mRNA, gRNA and HDR 
template had varying amounts of green fluorescence at 3 dpf. This shows that BFP to GFP editing in zebrafish 
is working and can potentially be used to determine how effective and precise editing tools are. 

[1] Li, Hongyi, et al. “Applications of Genome Editing Technology in the Targeted Therapy of Human Diseases: Mechanisms, Advances and 
Prospects.” Signal Transduction and Targeted Therapy, vol. 5, no. 1, Jan. 2020, pp. 1–23. 
[2] Glaser, Astrid, et al. “GFP to BFP Conversion: A Versatile Assay for the Quantification of CRISPR/Cas9-Mediated Genome Editing.” 
Molecular Therapy - Nucleic Acids, vol. 5, 2016, p. e334. 
[3] Meyers, Jason R. “Zebrafish: Development of a Vertebrate Model Organism.” Current Protocols Essential Laboratory Techniques, vol. 
16, no. 1, May 2018, p. e19. 
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Myocardial infarction stands as a leading cause of mortality, not just in Lithuania but worldwide. In 

2022, approximately 13 500 cases were recorded in Lithuania, attributed to ischaemic heart disease, often 
culminating in myocardial infarctions [1]. This condition inflicts damage upon heart tissues, resulting in 
scarring that significantly impairs heart function and often leads to death. Thus, research of regenerative 
mechanisms becomes imperative. Zebrafish (Danio rerio) showcases a remarkable ability to regenerate 
damaged heart tissues. Extensive research using this model organism underscores the significance of the 
epicardium during cardiac regeneration, with a transcription factor 21 (Tcf21) serving as a prevalent marker 
specific to this tissue during development and adulthood. Moreover, studies indicate elevated levels of Tcf21 
in epicardial tissue following heart damage in adult zebrafish, suggesting its potential significance in this 
process [2]. 

This study aims to explore the functions of Tcf21 and pinpoint its targets, aiming to deepen the 
comprehension of its involvement in zebrafish heart development and regeneration. Unravelling the 
precise genes targeted by Tcf21 requires the use of various techniques, including chromatin 
immunoprecipitation followed by DNA sequencing (ChIP-seq), or analogous methodologies. Nonetheless, 
the scarcity of specific and effective antibodies against Tcf21 poses a considerable challenge for analysing 
its binding sites in zebrafish. To overcome this, the study endeavours to develop a transgenic zebrafish line 
expressing Tcf21 tagged with a triple HA epitope, compatible with widely available antibodies suitable for 
antibody-based methods.  

The creation of this transgenic zebrafish line involved employing Tol2 transposase to facilitate 
random insertion of a ubb:loxP-mRFP-loxP-tcf21-3xHA transgene into the zebrafish genome. This gene 
configuration permits the conditional activation of Tcf21-3xHA expression by removing the loxP-mRFP-loxP 
cassette using CreERT2 recombinase. Subsequent comparative analysis of three single-copy Tg(ubb:loxP-
mRFP-loxP-tcf21-3xHA) F1 generation fish involved crossbreeding with CreERT2 recombinase-expressing 
Tg(ubbR:CreERT2*)vln2 zebrafish line, initiating loxP-mRFP-loxP cassette excision, and analysing larval 
phenotypes by Alcian Blue staining. This enables the investigation into whether Tcf21-3xHA is functional and 
can rescue the mutant tcf21Δ phenotype. Following comparative analysis, line Tg(ubb:loxP-mRFP-loxP-
tcf21-3xHA)vln14 emerges as the most proficient in rescuing the mutant tcf21Δ phenotype by expressing Tcf21-
3xHA. This selected line will serve as the focal point for further investigations into Tcf21 regulatory targets 
and its pivotal role in heart development and regeneration. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[1] Health Statistics of Lithuania 2022, Lithuanian Ministry of Health, Health Information Centre of Institute of Hygiene. 
[2] Kikuchi K, Gupta V, Wang J, Holdway JE, Wills AA, Fang Y, Poss KD. tcf21+ epicardial cells adopt non-myocardial fates during zebrafish 
heart development and regeneration. Development. 2011 Jul;138(14):2895-902. doi: 10.1242/dev.067041. Epub 2011 Jun 8. PMID: 21653610; 
PMCID: PMC3119303. 
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 Tbx5a (T-box transcription factor 5a) is a gene essential for zebrafish (Danio rerio) cardiac and 
forelimb development. An ortholog of this gene is found in humans – TBX5 gene which is also responsible 
for heart and upper limb development. Mutations in TBX5 gene cause Holt-Oram syndrome – an autosomal 
dominant disorder, also known as ‘Heart-Hand’ syndrome [1]. This makes zebrafish an ideal model 
organism for researching the genetic and developmental aspects of this condition. Furthermore, regulatory 
elements of the tbx5a gene, specifically enhancers, may have a bigger role in this process than we initially 
thought. Using genetic engineering methods, such as CRISPR/Cas9, on zebrafish is an efficient system for 
manipulating the genome and conducting knock-out and knock-in experiments of individual DNA regions of 
choice – all by using a customizable RNA guide molecule [2]. By using this approach, it is possible to 
remove the entire enhancer region of the tbx5a gene and observe embryogenesis and cardiac 
development, providing valuable insights about these regulatory elements.  
 Zebrafish that have a heartstrings (hst) recessive lethal mutation in the tbx5a gene display evident 
cardiac edema and an absence of pectoral fins – the swelling of the heart caused by fluid accumulation [3]. 
In our laboratory, the viability of these fish is sustained by the bacterial artificial chromosome (BAC) which 
‘saves’ the phenotype and thus makes studying these mutants more feasible. Despite the gene’s vital 
importance, our understanding of its enhancers is currently limited – which is why the aim of our work is to 
study how they may influence cardiac development in zebrafish. 
 The experiments were started by crossbreeding the genetically engineered zebrafish, heterozygous 
for the deleted tbx5a enhancer region, with a homozygous hst mutant. The offspring phenotypes were 
analysed and were screened 5dpf not only for YFP (yellow fluorescent protein) signal, indicating BAC 
presence, but also for cardiac edemas. Embryos with a negative YFP signal were collected and were sorted 
by phenotype – in about 50% of them cardiac edema was present. Afterwards, genomic DNA was extracted 
and amplified using the triple primer PCR (polymerase chain reaction) method. Lastly, electrophoresis in a 
1% agarose gel was performed to analyse PCR product length and determine the genetic differences in the 
enhancer region.  
 Results have shown that offspring with only one hst copy present exhibit cardiac edema phenotype if 
enhancers in the homologous chromosome are removed. Conversely, embryos expressing a wild-type 
phenotype (which also had one hst allele), had functional tbx5a enhancers. Both groups had one wild-type 
copy of the tbx5a gene and one copy of the hst allele – the only difference was the presence of the 
enhancer region which could have caused the phenotype differences. Since one of the three primers used 
in the PCR reaction was in the middle of the enhancer region, we could easily detect that the sequence has 
been knocked-out if a particular PCR product is not present in the gel. 
 In summary we have identified the first essential enhancer region of the tbx5a gene, highlighting its 
crucial role in heart development.  
 
 
 
 
 
 
 
 
 
 
[1] Steimle, J. D., and I. P. Moskowitz. ‘Chapter Seven - TBX5: A Key Regulator of Heart Development’. Current Topics in Developmental 
Biology, edited by Manfred Frasch, vol. 122, Academic Press, 2017, pp. 195–221. ScienceDirect, 
https://doi.org/10.1016/bs.ctdb.2016.08.008.  
[2] Liu, Jiaqi, et al. ‘CRISPR/Cas9 in Zebrafish: An Efficient Combination for Human Genetic Diseases Modeling’. Human Genetics, vol. 
136, no. 1, Jan. 2017, pp. 1–12. Springer Link, https://doi.org/10.1007/s00439-016-1739-6. 
[3] Garrity, Deborah M., et al. ‘The Heartstrings Mutation in Zebrafish Causes Heart/Fin Tbx5 Deficiency Syndrome’. Development, vol. 
129, no. 19, Oct. 2002, pp. 4635–45. DOI.org (Crossref), https://doi.org/10.1242/dev.129.19.4635.  
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 Endometrial stromal cells (ESCs) are one of the main components of endometrium, a dynamic tissue that 
undergoes a periodic cycle of cell proliferation, differentiation, apoptosis, and regeneration. The differentiation 
process of ESCs, called decidualization, includes cell cycle arrest, inhibition of proliferation, and various 
molecular alterations that transform fibroblast-like cells into rounder secretory decidual stromal cells [1]. In 
vivo decidualization is regulated by progesterone and cyclic adenosine monophosphate (cAMP) via activation of 
protein kinase A (PKA) signaling pathway, and other ovarian hormones such as luteinizing hormone (LH) and 
human chorionic gonadotropin (hCG) which stimulate ESCs transformation via luteinizing 
hormone/choriogonadotropin receptor (LHCGR) and initiation of adenylyl cyclase and PKA pathway [2]. 
Decidualization-induced reprogramming of ESC cell functions is fundamental to creating an appropriate 
environment for blastocyst implantation, placenta formation, and preparing endometrium tissue for successful 
pregnancy [3]. 

In this study, we aimed to analyze the role of hCG in epigenetic regulation primarily post-translational 
histone modifications in non-treated and induced to decidualization ESCs. To determine differences in short and 
long-term response to hCG, decidualized and non-decidualized ESC cells were additionally induced with 10 IU/ml 
concentration of hCG for 6 and 24 hours. Using western blot analysis changes in histone modification as well as 
histone-modifying enzyme levels were determined. To further investigate hCG effects on decidualization-related 
genes, chromatin immunoprecipitation assay (ChIP) was employed and alterations of H3K27Ac epigenetic 
modification levels were analyzed on selected gene promoter regions. 

Western blot analysis results revealed that short-term induction of hCG takes place in processes by 
leading to alterations in post-translational histone modifications related to transcriptionally active chromatin – 
H3K27Ac, H3K4Me3, and H4hyperAc. However, longer treatment of hCG and decidualization results in an increase 
in H3K27 tri-methylation, a mark of transcriptional silencing. Furthermore, long-term decidualization and hCG 
induction appeared to raise H3K27 methyltransferase complex protein (EZH2, EED) levels. Immunoprecipitation 
of H3K27Ac marked chromatin revealed the specific increment of this modification in promoters of transcription 
factor genes (FOXO1, HAND2, HOXA10) that are known to mediate signaling and regulatory pathways related to 
progestin-induced decidualization [4]. Changes in activation marks on gene promoters were observed after 
induction with hCG alone or with hCG in the presence of decidualization inducers. Overall, these findings suggest 
that hCG may take part in processes of ESC transcription activation and regulation of signaling pathways involved 
in ESC decidualization. 

 
 
 
 
 
 
 
 
[1] Retis-Resendiz, A. M., González-García, I. N., León-Juárez, M., Camacho-Arroyo, I., Cerbón, M., & Vázquez-Martínez, E. R. (2021). The role 
of epigenetic mechanisms in the regulation of gene expression in the cyclical endometrium. Clinical Epigenetics, 13(1), 116.  
[2] Mann, O. N., Kong, C.-S., Lucas, E. S., Brosens, J. J., Hanyaloglu, A. C., & Brighton, P. J. (2022). Expression and function of the luteinizing 
hormone choriogonadotropin receptor in human endometrial stromal cells. Scientific Reports, 12(1), 8624.  
[3] Logan, P. C., Steiner, M., Ponnampalam, A. P., & Mitchell, M. D. (2012). Cell Cycle Regulation of Human Endometrial Stromal Cells During 
Decidualization. Reproductive Sciences, 19(8), 883–894.  
[4] Rytkönen, K. T., Erkenbrack, E. M., Poutanen, M., Elo, L. L., Pavlicev, M., & Wagner, G. P. (2019). Decidualization of Human Endometrial 
Stromal Fibroblasts is a Multiphasic Process Involving Distinct Transcriptional Programs. Reproductive Sciences, 26(3), 323–336.  
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Endometrium is the inner lining of the uterus where the attachment and implantation of a blastocyst 

occur. Endometrial tissue contains several cell populations, including a population of mesenchymal stromal 
cells (enMSCs) [1]. These cells not only can be used to study the biology of endometrial receptivity and 
processes of embryo implantation, but also be applied for therapeutic use. Endometriosis is a disease in 
which tissue similar to endometrium grows outside of the uterus and the migration of enMSCs is 
hypothesised to be one of the causes [2]. Significant number of women suffering from endometriosis may 
experience difficulties to conceive and even infertility. 

