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Conformational changes in proteins and their aggregation in the form of amyloid fibrils have been
implicated in many neurodegenerative disorders, such as Alzheimer’s, Parkinson’s diseases or mammalian
spongiform encephalopathy [1]. Currently, there is a lot of research carried out in order to examine how
aggregation of amyloid proteins occurs and how various environmental factors may influence the
processes of protein aggregation. It is observed that temperature, pH, ionic strength and type of shaking
change not only the kinetic parameters of aggregation, but also the conformational structure of the protein,
thus forming fibrils of different strains [2,3]. The fluorescent dye thioflavin-T is one of the most widely used
dyes in amyloid protein studies [4]. In this work, it was investigated whether ionic strength of the solution
affects the binding of thioflavin-T to amyloid fibrils using absorbance and fluorescence spectroscopy.
Insulin (200 μM protein dissolved in 100 mM NaCl 100 mM phosphate buffer (pH 2.4), incubation 24 h, 60
°C), lysozyme (200 μM protein dissolved in 2 M GuHCl 50 mM phosphate buffer (pH 6), incubation 24 h, 60
°C, with shaking, using glass beads), mouse prion-protein (0.5 mg/ml protein dissolved in 0,5 M GuHCl 50
mM phosphate buffer (pH 6), incubation 24 h, 60 °C, α-synuclein (200 μM protein dissolved in PBS,
incubation 24h, 60 °C, with shaking, using glass beads) amyloid fibrils were prepared. After aggregation, the
fibrils were centrifuged, resuspended into distilled water and concentrated to 400 μM). The absorbance of
the samples was measured after mixing the fibrils, ThT and NaCl solutions (final protein conc. 100 μM) in
the range from 300 to 600 nm. Excitation-emission matrices (EEM) of each sample were then scanned
using an excitation and emission range from 435 to 500 nm. The samples were then centrifuged for 10 min
at 9000 rpm and the supernatant absorbance in the range from 300 to 600 nm was measured.
A direct dependence between the amount of ThT molecules bound to fibrils and the solution‘s ionic
strength was observed. At higher ionic strength, more dye molecules are attached to the amyloid fibrils,
which increases the sample fluorescence intensity (Fig. 1). Similar ionic strength effects were observed
using all four amyloid proteins.
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Figure 1. Higher ionic strength leads to increased fluorescent dye binding.
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Gliomas are the most common primary malignant brain tumors in adults. Despite scientific advances
and combination therapy, patients with glioblastoma, the most malignant grade of glioma, have a mean
survival of less than 15 months [1]. As glioblastomas are highly invasive and heterogeneous tumors,
biomarkers are needed for more accurate diagnosis and treatment. One such marker could be non-coding
RNA molecules. There is a growing interest in micro-RNA, a class of the non-coding RNA. These molecules
are only 19-25 nucleotides in length and have a high regulatory power - by inhibiting transcription and/or
promoting the target gene mRNA degradation, they are involved in transcription, translation and cell
signaling [2].
The aim of this study was to identify changes in the expression of short non-coding RNA (micro-RNA)
in different grade gliomas and to evaluate their associations with clinical patient data. Micro-RNA
molecules selected for study were: miR-7, miR-10b, miR-30b, miR-181a. All these molecules were studied
in the patients' postoperative glioma tissues. MiR-7 and miR-30b were additionally studied in patients’
blood exosome samples. For expression evaluation, RNA was isolated from glioma tissue and blood
exosome samples, converted to cDNA, and amplified using a RT-PCR reaction. The calculated miRNA
expression levels were assessed according to 4 parameters: glioma grade, patient sex, age group, and the
overall survival time. Statistical analysis of quantitative data was performed using GraphPad Software Inc.
Prism 8.0. The results showed that the expression levels of miR-7, miR-10b, miR30b, and miR-181a differed
significantly between different grade gliomas. No links between miRNA expression and sex were observed.
The expression of miR-10b, miR-30b, and miR-181a was different between age groups, and patient overall
survival had a connection with miR-10b and miR-30b expression levels. Exosomal miR-7 and miR-30b
expression levels had no significant links with the parameters mentioned above, and there was no
correlation with both miR-7 and miR-30b expression in tumor tissues.
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Glioblastoma is the most commonly diagnosed and aggressive type of brain cancer, accounting for 80%
of primary malignant brain tumours of the central nervous system (CNS) and 60% of all brain tumours in
adults [1]. It is characterized by low tumor oxygenation, a phenomenon named hypoxia, which is mainly the
result of an increase of cancer cell proliferation that overcomes the limit of the blood supply [2]. Some
studies have showed that hypoxia promotes resistance to drugs that usually target cancer cells in a
proliferative state, maintaining cancer stem cells in a quiescent state [3]. In glioblastoma in vitro models,
Ahmed et al. showed, under hypoxic conditions, an enhancement of resistance to cisplatin, temozolomide
(TMZ) and etoposide [4].
The aim of this study was to investigate gene (BAD, HIF-1α, etc.) expression in HROG36 glioblastoma
cells which were exposed to TMZ under normoxia and hypoxia conditions. Firstly, HROG36 glioblastoma
cells were grown in DMEM/F12 culture medium with 10% fetal bovine serum and 1% penicillin-streptomycin
solution. To monitor the effects of temozolomide, the cell line was treated with 100 μM of drug and
incubated for 48 hours under normal - normoxia conditions in a 37°C and 5% CO2 incubator and in the
absence of oxygen - in a 37°C hypoxia chamber at up to 93% N₂, 5% CO₂ and 2% O2 gas. After two days of
incubation, the cells were harvested from the culture dish, separated from the culture medium by
centrifugation, and frozen at -80 ° C for gene expression analysis. Then RNA isolation and cDNA synthesis
were performed. Next, these cDNA samples were used in real-time PCR analysis. The obtained data was
processed and its statistical analysis was performed.
The results showed that BAD was downregulated in hypoxia conditions. Also, BAD expression was
higher in hypoxia-TMZ cells than hypoxia-control cells which shows that TMZ promotes this gene
expression. Furthermore, BCL-2 gene expression was upregulated in normoxia-TMZ and hypoxia-control
cells which shows that TMZ and hypoxia promotes this gene expression. However, this gene was
downregulated in hypoxia-TMZ cells compared with hypoxia-control cells. Also, the results revealed that
LAMP2 and PHLPP1 gene expression was downregulated in hypoxia-TMZ cells compared with normoxiaTMZ cells. In order to better understand the molecular mechanisms occurring in cells, more studies on the
expression of genes involved in apoptosis should be included in further research, as well as their protein
levels and possible modifications that regulate protein activity.

[1] Perrin, S. L., Samuel, M. S., Koszyca, B., Brown, M. P., Ebert, L. M., Oksdath, M., & Gomez, G. A. (2019). Glioblastoma heterogeneity and
[2] the tumour microenvironment: implications for preclinical research and development of new treatments. Biochemical Society transactions,

47(2).
[3] Da Ros, M., De Gregorio, V., Iorio, A. L., Giunti, L., Guidi, M., de Martino, M., Genitori, L., & Sardi, I. (2018). Glioblastoma Chemoresistance: The
Double Play by Microenvironment and Blood-Brain Barrier. International journal of molecular sciences, 19(10), 2879.
[4] Lau, E. Y., Ho, N. P., & Lee, T. K. (2017). Cancer Stem Cells and Their Microenvironment: Biology and Therapeutic Implications. Stem cells
international, 2017, 3714190.
[5] Ahmed, E. M., Bandopadhyay, G., Coyle, B., & Grabowska, A. (2018). A HIF-independent, CD133-mediated mechanism of cisplatin resistance
in glioblastoma cells. Cellular oncology (Dordrecht), 41(3), 319–328. https://doi.org/10.1007/s13402-018-0374-8

4. DEEP BRAIN STIMULATION AND miRNA EXPRESSION
ALTERATIONS IN PARKINSON’S DISEASE

Augustina Mišeikaitė1, Giedrė Miniotaitė1, Aistė Pranckevičienė2, Andrius Radžiūnas3,
Vytenis Deltuva3, Paulina Vaitkienė1
1

Laboratory of Molecular Neurobiology, Neuroscience Institute, Medical Academy, Lithuanian University of
Health Sciences, Lithuania
2
Laboratory of Behavioral Medicine, Neuroscience Institute, Medical Academy, Lithuanian University of
Health Sciences, Lithuania
3
Department of Neurosurgery, Medical Academy, Lithuanian University of Health Sciences, Lithuania
augustina.miseikaite@lsmu.lt

Parkinson’s disease (PD) is the second most common and progressive neurodegenerative disease with
a mean onset age of 55 years. PD is characterized by a progressive loss of dopaminergic neurons.
Deterioration of the dopaminergic system leads to severe motor symptoms including resting tremor,
rigidity, bradykinesia and postural instability. However, non-motor symptoms of PD are recognized as being
important for the impact on quality of life as well as motor [1]. Current treatments for PD afford
symptomatic relief, but a disease modifying or neuroprotective agent capable of halting the progression of
the disease is not yet available. The lack of a robust biomarker with high sensitivity and specificity has
limited the progress towards the development of effective therapeutics for PD. Deep brain stimulation
(DBS) has become widely used and is generally preferred over ablative procedures because of its
adaptability and reversibility and the possibility of performing bilateral interventions [2]. However, deep
brain stimulation raises concerns regarding infections and hardware complications, the implicit risks of
surgery, some specific contraindications (eg. elderly age, psychiatric disorders), and the cost of the
equipment, which puts it beyond the reach of many patients worldwide [3]. There is a need for molecular
markers that could contribute to better treatment selection and outcome prediction. Some of these
molecular markers could be miRNA [4]. The purpose of this pilot study is to determine the expression of
miRNA in blood samples from patients with Parkinson's disease who have received Deep brain stimulation
implantation surgery and check whether there are any differences.
The study protocol and consent procedure were approved by the Ethics Committee for Biomedical
Research of the Lithuanian University of Health Sciences (LUHS). Written informed consent was obtained
from each study patient before inclusion in the study. Consecutive patients admitted at the Department of
Neurosurgery, Hospital of LUHS, Kaunas, for treatment of Parkinson‘s disease in a period from October
2015 until March 2021 were invited to participate in this study.
The expressiong levels of miR7, miR21, miR30b, miR155 and miR181a were evaluated by RT-PCR in 20
PD patients, who underwent DBS implantation surgery, samples and 27 PD controls. Statistical analysis
was performed to find correlations between expression levels of exosomal miRNA in serum from PD
patients before DBS implantation surgery (B-DBS) and after (A-DBS) and PD controls (PDC). The miR30b
expression was significantly higher in A-DBS than in B-DBS and in PDC than in B-DBS (p<0.05). Also, the
miR7 expression was significantly higher in B-DBS than in PDC (p<0.0001). However, the miR21, miR155 and
miR181a expression was not significantly related to PD status before and after DBS implantation surgery
and controls.
In conclusion, the different miRNA expression levels in PD blood samples showed patients
heterogeneity and indicate a potential role of miRNA in PD pathogenesis, but the corresponding details
require intensive research.
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Quality of food and nutritiousness take a valuable place in today’s healthy life. Synthetic additives and
various physical methods are commonly used to ensure a longer shelf-life of food products. Typical
preservation methods have different side effects for food products and human health. New, natural
antibacterial agents are promising alternatives for old preservation methods. Nisin is a natural small 3510
Da antibacterial peptide produced by Lactoccocus lactis and is a commonly used natural additive for dairy
and canned food products. This bacteriocin has the number E234 and is generally recognized as safe
(GRAS) [1].
Other food additives, components and physical treatments during food processing affect the
antibacterial activity of nisin. Various encapsulation methods expand nisin application in food and extend its
activity in food products for a longer time. Biopolymers of different types and properties are used as a
protective layer for bacteriocin [2]. The type of biopolymers and the number of layers affect the physical
properties of the particles e.g. a size. The size of particles has an impact on the stability of particles [3].
This study is aimed to determine the dynamics of size distribution of nisin-loaded particles during the
storage at 4C. For nisin-loading, three different types of anionic pectin biopolymer, i.e. high methoxy pectin
(HMP), low methoxy pectin (LMP) and pectic acid (PecA) were used. The complexation process was
performed at different pH in the range of 4.0-5.0. Prepared complexes were additionally coated using
different amounts of chitooligosaccharides (Fig. 1). The final concentration of nisin and pectin was 0.1 mg/ml
and 0.2 mg/ml, respectively. The concentration of cationic chitooligosaccharides was in the range of 0.0250.3 mg/ml.