Decidualisation of endometrium is required for successful blastocyst implantation and development, 
this process involves functional and morphological changes of endometrial stromal cells, Thus, studying 
decidualisation potential of endometrial and endometriotic MSCs (enMSCs and ezMSCs, respectively) could 
bring new insights into the pathophysiology, prevention, and treatment of endometriosis and infertility. 

To study the process of blastocyst implantation, the knowledge of molecular communication between 
implanting embryo and endometrium is crucial. Conditioned culture media of blastocysts is full of secreted 
signalling molecules that could participate and impact the implantation process, therefore the analysis of 
secreted molecules, such as proteins, could provide new knowledge about embryo development and 
implantation potential [3]. 

Our study aims to determine differences in enMSCs and ezMSCs comparing routinely used 2D 
(monolayer) culture and more physiologically relevant 3D (spheroid) conditions in terms of stem cell 
characteristics and decidualisation potential. Also, to establish proteomic profiles of conditioned culture 
media of blastocyst in cases of successful conception and failure to conceive.  

Isolated primary enMSCs and ezMSCs presented similar spindle shaped morphology. Cells were 
positive for typical mesenchymal markers CD44, CD73, CD90, CD105, CD146, CD140b and negative for 
hematopoietic and endothelial markers CD34 and CD31. Under appropriate conditions these stem cells proved 
to be capable to differentiate towards adipogenic, osteogenic, and chondrogenic lineages. 3D culture was 
induced by seeding endometrial and endometriotic cells into low attachment cell culture plates. During 9-
day culture period enMSCs and ezMSCs grown in 2D and 3D conditions were characterised by the diameters 
of formed spheroids, and by the expression of genes linked to stemness (OCT4, NANOG), paracrine signalling 
(VEGFA, FGF2, TGFB1), cell death and hypoxia (BAX, BAK1, BCL2, HIF1A). Decidualisation of 2D and 3D cell 
cultures was characterised by morphological changes and by the expression of differentiation associated 
genes (IGFBP1, PRL, FOXO1, PCR).  

182 differentially secreted proteins were determined in blastocyst culture media. The most pronounced 
changes were found in the secretion of proteins encoded by JUP and DSG1 genes (significantly more proteins 
in cases of conception) and in the amounts of proteins encoded by SUGP2 and MUC5B genes (more proteins 
in cases of non-pregnancy). The proteins encoded by the JUP and DSG1 genes are involved in epithelial cell-
to-cell communication and cell adhesion, and could be directly involved during blastocyst implantation. 

In summary, our study demonstrates that endometrial tissue homeostasis and secreted proteins of 
blastocysts are required for molecular communication and are critical for successful conception. 

This work was funded by Vilnius University Research Promotion Fund (project no. MSF-JM-10/2022). 
 
[1] Gargett, C. E., Schwab, K. E., Deane, J. A. (2016). Endometrial stem/progenitor cells: the first 10 years. Human reproduction update, 
22(2), 137–163. 
[2] Kong, Y., Shao, Y., Ren, C., Yang, G. (2021). Endometrial stem/progenitor cells and their roles in immunity, clinical application, and 
endometriosis. Stem cell research & therapy, 12(1), 474. 

[3] Zmuidinaite, R., Sharara, F. I., Iles, R. K. (2021). Current Advancements in Noninvasive Profiling of the Embryo Culture Media 
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 Endometrial cancer (EC) is the second most common gynaecological malignancy and the seventh most 
frequent cancer among women worldwide and both the incidence and mortality rates have been rising over 
the last decade. Poland and Lithuania are among the world's leading countries in terms of the incidence of 
EC. Most patients with EC benefit from initial surgical treatment, but one fifth of patients may still relapse, 
even if there were no signs of metastatic disease. The rising number of EC cases has encouraged to search 
for novel treatment strategies which effectiveness would surpass currently used conventional chemotherapy 
and surgery, as these approaches become less advantageous in later stages of EC. Currently, there is no 
approved targeted therapy for EC treatment. Hence, ongoing research is focused on targeted therapies 
specific for EC. 
 Autophagy (also known as macroautophagy) is a specialised mechanism that maintains cellular 
homeostasis and cell survival through the lysosomal degradation pathway by degrading and eliminating 
misfolded proteins and dysfunctional organelles. It is a vital process for cell adaptation to starvation, 
development, cell death and tumour suppression [1]. However, studies have shown that autophagy is known 
to exert a dual effect on cancer development, either promoting or inhibiting tumorigenesis, depending on the 
stage of tumour development [2]. When malignancy is present, autophagy prevents degradation of damaged 
components and helps cells to overcome stressful conditions, such as hypoxia, oxidative stress and nutrient 
deprivation, leading to the development of cancer and chemoresistance. Therefore, regulation of autophagy 
presents as a promising and potential strategy to enhance cancer treatment [1]. 
 Overactivated PI3K/AKT/mTOR signalling pathway has been found to be associated with EC 
pathogenesis. This pathway plays an important role in cell growth and survival, so inhibition of the 
PI3K/AKT/mTOR pathway is of therapeutic interest. This signalling pathway plays an important regulatory 
role in autophagy. In this study, we have used several small-molecule mTOR inhibitors and their combination 
with conventional chemotherapy drugs. We have analysed the effects of these inhibitors on the intensity of 
autophagy and cell survival of an EC cell line. The impact of mTOR small-molecule inhibitors was compared 
with specific inhibitors of autophagic process. These results will uncover the role of autophagy for EC cell 
survival and resistance to chemotherapeutic drugs. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[1] Yun, Chul Won, and Sang Hun Lee. "The roles of autophagy in cancer." International journal of molecular sciences 19.11 (2018): 3466. 
[2] Chavez-Dominguez, Rodolfo, et al. "The double-edge sword of autophagy in cancer: from tumor suppression to pro-tumor activity." 
Frontiers in oncology 10 (2020): 578418. 
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 A change in gravity, in either direction, can cause many changes in organisms, from metabolism to 
conservative systems. Microgravity is a reduction of the gravitational force, and studies of its effects on living 
organisms are very important for long-term life support systems and work in space stations, lunar and 
planetary bases, where the gravitational forces are significantly different [1]. Long flights of space missions 
alter the length of astronauts' telomeres. Telomeres are nucleoprotein structures located at the ends of 
linear chromosomes of eukaryotic organisms, which maintain the stability and integrity of the genome, 
protect the ends of linear chromosomes from recombination, splicing and the effects of nucleases [2]. 
Telomeres ensure the replication and distribution of chromosomes to daughter cells, but during each cycle 
of replication, telomeres shorten, and shorter and shorter chromosomes enter the daughter cells. Telomere 
shortening is known to be physiologically associated with aging processes, and telomere dynamic changes 
also play a role in cancer cells and the development of various disorders [3]. 
 The study attempted to determine how microgravity conditions affect reactive oxygen species (ROS) 
resistance and type of death (apoptosis/necrosis) in Saccharomyces cerevisiae yeasts. Microgravity was 
simulated using a rotary cell culture system and acetic acid was used to induce apoptosis. The cells then 
were exposed to specific ROS-detecting dyes and the appearance of ROS in the cells was quantified by 
fluorescence microscopy. Also, the cells were stained with annexin-V and propidium iodide and the type of 
cell death (apoptosis/necrosis) were assessed using fluorescence microscopy. The method of an attenuated 
total reflection of infrared radiation (ATR IR) spectroscopy was applied too for the type of cell death analysis. 
 The early results show a slight difference between S. cerevisiae cells grown under normal gravity and 
microgravity. In microgravity conditions, ROS staining was higher compared to normal gravity when using a 
lower concentration of acetic acid, and there was a significantly larger count of apoptotic and necrotic cells.  
 This study suggests that microgravity influences the type of cell death, leading to variations in yeast 
cell demise under such conditions. To gain a comprehensive understanding of microgravity's effects, further 
research involving diverse cell types and prolonged exposure to microgravity is crucial. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[1] DUBININ, N. P., & VAULINA, E. N. (1974). GRAVITY, WEIGHTLESSNESS AND THE GENETIC STRUCTURES OF ORGANISMS. Life Sciences 
and Space Research, 93–101. https://doi.org/10.1016/b978-0-08-021783-3.50016-7  
[2] Kupiec, M. (2014). Biology of telomeres: lessons from budding yeast. FEMS Microbiology Reviews, 38(2), 144–171. 
https://doi.org/10.1111/1574-6976.12054 
[3] Donate, L. E., & Blasco, M. A. (2011). Telomeres in cancer and ageing. Philosophical Transactions of the Royal Society B: Biological 
Sciences, 366(1561), 76–84. https://doi.org/10.1098/rstb.2010.0291 
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Colorectal cancer (CRC) is the third most common diagnosed and second leading cause of cancer 
death worldwide. CRC is treated using a combination of surgery and radiotherapy or chemotherapy.  
Chemotherapy uses a combination of chemotherapeutic agents 5-fluorouracil (5-FU) and oxaliplatin (OxaPt) 
[1]. 5-FU and OxaPt cause DNA damage and induce programmed cell death. During chemotherapy, cancer 
cells can acquire resistance to chemotherapeutic drugs, which reduces the effectiveness of cancer treatment 
[2]. Currently, the causes of chemoresistance mechanisms are not sufficiently understood. 

One possible cause of chemoresistance is the multifunctional protein selective autophagy receptor 
p62, also known as SQSTM1 (Sequestosome 1). Higher levels of p62 protein are detected in the cancerous 
tissues of colorectal cancer patients compared to healthy tissues. Increased levels of p62 in CRC patients 
predict poor survival prognosis [3]. p62 has multiple functions in cells due to its multidomain protein 
structure. p62 is best known as an autophagic receptor that targets ubiquitinated organelles or proteins to 
autophagosomes for degradation. Also, p62 regulates the NF-κB and NRF2 signalling pathways which are 
important for tumorigenesis. NF-κB and NRF2 transcription factors activated by p62 cause oncogenic 
mutations and have an impact on cancer cell proliferation, differentiation and viability. p62 also regulates cell 
survival and initiates angiogenesis and cytokine expression in the tumour environment [4]. The impact of p62 
on the molecular causes of chemoresistance in CRC cells is poorly understood. 

Therefore, we evaluated the impact of the multifunctional protein p62 on the survival of chemoresistant 
human CRC cells. As an in vitro model, we used colorectal carcinoma cell line HCT116 and its chemoresistant 
sublines HCT116/FU and HCT116/OXA which had acquired resistance to chemotherapeutic drugs 5-FU and/or 
OxaPt. First, we evaluated the impact of the p62 expression silencing on HCT116, HCT116/FU and HCT116/OXA 
cell viability. Further, we identified p62 interactions with cell death-regulating proteins and established the 
effects of p62 silencing on apoptosis. Finally, we assessed the effects of p62 downregulation on interleukin 
8 (IL-8) and its receptor CXCR2 levels in HCT116 cells and their chemoresistant sublines.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[1] Liang, H., He, X., Tong, Y., Bai, N., Pu, Y., Han, K., & Wang, Y. (2023). Ferroptosis open a new door for colorectal cancer treatment. 
Frontiers in Oncology, 13, 1059520. 
[2] Wang, Q., Shen, X., Chen, G., & Du, J. (2022). Drug Resistance in Colorectal Cancer: From Mechanism to Clinic. Cancers, 14(12), 2928. 
[3] Ren, F., Shu, G., Liu, G., Liu, D., Zhou, J., Yuan, L., & Zhou, J. (2014). Knockdown of p62/sequestosome 1 attenuates autophagy and 
inhibits colorectal cancer cell growth. Molecular and Cellular Biochemistry, 385(1–2), 95–102. 
[4] Moscat, J., Karin, M., & Diaz-Meco, M. T. (2016). p62 in Cancer: Signaling Adaptor Beyond Autophagy. Cell, 167(3), 606–609. 
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 Endometrial cancer is the sixth most common cancer in the world, with Lithuania and Poland leading 
in Europe [1], [2]. In addition, type II endometrial carcinomas account for the majority of endometrial cancer-
related deaths due to their aggressiveness, late-stage detection, and high tolerance to standard treatment 
[3]. Common risk factors of endometrial cancer include older age, hormone therapy, obesity, hyperglycemia, 
diabetes, and some genetic disorders. Paclitaxel, cisplatin, and carboplatin are the first-line chemotherapy 
drugs that are used to treat endometrial cancer. However, new targeted therapy agents are constantly under 
development [3]. Cell lines are standard in vitro model systems of cancer. Cell lines are easy to grow, allow 
direct comparison of experimental results, and are widely used to study molecular mechanisms of tumor 
cell biology. Unfortunately, most of the commercially available endometrial cancer cell lines are derived from 
the tumors of Asian patients. What is more, established lines that have been cultivated for a long time adapt 
to an artificial in vitro environment and lose their original phenotype due to genetic drift. For instance, more 
than 40 years have passed since the Ishikawa cell line, a well-differentiated human endometrial 
adenocarcinoma cell line, was established [4]. Therefore, each cancer patient and each disease is different 
and cannot be properly represented by a defined set of cell lines. The extent of genetic and epigenetic 
diversity between and within patient tumors is increasingly detailed. Finally, despite our growing 
understanding of this disease, the exact molecular and genetic processes that cause an increased 
predisposition to endometrial cancer among European women remain unknown. Thus, further clarification of 
the molecular pathogenesis of this disease is necessary, and the establishment of different endometrial 
cancer cell lines will be essential. 
 In this study, we present novel endometrial cancer cell lines, derived in 2023 from the tumor tissue of 
Lithuanian endometrial cancer patients. We characterized the cells by determining their growth rate, 
detecting the expression of cancer markers, analyzing colony-forming efficiency, karyotype and cell 
sensitivity to paclitaxel, cisplatin, carboplatin and targeted therapy drugs. We believe that these novel cell 
lines will be an effective tool for preclinical endometrial cancer studies in the future. 
 This work was funded by Vilnius University Science Promotion Fund (project no. MSF-JM-17/2022) and 
Future Biomedicine Fund (project no. (1.78) SU-442). 
 