Figure 1. Nisin-loaded pectin-chitooligosaccharides particle

The dynamic light scattering method was used to determine the size of three-component particles. The
measurements were made by using Zetasizer NanoZS device. Measurements were performed first day and
every week for one month after complexation. The size of particles depended on the type of pectin and
concentration of chitooligosacharides, and the hydrodynamic radius was in the range of 110 to 330 nm.
Generally, there was no significant change in the particle size over time. Natural nisin-loaded pectinchitooligosaccharides particles can prolong the shelf life of food products without harmful effects on the
quality and commercial appearance of the food products.
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Controlled self-assembly systems based on viruses or virus proteins are applied for a variety of
applications, such as the development of biosensors, manufacture of nanoelectronic materials and
vaccines, gene and drug delivery devices, and tissue engineering [1]. The binding of enzymes to virus-based
particles is an attractive method for the development of enzyme nano-carriers. The surface of the majority
of bacteriophage tails (a contractile structure employed for recognition and attachment to a host cell) is
composed of tail sheath proteins. These proteins can self-assemble both in vivo and in vitro into tubular
structures of variable lengths called polysheaths [2].
We aimed to construct novel nanostructured material based on a self-assembling tail sheath protein
gp041 from the Klebsiella-infecting bacteriophage vB_KleM-RaK2. Nanotubes were constructed by
genetically fusing amidohydrolase YqfB [3] from Escherichia coli to the C-terminus of the truncated gp041
protein with a flexible linker. Constructed chimeric protein was successfully synthesized in E. coli cells and
in vivo self-assembled into nanotubes. The modeling studies show that the C-terminus of gp041 and thus
the fused YqfB is directed to the inner space of the tube being formed. The transmission electron
microscopy analysis showed that the length of the chimeric nanotubes (the length ranged from 130 to 490
nm) was similar to the length of ones formed by the unmodified gp041, and the diameter of the chimeric
nanotubes (50 ± 2.7 nm) was about 10 nm larger than that consisting of an unmodified gp041. Remarkably,
chimeric nanotubes possessed an enzymatic activity that was confirmed by hydrolysis of N4-acetyl-2’deoxycytidine to 2’-deoxycytidine. The specific activity of chimeric nanotubes, pH optimum, and temperature
stability was comparable to that of free YqfB. In conclusion, the results indicated that gp041-based hybrid
proteins self-assemble in vivo into the catalytically active nanotubular structures.
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The River Nemunas is under a major threat of contamination related to municipal and industrial
effluents, as well runoff from roads, urban and agricultural areas [1, 2]. In order to evaluate the impact of
pollution on the ecosystem, various biomarkers are being used as sensitive early warning tools. Due to
widespread distribution, sedentary lifestyle, filtration capacities leading to bioaccumulation of contaminants
freshwater bivalve mussels are good bioindicators, which perfectly represent environmental status [3].
Bivalve mussels of the family Unionidae are important components of river ecosystem [4]. The objective of
this study was to assess polycyclic aromatic hydrocarbons (PAH) metabolites and antioxidant capacity in
Unio pictorum mussels collected at different sites of the Nemunas River.
Unio pictorum specimens were collected in 2020 (summer and autumn seasons) at five Nemunas River
sites. The first sampling site (N1) was located near Alytus bridge and was upstream of City industrial and
municipal effluents input. Four other sites (N2, N3, N4 and N5) were in different distances downstream
from Alytus City effluent release site. Metabolites of polycyclic aromatic hydrocarbons (PAH) in U. pictorum
haemolymph was analysed using a semi-quantitative fixed wavelength fluorescence method [5].
Naphthalene-type, pyrene-type and benzo[a]pyrene-type PAH metabolites in mussels’ haemolymph were
determined using appropriate pairs of excitation and emission wavelengths. The total antioxidant capacity
of U. pictorum was evaluated using the ferric reducing antioxidant power (FRAP) assay [6].
Preliminary results indicate that the highest levels of pyrene-type and benzo[a]pyrene-type PAH
metabolites, indicating products of combustion processes and naphthalene-type PAH metabolites specific
to petrogenic origin were detected in U. pictorum mussels, which were collected in study site (N3) located a
few kilometres downstream from the Alytus City effluents input in autumn. Whereas measured levels of
PAH metabolites were lower at other sites (N4 and N5) downstream from points of discharges of Alytus
City effluents. The lowest levels of antioxidant capacity were detected in mussels collected at site (N2)
close to effluents input in summer. This study revealed that measurement of PAH metabolites in freshwater
bivalves by semi-quantitative fixed wavelength fluorescence method can be used for PAH contamination
monitoring in aquatic environment.
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Members of the genus Sarcocystis are worldwide distributed protozoan parasites. Currently, over 200
species of Sarcocystis are known to infect reptiles, birds and mammals. These parasites are characterised
by an obligatory two-host prey-predator life cycle. Asexual multiplication with a formation of sarcocysts in
muscles or CNS occur in the intermediate host, and sexual stages with a formation of oocysts/sporocysts
develop in the definitive host. Some of Sarcocystis species are harmful to domestic and wildlife animals.
The high Sarcocystis species diversity was disclosed in rodents. It is known that rodents act as intermediate
hosts of about 40 Sarcocystis species. The last research on Sarcocystis parasites in rodents was
performed in Lithuania 20 years ago. Morphologically Sarcocystis species are described and differentiated
in the intermediate host. However, it is difficult to detect Sarcocystis in rodents due to the low prevalence of
these parasites and the small amount of muscle material. Morphological analysis commonly is insufficient
for the discrimination of Sarcocystis species in closely related hosts. Besides, there is a lack of molecular
studies on Sarcocystis parasites in rodents. Therefore, molecular methods for the identification of
Sarcocystis species in rodents should be developed. The aim of the present study was to optimize
molecular-based method for the identification of Sarcocystis species from rodents.
In September-November 2020, 288 rodents (94 Apodemus flavicolis, 73 Microtus arvalis, 61 Microtus
glareolus and 60 Apodemus agrarius) were collected from various parts of Lithuania. Skeletal muscles of
animals were examined for the presence of Sarcocystis. In order to reduce time and financial costs, each
specimen from the same location and belonging to one host species was grouped into sample consisting of
6–11 individuals. Muscle tissues were digested with pepsin, followed by DNA extraction and amplification of
the partial mtDNA cytochrome c oxidase subunit I (cox1) region. By nested PCR the obtained 657 bp
fragments were sequenced and compared using nBLAST with those of various Sarcocystis species
deposited in NCBI GenBank. Sarcocystis spp. were found in three groups. Two group of animals originated
from Utena and represented M. glareolus, while the third group was from Žiežmariai and represented A.
flavicolis. Sarcocystis sp. from M. glareolus showed 99.2% identity to S. ratti, and Sarcocystis sp. A.
flavicolis shared 99.8% identity with S. lutrae and S. lari. Thus, two Sarcocystis species were found in
examined samples. The molecular approach applied in the present study is useful for the identification of
Sarcocystis parasites in rodents. Future morphological and molecular research are needed for the
characterization of detected Sarcocystis spp.
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Introduction. The human intestine is a dynamic barrier that has an important role in the absorption of
essential nutrients, water, electrolytes and vitamins [1,2]. Every day from 100 to 800 mmol of sodium (Na +),
chloride (Cl−), and potassium (K+) pass through the intestinal lumen [3]. The electrolyte absorption
disorders may underlie important diseases, and in vitro models made from human intestinal cells can help
to better understand mechanisms involved in electrolyte absorption processes.
Aim. To create human intestine in vitro model from human intestinal epithelial cell line, that replicates
intestinal barrier function, and apply it to electrolyte absorption studies.
Materials and Methods. The immortalized human colon epithelial cells HCEC-1CT were grown in DMEM
on cell culture inserts. The integrity of the in vitro intestinal barrier was monitored by transepithelial
resistance (TEER) using voltmeter Millicell ERS-2. Nine electrolyte solutions (mineral content varying from
0,2 to 15 g/l) were diluted with cell medium at ratio 1:4 and applied on cells in the insert chamber. Cell
metabolic activity was assessed using PrestoBlueTM after 4, 24, and 48 hours in a multimode microplate
reader Infinite 200 Pro M Nano Plex. Electrolytes Na+, K+, Ca2+ and Mg2+ from the samples above and below
the in vitro intestinal barrier were determined by inductively coupled plasma mass spectrometer ICP-MS
NexION 300D.
Results. The TEER values increased with each day after cell seeding, and the highest value of 179 •} 6,5
Ω cm2 were observed on day 7 of culture. The electrolyte solutions did not significantly affect HCEC-1CT cell
metabolic activity after 4 h of incubation. However, the solutions of low mineralization (0,2 g/l, 0,7 g/l, 1 g/l
of electrolytes) significantly decreased metabolic activity after 24 h, and the effect remained after 48 h. The
electrolyte solutions of intermediate concentration (1,2 g/l, 1,6 g/l) significantly increased metabolic activity
after 24 h of exposure. However, after longer exposure up to 48 h this effect was no longer detected. It is
noteworthy that a high concentrations (15 g/l, 13 g/l, 3 g/l), electrolyte solutions increased metabolic activity
of the cells both after 24 h and 48 h of exposure. Electrolyte absorption through barrier from the apical into
the basolateral compartment was observed for Na +, K+, Ca2+ and Mg2+. Significant transportation through the
barrier was observed when high concentration electrolyte solutions (15 g/l, 13 g/l) were applied for 4 and
24 hours of exposure. Low concentrated solutions (0,2 g/l, 0,7 g/l, 1 g/l) did not have a significant impact on
electrolyte transport through in vitro intestinal barrier. The highest amounts passed from the apical into the
basolateral compartment was observed for Na+ and K+.
Conclusions. Developed intestinal barrier model was successfully applied for electrolyte absorption
evaluation. Electrolyte solutions containing Na+, K+, Ca2+ and Mg2+ stimulate metabolic activity of intestinal
epithelial cells in a concentration-dependent manner, and this is related with stimulation of electrolyte
transport through the intestinal in vitro barrier.
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Glioblastoma multiforme (GBM) is the most common and aggressive primary astrocyte-derived brain
tumor in adults. GBM is characterized by ability to penetrate the surrounding brain tissue making it
complicated to remove all tumour parts by surgical resection. Moreover, some of GBM cells are prone to
develop resistance to radiochemotherapy with DNA alkylating agent temozolomide (TMZ) [1], and this
causes GBM relapse in the TMZ-resistante, untreatable form [2]. The mechanisms of TMZ resistance still
are not well understood, however, some data show it can be related to hypoxia, the condition that usually
develops in the core of solid tumours [3]. To survive in low oxygen environment, cancer cells avoid cellular
death pathways by changing their gene expression [4]. Recently, it was found that TMZ-resistant GBM cells
can survive much higher levels of ROS due to upregulation of ROS-converting enzymes, changes in balance
of apoptosis induction and chaperone mediated autophagy genes [5]. The aim of this work was to
investigate whether hypoxia might reduce TMZ-induced cytotoxicity to human GBM cells, and how it is
related with the changes in expression of genes related to response to hypoxia, ROS conversion, apoptosis
and chaperone mediated autophagy.
HROG-36, human GBM cell line, was grown in DMEM/Ham's F12 cell culture media supplemented with
10% FBS and 1% penicillin-streptomycin solution (10 000 U/mL). TMZ (100 M) was applied on cultured GBM
for 48 hours under normoxia (37 °C, 5% CO2) and hypoxia (37 °C, 93% N2, 5% CO2, 2% O2) conditions. GBM
metabolic acitivity after exposure with TMZ was evaluated by PrestoBlue. Changes in expression of HIF1α,
Catalase (CAT), Hspa8, Phlpp1 and Bcl-2 family genes were evalueted using real-time polymerase chain
reaction.
We demonstrate that hypoxia significantly reduced the size of TMZ-induced damage to GBM cells.
Hypoxia significantly activated expression of HIF1α and CAT, and the elevated level of expression of these
genes remained after treatment with TMZ under hypoxic conditions. However, no significant changes in
apoptosis modulating Bcl-2 family genes (BAD, BAX, Bcl-2) expression were observed between TMZtreated GBM cells in normoxic and hypoxic conditions. Moreover, hypoxia did not affect expression of
autophagy-related genes Hspa8 and Phlpp1 in TMZ-treated cells.
Our findings show, that hypoxia decreases sensitivity of HROG36 cells to TMZ, and this might occur due
to higher resistance to oxidative damage via CAT activity, but not due to the cnages in Bcl-2 familydependent apoptosis or chaperone mediated autophagy.
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The conformational changes of proteins and their aggregation to insoluble amyloid aggregates are
linked to many neurodegenerative disorders, including Alzheimer’s, Parkinson’s diseases or amyotropic
lateral sclerosis (ALS) [1]. Despite numerous studies and many years of researches, there are still very few
compounds that are used as anti-amyloid drugs and none of them is capable of completely curing any
neurodegenerative disease. One of the reasons why researchers struggle to find effective anti-amyloid
compounds is conformational and morphological diversity of protein aggregates. It is known, that same
protein molecules can form different strains of amyloid fibrils [2,3]. Various environmental factors play a
key role in forming protein aggregates with distinct structural characteristics. The shape of amyloid
conformers determines their specific self-replication tendencies and aggregation rate in general [3]. In this
work we tested how primary aggregates that were grown under different pH solutions affect aggregation
rate of Superoxide dismutase 1 (SOD1), which is one of the major causes of ALS. Also, we tested SOD1
aggregation kinetics under distinct ionic strength and denaturing conditions.
Primary SOD1 aggregates (,,seeds”) were prepared under pH 3.0, 4.0, 5.0, 6.0, 7.0, 8.0 conditions (200
μM SOD1, 100 mM NaCl (pH range 3-8), 5 μM tris(2-carboxyethyl)phosphine (TCEP), incubation 72h, with
shaking). SOD1 aggregation was performed in pH 3-8 100 mM NaCl solutions, using 5% ,,seeds” from each
primary pH solution (Fig. 1). The effect of ionic strength on SOD1 aggregation was tested under 0 M, 0.05 M,
0.1 M, 0.2 M, 0,5 M, 1 M NaCl conditions, pH 8, 5 μM ThT. To test denaturating conditions, 0 M, 0.2 M, 0.4 M,
0.6M, 0.8 M GuHCl samples were used (100 mM NaCl, pH 8, 5 μM ThT). The curves of aggregation kinetics
were created by measuring fluoresncence of ThT (excitation 440 nm, emission 480 nm) and aggregation
half-times were calculated.
The results show that ,,seeds’’ grown in acidic pH solutions accelerated SOD1 aggregation more rapidly.
However, ,,seeded’’ SOD1 aggregation occurred more quickly in higher pH solutions. Ionic strength showed
a positive effect on SOD1 aggregation time, while high GuHCl concentrations inhibited the aggregation
process.

Figure 1. “Seeds” formed under distinct pH conditions were put into six different pH SOD1 aggregation mixtures.
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Lung cancer is one of the leading causes of cancer deaths worldwide. Every year lung cancer is
diagnosed to more than a thousand people in Lithuania. Smoking increases the risk, though lung cancer
can occur to those who never smoked. There are 2 major types of lung cancer: non-small cell lung cancer
(NSCLC) and small cell lung cancer (SCLC). NSCLC accounts for 80%-85% of all lung cancers.
MiRNAs are single-stranded 20-25 nucleotide long non-coding RNA molecules that regulate gene
expression by translation termination or mRNA degradation. MiRNAs are involved in various biological
processes such as gene regulation, apoptosis, cell growth, proliferation, and differentiation. Depending on
the type of cancer, miRNAs can act as oncogenes, tumor suppressors, or metastasis regulators. Although
regulation of miRNAs expression may be either a cause or a consequence of cancer, functional studies
have shown that they may play an important role in tumor initiation and growth. To date, both in vitro and in
vivo studies indicate, that dysregulation of the expression of some miRNAs can be closely related to the
pathogenesis of lung cancer1. Certain miRNAs could serve as diagnostic biomarkers, thus further
investigations are necessary to better understand the role of specific miRNAs in the progression of lung
cancer.
Previous investigations in the laboratory identified a number of miRNAs that are potentially associated
with lung cancer metastasis2. Six different miRNAs (miRNA-355, miRNA-877, miRNA-500a, miRNA-328,
miRNA-196a, and miRNA-195) were selected for the expression analysis in the lung cancer biopsy
specimens. Samples from patients aged between 48-83 years old were used in the study.
Firstly, the total RNA purification procedure was performed. After purification, possible genomic DNA
impurities were removed by treatment of the samples with DNase. Next, miRNA-specific copy DNA (cDNA)
was synthesized. Quantitative reverse transcription PCR (RT-qPCR) was performed to assess the
expression of miRNAs. The expression of miRNAs in malignant lung tumors was compared with normal
lung tissues. In addition, qPCR samples were analyzed by DNA electrophoresis to evaluate the specificity of
the PCR reaction. Finally, a statistical analysis of the data was performed. Our results revealed significant
changes in the expression of miRNA-877 and miRNA-196a in cancer samples compared to the noncancerous tissues. Furthermore, we observed a decrease in the expression of miRNA-196a in the recurrent
NSCLC specimens.
Taken together, our results suggest that miRNA-877 and miRNA-196a may serve as future diagnostic
biomarkers for lung cancer.

[1] Wu, K.-L., Tsai, Y.-M., Lien, C.-T., Kuo, P.-L., & Hung, and J.-Y. (2019). The Roles of MicroRNA in Lung Cancer. International Journal of
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Background. Astrocytoma is a tumor of the human brain-derived from astrocytic-like glial cells. The
disease is associated with poor patient prognosis and short survival. The improvement of early diagnostics
of the disease by incorporating novel molecular markers emerging at the early stages of tumor
development would contribute to improving the outcome of the disease. Epitranscriptome is a recently
studied element of post-transcriptional regulation of gene expression. It includes a multitude of RNA
modifications, most of which biological functions are still unclear. Epitranscriptome processes also involve
hundreds of proteins and microRNA molecules that regulate the attachment, removal, and recognition of
these modifications. One of the most frequent and relevant RNA modification is C5-methylation of cytosine
(m5C), which was shown to have an important role in gene regulation. The modification can be carried out
by few proteins called writers, however, the most common writer of m5C is RNA methyltransferase
NSUN5. Recently few pilot studies revealed that NSUN5 might be involved in glioma development
nevertheless, there is a lack of information about NSUN5 level regulation in gliomas. Thus, the AIM of the
study was to elucidate if RNA 5mC mark writer NSUN5 is controlled by gene promoter methylation and/or
via miRNA interference in human gliomas.
Methods. In total 55 astrocytomas of grade II-IV were used for the study. Gene expression of NSUN5
was analyzed by quantitative RT-PCR using SYBR-green. TaqMan assay applied for microRNA level
measurement, and MS-PCR used for NUSN5 promoter methylation analysis. Expression was calculated
applying dCT method. RNA m5C modification in total RNA was measured applying “EpiQuik™ m6A RNA
Methylation Quantification Kit”.
Results. The study results did not reveal a significant connection between NSUN5 promoter methylation
and NSUN5 gene expression in astrocytoma specimens, (p=0.118, n=39). The expression of microRNA-574,
and microRNA-124, which were selected based on target prediction at miRDB database revealed a weak
significant correlation with NSUN5 expression level: r=0.403, p=0.011, and r=-0.305, p=0.042, respectively.
M5C level was not associated with NSUN5 mRNA level, still we found strong correlation between miR-574
expression and m5C level (r=0.748, p>0.001). We also did not find any significant association between
analyzed molecular features of tumor specimens and patient clinicopathological data, except in the case of
miR-574, the lower expression of which was associated with a better prognosis of patient survival
(LogRank, χ2=9.21, p=0.0024).
Conclusions. The pilot study revealed that NSUN5 gene expression inversely correlates to miRNA-574
level indicating possible NSUN5 regulation via miRNA interference, thus following functional study would
be useful to validate pilot data. Methylation analysis did not show analyzed CpG site methylation impact to
NSUN5 mRNA level. To clarify if NSUN5 level could be controlled via promoter methylation whole CpG
island screening should be accomplished. It is should be mentioned, that all of grade II-III specimens
NSUN5 promoter was found to be methylated, which could as well indicate relevant biological value.
Interestingly, the m5C modification level of total RNA showed a strong correlation to miR-574
expression level and such crosstalk for the first time recorded in the present research is worth deeper
exploring. Moreover, miR-574 expression was associated with glioma patient survival and tumors IDH1
mutation status what also indicates the possible biological role of the molecule in gliomagenesis pathways.
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Amyloidogenic protein aggregation into insoluble fibrillar aggregates is linked to several amyloidoses,
including neurodegenerative Alzheimer's and Parkinson’s diseases [1]. Despite many years and countless
studies, there are still very few effective anti-amyloid drugs available and most potential compounds fail to
pass all clinical trials. One of the main reasons for these failures is the complex nature of amyloid
aggregates. It is known that the same protein molecule may form fibrils with distinct conformational and
morphological characteristics. Each of these fibril types also possess specific self-replication tendencies
and may respond differently to potential anti-amyloid compounds. In many cases, fibril identification is done
by employing atomic force microscopy, where results are highly dependent on sample deposition
techniques, as well as infrared spectroscopy, which requires relatively high concentrations of the protein
sample. In recent years it has been observed that distinct protein fibrils have specific amyloidophilic dye
binding [2] characteristics (affinity, fluorescence intensity), which could potentialy be used to identify unique
amyloid aggregates.
In order to examine whether an amyloid-specific dye – thioflavin-T [3] could be used to differentiate
between conformationally-different fibrils, insulin was aggregated into four distinct fibril types, under four
environmental conditions. Human recombinant insulin powder was dissolved in four types of solutions (1.
20% acetic acid, containing 100 mM NaCl; 2. 100 mM sodium phosphate buffer (pH 2.0); 3. 100 mM sodium
phosphate buffer (pH 2.4), containing 100 mM NaCl; 4. PBS (pH 7.4)) and incubated at 60°C. After fibrils were
formed, they were initially examined by atomic force microscopy and Fourier-transform infrared
spectroscopy, to verify morphological and structural differences. Afterwards, the samples were mixed with
a range of thioflavin-T concentrations and their absorbance spectra, as well as excitation-emission
matrices were scanned.
The results show that each type of aggregate has unique bound-dye fluorescence properties, such as
maximum excitation and emission wavelengths, as well as fluorescence quantum yield. Considering that
such a dye-based examination requires minimal amounts of fibrils and is relatively quick to perform, it may
be used as an alternative method to identify amyloid fibril conformation differences.

Figure 1. Different insulin fibril conformations have specific ThT binding and fluorescence characteristics.
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It is widely known that pulsed electric field (PEF) causes permeabilization of cell plasma membrane
and electrophoretic movement of DNA or transfer of other impermeable molecules, but less is known
about PEF effects on gene expression. Milisecond and nanosecond duration PEFs were already showed to
modulate gene expression in vitro and in vivo but more reseach is needed [1, 2]. In this context, PEF could
be potentially used as a non-invasive, biophysical regulator of gene expression in gene therapy based
treatments as well as gene expression regulator in genetic circuits for synthetic biology applications in
mammalian cells.
The aim of this work was to determine the effect of microsecond pulsed electric field (μsPEF) on the
NF-κB/SEAP reporter system expression in Cricetulus griseus ovarian tissue (CHO-K1) cell line. NFκB/SEAP plasmid contains NF-κB response promoter, which regulates transcription of secreted alkaline
phosphatase (SEAP) gene. Thus, if signalling pathway activation occurs, the NF-κB dimer can bind to the
promoter and activate the transcription of SEAP. SEAP protein is subsequently involved in the colorimetric
reaction after which yellow product is formed. The amount of the product was evaluated by measuring the
absorbance at 405 nm. Therefore, induction of NF-κB/SEAP reporter system directly correlates with the
activity of SEAP. To test μsPEF effect on NF-κB/SEAP reporter system, we chose to treat transfected cells
with 8, rectangular, 1 Hz, 100 μs duration and different voltage pulses based on published data [3]. Results
are presented in relative SEAP expression 24 and 48 hours after μsPEF treatment. Additionally, metabolic
cell activity after μsPEF treatments was assessed using XTT based assay and is reported as percentage
relative to untreated control cells. Control experiments with known physical NF-κB/SEAP reporter system
inducer – ultraviolet light (UV), were also conducted.
Control experiments showed that UV doses of 4,14 𝐽/(𝑐𝑚2) and 20,7 𝐽/(𝑐𝑚2) increased SEAP expression
2.5 fold in comparison to untreated cells and validated the suitability of reporter system to evaluate μsPEF
effects. Our results showed that 24 hours after μsPEF SEAP expression was lowered and the highest
electric field of 0.4 kV/cm caused the highest reduction in SEAP expression as well as cell viability.
Conversely, 0.3 kV/cm μsPEF resulted in 1.2 fold increase of SEAP expression and cell viability 48 hours
after pulsation.
We conclude that no reporter system activation was achieved 24 hours after μsPEF but an increase in
SEAP expression can be detected 48 hours after pulsation.
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Determines the Efficacy of In Vivo DNA Electrotransfer. Human Gene Therapy, 16(10), 1194–1201.