 
 
 
  
 
 
 
 
 
 
 
[1] R.L. Siegel, K.D. Miller, A. Jemal, Cancer statistics, 2020, CA: a cancer journal for clinicians 70(1) (2020) 7-30. 
[2] https://www.wcrf.org/cancer-trends/endometrial-cancer-statistics/ 
[3] Remmerie M, Janssens V. Targeted Therapies in Type II Endometrial Cancers: Too Little, but Not Too Late. Int J Mol Sci. 2018 Aug 
13;19(8):2380. doi: 10.3390/ijms19082380. PMID: 30104481; PMCID: PMC6121653. 
[4] Nishida M. The Ishikawa cells from birth to the present. Hum Cell. 2002 Sep;15(3):104-17. doi: 10.1111/j.1749-0774.2002.tb00105.x. PMID: 
12703541. 
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 IInnttrroodduuccttiioonn.. Ovarian cancer is the eighth most common cancer among European women and accounts 
for 5% of all cancers worldwide. Unfortunately, ovarian cancer is diagnosed in the late stages due to the lack of 
specific symptoms and causes 207,000 deaths per year globally out of the 314,000 new cases [1]. Therefore, it is 
essential to understand the molecular mechanisms that contribute to tumor metastasis and chemoresistance. 
Elimination of cancer stemness properties is thought to be a strategy to increase therapeutic response. 
Therefore, there is a crucial need to identify and characterize these properties using reliable markers and to 
identify their vulnerabilities that can be exploited for therapeutic intervention [2]. Drug repurposing could be a 
valuable approach for developing novel cancer management strategies by exploring existing drugs. However, 
it requires extensive analysis and application in different 2D and 3D cell culture models to get promising results 
that could increase the effectiveness of ovarian cancer treatment.  

OObbjjeeccttiivvee.. In this study, three drug candidates (JIB-04, Napabucasin, and Salinomycin) were tested for 
their ability to inhibit stemness properties in ovarian cancer cell lines SKOV3 and COV362.  

MMeetthhooddss.. The expression of selected stemness-associated transcription factors - SOX2, OCT4, and 
NANOG - was examined in 2D cell culture of SKOV3 and COV362 using RT-qPCR. Both cell lines were tested for 
establishing the IC50  of selected inhibitors. The effect of stemness inhibitors on gene expression was evaluated 
after 48 and 72 hours. Next, the analysis was extended to a 3D spheroid model. The effectiveness of inhibitors 
was evaluated based on the spheroid diameter after treatment with IC50 , IC50 x2, IC50 x5, IC50 x10 and IC50 x20 drug 
doses. 

RReessuullttss.. IC50 values of JIB-04, Napabucasin, and Salinomycin were determined in SKOV3 and COV362. 
Decrease in the expression of SOX2, OCT4, and NANOG was noted in both cell lines after 72 h incubation with 
stemness inhibitors in 2D setting. However lack of the effect of the same concentrations in the 3D model led to 
optimization of the protocol by adding drugs to the spheroid culture medium every two days and additionally 
using higher drug dosage. Starting from IC50 x5 dose, growth of cells in 3D models were inhibited and spheroid 
diameter was significantly reduced compared to the control samples. However, IC50 and IC50 x2 were less 
effective in 3D models which confirms that selected inhibitors are more sensitive in 2D models.  

CCoonncclluussiioonn.. The comprehensive assessment of stemness inhibitors in ovarian cancer cell lines, 
integrating both 2D and 3D culture approaches, provides valuable insights for optimizing drug efficacy and 
advancing the development of novel therapeutic strategies for ovarian cancer treatment.  

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
[1] Breen J., Allen K., Zucker K., Adusumilli P., Scarsbrook A., Hall G., Orsi N.M., Ravikumar N. 2023. Artificial intelligence in ovarian cancer 
histopathology: a systematic review, npj Precision Oncology 7(1).   
[2] Roy L., Dahl K.D.C. 2018. Can stemness and chemoresistance be therapeutically targeted via signaling pathways in ovarian cancer, 
Cancers 10(8): 1–23.  
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 Breast cancer remains the most prevalent malignancy and the primary cause of cancer-related 
mortality among women worldwide. Among its subtypes, Triple-Negative Breast Cancer (TNBC) stands out 
as an exceptionally aggressive form, constituting 10-20% of all breast cancer cases. Characterized by the 
absence of estrogen receptor (ER), progesterone receptor (PR), and human epidermal growth factor receptor 
2 (HER2), TNBC presents a significant challenge in terms of treatment due to the lack of targeted therapy 
options, leading to a generally poor prognosis. [1] 

MicroRNAs (miRNAs), small non-coding RNA molecules, play a crucial role in regulating gene 
expression. Dysregulation of miRNAs can significantly influence cancer development and progression by 
altering the expression of genes involved in critical pathways. [1], [2]   

This study aims to provide insights into the role of selected miRNAs in TNBC progression. Bioinformatic 
case study analysis of the cancer genome atlas (TCGA) datasets revealed 195 differentially expressed 
miRNAs targeting 57 genes linked to the platinum drug resistance pathway. Analysis of patient survival data 
showed 13 of those to be directly related to patient survival rate. In this research, we examine the following 
miRNAs: miR-340-5p, miR-1307-3p and miR-937-3p. 

To further investigate the function of these miRNAs, we selected a subset for quantitative analysis. 
We measured their expression levels in TNBC patient samples using quantitative reverse transcription PCR 
(qRT-PCR). Specifically, we analyzed patient samples before and after neoadjuvant chemotherapy. Patient 
samples were divided into two groups based on their Residual Cancer Burden (RCB) classification, 
distinguishing between RCB-0-I and RCB-II-III to reflect varying treatment outcomes. Statistical analysis of 
miRNA expression levels was conducted using the Student's t-test to compare the pre- and post-
neoadjuvant chemotherapy patient groups. To evaluate the effect of miRNA expression on patient 
outcomes, Kaplan-Meier curves were utilized, showcasing the influence of miRNA levels on overall 
survival and progression-free survival before and after treatment. This approach identified significant 
changes in miRNA expression associated with the response to neoadjuvant chemotherapy in triple-
negative breast cancer. The comparative analysis of how miRNA expressions are altered by chemotherapy 
potentially sheds light on their roles in mediating the therapeutic response and resistance mechanisms in 
TNBC.   
 
 
 
 
 
 
 
 
 
 
 
 
 
[1] Sabit, H., Cevik, E., Tombuloglu, H., Abdel-Ghany, S., Tombuloglu, G., & Esteller, M. (2021). Triple negative breast cancer in the era of 
miRNA. Critical reviews in oncology/hematology, 157, 103196. 
[2] Wang, H., Peng, R., Wang, J., Qin, Z., & Xue, L. (2018). Circulating microRNAs as potential cancer biomarkers: the advantage and 
disadvantage. Clinical epigenetics, 10(1), 1-10. 
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 Colorectal cancer (CRC) is the second most common cause of cancer-related deaths and the third 
most frequently diagnosed cancer worldwide [1]. It is also the fifth most common frequently occurring cancer 
localization in Lithuania. Hyperplastic polyps that grow on the intestine mucosa surface are the first sign of 
presumable CRC. Subsequently, an increasing amount of mutations and/or changes in genome methylation 
status leads to conventional adenomas or serrated lesions. Finally, if these polyps of serrated lesions or 
conventional adenomas continue to grow, they can develop into adenocarcinoma [2]. Serrated adenomas are 
major precursor of colorectal cancer however, their identification is challenging thus there is a need for 
additional tools – biomarkers [3]. LINE-1 retrotransposon is widely used as epigenetic marker which shows 
the methylation status of the genome. LINE-1 expression and LINE-1 promoter hypomethylation are 
associated with genomic instability, indicating it as one of potential marker of cancer development [4].   
 The present study aimed to assess LINE-1 promoter methylation status in tubular adenoma, serrated 
lesions and adenocarcinoma, and corresponding health tissue. Adenocarcinoma (n=20), tubular adenoma 
(n=32), serrated adenoma (n=15) and corresponding adjacent normal tissue have been collected (NCI, Vilnius, 
Lithuania). Quantitative determination of LINE1 promoter three CpG islands methylation status in bisulfite-
converted DNA was performed by pyrosequencing (Qiagen) method, and averages of the three CpG islands 
data were analyzed (GraphPad). 
 The findings of this study show a statistically significant difference in LINE-1 promoter methylation 
status between tubular adenoma and adenocarcinoma and adjacent healthy tissues. Also, the fact that there 
are no changes in LINE-1 promoter methylation status in serrated adenoma in comparison to healthy tissue, 
rises the hypothesis that epigenetic alterations do not play the main role in serrated adenoma development. 
Analysis of ROC curves shows that all three pathological groups have statistically significant different 
methylation profiles so methylation status of LINE-1 promoter can be used as an additional diagnostic 
biomarker. 
 