16. HEPN-MNT TOXIN-ANTITOXIN SYSTEM: THE HEPN
RIBONUCLEASE IS NEUTRALISED BY OLIGOAMPYLATION

Songailiene Inga1,4, Juozapaitis Jonas1,4, Tamulaitiene Giedre1, Ruksenaite Audrone1,
Šulčius Sigitas2, Sasnauskas Giedrius1, Venclovas Česlovas1, Siksnys Virginijus1,3
Institute of Biotechnology, Life Sciences Center, Vilnius University, Vilnius, Lithuania
Laboratory of Algology and Microbial Ecology, Nature Research Centre, Vilnius, Lithuania
3
lead contact, siksnys@ibt.lt
4
Contributed equally to the presented work
jonas.juozapaitis@gmc.vu.lt
1

2

Prokaryotic toxin-antitoxin systems (TA) are usually two gene modules composed of a toxin, capable of
interfering with key cellular processes, and its neutralizing antidote, the antitoxin. Under normal cell
growth conditions antitoxin inhibits it‘s cognate toxin and the cell remains not affected. Dysregulation of
antitoxin and toxin levels leads to active toxin that often occurs under cellular stress conditions [1, 2]. Some
TA systems are known to stabilise mobile genetic elements such as plasmids. However, many TA modules
are enconded in the cell chromosome and functions of these systems are more diverse and, sometimes,
less clear [1, 2]. Antiviral defense was proposed as a primary physiological role of the E. coli hok/sok TA
system [3], although other cellular functions of TA systems such as stress response, bio-film formation and
persistence are also under debate [2, 4].
Here, we focus on the HEPN-MNT TA encoded in the vicinity of a I-D CRISPR-Cas system in
cyanobacterium Aphanizomenon flos-aquae. We show that HEPN and MNT form a type II TA system. HEPN
(higher eukaryotes and prokaryotes nucleotide-binding domain) acts as a toxic RNase, which cleaves off 4
nt from the 3′-end in a subset of tRNAs, thereby interfering with translation. Such toxin RNAse specificity
has not been known until now. Also, we find that the MNT (minimal nucleotidyltransferase) antitoxin inhibits
HEPN RNase through covalent di-AMPylation (diadenylation) of a conserved tyrosine residue in the active
site loop. Furthermore, we present crystallographic snapshots of the di-AMPylation reaction at different
stages that explain the mechanism of HEPN RNase inactivation. DiAMPylation results in relocation of
tyrosine residue, which moves away from the HEPN catalytic cleft into the protein periphery. This change
flips the catalytic histidine away from the catalytic center, accounting for the loss of HEPN catalytic activity.
Finally, we propose that HEPN-MNT system functions as a cellular ATP sensor that monitors ATP
homeostasis and at low ATP levels releases active HEPN toxin.

[1] Song, Sooyeon, and Thomas K. Wood. ‘Toxin/Antitoxin System Paradigms: Toxins Bound to Antitoxins Are Not Likely Activated by
Preferential Antitoxin Degradation’. Advanced Biosystems 4.3 (2020): 1900290.
[2] Harms, Alexander et al. ‘Toxins, Targets, and Triggers: An Overview of Toxin-Antitoxin Biology’. Molecular Cell 70.5 (2018): 768–784.
[3] Pecota, D C, and T K Wood. ‘Exclusion of T4 phage by the hok/sok killer locus from plasmid R1.’ Journal of bacteriology 178.7 (1996): 2044–
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CRISPR-Cas systems provide adaptive defense against bacteriophages by employing effector
complexes which destroy viral nucleic acids. Effectors recognize virus genetic material by utilizing CRISPR
RNA (crRNA) molecules, which are transcribed from CRIPSR loci and are complementary to the parts of
virus DNA or RNA. CRISPR-Cas systems are classified into six types based on their effector complex
composition [1]. Type III CRISPR-Cas effector complex consists of proteins from five Cas families bound to
crRNA. When complex recognizes cognate RNA transcribed from virus DNA, the Cas10 protein performs
hydrolysis of the DNA matrix and produces cyclic oligoadenylates, which activate additional effectors. The
transcript is degraded by Csm3 protein which diminishes Cas10 activity [2]. Despite the functions of
Streptococcus thermophilus CRISPR-Cas effector complex (StCsm) proteins were found [3], it has not been
elucidated how the complex recognizes and binds to target RNA and how recognition of target molecule
regulates Cas10 protein. To study StCsm regulation a single molecule approach is preferred. However,
previously produced StCsm samples were not homogenous, because of inefficient complex maturation in a
heterologous Escherichia coli host [4] and not suitable to make precise measurements of binding kinetics.
In this study we optimized complex purification step to acquire a homogenous StCsm sample which was
used to measure the complex binding and cleavage of immobilized fluorescent RNA and DNA. Initial results
explaining StCsm regulation will be presented.

[1] Makarova, K., Wolf, Y. and Koonin, E. (2018). Classification and Nomenclature of CRISPR-Cas Systems: Where from Here? The CRISPR
Journal, 1(5), p.325-336
[2] Kazlauskiene, M., Tamulaitis, G., Kostiuk, G., Venclovas, Č., Siksnys V. (2016) Spatiotemporal Control of Type III-A CRISPR-Cas Immunity:
Coupling DNA Degradation with the Target RNA Recognition. Molecular Cell 62, p. 295-306.
[3] Mogila, I., Kazlauskiene, M., Valinskyte, S., Tamulaitiene, G., Tamulaitis, G., Siksnys V. (2019) Genetic Dissection of the Type III-A CRISPR-Cas
System Csm Complex Reveals Roles of Individual Subunits. Cell Reports 26(10), p. 2753–2765.
[4] Tamulaitis, G., Kazlauskiene, M., Manakova, E., Venclovas, Č., Nwokeoji, A.O., Dickman, M.J., Horvath, P., Siksnys V. (2014)
[5] Programmable RNA shredding by the Type III-A CRIPSR-Cas system of Streptococcus thermophilus. Molecular Cell 56 (4), p. 506-517.
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Protein accumulation into highly dense structure aggregates is associated with multiple
neurodegenerative disorders [1]. Alzheimer’s disease (AD) was recognized to be the most prevalent
condition that affects over 35 million people worldwide and is projected to increase up to 76 million by 2030
[2]. Typically, Alzheimer’s disease onset at the age of 60 or later, with leading symptoms of progressive
decline in memory and other distinct cognitive capabilities [3]. The pathology of this disease is linked to the
aggregation of amyloid-beta (Aβ) and the formation of Tau neurofibrillary tangles. Aβ aggregates are found
at the very early stage of the disease, thus the inhibition of this peptide formation and aggregation has
profound attention of scientists [4]. Over the years, various compounds were suggested for treatment,
however, the effort to find disease-modifying drugs were not rewarding leaving more than 99.5% of clinical
trial unsuccessful [5]. Yet, in this research, we focus on the flavones as the potential inhibitors of Aβ
aggregation. Flavones are natural antioxidants and exhibit neuroprotective and anti-inflammatory effects.
The flavones belong to the group of acetylcholinesterase inhibitors, which is shown to have the best
positive effect on the treatment of AD symptoms [6]. Although many protein aggregation experiments in
vitro using flavone derivates show positive results, the in vivo results are not flattering. This may be related
to a different oxidation mechanism at physiological conditions in vivo and in vitro leading to
environmentally distinct oxidation products [7], [8].
In this study, we show the link between flavone hydroxy-groups position and the oxidation derivatives
that possess Aβ and insulin amyloid aggregation inhibition effect. The insulin amyloid aggregation was
added to this research to analyze flavone inhibition potential at the conditions where auto-oxidation does
not occur, thus both non-oxidized and oxidized flavone particles were tested. The absorbance spectrum
data reveal that not all tested flavones undergo auto-oxidation at the experimental conditions. The Aβ and
insulin aggregation kinetic data show the extreme change of aggregation halftime after compound autooxidation. In addition, the atomic force microscopy images display the morphology of the fibrils formed
during the experiment.

[1] M. Rekatsina, A. Paladini, A. Piroli, P. Zis, J. V. Pergolizzi, and G. Varrassi, “Pathophysiology and Therapeutic Perspectives of Oxidative
Stress and Neurodegenerative Diseases: A Narrative Review,”
[2] Adv. Ther., vol. 37, no. 1, pp. 113–139, 2020, doi: 10.1007/s12325-019-01148-5.
[3] World Health Organization, “Dementia Fact Sheet,” WHO, 2020. https://www.who.int/news- room/fact-sheets/detail/dementia.
[4] M. Tanveer et al., “Machine learning techniques for the diagnosis of alzheimer’s disease: A review,”
[5] ACM Trans. Multimed. Comput. Commun. Appl., vol. 16, no. 1s, 2020, doi: 10.1145/3344998.
[6] A. Anand, A. A. Patience, N. Sharma, and N. Khurana, “The present and future of pharmacotherapy of Alzheimer’s disease: A comprehensive
review,” Eur. J. Pharmacol., vol. 815, no. August, pp. 364–375, 2017, doi: 10.1016/j.ejphar.2017.09.043.
[7] D. Mehta, R. Jackson, G. Paul, J. Shi, and M. Sabbagh, “Why do trials for Alzheimer’s disease drugs keep failing? A discontinued drug
perspective for 2010-2015,” Expert Opin. Investig. Drugs, vol. 26, no. 6, pp. 735–739, 2017, doi: 10.1080/13543784.2017.1323868.
[8] I. Uriarte-Pueyo and M. I. Calvo, “Flavonoids as Acetylcholinesterase Inhibitors,” Curr. Med. Chem., vol. 18, no. 34, pp. 5289–5302, 2011, doi:
10.2174/092986711798184325.
[9] H. Nagayoshi et al., “Oxidation of Flavone, 5-Hydroxyflavone, and 5,7-Dihydroxyflavone to Mono-, Di-, and Tri-Hydroxyflavones by Human
Cytochrome P450 Enzymes,” Chem. Res. Toxicol., vol. 32, no. 6, pp. 1268–1280, 2019, doi: 10.1021/acs.chemrestox.9b00078.
[10]T. Sneideris et al., “The Environment Is a Key Factor in Determining the Anti-Amyloid Efficacy of EGCG,” Biomolecules, vol. 9, no. 12, p. 855,
Dec. 2019, doi: 10.3390/biom9120855.
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Cells produce a various heat shock proteins in response to stress. 70-kDa heat shock protein (Hsp70)
is one of the best known heat shock proteins. Hsp70 participates in folding and assembly of newly
synthesized proteins, refolding of misfolded and aggregated protiens. Hsp70 expresion is increased during
stress conditions, and their function is vital for the recovery of cells after the insult [1]. Hsp70 is mainly
localized in subcellular compartments, for example, cytosol, endoplasmic reticulum and mitochondria. In
addition, Hsp70 is detected in extracellular space where this protein appear to play a different function
from their chaperone activity [2].
Extracellular Hsp70 do not contain a consensus signal for their secretion via classical ER-Golgi
compartment. Therefore, they are likely export by an alternative mechanism but the exact Hsp70
translocation mechanism across the plasma membrane remain to be elucidates.
The aim of this work was to investigate Hsp70 interaction with various compositions unilamellar
vesicles. In this study, Hsp70 was added to DOPC, DOPC/Chol (60:40) and DOPC/DOPE/Chol/DOPS
(20:30:20:30) vesicles solutions and the change in fluorescence intensity due to calceine release from
vesicles was detected. Results show that the incubation time of Hsp70 and unilamellar vesicles was 10 min.
The smallest Hsp70 concentration which disturbs the integrity of membrane was 0,25 nM. Furthermore,
fluorescence intensity of calcein release was about 1.5 times bigger at higher (>2nM) Hsp70 concentrations
and vesicles contained negatively charged phospholipids (Fig. 1).

Fig. 1. Hsp70 interaction with unilamellar vesicles. Calsein release from vesicles was similar at lower Hsp70 concentrations (<1 nM). At
higher (>2 nM) Hsp70 concentrations, calsein release was 1.5 times bigger in case of negatively charged vesicles. Incubation time –
10 min.

[1] Hartl, F.U., Hayer-Hartl, M. (2009). Converging concepts of protein folding in vitro and in vivo. Nat Structural Mol Biol, 16, 574-581.
[2] De Maio, A. (2011). Extracellular heat shock proteins, cellular export vesicles and the Stress Observation System: a form of communication
during injury, infection, and cell damage. Cell Stress Chaperones, 16, 235-249
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The metalloenzyme carbonic anhydrase (CA) catalyzes one of the most ubiquitous biochemical
reactions – the bicarbonate conversion to CO2 and H2O. Carbonic anhydrases are involved in the regulation
of pH, CO2 transport in blood during respiration, electrolyte homeostasis, and some metabolic pathways.
All mammals have only α-class CAs with fifteen isoforms present in humans. Twelve of the human CA
isoforms are catalytically active. CA is confirmed as drug target since some of the isoforms are related to
several diseases, such as glaucoma or some types of cancer [1]. In pre-clinal trials, Mus musculus is often
used as a model organism for testing drug effects. There are thirteen catalytically active mice CA (Car)
isoforms. In addition to different organ/tissue distribution and catalytic activity levels, they also differ in
their cellular localization. Car I, Car II, Car III, Car VII and Car XIII are cytosolic, Car IX, Car XII, and Car XIV
have a transmembrane fragment, Car IV and Car XV are linked to the membrane via
glycosylphosphatidylinositol anchor with the catalytic domain in the extracellular side, Car VA and Car VB
are mitochondrial isoforms, while Car VI is secreted.
This study’s aim was to determine Car cloning strategies, their expression, and purification, and in
order to identify its stability and functional activity fluorescent thermal shift assay was used. Cloning of the
recombinant Car proteins was firstly done with PCR of DNA, then restriction enzymes were used to
generate sticky ends, and DNA was ligated into a plasmid. After the creation of the construct, protein
expression conditions were found. The recombinant Car was purified using IMAC and then protein
functional activity was evaluated using flourescent thermal shift assay[2] by binding CA-specific small
molecule ligands. Figure 1A presents optimized results of Car XIII expression and purification, while 1B
shows its binding to dichlorophenamide by fluorescent thermal shift assay.

Figure 1. Car XIII expression, purity and functional activity. A) SDS-PAGE of Car XIII: lane 1 – MW markers, 2 – bacterial lysate before
induction, 3 – bacterial lysate after induction, 4 – purified Car XIII. B) fluorescent thermal shift assay results of Car XIII binding to
dichlorophenamide – symbols correspond to experimental data and line present fitting using Kd determination model.

[1] H. Kon-no, G. Ishii, K. Nagai, J. Yoshida, M. Nishimura, M. Nara, T. Fujii, Y. Murata, H. Miyamoto, A. Ochiai. Carbonic anhydrase IX expression
is associated with tumor progression and a poor prognosis of lung adenocarcinoma. Lung Cancer vol. 54, 409-18 p., 2006.
[2] Redhead M., Satchell R., Morkūnaitė V., Swift D., Petrauskas V., Golding E., Onions S., Matulis D., Unitt J. A combinatorial biophysical
approach; FTSA and SPR for identifying small molecule ligands and PAINs. June 2015, Anal. Biochem, 63–73 p.
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Increased amino acid catabolism is essential for tumor growth and immune regulation in cancer. This is
especially true for the kynurenine metabolites of tryptophan, which exert diverse biological effects and
have been investigated as markers of tumor progression and therapeutic effect. The kynurenine pathway
has been associated mostly with immune tolerance and tumor escape [1]. Approximately 95% of the free LTrp in the body is metabolised down the Kyn pathway, generating several biologically active metabolites,
including kynurenine (Kyn), kynurenic acid, 3-hydroxykynurenine (3-HK), 3-hydroxyanthranilic acid (3-HAA)
[2]. Analysis of plasma kynurenine/tryptophan levels in patients with cancer affirms that the IDO
(indoleamine 2,3-dioxygenase) pathway is activated in multiple tumor types [3]. IDO (indoleamine 2,3dioxygenase) is a member of a unique class of mammalian haem dioxygenases that catalyse the oxidative
catabolism of the least-abundant essential amino acid, L-Trp (L-tryptophan), along the kynurenine pathway
[2].
In this research the main tasks were to review low molecular weight (LMW) biomarkers of
inflammation and cancer, which are derivatives of amino acids, e.g., derivatives of histidine, tryptophan,
arginine, etc; to evaluate methods enabling transdermal detection of amino-acid derived LMW biomarkers
of inflammation and cancer; to experimentally assess the relevance of some of these methods for detection
of skin inflammation and cancer, e.g., skin penetration assays and cell culture methods.
Our results showed that the 3-HKYN and 3-HAA are relatively stable in the pH range 5.5-7.4. If we are
going to make extraction of these compounds from skin at basic solutions we might need to study stability
at pH 10 and higher. It is possible to measure penetration of these compounds through skin after lipid
extraction from skin using electrochemical methods. Detection limits by electrochemistry are 1 μM or
higher.

[1] Clara R. O., Assmann N., Moreno A. C. R., Coimbra J. B. 2015. Melanocytes are more responsive to IFN-γ and produce higher amounts of
kynurenine than melanoma cells. Biol. Chem. Vol. 397. No. 1. P. 85–90.
[2] Yeung A. W.S., Terentis A. C., King N. J.C., Thomas S. R. 2015. Role of indoleamine 2,3-dioxygenase in health and disease. Clinical Science.
Vol. 129. No. 7. P. 601–672.
[3] Liu X., Shin N., Koblish H. K., Yang G. 2010. Selective inhibition of IDO1 effectively regulates mediators of antitumor immunity.
Immunobiology. Vol. 115. No. 17. P. 3520 - 3530.

22. NEW LINEAR AZOL(IN)E CONTAINING ANTIMICROBIAL PEPTIDE
IDENTIFICATION IN THERMOPHILIC BACTERIUM
Justas Martūnas1, Alisa Gricajeva1, Arnoldas Kaunietis1
1

Department of Microbiology and Biotechnology, Institute of Biosciences, Life Sciences Center, Vilnius
University, Lithuania
justas.martunas@gmc.stud.vu.lt

Bacteriocins are ribosomally synthesized antimicrobial peptides produced by various
bacteria. These antimicrobial peptides are usually stable at high temperatures and over a wide pH
range [1]. Bacteriocins have huge potential as both food preservatives, and as next-generation
antibiotics targeting the multiple-drug resistant pathogens. It has been suggested that the
majority of bacterial species synthesize bacteriocins. The increasing number of reports of new
bacteriocins with unique properties indicates that there is still a lot of to learn about this family of
peptide antibiotics. Our goal is identification and characterization of novel bacteriocins encoded in
thermophilic bacteria. In this study we have identified novel post-translationaly modiefied
bacteriocin, belonging to the subclass of linear azol(in)e containing peptides (LAPs), which was
encoded in Parageobacillus toebi bacterium. Here we present cloning and expression of this
bacteriocin in Escherichia coli. Following the expression, we will purify and characterize its
antibacterial effect on various (Para)Geobacillus spp. and other bacteria. Moreover, we will
investigate its stability in various temperatures and pH values.

[1] R.H. Perez, T. Zendo, K. Sonomoto, Novel bacteriocins from lactic acid bacteria (LAB): various structures and applications, Microb.
Cell Fact. 13 (2014) S3.
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Paracoccus is a biochemically versatile genus of bacteria, that have substantial biotechnological
potential, especially in bioremediation, since some species can conduct denitrification and utilize various
toxic organic compounds, and several are opportunistic human pathogens. Despite extensive knowledge of
these bacteria, little is known about the viruses of Paracoccus spp. So far, only a limited number of active
phages infecting these bacteria have been identified.
We present here the report on the characterization of Paracoccus-infecting bacteriophage
vB_PmaP_KLEP18-1 (KLEP18-1), which was isolated from sulfate-type gypsum karst lake Ramunėlis located
near Biržai, Lithuania. Paracoccus marcusii strain KR4M-18 was used as the host for phage propagation
and phage growth experiments. Transmission electron microscopy images showed that KLEP18-1 is a
podovirus with an isometric head (~ 62 nm in diameter) and short tail (~ 15 nm in length). The efficiency of
plating test revealed that phage could form plaques in the temperature range from 4 to 38 °C with an
optimum temperature for plating around 18 °C. KLEP18-1 forms plaques with a clear center (~ 4 mm in
diameter) surrounded by constantly, albeit slowly, growing opaque halo zone which could reach ~ 6.6 cm in
diameter within a period of two months. The sensitivity to environmental factors experiments showed that
KLEP18-1 is a chloroform-sensitive phage – after one hour of incubation with 1/10 of chloroform at 37 °C,
only ~ 3.5 % of phages remain infective. Similarly, only ~ 1.34 % of phages remain infective after heating 1
hour at 50 °C, while freezing has less negative infect to KLEP18-1 – after 48 hours of incubation at -20 °C,
~77.1 % of phages remain infective.
Thus, the data presented here will expand our knowledge of morphological and physiological
characteristics of Paracoccus-infecting phages, which have been studied insufficiently to date.
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In the northern part of Lithuania, a karst region is located. Active karst phenomena occurring because
of the leaching of gypsum and dolomite rocks lead to the formation of gap holes, which are then
transformed into small water bodies. Bottom sediments and water in such lakes are dominated by Ca 2+ and
SO42– ions. Gypsum karst lakes with sulfate type water are very rare not only in Lithuania, but also
throughout Europe. Gypsum karst lakes and their microbial communities are one of the least studied
environments in Lithuania. This means many species or evolutionary relationships are under sampled and
unidentified in these sulfate rich environments. Therefore, it is important to isolate and identify more
microorganisms in these karst lakes to broaden understanding of biodiversity and microbial relationships.
In this study we present a number of bacteria isolated from water samples of sulfate-type gypsum
karst lake Ramunėlis located near Biržai, Lithuania. Based on the results of partial 16S rRNA sequencing,
bioinformatic and phylogenetic analysis, 28 culturable bacterial isolates were identified including bacteria
from the genus: Acetobacteroides (1), Acinetobacter (5), Aeromonas (3), Bacillus (1), Deinococcus (1),
Exiguobacterium (2), Fictibacillus (1), Macrococcus (1), Massilia (1), Microbacterium (1), Micrococcus (1),
Paracoccus (1), Planococcus (1), Pseudomonas (4), Staphylococcus (3) and Trichococcus (1). Phylogenetic
analysis showed an interesting spectrum of bacteria variety stemming from strictly anaerobic bacteria like
Acetobacteroides hydrogenigenes to bacteria mostly found in animal intestine Staphylococcus pasteuri.
Thus, the data presented in this study will not only expand our knowledge of the diversity of bacteria but
also leads for a better understanding of almost unexplored communities of bacteria in the unique sulfatetype gypsum karst lakes.
This research was funded by Research Council of Lithuania (Grant No. S-MIP- 20-38).
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Microbial lipases and esterases comprise one of the most important groups of industrial enzymes due
to their unique ability to hydrolyze fatty acid ester bonds in aqueous environment and to perform a reverse
reaction in non-aqueous conditions. Lipolytic enzymes find diverse applications in hydrolysis of fats and
oils, food, detergent, pharmaceutical and cosmetics industries [1]. The ability to produce high energy
products like biofuel and value-added compounds, such as fragrance or flavor fatty acid esters, mono- and
diacylglycerols and to synthesize valuable chiral intermediates, building blocks and products with high
enantiopurity via energy-efficient and ecologically friendly way makes lipolytic biocatalysts an important
tool for sustainable biotechnology. However, the industrial applicability of free enzymes is limited due to
their high cost, low operational stability and challenges for their recovery and reuse [2]. Thus, enzymatic
immobilization can bring several benefits, such as easy separation of enzymes from the product,
production of high purity compounds, compatibility with a wide range of applications, process minimization,
making this method more profitable, feasible and energy-efficient [3]. One of the most effective enzyme
immobilization techniques is enzyme entrapment in calcium alginate hydrogel.
This study highlighted immobilization of GD-95RM lipase [4] via encapsulation method. To achieve the
most stable structure 3 % of sodium alginate and 150 mM of CaCl2 was used. The results clearly showed
that immobilized GD-95RM lipolytic enzyme displayed significantly higher activity at 65 °C – 85 °C
temperatures compared with the free enzyme. Furthermore, after immobilization thermostability of enzyme
increased drastically. Entrapment in calcium alginate hydrogel also improved the ability of GD-95RM to
hydrolyze p-NP stearate, a long acyl chain substrate. The analysis of continuous transesterification of
avocado oil with ethanol as a substrate confirmed that encapsulated GD-95RM lipase is a useful approach
to produce fatty acid alkyl esters. Principal scheme of the research is shown in Fig. 1.
This research is important for the future development of cost-effective immobilized lipolytic enzyme
systems that can be applicable in industry for transesterification, esterification or hydrolysis reactions..