 
 
 
 
 
 
  
 
 
 
 
 
[1]     Duan, B., Zhao, Y., Bai, J., Wang, J., Duan, X., Luo, X., Zhang, R., Pu, Y., Kou, M., Lei, J., & Yang, S. (2022). Colorectal Cancer: An 
Overview. In J. A. Morgado-Diaz (Ed.), Gastrointestinal Cancers. Exon Publications. http://www.ncbi.nlm.nih.gov/books/NBK586003/ 
[2]    Alzahrani, S. M., Al Doghaither, H. A., & Al‑Ghafari, A. B. (2021). General insight into cancer: An overview of colorectal cancer 
(Review). Molecular and Clinical Oncology, 15(6), 1–8. https://doi.org/10.3892/mco.2021.2433 
[3]     Jiang, A. C., Buckingham, L., Bishehsari, F., Sutherland, S., Ma, K., & Melson, J. E. (2021). Correlation of LINE-1 Hypomethylation With 
Size and Pathologic Extent of Dysplasia in Colorectal Tubular Adenomas. Clinical and Translational Gastroenterology, 12(6), e00369. 
https://doi.org/10.14309/ctg.0000000000000369 
[4]     Shademan, M., Zare, K., Zahedi, M., Mosannen Mozaffari, H., Bagheri Hosseini, H., Ghaffarzadegan, K., Goshayeshi, L., & Dehghani, 
H. (2020). Promoter methylation, transcription, and retrotransposition of LINE-1 in colorectal adenomas and adenocarcinomas. Cancer 
Cell International, 20(1), 426. https://doi.org/10.1186/s12935-020-01511-5 
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 B-cell lymphomas are usually treated with chemotherapy, radiotherapy and autologous or allogeneic 
stem cell transplantation, but there are some cases where the disease is resistant to treatment, leading to a 
poor prognosis. For example, after unsuccessful treatment of relapsed and refractory lymphoma, a patient's 
survival can be as low as 6 months. This is a worrying prognosis, but it has improved significantly with the 
introduction of a new treatment modality, CAR-T therapy. This form of treatment is based on targeting the 
patient's immunity against cancer cells. CAR-T is a type of autologous T cell that has been genetically modified 
to express the chimeric antigen receptor (CAR), a protein that determines the specificity of T cells in killing 
cells expressing specific surface biomarkers. CAR-T therapy is currently used to treat 
chemotherapyresistant malignant lymphoblastic leukemia, diffuse large B-cell lymphoma and follicular 
lymphoma. In these diseases, cancer cells have higher levels of the B-cell antigen CD19, and CAR-T cells are 
targeted to specifically recognize this protein and eliminate these cells [1]. 
 Jurkat is a cell line derived from an acute leukemia patient. It belongs to the T-cell group, however, it 
is not considered to be a killer cell due to the surface markers it expresses, yet this cell line is widely used 
in CAR studies [2, 3]. To study CAR signaling pathways, we generated a CD19-targeted CAR-expressing cell 
line Jurkat-CAR (J-CAR). The cell line was established by introducing into the cells a gene encoding a CAR 
consisting of the FMC63 CD19 recognition domain, the CD8 and CD28 hinge and transmembrane domains, the 
4-1BB co-stimulation domain, and the CD3ζ activation domain, together with the gene of a selection marker 
- a Green Fluorescent Protein (GFP) which is used for cell sorting and tracking. In this study, we found that 
expression of the CAR protein in cells reprograms them, altering the transcriptomic and proteomic profile of 
the cells, resulting in the emergence of cells with cytotoxic features. To activate J-CAR via ligand-receptor 
connection, CD19-expressing B-cell lymphoma cell line SU-DHL-4 was used in co-culture. Cell co-culture 
revealed an unexpected phenomenon: cytotoxic effects of J-CAR cells. 
 To confirm that J-CAR cells function in a CD19-dependent manner, this surface biomarker was 
introduced into HL60 cells that did not previously express CD19 - even though the effect was weaker than in 
the case of SU-DHL-4, the changes in cell viability confirmed the specificity of CAR protein. In addition, J-
CAR activation was observed to reduce cell viability. This is supported by data obtained by high-throughput 
differential phosphoproteomic analysis, which showed an increase in the activity of cellular stress associated 
kinases. The study shows that there is a possibility to adapt CAR therapy to allogeneic cell conditions; 
however, this requires an optimization of the method, whereas the data obtained in a prototype system using 
Jurkat-CAR cells will be presented in a poster. 
 
 
 
  
 
 
 
 
 
 
 
[1] Denlinger, N., Bond, D., & Jaglowski, S. (2022). CAR T-cell therapy for B-cell lymphoma. In Current Problems in Cancer (Vol. 46, Issue 
1, p. 100826). Elsevier BV. https://doi.org/10.1016/j.currproblcancer.2021.100826 
[2] Bloemberg, D et. al. (2020). A High-Throughput Method for Characterizing Novel Chimeric Antigen Receptors in Jurkat Cells. In 
Molecular Therapy - Methods & Clinical Development (Vol. 16, pp. 238–254). Elsevier BV. https://doi.org/10.1016/j.omtm.2020.01.012 
[3] Janeway CA Jr, Travers P, Walport M, et al. Immunobiology: The Immune System in Health and Disease. 5th edition. New York: Garland 
Science; 2001. T cell-mediated cytotoxicity. https://www.ncbi.nlm.nih.gov/books/NBK27101/ 
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Numerous signaling pathways regulating cell proliferation and survival are affected during cancer 

development. Cancer cells have oncogenic rearrangements (driver mutations) which make cells 
proliferative, invasive, and resistant to cell death induction. Intracellular signaling pathways extending from 
plasma membrane receptors to the nucleus, including the mitogen-activated protein kinases (MAPKs) and 
AKT, contribute substantially to the malignancy of cancer cells [1]. While oncogenes are involved in the 
generation of dysregulated signals, multi-level signal transduction cascades, however, remain fully 
functional and are responsive to chemotherapy treatment. This dynamic signaling network, together with 
compromised oncogenic signaling, provides a fantastic potential to explore efficient interventions that may 
translate into successful cancer treatment. Investigation and understanding of molecular mechanisms by 
which intracellular signals are transmitted are important in improving targeted and combination therapies. 

Here, by Western blot method, we demonstrate that cells from lung cancer tumors have 
phosphorylated – activated – MAP and AKT kinases. The basal phosphorylation level of studied kinases varies 
among the cell lines, depends on extracellular contacts, and increases after chemotherapy treatment. Drugs 
targeting MAP kinase ERK and AKT signaling pathway effectively inhibited their target phosphorylation in all 
cell lines studied, however, the anticancer effect was modest, as determined by the MTT method. The effect 
of inhibitor and conventional drug cisplatin combinations on cell proliferation and cell death was not uniform 
between lung cancer cell lines. However, regardless of different cell genotype or phenotype, all investigated 
lung cancer cell lines showed cross-talk between PI3K/AKT and MEK/ERK signaling pathways with a negative 
feedback mechanism upon treatment with various and distinct inhibitors of these kinases, with or without 
chemotherapeutic agents. Therefore, drug resistance to these types of targeted therapies arises, at least in 
part, from negative feedback interactions between these two signaling pathways. Thus, it can be said that 
combination therapy using both ERK and AKT inhibitors is more beneficial for cancer treatment rather than 
targeting different kinases alone or in combination with chemotherapy.  

The role of the MAP kinase JNK in determining cell fate varied depending on cell line (genotype), 
chemotherapeutic drug, and the dosage of the drug. In the A549 cell line, which has mutated K-RAS and intact 
TP53, JNK was proapoptotic at high cisplatin concentrations, and antiapoptotic at low (sublethal) 
concentrations. Cisplatin treatment alone increased AKT, ERK1/2, JNK, and TP53 phosphorylation. However, 
treatment with cisplatin in combination with JNK inhibition differently affected the phosphorylation of TP53 
and AKT, correlating with their role in regulating cell death. The studies showed that combining JNK inhibition 
with low cisplatin concentrations could be a promising approach to overcome drug resistance and reduce 
systemic toxicity. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[1] S. Lee, J. Rauch, and W. Kolch (2020). Targeting MAPK Signaling in Cancer: Mechanisms of Drug Resistance and Sensitivity, 
International Journal of Molecular Sciences, 21(3), 1102. 
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 Mounting evidence suggests that chronic neuroinflammation driven by microglia, the resident 
macrophages of the brain parenchyma, plays a pivotal role in the development and progression of 
neurodegenerative diseases, such as Alzheimer’s disease (AD) and Parkinson’s disease (PD) [1]. When 
challenged with pathological and proinflammatory stimuli, including endogenous and exogenous amyloid 
aggregates, microglia undergo programmed metabolic alterations to exhibit diverse functions and 
phenotypes. These metabolic adaptations are necessary for proper immune action in the brain; however, this 
can also lead to amplified inflammatory response and altered microglial phagocytic activity, which, in turn, 
may further exacerbate neurodegeneration [2,3]. Recent studies have shown that highly amyloidogenic and 
proinflammatory protein S100A9 is abundantly expressed in microglia and neurons intracellularly as well as 
deposited extracellularly in both AD and PD patients [4,5]. However, limited understanding exists regarding 
the cytotoxic effects of S100A9 and its molecular mechanisms regulating complex immune response and 
metabolic reprogramming of microglia cells. Thus, our research aimed to investigate the direct effect of 
S100A9 aggregates on microglial bioenergetics.  
 Experiments were carried out on cultured murine microglial cell line BV-2. BV-2 cells were exposed 
to nanomolar concentrations of pre-aggregated recombinant amyloid protein S100A9 for 24 h. After 
incubation, oxygen consumption rates of intact and permeabilized BV-2 cells were measured using a high-
resolution respirometry system Oroboros O2k, while glycolytic activity was assessed by measuring the real-
time proton flux in intact BV-2 cells using O2k-pH ISE-Module.  
 We found that exposure of BV-2 cells to S100A9 negatively affected the capacity of the mitochondrial 
electron transfer system, which resulted in reduced oxidation of mitochondrial complex I- and II-linked 
substrates, leading to a decrease in ADP phosphorylation rate. Meanwhile, BV-2 cells exhibited markedly 
enhanced glycolytic activity in response to S100A9, suggesting a compensatory switch to anaerobic glycolysis 
to maintain adequate ATP levels. 
 Overall, our results imply that S100A9 causes dysfunction of the mitochondrial electron transfer 
system and likely contributes to neurodegeneration by promoting a shift from oxidative energy metabolism 
to glycolysis. Therefore, targeting altered microglial energy metabolism could be an emerging therapeutic 
strategy to treat neurodegenerative diseases. 
 
 
 
 
 
 
 
 
 
 
[1] Zhang, W., Xiao, D., Mao, Q., & Xia, H. (2023). Role of neuroinflammation in neurodegeneration development. Signal Transduction and 
Targeted Therapy, 8(1), 1–32. https://doi.org/10.1038/s41392-023-01486-5 
[2] Miao, J., Chen, L., Pan, X., Li, L., Zhao, B., & Lan, J. (2023). Microglial metabolic reprogramming: Emerging insights and therapeutic 
strategies in neurodegenerative diseases. Cellular and Molecular Neurobiology, 43(7), 3191–3210. https://doi.org/10.1007/s10571-023-
01376-y 
[3] Gao, C., Jiang, J., Tan, Y., & Chen, S. (2023). Microglia in neurodegenerative diseases: mechanism and potential therapeutic targets. 
Signal Transduction and Targeted Therapy, 8(1), 1–37. https://doi.org/10.1038/s41392-023-01588-0 
[4] Cristóvão, J. S., & Gomes, C. M. (2019). S100 Proteins in Alzheimer’s Disease. Frontiers in Neuroscience, 13. 
https://doi.org/10.3389/fnins.2019.00463 
[5] Horvath, I., Iashchishyn, I. A., Moskalenko, R. A., Wang, C., Wärmländer, S. K. T. S., Wallin, C., Gräslund, A., Kovacs, G. G., & Morozova-
Roche, L. A. (2018). Co-aggregation of pro-inflammatory S100A9 with α-synuclein in Parkinson’s disease: ex vivo and in vitro studies. 
Journal of Neuroinflammation, 15(1). https://doi.org/10.1186/s12974-018-1210-9 
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Fibrosis is a pathological process that can affect many organs, and, in most cases, it leads to organ 
failure. Deaths from fibrosis account for about 35% of all deaths worldwide [1]. Fibrosis can occur after 
tissue damage or various diseases. The result of it is the formation of excessive amounts of extracellular 
matrix components such as collagen, fibronectin, and laminin. These matrix components can form a scar 
that replaces the functional tissue [2]. There is also no effective treatment for the disease, as the processes 
involved in fibrosis are very complex and have not yet been fully explored.  

To better understand the mechanisms of fibrosis, various signalling pathways are being explored as 
potential targets for the treatment of this disease. Fibroblasts are the main cells used in fibrosis research 
as they are responsible for maintaining the homeostasis of the extracellular matrix components. However, 
working with primary cells such as cardiac fibroblasts is difficult because they differentiate rapidly, have 
poor viability and are contaminated with other cell types [3]. Therefore, development of cell models for 
research purposes is necessary.  

In this study, immortalized mouse cardiac fibroblasts are used as a potential model for cardiac 
fibrosis research. In addition, the effect of the Fhl1  gene knockout on immortalized mouse cardiac 
fibroblasts is investigated. The FHL1 protein is associated with cytoskeletal patterning processes and 
functions as a transcription factor in the nucleus [4]. Mutations in this gene are also associated with 
various alterations in muscle function and structure, but data related to fibrotic diseases are lacking [5]. 
Therefore, the present study aims to compare primary mouse cardiac fibroblasts and immortalized mouse 
cardiac fibroblasts and to investigate possible changes in morphology and functionality of immortalized 
mouse cardiac fibroblasts after Fhl1 gene knockout. 