Figure 1. Principal scheme of research.
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Thermostable enzymes, such as cellulases, xylanases, proteases, pectinases, etc. have wide
biotechnological and industrial applications. Most of these proteins are currently produced in mesophilic
bacteria using heterologous gene expression systems due to a lack of versatile expression system for
thermophilic bacteria. This often leads to different post-translational modifications or incorrect folding and,
thus, protein properties are affected. These obstacles could be overcome if thermostable proteins were
produced by thermophilic bacteria. Until now most attempts were unsuccessful due to a lack of genetic
tools necessary for thermophilic expression, including thermostable reporter proteins, selection markers,
plasmid vectors and others. However, these genetic tools are being rapidly developed which allows further
successful attempts to construct an expression system for thermophilic bacteria.
The aim of our work is to create a regulated gene expression system for (Para)Geobacillus spp.
bacteria. (Para)Geobacillus are thermophiles that usually have higher reaction rates at elevated
temperatures and often are susceptible to genetic modifications, which makes them a suitable host for
thermophilic expression.
To achieve this, pMSN4-GFP vector was developed. It was constructed by inserting genes of geobacillin
I two component induction regulation system (geoR, geoK), promoter (PgeoA), reporter protein (sfGFP) and
terminator (PgeoT) into pNW33N plasmid. sfGFP was inserted between PgeoA promoter and PgeoT
terminator. Its expression is regulated by adding subinhibitory amount of geobacillin I. Added geobacillin I
binds to a histidine-protein kinase (GeoK) which is then autophosphorylated. Subsequently, phosphate
group is transfered to a response regulator (GeoR) which in turn leads to an activation of PgeoA promoter.
Finally, activated PgeoA induces the expression of sfGFP or another protein in its place. Geobacillin I two
component induction regulation system and sfGFP were chosen because of their stability at higher
temperatures (55 °C).
pMSN4-GFP vector was later successfully inserted into Parageobacillus thermoglucosidasius DSM
2542 electrocompetent cells by electroporation method. Geobacillin I produced by Geobacillus
thermodenitrificans DSM 465 was used for pMSN4-GFP expression system induction. However, sfGFP
fluorescence was not detected. Therefore, we will use recombinant geobacillin I which was synthesized in
E. coli [1] for further induction efficiency assessment.

[1] Garg, N., Tang, W., Goto, Y., Nair, S. K., & Van Der Donk, W. A. (2012). Lantibiotics from Geobacillus thermodenitrificans. Proceedings of the
National Academy of Sciences of the United States of America, 109 (14), 5241–5246.
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Protein glycosylation is an enzymatic polysaccharide attachment to protein amino acids, and it is one of
the most prevalent protein modifications in eukaryotes. Glycans attached to proteins are important for their
stability, interactions, correct folding and have significant impact on protein secretion efficiency [1]. Core
steps of protein glycosylation in the endoplasmic reticulum (ER) are conserved and similar in all
eukaryotes. Dolichol kinase (DK), encoded by the essential SEC59 gene in Saccharomyces cerevisiae,
resides in the membrane of ER where it phosphorylates dolichol. Synthesized dolichol phosphate is then
used as a carrier on which the core oligosaccharide is assembled in a chain of enzymatic reactions
performed by glycosyltransferases of the Alg family and then transferred on protein by
oligosaccharyltransferase (OST) complex. Glycosylated proteins are then transported from the ER to Golgi
apparatus where they are further modified and diverse glycoproteins, important for various cellular
functions are formed [2].
Until now there are only few known yeast DK mutants. S. cerevisiae DK mutant sec59-1 shows impaired
glycosylation and secretion of carboxypeptidase Y (CPY) and invertase whereas Kluyveromyces lactis
MD2/1-9 mutant also has glycosylation deficiencies but secretes recombinant proteins more efficiently than
wild-type cells [3, 4, 5].
The aim of this research was to investigate the impact of deficiencies or mutations of enzymes that
participate in the core glycosylation steps in the ER, on protein glycosylation and secretion in yeast S.
cerevisiae. The state of protein N-glycosylation was evaluated by analyzing CPY glycosylation profile and
secretion efficiency of selected model proteins in generated S. cerevisiae sec59 mutant strains as well as
in null mutants of non-essential alg (alg3, alg5, alg6, alg8, alg9, alg10 and alg12) and ost5 genes. Our results
demonstrate that DK mutations, as well as deletion of non-essential alg and ost genes in yeast S.
cerevisiae enhanced the secretion of recombinant α-amylase and Kex2 peptidase to various degrees and
this increase in secretion efficiency was related to reduced CPY glycosylation.

[1] Krištić J, Lauc G. Ubiquitous importance of protein glycosylation. Methods Mol Bio. 2017;1503:1-12.
[2] Aebi M. N-linked protein glycosylation in the ER. Biochim Biophys Acta - Mol Cell Res. 2013;1833:2430–7.
[3] Bernstein M, Kepes F, Schekman R. Sec59 encodes a membrane protein required for core glycosylation in Saccharomyces
cerevisiae. Mol Cell Biol. 1989;9:1191–9.
[4] Orłowski J, Machula K, Janik A, Zdebska E, Palamarczyk G. Dissecting the role of dolichol in cell wall assembly in the yeast mutants
impaired in early glycosylation reactions. Yeast. 2007;24:239–52.
[5] Žiogienė D, Valavičiūtė M, Norkienė M, Timinskas A, Gedvilaitė A. Mutations of Kluyveromyces lactis dolichol kinase enhances
secretion of recombinant proteins. FEMS Yeast Res. 2019;19.
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Modern molecular biology research increasingly relies on high-throughput analytical methods to
process complex samples at a single-cell or single-molecule resolution. Compartmentalization of
individual cells, DNA, enzymes, or other biomolecules in water-in-oil droplets (or other forms of
microscopic compartments) can assist this effort by enabling massively parallel analysis with a throughput
orders of magnitude higher when compared to the microtiter plate platform. However, many biological
methods are built on sequential sample processing in order to initiate, modify, or terminate a reaction.
These multi-step operations are difficult to implement in droplet, or other types of emulsion-based assays.
Sequential sample processing can become very challenging in microbiology assays when encapsulated
bacteria, or their genetic material, has to be processed through a series of independent reactions. For
example, for the amplification and analysis of genetic material of microorganisms, it may be necessary to
perform cell lysis, a step that might be inhibitory or incompatible with subsequent enzymatic step(s).
Although some solutions, such as droplet fusion, droplet reinjection, splitting, and sorting, enables multistep procedures however, the required expertise and complexity of fluidic operations often limits the
broader use of such approaches.
To circumvent some of the inherent limitations of microdroplet systems, we combined advantages
offered by droplet-based and hydrogel-based systems to create capsules containing a thin, semipermeable shell. The shell acts as a passive sieve — retaining encapsulated, large molecular weight
compounds while allowing smaller molecules (such as proteins) to diffuse through. We used an aqueous
two-phase system (ATPS) composed of dextran and acrylate-modified polyethylene glycol to generate the
biocompatible hydrogel particles and showcased a few examples of sequential reactions on encapsulated
species. Specifically, we demonstrated the capsule use for single genome amplification of Gram-positive
and Gram-negative bacteria, and the expansion of individual Escherichia coli clones into isogenic
microcolonies for later screening for biodegradable plastic production.

Figure 1. Semi-permeable capsules allow to analyse hundreds of thousands of individual bacteria using conventional molecular
biology processing conditions.

[1] Leonaviciene, G., Leonavicius, K., Meskys, R., Mazutis, L. (2020). Multi-step processing of single cells using semi-permeable
capsules. Lab Chip, 20, 4032-4062.
[2] Watanabe, T., Motohiro, I. & Ono, T. (2019). Microfluidic formation of hydrogel microcapsules with a single aqueous core by
spontaneous cross-linking in aqueous two-phase system droplets. Langmuir, 35, 2358-2367.
[3] Vijayakumar, K., Gulati, S., Demello, A. J. & Edel, J. B. (2010). Rapid cell extraction in aqueous two-phase microdroplet systems.
Chem. Sci., 1, 447–452.
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Biocatalysis is considered to be an effective and environmentally friendly alternative to traditional
catalysis in chemical synthesis. It is extremely relevant in industry due to the properties, such as stereo-,
chemo-, regioselectivity as well as high catalytic activity and mild operational conditions [1]. Biocatalytic
processes have been applied in a number of fields including bioremediation, pharmaceutical, food, textile
industries and polymer synthesis, etc.
The development of an efficient protein expression system is the key step in terms of biocatalyst
production. Since the expression of genes in their native organisms is usually too low, scientists seek to
design protein expression systems that would be capable of producing high yields of the target proteins. A
typical expression vector consists of several crucial parts – origin of replication, promoter, terminator, and
selection marker. To facilitate the secretion and purification of a protein, additional tags may be used. Each
of these parts has to be selected wisely according to the gene of interest. The choice of expression host is
another important aspect to be considered and, to this date, the most widely used organisms are bacteria
and yeast [2].
In this study, we aim to develop a yeast expression system in order to synthesize several industrially
important bacterial enzymes – laccase, β-carbonic anhydrase, and lipoxygenase – using Kluyveromyces
marxianus as a host. K. marxianus serves as a highly applicable host regarding the GRAS (generally
recognized as safe) status, thermotolerance, fast growth, ability to metabolize wide variety of carbon
sources, etc. [3] Therefore, this microorganism has a great potential to be exploited in the production of the
mentioned biocatalysts.