This study may demonstrate the potential application of immortalized mouse cardiac fibroblasts in 
future studies and stimulate consideration of the importance of Fhl1 relevance for further studies within 
context of fibrosis. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[1] Mutsaers, Henricus A. M., et al. “The Impact of Fibrotic Diseases on Global Mortality from 1990 to 2019.” Journal of Translational 
Medicine, vol. 21, no. 1, Nov. 2023, p. 818. BioMed Central, https://doi.org/10.1186/s12967-023-04690-7.  
[2] Antar, Samar A., et al. “Fibrosis: Types, Effects, Markers, Mechanisms for Disease Progression, and Its Relation with Oxidative Stress, 
Immunity, and Inflammation.” International Journal of Molecular Sciences, vol. 24, no. 4, Feb. 2023, p. 4004. PubMed Central, 
https://doi.org/10.3390/ijms24044004. 
[3] Kumar, Shweta, et al. “Isolation and Culture of Primary Fibroblasts from Neonatal Murine Hearts to Study Cardiac Fibrosis.” Bio-
Protocol, vol. 13, no. 4, Feb. 2023, p. e4616. PubMed Central, https://doi.org/10.21769/BioProtoc.4616 
[4] Qi, Tongbing, et al. “Unraveling the Role of the FHL Family in Cardiac Diseases: Mechanisms, Implications, and Future 
Directions.” Biochemical and Biophysical Research Communications, vol. 694, Jan. 2024, p. 149468. ScienceDirect, 
https://doi.org/10.1016/j.bbrc.2024.149468. 
[5] Schessl, Joachim, et al. “Reducing Body Myopathy and Other FHL1-Related Muscular Disorders.” Seminars in Pediatric Neurology, 
vol. 18, no. 4, Dec. 2011, pp. 257–63. PubMed, https://doi.org/10.1016/j.spen.2011.10.007.
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 The overuse of antibiotics in medicine and agriculture has fueled the emergence of antibiotic-resistant 
bacteria, posing a significant threat to global public health [1]. These resistant bacteria are not only found in 
hospitals but also persist in environmental reservoirs like soil [2]. This research investigates the prevalence 
of antibiotic-resistant bacteria in Lithuanian soil and explores the potential link to human activities. Soil 
samples were collected from ecologically clean and contaminated areas across Lithuania. 
 Clean areas included national parks and forests with minimal human intervention. Contaminated areas 
were identified based on past military activity, livestock farming, and fertilizer use. 
 The research employed a serial dilution technique to quantify the bacterial populations and assess 
their antibiotic susceptibility. One gram of each soil sample was diluted tenfold six times, resulting in a series 
of dilutions from 10-1 to 10-6 . A portion of each dilution was then plated onto agar media. Two sets of plates 
were prepared for each sample: one set without antibiotics (control) and two sets containing tetracycline, a 
common antibiotic, at low (3 μg/ml) and high (30 μg/ml) concentrations. After incubation, the colonies on 
each plate were counted to estimate the total bacterial count (CFU/g of soil) and the percentage resistance 
to tetracycline at different concentrations. 
 Bacterial identification was performed on colonies exhibiting low and high tetracycline resistance 
isolated from contaminated and clean areas. This involved isolating the bacterial DNA, amplifying 16S rRNA 
gene segment using a Polymerase Chain Reaction (PCR) technique, and then sequencing the amplified DNA 
by the Sanger method. The specific bacterial species were identified by comparing the obtained sequences 
to SILVA database. 
 The findings suggest a possible link between anthropogenic activity and antibiotic resistance. Soil 
samples from contaminated areas exhibited a higher percentage of bacteria resistant to low and high 
tetracycline concentrations (3 μg/ml and 30 μg/ml, respectively) compared to samples from clean areas 
(Figure 1). Furthermore, bacterial species identification revealed the presence of Stenotrophomonas 
maltophilia – a bacterium known for complex drug resistance – in a highly tetracycline-resistant sample 
from a contaminated area [3] [4]. These findings highlight the potential public health concerns associated 
with increased antibiotic resistance in the environment. 
 

 
Figure 1. Prevalence of tetracycline-resistant bacteria in contaminated and clean areas 

[1] World Health Organization. (2023, November 21). Antimicrobial Resistance. World Health Organization. 
https://www.who.int/newsroom/fact-sheets/detail/antimicrobial-resistance 
[2] Flores-Vargas, G., Bergsveinson, J., Lawrence, J. R., & Korber, D. R. (2021). Environmental Biofilms as Reservoirs for Antimicrobial 
Resistance. Frontiers in Microbiology, 12. https://doi.org/10.3389/fmicb.2021.766242 
[3] Said, M. S., Tirthani, E., & Lesho, E. (2021). Stenotrophomonas Maltophilia. PubMed; StatPearls Publishing. 
https://www.ncbi.nlm.nih.gov/books/NBK572123/ [4] Brooke, J. S. (2012). Stenotrophomonas maltophilia: an Emerging Global 
Opportunistic Pathogen. Clinical Microbiology Reviews, 25(1), 2–41. https://doi.org/10.1128/cmr.00019-11 
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 Introduction. Type 2 diabetes (T2D) is one of the most prevalent chronic metabolic diseases worldwide 
[1]. Insulin resistance (IR), impaired glucose tolerance and absorption, and hyperglycemia are common 
characteristics of T2D patients [2]. Although a sedentary lifestyle, a Western diet, and obesity all contribute 
to the development of IR and T2D, scientists are increasingly focusing on genetic variations [3]. SNPs in genes 
responsible for energy homeostasis, glucose and lipid metabolisms, such as ELOVL6 rs17041272, FTO 
rs9939609, MC4R rs17782313, and PPARG rs1801282, have been found to increase the risk of developing the 
two main risk factors for T2D: insulin resistance and obesity [4–7]. 
 Aim. The aim of this study was to investigate the prevalence of ELOVL6 (rs17041272), FTO (rs9939609), 
MC4R (rs17782313), and PPARG (rs1801282) SNPs in T2D patients (with and without severe insulin resistance) 
and healthy individuals (control), and to assess the relationship between these SNPs and T2D and insulin 
resistance. 
 Methods. Genomic DNA was extracted from 164 peripheral blood samples collected from 52 patients 
with T2D, 58 patients with T2D and severe IR, and 54 subjects without T2D (control). ELOVL6 rs17041272 and 
FTO rs9939609 SNPs were genotyped by PCR-RFLP method, while MC4R rs17782313 and PPARG rs1801282 
SNPs were genotyped by ARMS-PCR. Amplified DNA fragments were separated on 2% agarose gel. The 
results were evaluated using the Chi-square, Fisher`s exact test, One-Way ANOVA, t-test, correlation, and 
multiple linear and logistic regression. Results were considered statistically significant with a p-value ≤ 0.05.  
 Results. Association tests showed that the MC4R (rs17782313) polymorphism is significantly 
associated with T2D and severe IR (p = 0.013). In the case of this polymorphism, the C allele and CC genotype 
were statistically significantly more frequent in T2D patients with severe IR. Blood HbA1c level was 
significantly higher in subjects with CC genotype (10.1 ± 2.5%) than with TT+CT genotypes (7.9 ± 2.2%) (p = 0.02). 
Although the prevalence of FTO (rs9939609) polymorphism did not differ between the studied groups 
(p = 0.517), blood HbA1c level (AA: 8.6 ± 2% vs. TT+AT: 7.8 ± 2.3%) and HOMA-IR index (AA: 18.9 ± 25.8 vs. 
TT+AT: 17.7 ± 38) were significantly higher in subjects with AA genotype than with TT+AT genotypes, 
respectively p = 0.026 and p = 0.036. Meanwhile, statistically significant associations between ELOVL6 
(rs17041272) and PPARG (rs1801282) SNPs and T2D as well as severe IR were not found. 
 
 
 
 
 
 
 

[1] Zhou, Z., Sun, B., Yu, D., & Zhu, C. (2022). Gut microbiota: an important player in type 2 diabetes mellitus. Frontiers in cellular and 
infection microbiology, 12, 834485. 
[2] DeFronzo, R. A. (2009). From the triumvirate to the ominous octet: a new paradigm for the treatment of type 2 diabetes mellitus. 
American diabetes association, 58(4), 773-795. 
[3] Ling, C., & Ronn, T. (2019). Epigenetics in human obesity and type 2 diabetes. Cell metabolism, 29(5), 1028-1044. 
[4] Morcillo, S., Martin-Nunes, G. M., Rojo-Martinez, G., Almaraz MC, Garcia-Escobar, E., et al. (2011). ELOVL6 genetic variation is related 
to insulin sensitivity: a new candidate gene in energy metabolism. PLoS One, 6(6), 21198. 
[5] Yang, Y., Liu, B., Xia, W., Yan, J., Liu, H. Y., et al. (2017). FTO genotype and type 2 diabetes mellitus: spatial analysis and metaanalysis 
of 62 case-control studies from different regions. Genes, 8(2), 70. 
[6] Khodarahmi, M., Siri, G., Mogammadi, M., Farhangi, M. A., & Alaseidi, S. (2022). The role of dietary glycemic index and glycemic load 
in mediating genetic susceptibility via MC4R rs17782313 genotypes to affect cardiometabolic risk factors among apparently healthy obese 
individuals. BioMed research international, 3044545. 
[7] Cataldi, S., Costa, V., Coccodicola, A., & Aprile, M. (2021). PPARγ and diabetes: beyond the genome and towards personalized medicine. 
Genetics, 18, 21. 
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Įvadas. Bakterijų atsparumas antibiotikams yra sparčiai progresuojanti problema ir iššūkis visame 
pasaulyje. Šis reiškinys kelia nerimą tiek medicinos specialistams, tiek visuomenei [1]. Jeigu nespręsti šios 
problemos, gydymas antibiotikais gali tapti neveiksmingas. Esant atsparioms bakterijoms paprastos infekcijos 
gali tapti nevaldomos ir pavojingos [2]. Bakterijos tampa atsparios antibiotikams dėl natūralių evoliucijos 
procesų, žmonių veiksmų, tokių kaip neteisingas vaistų vartojimas ar pernelyg didelis jų naudojimas, 
piktnaudžiavimas jais ūkiuose. Antropogeninis poveikis vandens telkiniams gali paskatinti antibiotikams atsparių 
bakterijų plitimą.  

 Tyrimo tikslas. Ištirti antibiotikams atsparių bakterijų paplitimą upėje Šalčia bei jos užtvankose (viešuose 
tvenkiniuose) bei nustatyti jų genetinę įvairovę. 

Metodai. Iš skirtingų tiriamųjų vietovių surinkti vandens mėginiai skiedžiami serijiniu būdu ir užsėti ant 
Petri lėkštelių su R2A terpe be antibiotikų, su maža koncentracija tetraciklino ir su didele koncentracija 
tetraciklino. Po trijų parų inkubavimo nustatomas kolonijas formuojančių vienetų kiekis ir procentalus bakterijų 
atsparumas skirtingoms antibiotikų koncentracijoms. Siekiant atlikti antibiotikams atsparių bakterijų rūšies 
nustatymą,  atrenkamos antibiotikui atsparios bakterijų kolonijos, iš jų išgryninta DNR ir pagausintas 16S rRNR 
genas taikant polimerazės grandininės reakcijos (PGR) metodą. Su tikslu patvirtinti amplikono ilgį bei 
koncentraciją, atliekama elektroforezė ~1,5 % agarozės gelyje. Gauti rezultatai įvertinti naudojant 
transiliuminatorių. Amplikonai, kurių 16S genas pasigausino ir vizualiai įvertintas gelyje kaip 1500 bp fragmentas, 
sekvenuojami Sangerio metodu. Gavus sekoskaitos duomenis, analizuojamos sekoskaitos chromotogramos, 
sekos sutvarkomos ir lygiuojamos į SILVA duomenų bazę [3]. 

Rezultatai. Kiekviename mėginyje buvo aptiktos mažai (3 ug/ml) antibiotikų (tetraciklino) koncentracijai 
atsparios bakterijos. Rečiau buvo aptinkamos didelei (30 ug/ml) antibiotikų (tetraciklino) koncentracijai atsparios 
bakterijos. Nustatyta, kad mažai antibiotikų koncentracijai  yra atsparios 5,4% bakterijų, tuo tarpu didelei 
koncentracijai iki 0,15%. Sudarytame filogenetiniame medyje (1 pav.), matyti, kad nemaža dalis aptinkamų 
vandenyje bakterijų yra giminingos.  