[1] Dev A, Srivastava AK, Karmakar S. New Generation Hybrid Nanobiocatalysts. In: Handbook of Nanomaterials for Industrial
Applications. Elsevier; 2018. p. 217-31.
[2] Stanbury PF, Whitaker A, Hall SJ. The production of heterologous proteins. In: Principles of Fermentation Technology. Elsevier; 2017.
p. 725-75.
[3] Gombert AK, Madeira JV, Cerdán M-E, González-Siso M-I. Kluyveromyces marxianus as a host for heterologous protein synthesis.
Appl Microbiol Biotechnol. 2016 Jul; 100 (14): 6193-208.
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Bacteriocins are a heterogeneous group of ribosomally synthesised antimicrobial peptides with the
ability to kill closely related (narrow spectrum), or a diverse range of (broad spectrum), microorganisms
[1]. They are classified into three major classes based on their structural and physicochemical properties:
class I bacteriocins, class II bacteriocins, and class III bacteriocins. These antibacterials inhibit the growth
of target organisms by functioning primarily on the cell envelope and by affecting gene expression and
protein production within cells. These molecules have antimicrobial activity against pathogenic and
deteriorating bacteria, which justifies their biotechnological potential. The use of bacteriocins has been
reported for the following: food preservation, diverse therapeutic purposes such as treatment of peptic
ulcer, spermicidal agent, and woman care, anticancerous agent, veterinary use, skincare, and oral care, and
also for plant growth promotion in agriculture among others [2].
The genus Geobacillus comprises bacteria that are Gram-positive, thermophilic spore-formers, which
are found in a variety of environments from hot-springs, cool soils, to food manufacturing plants, including
dairy manufacturing plants [3]. Geobacillus has historically been associated with spoilage of canned food.
However, in recent years it has become the subject of much attention due its biotechnological potential.
One aspect of this genus that has not been fully explored or realized is its use as a source of novel forms of
the ribosomally synthesized antimicrobial peptides known as bacteriocins [4]. Bacteriocins from
thermophilic bacteria have the potential to be used in various industries that maintain higher temperatures,
since thermophilic bacteria proteins are usually thermostable.
Geobacillus stearothermophilus 15, isolated from oilfield located in Lithuania, produces two
bacteriocins geobacillin 26 (Geo26) and geobacillin 19 (Geo19). Since Geo26 have already been purified,
heterologously expressed in Escherichia coli and characterized, the aim of our study is to clone, perform
heterologous expression of recombinant novel Geo19 bacteriocin in E.coli and to characterize it. This
bacteriocin can be assigned to class II, it has similarity to already characterized bacteriocin SDP. Native
Geo19 is active against thermophilic bacteria, which often survive high temperatures during heat treatment
of food and could therefore be widely applied in the food industry.

[1] Paula M O’Connor, Taís M Kuniyoshi, Ricardo PS Oliveira, Colin Hill, Reynolds Paul Ross, Paul D Cotter, Antimicrobials for food and
feed; a bacteriocin perspective, Current Opinion in Biotechnology, 160-167 (2020).
[2] Abebe Worku Negash, Berhanu Andualem Tsehai, Current Applications of Bacteriocin, Review Article (2020).
[3] Burgess, S.A., Flint, S.H., Lindsay, D. et al. Insights into the Geobacillus stearothermophilus species based on phylogenomic
principles. BMC Microbiol 17, 140 (2017).
[4] Kevin Egan, Des Field, R. Paul Ross, Paul D. Cotter, Colin Hill, In silico Prediction and Exploration of Potential Bacteriocin Gene
Clusters Within the Bacterial Genus Geobacillus. Frontiers in Microbiology 9 (2018).
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During the past decades, the application of enzymes in industrial processes has increased remarkably.
Enzymes are versatile catalysts of biological origin that can catalyze reactions with great specificity and
stereoselectivity under the benign environmental conditions (low temperature and pressure, aqueous
medium, etc.)1. Enzymes could be applied almost everywhere, from the manufacturing of high-added value
products to the degradation of plastic waste. The use of enzymes in industrial sectors underpins the
transition of our society toward a more ecological and cost-effective economy. Despite all these
advantages, industrial application of enzymes is often hampered by a lack of long-term operational stability
and difficult recovery and re-use of the enzyme. These limitations can generally be overcome by
immobilization of enzymes. These techniques improve enzyme properties, such as stability, facilitates
separation from the product, enhance the efficient recovery and re-use of the enzyme. Basically, methods
of enzyme immobilization can be divided into two categories – binding to a support and without support
material (cross-linked enzymes), the latter is more practical and cost-effective2. However, the main
struggle of the current technique is not sufficient mechanical stability and weak resistance to proteolytic
degradation.
Transglutaminases (EC2.3.1.13) are a family of enzymes that catalyze an acyl transfer between peptide
bound glutamine and ɛ-amino group of the peptide bound lysine, resulting in most instances in the crosslinking of proteins via intra or inter ɛ-(γ-glutamyl)lysine isopeptide bonds3. Bonds formed by
transglutaminase exhibit a high resistance to proteolytic degradation. This enzyme could be an alternative
way to get more effective and stable enzyme immobilization method.
By this study we have investigated transglutaminase capability to cross-link lipase enzyme. The first
goal was to purify enzyme from commercial transglutaminase mixture which contain additional
substances. The second goal was to apply purified transglutaminase for immobilization of lipase. The
obtained results in more detail will be presented during the poster session.

[1] Sheldon RA, van Pelt S. Enzyme immobilisation in biocatalysis: why, what and how. Chem Soc Rev. 2013;42 (15): 6223-6235.
doi:10.1039/C3CS60075K
[2] Sheldon R. CLEAs, Combi-CLEAs and ‘Smart’ Magnetic CLEAs: biocatalysis in a bio-based economy. Catalysts. 2019; 9(3): 261.
doi:10.3390/catal9030261
[3] Griffin M, Casadio R, Bergamini CM. Transglutaminases: nature’s biological glues. Biochem J. 2002; 368(2): 377-396.
doi:10.1042/bj20021234
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In the worldwide fight against bacterial resistance, there is a need for a novel family of antimicrobial
drugs. Antimicrobial peptides (AMPs) are promising candidates to replace antibiotics. Still, the majority of
them have an unclear mechanism of action. Atomic force microscopy (AFM) is a surface-sensitive
technique and aims to study the physical properties of living biological cells under physiologically relevant
conditions without the destruction of the sample. However, the studies involving live bacteria limits the
necessity to attach a specimen to the substrate. Therefore, the existing protocol needs to be adapted. Here
we present a protocol to immobilize Gram-positive bacterial cell membranes.
This study focuses on the antimicrobial effect of heat-labile Geobacillin 26 peptide against Grampositive bacteria. The bacteria are attached to the substrate via crosslinking with glutaraldehyde. Timeresolved AFM images revealed no changes in the topography of the affected cell wall. This result is in line
with recent studies, Geobacillin 26 was named as not a cell wall degrading enzyme [1]. However, the
differences in cell volume of affected bacteria from a control group showed the leakage of inside fluids.
That indicates the loss of membrane integrity. But the mode of action of Geobacilin 26 remains unclear. For
this purpose, before and after the impact of Geobacillin 26, bacteria were evaluated by force spectroscopy
(Fig.1). The technique where subtle changes in cell wall elasticity are detected.

Fig. 1. Force spectroscopy analysis of bacteria control group.

[1] Vaičikauskaitė M., Ger M., Valius M., Maneikis A., Lastauskienė E., Kalėdienė L., Kaunietis A. Geobacilin 26 – high molecular weight
bacteriocin from a thermophilic bacterium. International Journal of Biological Macromolecules 2019 (141): 333-344.
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According to the World Health Organization pneumonia is the leading cause of deaths from infectious
diseases in children. Various pathogens can cause pneumonia but the most prevalent is Streptococcus
pneumoniae (pneumococcus). This bacteria is found in the human respiratory tract's mucus and can result
in pneumonia or more complicated cases such as otitis, sinusitis, even meningitis and sepsis.
Pneumococcus is an opportunistic pathogen and has various mechanisms for evading the host immune
system, making it tricky to detect and treat [1].
In current clinical practice, S. pneumoniae can be detected by microbiological and molecular biology
methods; however, most of these methods lack sensitivity, and sample preparation is time-consuming [2].
To counter these throwbacks, we are adopting an immuno-PCR assay to detect S. pneumoniae toxin
pneumolysin. Immuno-PCR is a chimera of two already widely used methods - enzyme-linked
immunosorbent assay (ELISA) and quantitative PCR (qPCR). ELISA's main advantage is the specificity of
monoclonal antibodies but requires a considerable amount of analyte to produce the signal. qPCR solves
this problem with its ability to amplify the signal, although the sample takes longer to prepare. ImmunoPCR utilizes both of these methods and allows to detect of trace amounts of proteins in the samples.
Here, we are developing a system that consists of a pair of monoclonal antibodies (MAb) specific to
pneumolysin - one immobilized on the plate surface and other conjugated with a nucleotide used for qPCR
(Figure 1). When a sample is added PLY attaches to immobilized I MAb. Then, II MAb is added and binds to
the I MAb and PLY complex. The oligonucleotide is separated from the complex with a restriction
endonuclease, collected and amplified by qPCR. The qualities of immuno-PCR should highly enhance
sensitivity and accuracy in detecting S. pneumoniae infection compared to currently used commercial tests.
Here, we are developing a system that consists of a pair of monoclonal antibodies (MAb) specific to pneumolysin - one
immobilized on the plate surface and other conjugated with a nucleotide used for qPCR (Figure1).Whenasampleisadded
PLY attaches to immobilized I MAb. Then, II MAb is added and binds to the I MAb and PLY complex. The oligonucleotide is
separated from the complex with a restriction endonuclease, collected and amplified by qPCR. The qualities of immunoPCR should highly enhance sensitivity and accuracy in detecting S. pneumoniae infection compared to currently used
commercial tests.

Figure 1. Schematic model of immuno-PCR assay. PLY - pneumolysin, I MAb and II MAb - monoclonal antibodies, RE - restriction
endonuclease, green spiral - oligonucleotide.
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Viruses are infectious agents with RNA or DNA genomes that can replicate only inside the living cells of
an organism. Viruses can infect all types of life forms and are important objects of scientific research. In
this study, we investigated polyomaviruses (PyVs). PyVs are members of the Polyomaviridae family. They
have small double-stranded circular DNA genomes of around 5000 base pairs. PyVs are very ubiquitous in
human and animal populations, but symptoms of infection are usually detected in immunocompromised
hosts. Up to now there are identified 13 PyVs species which could infect human, few of them are associated
with cancerogenesis, other ones can affect respiratory and urinary tracts or other organ systems and
cause diseases. PyVs of some animals can switch from one host to another host of related species. Wild
boars (Sus scrofa) are a source of various pathogens including PyVs.
In this study, we tested 40 boar blood samples looking for PyVs DNA. Viral DNA was purified by using a
commercial kit. Purified DNA was amplified with EquiPhi29 polymerase and used for further investigation
which included two different types of polymerase chain reaction (PCR). We used nested PCR method with
primers specific to a large T antigen (LTag) encoding gene and detected PyVs DNA in 2 samples of a total of
40 samples. Detected DNA sequences were most similar to the DNA sequences of human Merkel cell
polyomavirus (MCPyV). Further analysis of samples by PCR with different sets of primers specific to LTag
or capsid protein VP1 encoding genes proved that amplified DNA sequences were similar to LTag and VP1
gene sequences of MCPyV. New or already known PyVs of wild boars were not detected in tested samples.
In coclusion, it might be assumed that the presence of MCPyV DNR in tested samples might be a result
of zoonosis or contamination.
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Most plants, herbs, fruits, including nutmeg seeds, have an antioxidant effect [1]. It is necessary for the
binding of free radicals and the protection of a live organism from negative influences, such as oxidative
stress, which can cause central nervous system diseases, diabetes, age-related changes in appearance [2].
Not only flavonoids or phenols have an antioxidant effect, volatile compounds from essential oils (Origanum
vulgare, Salvia Rosmarinus, Syzygium aromaticum, and other) can also bind free radicals and protect an
organism from damage [3,4]. The aim of this study was to compare the dependance of antioxidant activity
on different concentrations and different incubation time intervals in the dark of nutmeg essential oil.
Dried nutmeg seeds’ (Myristica fragrans) country of origin is Grenada. Essential oil was prepared by
using hydrodistillation – with a Clevenger-type apparatus. Hydrodistillation lasted 4 hours and the nutmeg
powder was mixed with distilled water in a ratio for extraction of 1:20. After hydrodistillation, the hydrolat
and essential oil were collected. Essential oil was separated from hydrolat and stored in an airtight bottle
in refrigerator at 4 °C. Antioxidant activity was evaluated by using 2,2-diphenyl-1-picrylhydrazyl (DPPH,
Sigma Aldrich, USA). A total of 1 mL of ethanolic DPPH solution (0.1 mM) was placed in a spectrophotometer
cuvette and 100μL of ethanolic essential oil solutions (from 0.2% to 20%) were added. All samples were
incubated in the dark for 20 and 30 minutes, and absorbance was taken at 515 nm (UV Spectrophotometer
UV-1800 (Shimadzu, Kyoto, Japan)). The results are presented as mean ± SD.
Antioxidant activity of nutmeg essential oil varied from 12.63±0.53% to 84.01±0.14% and from 13.82±0.19%
to 85.00±0.19% (after 20 minutes and 30 minutes, respectively; fig. 1). A linear correlation between
antioxidant activity and nutmeg essential oil’s concentration was determined. Statistically significant
changes (p<0.05) of antioxidant activity were determined in four out of seven samples (when comparing the
dependence on the sample’s time in the dark). After 30 minutes, samples with 1%, 2%, 5%, and 10% of
nutmeg essential oil had a significantly higher antioxidant activity than the samples after 20 minutes (the
average of differences of antioxidant activity is about 7.19%). In samples where the essential oil
concentration was 0.2%, 0.5%, and 20% - significant variation was not found. Antioxidant activity of nutmeg
essential oil varied from 12.63±0.53% to 84.01±0.14% and from 13.82±0.19% to 85.00±0.19% (after 20 minutes and 30 minutes,
respectively; fig. 1). A linear correlation between antioxidant activity and nutmeg essential oil’s concentration was determined.
Statistically significant changes (p<0.05) of antioxidant activity were determined in four out of seven samples (when
comparing the dependence on the sample’s time in the dark). After 30 minutes, samples with 1%, 2%, 5%, and 10% of nutmeg
essential oil had a significantly higher antioxidant activity than the samples after 20 minutes (the average of
differences of antioxidant activity is about 7.19%). In samples where the essential oil concentration was 0.2%, 0.5%, and
20% - significant variation was not found.