 

 

 

 

 

1 pav.  Tyrimo metu nustatytų antibiotikams atsparių bakterijų rūšių filogenetinis medis. 

Išvada. Įvertinus esamus tyrimo rezultatus pastebėta, kad tiriamajame tvenkinyje yra aptinkamos 
antibiotikams atsparios bakterijos. Didžiausią atsparumą turinčios bakterijos buvo aptinkamos užtvankose 
(viešuose tvenkiniuose). Iš gautų sekvenavimo duomenų, galima teigti, jog ištirtuose telkiniuose dominuoja tam 
tikros bakterijos, turinčios bendrą kilmę. Gauti duomenys gali būti svarbus norint suprasti bakterijų atsparumo 
antibiotikams paplitimo dinamiką ir jų įvairovę aplinkoje. 

 
[1] World Health Organization. (2023) Antimicrobial resistance. https://www.who.int/news-room/fact-sheets/detail/antimicrobial-resistance 
[2] Centers for Disease Control and Prevention. How Antimicrobial Resistance Happens. https://www.cdc.gov/drugresistance/about/how-resistance-
happens.html 
[3] SILVA ribosomal RNA database. https://www.arb-silva.de 
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Introduction. Antibiotic resistance is an urgent global public health threat, killing at least 1.27 million 

people worldwide and associated with nearly 5 million deaths in 2019 [1]. It needs to be regulated and the 
source of it needs to be studied. It is known that antibiotic resistance is mainly caused by pollution, thus 
to solve the issue first we need to know what kind of pollution causes it and where it comes from [2]. 

Initial mechanisms of resistance to antibiotics among pathogens are mostly via chromosomal 
mutations leading to the overexpression of efflux pumps. High-level resistance is achieved only after the 
acquisition of flavin-dependent monooxygenase-encoding genes from the environmental microbiota [3]. 
This is a reason for researching oxygenase enzymes alongside antibiotic resistance. In addition, these 
enzymes also have the potential to be a biomarker of pollution [4]. However, there is a lack of research 
on this topic, creating a gap of knowledge that narrows our insight into the antibiotic resistance issue. The 
above-mentioned arguments prompted us to plan this pilot study to see if we can claim the link between 
antibiotic resistance and water pollution in Nemunas river. 

Goal. To determine the concentration of antibiotic-resistant bacteria in different locations of the 
river Nemunas and to compare the data to levels of multiple pollutants in the same areas. To assess the 
relationship between the production of different oxygenase enzymes and antibiotic resistance in bacteria. 

Methods. The sampling locations are based on the research on pollution levels in the river that is 
done by the municipality of Kaunas. Antibiotic resistance is measured by planting the samples on Petri 
dishes with no antibiotic, 3 µL/ml, and 30 µL/ml of tetracycline after serial dilutions. The colonies are 
calculated using the “ImageJ” application. The oxygenase enzymes are recognized by growing samples on 
Petri dishes containing Indole (purple pigment made), 2-methylindole (yellow pigment made), 5-
bromoindole (blue pigment made), and 5-nitroindole (brown-red pigment made). DNA from the bacteria 
is extracted using the Zymo research Quick-DNA Miniprep Kit. The 16s region is duplicated using the PCR 
method and then tested by electrophoresis with a 1,5% gel and sent off to be sequenced by Sanger’s 
method. The sequencing results are compared to the SILVA 16S database to determine the species. 

Results. Analysis of this pilot study data showed that the concentrations of antibiotic-resistant 
bacteria colonies were different throughout the river and the concentration at the start of the city of 
Kaunas was lower than at the end of the city (medium-resistant bacteria went from 0,65% to 9,01%). When 
compared with the accessible pollution data of the same locations, no strong connection could be found, 
so we do not know yet what pollutant is responsible for this resistance. In the future, we are planning to 
also put the indole substrates with the antibiotics, to see what percentage of the resistant bacteria use 
the tet(x) mechanism of resistance. 

The bacteria that exhibited oxygenase-producing properties were determined to be: 
Janthinobacterium lividum, Pseudomonas poae, Paenibacillus pabuli, and Flavobacterium panacisoli. 
None of these bacteria grew on a Petri with 30 µL/ml of tetracycline. However, we did not manage to do 
any further experiments with these bacteria. 
 

[1] What Exactly is Antibiotic Resistance? (2022, October 5). Centers for Disease Control and Prevention. 
https://www.cdc.gov/drugresistance/about.html  

[2] Kraemer, S. A., Ramachandran, A., & Perron, G. G. (2019). Antibiotic pollution in the environment: From microbial ecology 
to public policy. Microorganisms, 7(6), 180. https://doi.org/10.3390/microorganisms7060180  

[3] Aminov, R. (2021). Acquisition and Spread of Antimicrobial Resistance: A tet(X) Case Study. International Journal of 
Molecular Sciences, 22(8), 3905. https://doi.org/10.3390/ijms22083905 

[4] Tizzard, A. C., & Lloyd‐Jones, G. (2007). Bacterial oxygenases: In vivo enzyme biosensors for organic pollutants. 
Biosensors and Bioelectronics, 22(11), 2400–2407. https://doi.org/10.1016/j.bios.2006.08.027  
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              Įvadas. Pasaulio sveikatos organizacijos (PSO) duomenimis (2022 m.) apskaičiuota, kad burnos 
ertmės ligomis serga beveik 3,5 mlrd. žmonių visame pasaulyje, o 3 iš 4 sergančiųjų gyvena vidutines 
pajamas gaunančiose šalyse. Apskaičiuota, kad pasaulyje 2 mlrd. žmonių kenčia dėl nuolatinio dantų 
ėduonies, o 514 mln. vaikų - dėl pieninių dantų ėduonies [1]. Nors burnos ertmės ligų iš esmės galima išvengti, 
jos yra didelė sveikatos našta daugeliui šalių ir paveikia žmones visą gyvenimą, sukeldamos skausmą, 
diskomfortą, subjaurojimą ir net mirtį. Svarbu paminėti, jog burnos sveikatos sutrikimų gydymas yra brangus 
ir nėra įtrauktas į visuotinio sveikatos draudimo (VSS) sistemą [2]. Streptococcus mutans - pagrindinė 
karieso sukėlėja, prisitaikanti prie rūgščios aplinkos ir fermentuojanti sacharozę, dėl to demineralizuoja 
dantų emalį [3]. Antibiotikų naudojimas prieš šią bakteriją - neefektyvus ir rizikingas dėl atsparių štamų 
atsiradimo. Tačiau eteriniai aliejai ne tik efektyviai slopina Streptococcus mutans augimą, bet ir gerokai 
mažesnėse koncentracijose už MSK paveikia šių bakterijų metabolizmą eliminuojant jų patogeniškumą    
             Tyrimo tikslas. Ištirti eterinių aliejų antibakterinį poveikį prieš Streptococcus mutans ir nustatyti jų 
galimybę slopinti kariesą̨ sukurtoje modelinėje sistemoje.   
            Tyrimo metodai. Eterinių aliejų antibakterinis poveikis buvo nustatomas naudojant serijinį skiedimo 
metodą, matuojant minimalią slopinančią koncentraciją (MSK). Buvo sukurta karieso modelinė sistema, kurioje 
buvo naudota Todd-Hewitt-Bouillon mitybinė terpė, Streptococcus mutans bakterijos, kininių cinamonų žievės 
eterinis aliejus bei kiaušinis. Sukurtas modelis buvo stebimas tris savaites ir buvo vertinami gauti vizualūs 
tyrimo rezultatai. 
            Rezultatai. Tarp visų šešių ištirtų eterinių aliejų, tyrimų rezultatai atskleidė, kad kininių cinamonų žievės 
eterinis aliejus efektyviai veikia prieš Streptococcus mutans bakterija net 0,015625% koncentracijoje (Lentelė 
Nr. 1. ). Karieso modeline sistema parodė, kad šis aliejus efektyviai apsaugo kiaušinio lukštą nuo bakterijų 
sukeliamos erozijos. Kiaušinio lukštas buvo stipriai pažeistas, augant mitybinėje terpėje be eterinio aliejaus (1 
pav.). Tačiau terpėje su eteriniu aliejumi, net esant dešimt kartų mažesnei nei minimali slopinamoji 
koncentracija (MSK) eterinio aliejaus koncentracijai, buvo indukuotas bioplėvelės formavimasis. Tai atskleidžia 
bakterijų adaptaciją prie nepalankių sąlygų (2 pav.). 

 

 

 

Išvada. Kininių cinamonų žievės eterinis aliejus efektyviai veikia prieš Streptococcus mutans bakteriją, 
rodanti stiprų antibakterinį potencialą karieso prevencijai ir gydymui. Eterinis aliejus veikia bakterijų 
metabolizmą ir vietoj to, kad ardytų kiaušinio lukštą, mikroorganizmas pradeda sintetinti bioplėvelės 
susidarymui būtinus polimerus.  

 
[1] World Health Organization. Oral health. Who.int. World Health Organization: WHO; 2023. Available from: https://www.who.int/news-
room/fact-sheets/detail/oral-health 
[2] Winkelmann J, Gómez Rossi J, van Ginneken E. Oral health care in Europe: Financing, access and provision. Health Systems in 
Transition [Internet]. 2022 Jun 1;24(2):1–176. Available from: https://pubmed.ncbi.nlm.nih.gov/35833482/ 
[3] Lemos JA, Palmer SR, Zeng L, Wen ZT, Kajfasz JK, Freires IA, et al. The Biology of Streptococcus mutans. Microbiology Spectrum 
[Internet]. 2019 Jan 11;7(1). Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6615571/ 

1 pav.  Kiaušiniai po 3 savaičių inkubacijos. 
Kairėje yra kiaušinis, kuris buvo terpėje 
su eteriniu aliejumi, o dešinėje – buvęs 
terpėje be eterinio aliejaus.  

2 pav. Vaizdas mitybinėje terpėje po 3 
savaičių̨ inkubacijos su eteriniu 
aliejumi ir be jo.  

ų ų ų

ų ų ž ų

š ų ų

ė ų

ė ų

ų ų ž ė

Lentelė Nr. 1. Įvairių eterinių aliejų minimali slopinanti 
koncentracija (MSK) Streptococcus mutans atžvilgiu. 
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Background: Artificial intelligence – modeling of human intelligence in 
machines programmed to perform tasks that usually require human intelligence. 

„Synthia” – retrosynthesis software that allows scientists to quickly 
and efficiently find innovative ways to create new molecules. 

Aim(s): Find the most suitable synthesis path using AI and perform a 
blue light emitting molecule synthesis according to the found pathway. 

This molecule (Figure 1) was chosen because of carbazole property to 
emit blue light [1]. Also, nitrogen heteroatoms deepen the color, pushes the shift 
towards the short waves. This is determined by the ingress of nitrogen into the 
conjugated system. Compounds with a low molar mass were chosen, as they are 
more stable [2]. 

Modified structure (Figure 2) has longer conjugated carbon atom 
chain with supporting nitrogen atoms. The structure of molecule suggests its ability 
to effectively emit blue light.  

The suggested synthesis path for modified structure described in 
Figure 3. 

 

 

 
  

 

 

 

 

 

 

 

 HPLC-MS analysis confirmed the successful synthesis of the modified structure. Intermediate 
compound with a molar mass of 285 Da ([M+H]=286 Da; [M-H]=284 Da). The modified structure’s mass was 
successfully measured at 594 Da ([M+CH3O-]) as the real molar mass is equal to 563 Da. 

 
 
 
[1] Sahoo, S. et al. (2018) ‘Highly efficient deep-blue organic light emitting diode with a carbazole based fluorescent emitter’, Japanese 
Journal of Applied Physics, 57(4S). doi:10.7567/jjap.57.04fl08  
[2] Lee, K.H. et al. (2013) ‘n,n-(diphenylamino)fluorenylstyrene derivatives with the various heteroatom-containing moieties for blue 
organic light-emitting diodes’, Journal of Nanoscience and Nanotechnology, 13(3), pp. 1808–1811. doi:10.1166/jnn.2013.6958. 

    
 

Figure 1. 9-[4-(1,3,5-
triazin-2-yl)phenyl]-
9H-carbazole. 

Figure 2. Modified 
structure. 

Figure 3. Synthesis path for modified structure generated by "Synthia". 
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 AAiimm::  ttoo  ddeevveelloopp  bbiiooppllaassttiicc  tthhaatt  aalleerrttss  tthhee  ccoonnssuummeerr  wwhheenn  tthhee  ddaaiirryy  pprroodduucctt  bbeeggiinnss  ttoo  ssppooiill.. 
 Food waste is a specific loss of food that USDA ERS describes as “food products that are thrown away 
due to unpleasant color or look” [1]. During the warm season, a lot of meat and dairy products spoil quickly, 
and the expiration date becomes inaccurate. In this case, anthocyanins-enriched indicator bioplastic would 
change its color according to the pH level of the product. Anthocyanins are mixed into a biopolymer made 
out of glycerol and starch. Bioplastic naturally degrades in the environment, avoiding the formation of 
microplastics or their particles. 
 Anthocyanins are extracted from 50 grams of red cabbage, beetroot, hibiscus, or red rose using 
Soxhlet extractor (solvent – methanol or water). 2 grams of starch, 4 grams of glycerol, 1 milliliter of 
anthocyanin extract, and 19 milliliters of distilled water are mixed and heated. 3 milliliters of 0.1M HCl solution 
is added. The mixture is heated until it is thick and is neutralized (pH=7) using 0.1m NaOH. The mixture is 
spread onto the baking paper and left to dry.  Anthocyanins are immobilized using sodium alginate and 
calcium chloride. 
 To determine the indicator properties of determine the indicator properties of the extracts, phosphate 
buffer solutions with pH 7.0-6.0 were prepared. 0.1 milliliter of buffer and 0,1 milliliter of extract were pipetted 

into wells, and color changes were observed (Figure 1). Red cabbage extracted showed promising results.  
 To determine the hydrophobic properties of the bioplastic, a contact angle measurement was 
conducted (Figure 2.). Seven bioplastic films of different compositions were made. The highest contact angle 
was determined in “c2.2.” film, where anthocyanins were immobilized using sodium alginate and calcium 
chloride. 
 The swelling degree of the c2.2. film was determined to be 146% based on the change of mass. 
Additionaly, anthocyanin imobilization was investigated, revealing that 0.016 grams of anthocyanins per 1 
gram of film migrate into the solvent enviroment.  
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[1] https://www.lrt.lt/naujienos/lietuvoje/2/1654120/institutas-plastiko-tarsa-pasaulyje-nepaliaujamai-auga-nes-perdirbama-itin-
mazai-atlieku  

Figure 2. Indicator properties of different 
extracts using phosphate buffer. 
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1. Powers, M.M. et al. (1960) ‘Darrow red, a new basic dye’, Stain Technology, 35(1), pp. 19–21. doi:10.3109/10520296009114710. 
2. Sabnis, R.W. (2010) Handbook of biological dyes and stains synthesis and industrial applications. Hoboken, NJ: Wiley-Blackwell. 

„„DDAARRRROOWW  RREEDD““  DDAAŽŽOO  SSIINNTTEEZZĖĖSS  KKEELLIIOO  OOPPTTIIMMIIZZAACCIIJJAA  IIRR  
PPRRIITTAAIIKKYYMMAASS  DDAAŽŽAANNTT  SSKKIIRRTTIINNGGŲŲ  GGYYVVŪŪNNŲŲ  NNEERRVVIINNEESS  LLĄĄSSTTEELLEESS  

Taja Zuozaitė; Marta Marčiulionytė  
Kauno tvirtovės VII fortas, Archyvo g. 61, Kaunas 

Kaunas, Lietuva  
 
Mokslo sritis: chemija 

ĮĮvvaaddaass:: „Darrow Red“ yra paprastasis oksazino dažas, kuris gali būti naudojamas 
neuronų ląstelių kūnams 
dažyti[1][2]. Jo ypatumai panašūs į 
pagrindinius mėlynus dažus, taip pat šis 
dažas pasireiškia metachromazija. 
Priešingai nei giminingų junginių, šio dažo 
sintezės kelias nėra tiksliai aprašytas.  

DDaarrbboo  ttiikkssllaass: atrasti efektyvų Darrow 
Red dažo sintezės kelią bei gryninimą 

MMeettooddaaii: Tyrimo metu buvo išbandytos 
3 skirtingos reakcijos siekiant gauti tarpinį 
Darrow Red junginį - sintezės su T-BOC, 
naudojant skirtingas sąlygas ir tiesioginis nitrozinimas. Nustatyta, jog iš bandytų metodų 
tiesioginis nitrozinimas buvo efektyviausais būdas susintetinti tarpinį junginį. Toliau buvo 
vykdyta sintezė su gautuoju tarpiniu junginiu ir 1-naftilaminu, vykdant refluksą (pav. 1). 
Gautas mišinys buvo filtruojamas vakuuminiu 
filtru ir gauti kristalai surenkami. Norint labiau 
išgryninti kristalus jie buvo pakartotinai plaunami 
šiltu heksanu tol, kol tirpiklis po praplovimo išliko 
skaidrus. Atlikus sintezę buvo apskaičiuota, jog 
išeiga = 50% 

RReezzuullttaattaaii:: Norint įsitikinti, jog buvo 
susintetintas norimas tarpinis junginys, buvo 
atlikta HPLC-PDA-MS analizė (pav. 2). Gautoje 
chromatogramoje: Rt=3,4 min – metacetamolis, 
Rt=3.9min - tarpinis junginys, kurio molinė 
masė yra 181,15. Gauto tarpinio junginio molinė 
masė sutinka su jo teorine moline mase, taigi 
gautas norimas tarpinis junginys. 
Susintetintam ,,Darrow red” buvo atlikta HPLC-
MS analizė, siekiant patvirtinti, jog tikslinis 
junginys buvo susintetintas. Teorinė junginio 
masė atitinka 303 molekulinę masę, gautą 
HPLC-MS analizės metu. Remiantis gauta 
„Darrow Red“ po gryninimo chromatograma ir 
spektrograma nustatytas 95% grynumas (pav. 
3). Susintetintas dažiklis gali būti pritaikomas 
gyvūnų nervinių ląstelių bei vėžinių ląstelių 
dažymui.  Taigi, iškeltas tyrimo tikslas atrasti 
efektyvų Darrow Red dažo sintezės kelią bei šio dažiklio gryninimą buvo pasiektas.  

 

Pav. 1. Tarpinio junginio sintezė tiesioginio 
nitrozinimo būdu ir “Darrow red” sintezė iš tarpinio 
junginio 

Pav. 2. Tarpinio junginio HPLC-PDA-MS 
analizė 

Pav. 3. gauto ,„Darrow Red“ grynumo analizė 
naudojant HPLC-UV/Vis 
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 IInnttrroodduuccttiioonn..  Glioma, a highly aggressive brain tumor with a median survival of just 14.6 months, lacks 
effective treatment options, leading to high mortality rates [1]. A new focus of research is RNA methylation 
and its regulating genes that are believed to be potential targets for early diagnosis and targeted gene 
therapy, offering the possibility of earlier cancer detection and more effective treatment for patients [2]. While 
gliomas were traditionally thought to develop from astrocytes, there is a theory that stem cells can acquire 
astrocyte-like properties [3]. The pluripotency and ability of these cells to maintain an undifferentiated state 
prevent the complete eradication of tumors, contributing to the high mortality of this cancer [4]. The 
transcription factor SOX2 is considered essential for the development of stem cells, and its expression 
increases in cases of glioblastoma [5-6]. However, there is limited data on the influence of such biomolecules 
determining cell stemness on the epitranscriptome and the epigenetic changes occurring in gliomas that 
drive their development or progression. Therefore, understanding RNA methylation regulators' molecular 
mechanisms and their impact on cellular processes is crucial for treatment tailoring.  
 AAiimm.. To investigate the differences in the expression of ALKBH5 and FTO demethylases, as well as 
BUD23 and METTL1  methyltransferases, in postoperative glioma tumor tissues samples with varying degrees 
of malignancy, and in a modified glioblastoma U87 cell line. To determine the effects of inhibition of the 
ALKBH5 methylation regulator on biological processes using RNA-sequencing data analysis. 
 MMeetthhooddss.. The methodology involves extracting iRNA using Trizol, synthesizing cDNA from RNA using 
reverse transcriptase enzymes. Additionally, primer design was performed using bioinformatics tools such 
as the "Ensemble" database and the "PerlPrimer" program. Gene expression analysis was conducted using 
real-time PCR with SYBR Green detection, allowing for quantitative assessment of gene expression. Results 
were statistically evaluated using the Kolmogorov-Smirnov test, Mann-Whitney criterion, t-test, Kaplan-
Meier method, and chi-square criterion. Statistically significant results were considered when the p-value 
was ≤ 0.05. Furthermore, RNA sequencing data analysis from “NCBI SRA” database was performed to assess 
the impact of disrupting the methylation process by suppressing ALKBH5 gene expression on glioblastoma 
cells, their gene expression, and biological processes. 
 RReessuullttss.. The ALKBH5, FTO, and BUD23 gene expressions were directly linked to the malignancy level 
of brain tumors, suggesting their potential as biomarkers or targets for glioma treatment. Patients with 
higher expression levels of these genes tended to survive longer. However, METTL1 expression showed no 
such association with tumor aggressiveness or patient survival. Additionally, significant correlations were 
observed between the expression of these genes and various factors such as IDH mutation, patient gender, 
age, and survival duration. The SOX2ΔC protein's expression significantly impacted the regulation of RNA 
methylation modifiers, particularly ALKBH5 and BUD23. Furthermore, suppressing ALKBH5 gene expression 
in glioblastoma cells led to significant changes in the expression of numerous genes involved in crucial 
biological processes such as DNA replication, mismatch repair, Fanconi anemia, cell cycle and homologous 
recombination, suggesting a profound influence on tumor biology. 
 
 
[1] A. F. Tamimi and M. Juweid, “Epidemiology and Outcome of Glioblastoma,” Glioblastoma, pp. 143–153, Sep. 
2017 
[2] ] X. Han, M. Wang, Y. L. Zhao, Y. Yang, and Y. G. Yang, “RNA methylations in human cancers,” Semin Cancer 
Biol, vol. 75, pp. 97–115, Oct. 2021 
[3] ] R. C. Gimple, S. Bhargava, D. Dixit, and J. N. Rich, “Glioblastoma stem cells: lessons from the tumor 
hierarchy in a lethal cancer,” Genes Dev, vol. 33, no. 11–12, p. 591, Jun. 2019 
[4] M. Chehelgerdi et al., “Exploring the promising potential of induced pluripotent stem cells in cancer 
research and therapy,” Molecular Cancer 2023 22:1, vol. 22, no. 1, pp. 1–111, Nov. 202 
[5] M. Schmitz et al., “Identification of SOX2 as a novel glioma-associated antigen and potential target for T 
cell-based immunotherapy,” British Journal of Cancer 2007 96:8, vol. 96, no. 8, pp. 1293–1301, Mar. 2007 
[6] S. Zhang and W. Cui, “Sox2, a key factor in the regulation of pluripotency and neural differentiation,” World 
J Stem Cells, vol. 6, no. 3, p. 305, Jul. 2014 
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 Transition metals, including aluminum and lead, are extremely toxic. Even small concentrations in an 
organism can damage organs and disrupt metabolism and the immune system. In addition, these elements 
are carcinogens. It enters the body primarily through the air, water, soil pollution, and food.[1] That is why 
research on detecting these metals is of great significance. Currently the most widely used are spectroscopic 
and electroanalytical methods, such as atomic absorption/emission spectroscopy, and inductively coupled 
plasma mass spectroscopy (ICP-MS). The high cost, complex sample preparation, and limited availability of 
these methods is a significant drawback [2]. However, using an organic dye  Brooker's Merocyanine is a 
cheaper, quicker, and more accessible way of detecting heavy metals.  
 This research aims to create a method of Al3+, Pb2+, and Hg2+ ion detection using an organic dye 
Brooker’s Merocyanine. 
 First, a three-stage Brooker’s Merocyanine synthesis 
was carried out. Next, to determine the interaction of Brooker's 
Merocyanine dye with metal ions spectrophotometric analysis 
was used. Once the dye is mixed with various transition metal 
solutions, the absorption shifts bathochromically or 
hypsochromicaly (Figure 1). The color intensity of the dye and 
metal ion complex can help determine the concentration of 
heavy metal ions in the test sample. It was noticed, that Al3+, 
Hg2+ together with the dye form clear complexes. Brooker’s 
Merocyanine water solution absorption maximum was 
determined at a wavelength of 374 nm. It was used later in 
developing the calibration curve of 1-25 mg/l aluminum, and 1-
10 mg/l lead solutions. This metal detection method was applied heavy metal detection in plants. With 
Brooker’s Merocyanine, it was possible to determine, how much metal ions were absorbed by plants from 
the soil (Figure 2 and Table 1)..  
 

FFiigguurree  22.. Calibration curve for the calculation of Al+3 and Hg2+ ion concentration in plants. 

TTaabbllee  11.. Results of determining Al+3 and Hg+2 ions concentration in plants. 
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Pea 
- 1.174 0 

Cucumber 
- 1.169 0 

Al+3 0.328 4,2 Al+3 0.286 14,7 
Hg+2 1.153 3.3 Hg+2 1.102 12,2 

 
 
[1] DETECTION OF TRANSITION METAL IONS USING FLUORESCENT SENSORS. 2002;   1-14 p.  
[2] Tchounwou PB, Yedjou CG, Patlolla AK, Sutton DJ. Heavy metal toxicity and the environment. Exp Suppl. 2012;101:133-164. 
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FFiigguurree  11.. Brooker’s Merocyanine complexes with metal 
solutions. From left to right: 0,1 mmol/l Brooker’s 
Merocyanine solution; 0,1 mmol/l Ni2+, Cu2+, Co2+, Al3+ 
solutions combined with dye 1:1 ratio. 
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 Plants constitute an integral part of the majority of both terrestrial and aquatic ecosystems. 
Consequently, any external stressors may exert a profound effect not only on the functioning of a particular 
plant species but also on a variety of other ecologically interconnected organisms, which is particularly 
important considering the overarching effects of the global climate change [1]. 
 When a plant is locally stressed by an external non-damaging stimulus, an action potential (AP) is 
generated. This electrical signal propagates along the plant body and modulates various physiological 
functions such as the synthesis of stress hormones or the modulation of the photosynthetic organisms. 
During the AP generation in photoautotrophs, the initial plasma membrane depolarization is caused by Ca2+ 
influx into the cytoplasm. In higher plants, this is achieved via glutamate receptor-like (GLR) channels. 
However, these channels are absent in aquatic Characean macroalgae that exhibit prominent electrical 
excitability. Therefore, Ca2+ channels of an unknown molecular identity must participate in the electrogenesis. 
 In order to investigate the initiation of excitation in this evolutionary taxon, we investigated the effects 
of various putative Ca2+ channel modulators on the electrical excitation parameters of the internodal cells of 
Nitellopsis obtusa. Using classical two-electrode current/voltage clamp techniques, we recorded APs and 
excitation current transients. 
 Our results demonstrate that Ca2+ channel blockers verapamil, tetrandrine, and NED-19 depolarized 
the AP excitation threshold. Additionally, they prolonged the temporal characteristics of the electrical 
excitation, revealing non-specific inhibitory effects of these pharmacological agents. In contrast, putative 
activators inositol trisphosphate (IP3) and inositol hexakisphosphate (IP6) hyperpolarized the AP excitation 
threshold, pointing to the activation of Ca2+ channels. 
 While classical animal IP3 receptor homologues are absent in plants and algae, our research revealed 
that Ca2+ channel modulation by inositol phosphates plays a significant role in the unique Characean 
electrogenesis. Insights provided by this research refine the fundamental understanding of the mechanism 
of plant electrical signalling, which can be applied in artificially controlling plant stress levels. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
[1] Larkin, D. J., Monfils, A. K., Boissezon, A., Sleith, R. S., Skawinski, P. M., Welling, C. H., ... & Karol, K. G. (2018). Biology, ecology, and 
management of starry stonewort (Nitellopsis obtusa; Characeae): A Red-listed Eurasian green alga invasive in North America. Aquatic 
Botany, 148, 15-24. 
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 Parasites of the genus Sarcocystis are unicellular microorganisms that infect mammals, birds, and 
reptiles, and are characterized by an obligatory life cycle of two hosts, intermediate and definitive. 
Sarcocystis parasites can enter the animal or human body with food or by drinking or bathing in sporocyst-
contaminated water [1]. To date, research on Sarcocystis parasites has mainly been carried out by analyzing 
carcass samples using morphological or molecular methods. Until recently, there was very little data on 
Sarcocystis studies from environmental samples [2,3]. Therefore, the aim of our research was to optimize 
the molecular identification methodology for Sarcocystis parasites targeting the cox1 gene and apply it to fast 
and accurate diagnostics of environmental samples. 
 During initial studies, 114 water samples were collected and used to optimize the process of sporocyst 
collection and molecular identification. Filtration of water samples and nested PCR using four different 
species-specific primers were selected as the most specific method for the detection of Sarcocystis 
parasites DNA in water bodies. Subsequently, 150 samples from 5 groups of water bodies were analyzed and 
it was found that the type of water body does not affect the prevalence of these parasites. The DNA of nine 
Sarcocystis species was detected in the tested samples, and it was found that species infecting cattle and 
sheep were most often found in the samples, species infecting goats with an average frequency, and species 
infecting pigs and horses the least often. Moreover, it was decided to investigate whether the cysts in water 
bodies settle to the bottom and can be detected in sediment samples. During this study, 99 sediment samples 
collected in the Baltic States and Poland were analyzed. Based on molecular methods, parasites were 
detected least often in samples from Estonia (50%), while in other study countries detection rates were 
comparatively high and ranged from 88% to 100%. 
 Considering the results of these two studies, it was decided to carry out research with environmental 
samples collected from domestic animal farms in Lithuania. Ten livestock farms were selected, and water, 
hay and soil samples were collected from them. Before genomic DNA isolation, sporocysts in water and hay 
samples were concentrated by filtration, while soil samples were used for direct gDNA isolation. Based on 
results, the highest occurrence rate of Sarcocystis parasites’ DNA was found in the hay (43%) and water 
(40%) samples, meanwhile the lowest number was detected in samples from soil (31%). Mostly, five (40%) or 
six (30%) different species were identified in individual farms, rarely three (20%) or seven (10%) species. To 
summarize, the most common Sarcocystis species in livestock farms in Lithuania were S. cruzi (53%), 
S. arieticanis (50%), and S. bertrami (50%). 
 These studies are the first not only in Lithuania, but also in the whole world, during which species of 
the Sarcocystis genus infecting domestic animals were identified in environmental samples. It is important 
to develop and optimize research methodologies for detection of these parasites in the environment. If there 
is a possibility to examine animal's environment, it is not necessary to kill animal itself to carry out carcass 
examinations. Carrying out such tests would be an excellent prevention of the spread of infection in farms 
and economic losses. 
 
This project has received funding from the Research Council of Lithuania (LMTLT), agreement [S-MIP-23-7]. 
 
 
[1] Dubey, J.P., Calero-Bernal, R., Rosenthal, B.M., Speer, C.A., & Fayer, R. (2016). Sarcocystosis of animals and humans, second edition.  
[2] Latif, B., Muslim, A. (2016). Human and animal sarcocystosis in Malaysia: A review. Asian Pacific Journal of Tropical Biomedicine, 
6(11), 982–988. 
[3] Shahari, S., Tengku-Idris, T.I.N., Fong, M.Y., & Lau, Y.L. (2016). Molecular evidence of Sarcocystis nesbitti in water samples of Tioman 
Island, Malaysia. Parasites and Vectors, 9, 598. 
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 Vehicle traffic is often associated with air pollution in urban areas and exhaust emissions have been 
thoroughly investigated which led to their progressive decrease after many countries adapted effective 
mitigation strategies. Meanwhile, little attention has been paid to non-exhaust emissions of vehicles such as 
tire particles (TP) generated due to the contact and friction with the road. According to OECD non-exhaust 
particulate emissions from road transport will not decrease even after rise in electric vehicles and the issue 
can be considered as “an ignored environmental policy challenge” [1]. For aquatic ecosystems, the inevitable 
entry of TP into surface waters is a cause for concern due to their potential toxicity since TP are one of the 
most frequently observed microplastics (MPs) in areas heavily polluted by traffic [2]. 
 The aim of this work is to evaluate changes in erythrocyte size and shape in rainbow trout 
(Oncorhynchus mykiss) early life-stages after the exposure to TP. O. mykiss embryos were exposed directly 
to the particles (size ≤ 0.250 mm) for one month. After the exposure blood smears were prepared and stained 
slides were analyzed using Olympus BX51 (Tokyo, Japan) light microscope. O. mykiss erythrocytes were 
evaluated with the ImageJ 1.52av software [3]. Analysis was carried out according to procedure described by 
De Oliveira et al. (2020) [4]. In brief, random photomicrographs were taken and one hundred cells were 
analyzed for each fish. Analyzed morphometric variables were erythrocyte area, perimeter, aspect ratio and 
circularity. Statistical analysis was performed using R (version 4.3.2) software. 
 We observed a significant increase in erythrocyte area, perimeter, as well as a significant change in 
cellular circularity. However, there were no significant changes in aspect ratio. Hematological parameters 
play a crucial role in assessing the physiological state of vertebrate animals. Therefore, changes in 
erythrocyte size (area and perimeter) as well as shape (aspect ratio and circularity) could prove to be useful 
biomarkers of exposure to xenobiotics. Moreover, morphometric measurements of red blood cells, along 
with physiological and biochemical indices in blood, can serve as effective tools for prognostic and diagnostic 
purposes in assessing fish health status. Additionally, they can function as early warning signs of pollution 
and physiological biomarkers of organ dysfunction in biomonitoring surveys. 
 Study was funded by the Research Council of Lithuania through the project S-MIP-22-51 (ARFA). 

[1] OECD, Non-exhaust Particulate Emissions from Road Transport: An Ignored Environmental Policy Challenge. OECD, 2020. doi: 
10.1787/4a4dc6ca-en. 
[2] I. Goßmann, M. Halbach, and B. M. Scholz-Böttcher, “Car and truck tire wear particles in complex environmental samples – A 
quantitative comparison with ‘traditional’ microplastic polymer mass loads,” Sci. Total Environ., vol. 773, p. 145667, Jun. 2021, doi: 
10.1016/j.scitotenv.2021.145667. 
[3] C. A. Schneider, W. S. Rasband, and K. W. Eliceiri, “NIH Image to ImageJ: 25 years of image analysis,” Nat. Methods, vol. 9, no. 7, pp. 
671–675, Jul. 2012, doi: 10.1038/nmeth.2089. 
[4] J. S. P. de Oliveira et al., “Mutagenic, genotoxic and morphotoxic potential of different pesticides in the erythrocytes of Podocnemis 
expansa neonates,” Sci. Total Environ., vol. 737, p. 140304, Oct. 2020, doi: 10.1016/j.scitotenv.2020.140304.  
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 Recent studies have shown that parasite infections can affect the immune system and physiology of 
the vertebrate host through induced changes in the microbiota. Although avian malaria is a frequently 
encountered infection in wild birds, capable of causing severe illness and sometimes host mortality, there is 
still a lack of information regarding the impact of Plasmodium parasites on avian gut microbiota. In this study, 
bacterial network analysis was employed to investigate whether the avian malaria parasite Plasmodium 
relictum influences the resistance of canaries' microbiota to colonization (Figure 1). 
 A study was carried out in which a group of canaries was experimentally infected with the P. relictum 
parasite. Blood and fecal samples were collected throughout the experiment. Microbiome analysis was 
performed using 16S rRNA amplicon units. 
 Preliminary results of the study revealed that avian malaria infection does not have a significant impact 
on the alpha diversity of avian microbiota, but significant differences in beta diversity metrics were observed 
between infected and control birds. Microbiome analysis identified specific taxa characteristic of each group 
and differences in the abundance of certain bacteria. Compared to the control group, interactions between 
bacteria affecting network structure and stability were identified in the microbiota of infected birds. 
 The obtained results indicate that avian malaria parasites modulate the host's gut microbiota, causing 
deviations from the normal microbiota state. Changes in avian microbiota during Plasmodium infection may 
be related to resistance to colonization. 
 The study was funded by the Research Council of Lithuania (No. S-MIP-22-52) and the French 
Government program, Laboratoire d’Excellence “Integrative Biology of Emerging Infectious Diseases” (No. 
ANR-10-LABX-62-IBEID). 
 

 
FFiigguurree  11.. A potential impact of Plasmodium on avian gut microbiota.  
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