Figure 1. Antioxidant activity of nutmeg essential oil. * p<0.05 versus antioxidant activity of samples after 20 min in the dark.

Absorption equilibrium is reached as early as 20 min in nutmeg essential oil samples at concentrations of 0.2%,
0.5%, and 20%, this is shown by statistically insignificant results
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1-Phenylpyrazole derivatives has many pharmacological, agrochemical, biological and chemical
properties. There are drugs which excel anti-inflammatory effect, act as a cannabinoid receptor, suppress
alcohol dehydrogenase or phosphodiesterase [1]. Also, 1-phenylpyrazole compounds act as antimicrobial,
anticancer, antitubercular pharmaceuticals [2]. Pyrazole derivatives have been extensively studied from a
biological point of view, but there are still a number of unexplored areas of pyrazole chemistry. One of the
less studied areas is the synthesis of phenylpyrazole-based hydrazones and the study of biological activity.
The application of hydroxypyrazoles is attractive because it is inexpensive starting material for the
synthesis of pyrazole-hydrazone derivatives. Hydrazone and its derivatives contain biological activities as
antioxidant, analgesic, antiparasitic, antiviral and antitumor [3, 4].
The aim of this work is to synthesize and investigate biological activity of new hydrazone analogues,
containing 1-phenyl-1H-pyrazole scaffold.
Hydrazone derivatives containing 1-phenyl-1H-pyrazole moiety were obtained using several synthesis
ways. Initially, 1-phenyl-3-hydroxypyrazole was obtained from phenylpyrazolidone using iron trichloride.
Then alkylation reactions of hydroxypyrazole were performed by using benzyl bromide as alkylating agent.
Finally, O-benzylated 1H-pyrazole-4-carbaldehyde was formed via Vilsmeier-Haack complex and
functionalized by using different hydrazine reagents. The yields of the synthesized hydrazone compounds
ranged between 46–91 %.
Biological studies of pyrazole-hydrazones have been extensively fulfilled. Antimicrobial study,
reduction properties, DPPH inhibition, ABTS inhibition, antioxidant effect according to FRAP method and
AOA were evaluated. Also, there were assessed studies of the germination of Festuca arundinacea and
Festuca rubra. The synthesized compounds were tested for their in vitro antimicrobial activity using the
disk diffusion method against Gram-negative bacteria Rhizobium radiobacter, Escherichia coli and
Xanthomonas campestris.
3-(Benzyloxy)-4-{(E)-[2-(2-methylphenyl)hydrazinylidene]methyl}-1-phenyl-1H-pyrazole had the best
antimicrobial
properties,
even
at
the
lowest
concentration.
3-(Benzyloxy)-4-{(E)-[2-(2methylphenyl)hydrazinylidene]methyl}-1-phenyl-1H-pyrazole neutralized 100 % free DPPH radicals. The 3(benzyloxy)-1-phenyl-4-[(E)-{2-(4-trifluoromethyl)phenyl]hydrazinylidene}methyl]-1H-pyrazole had the
greatest influence on Festuca rubra and Festuca arundinacea germinated best with 3-(benzyloxy)-4-[(E)(diphenylhydrazinylidene)methyl]-1-phenyl-1H-pyrazole.
Hydrazones containing 1H-phenylpyrazole scaffold showed the beneficial biological effect and might
have potential application in various fields of medicine and advanced technologies.
Acknowledgements. Part of this work has received funding from the Research Council of Lithuania
(LMTLT), agreement No [09.3.3-LMT-K-712-22-0082].
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Benzo[b]thiophene ring containing compounds are considered a pharmacologically important active
scaffold that demonstrates almost all types of biological properties such as antioxidant, antibacterial,
anticancer, anti-inflammatory and significantly more [1,2]. Previous studies have shown that
benzo[b]thiophene derivatives demonstrated impressive results and high selectivity which greatly extends
the limits of these compounds in new drug design or biotechnology. The presence of sulfur atom in different
structures and molecules leads to varied applications in different areas such as technology, medicine and
agriculture [3].
In order to produce new chemical substances that could potencially be developed into a new pharmacy
preparations by optimizing its beneficial effects and minimizing its side effects, in this work the N-alkylated
heterocyclic amines have been synthetized and biological properties of novel compounds were
investigated.
The N-arylation of 3-aminobenzo[b]thiophene-2-carboxylates with a variety of functional group
substituted aryl iodides was found to be greatly simplified by inexpensive, air-stable, catalyst systems,
combining catalytic copper iodide salt with a set of structurally simple L-proline ligand. Mild, efficient,
copper-catalyzed C-N coupling procedures for mentioned heterocyclic compounds were described in this
work.
DPPH, ABTS and FRAP free radical scavenging methods are usually applied for measuring the
antioxidant capacity of bioactive compounds. The purple color of DPPH is reduced to the corresponding pale
yellow hydrazine as the free radical receives a hydrogen atom from antioxidant. The absorbtion band of
resulting decolorization is registered at 517 nm. The free radical scavenging activity of a molecule can be
evaluated by its effect on stable green colored solution of radical ABTS. The reaction is monitoring
spectrophotometrically at 734 nm. The FRAP assay is used, and the antioxidant activity of examined
compounds is characterized by their capacity to directly reduce Fe (III) to Fe (II), measuring the reduction
reaction around 593 nm [4].
The synthesized N-substituted compounds were tested for their in vitro antimicrobial activity using the
disk diffusion method against R. radiobacter, X. campestris, E. coli and B. subtilis bacteria.
The strongest antioxidant activity was observed in those benzo[b]thiophene ring containing compounds
which had phenyl ring substituted in the para- position. Meanwhile, the strongest antibacterial properties
showed derivatives with the ortho- position substituted on the phenyl ring.
N-alkylated benzo[b]thiophene-2-carboxylate derivatives exhibited the beneficial biological effects and
might be promising for the monitoring of diseases, particularly those associated with free radical
scavenging or therapeutic treatment against bacteria.

[1] Keri, R. S., et. al. (2017). An Overview of Benzo[b]thiophene-Based Medicinal Chemistry. European Journal of Medicinal Chemistry,
138, 1002-1033.
[2] Mishra, R., et. al. (2018). Thiophene Scaffold as Prospective Antimicrobial Agent: A Review. Journal of Heterocyclic Chemistry, 55(9),
2019-2034.
[3] Shah, R. & Verma, P. K. (2018). Therapeutic importance of synthetic thiophene. Chemistry Central Journal, 12, 137.
[4] Bonilla, P. R., et. al. (2017). Comparative Study of the Antioxidant Capacity of Four Stilbenes Using ORAC, ABTS+, and FRAP
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One of the most popular bacteriocins in the food industry is nisin. It is recognized in more than 50
countries as a safe food preservative. Nisin does not harm human health, does not change the organoleptic
properties of food, and has a broad antimicrobial spectrum [1]. However, the antimicrobial activity and
stability of nisin may be reduced due to interactions with food compounds or due to environmental factors.
Various encapsulation systems are being developed to solve this problem [2]. In this work, for particles
preparation ulvan was used. Ulvan is a water-soluble anionic sulphated polysaccharide, which is derived
from green algae, Ulvales. Ulvan is non-toxic, biocompatible and biodegradable. It also has a wide range of
biological activity: antibacterial, immunostimulatory, anticancer, antioxidant, antiviral, anticoagulant effect.
Due to its special properties, ulvan can be used to encapsulate nisin, thus protecting the nisin and providing
additional beneficial properties [3].
Our study aimed to compare the proteolytic stability of nisin-ulvan loaded particles with free nisin.
Two types of proteases with different pH optimum and cleavage specificity were used, i.e. the protease
Type XIII from Aspergillus saitoi and trypsin from porcine pancreas. The first protease was dissolved in
acetic buffer solution at pH 5 and trypsin was dissolved in ammonium bicarbonate solution at pH 7. Nisinloaded ulvan and free nisin samples at pH 5 and 7 were prepared, and were affected by protease Type XIII
and trypsin, respectively. The concentration of ulvan in samples was 0.4 mg/mL, and the nisin
concentration was in the range of 0.2-0.5 mg/mL. Proteolysis was performed for 24 h at 37 ˚C. Finally, all
samples were centrifuged and the content of the proteolytic degradation products was analysed by the
capillary zone electrophoresis method using 7100 Capillary Electrophoresis unit (Agilent Technologies).
Four peaks of protease from Aspergillus saitoi degradation products with different mass to charge
ratios were observed in nisin samples. In the electrophoregram of nisin samples hydrolysed by trypsin,
three major and three lower intensity peaks were obtained, the area of which also depends on the nisin
content. If nisin-loaded ulvan particles undergo proteolytic degradation, the profile of the electrophoregram
is the same as the sample containing only free nisin. However, the area of the respective peaks is different,
i.e. the area of almost all peaks of nisin-loaded ulvan particles is smaller. Based on the obtained results, it
can be stated that encapsulated nisin is more resistant to proteolytic degradation.
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Red clover (Trifolium pratense L.) is an important forage plant that have been studied lately due to their
health benefits [1]. Trifolium species have been reported to contain a wealth of biologically active secondary
metabolites, of which phenolic compounds are one of the main classes [2]. These compounds have the
scavenger capacity for oxidative free radicals, such as those derived from lipids and nucleic acids that
underlie their utility in reducing the risk of certain age-related degeneration’s [3] Isoflavones, the major
phenolics present in the red clover, are categorized as phytoestrogens. Due to their structural similarity to
β-estradiol, isoflavones may have a role in cancer prevention and the moderation of menopausal symptoms
[4]. The aim of this study was to evaluate the total phenolic content and antioxidant activity of the Trifolium
pratense L. flower heads extracts.
Plant aerial parts were harvested and dried, and then hydroalcoholic extracts were prepared.
Ultrasound assisted extraction was performed using 0.3 ± 0.001 g of dried and milled flower heads and 10
mL of 50 % ethanol. Temperature during extraction 40 and 60 °C. Sonication time 10 and 30 min. Part of the
samples were heated for 1 hour after the sonication. Heat reflux extraction was done using 0.3 ± 0.001 g of
dried and milled flower that was mixed with 10 mL of 50% ethanol in a 250 mL round bottom flask and
refluxed at 100 °C for 1 hour. Maceration results were used as control. Total phenolic content was
determined based on Folin–Ciocalteu [5] method. Furthermore, has been evaluated using 2,2′-azino-bis(3ethylbenzthiazoline-6-sulfonic acid) (ABTS) [6] were used to measure the antioxidant capacity of T.
Pratense hydroalcoholic extract. All experiments were performed in triplicate.
The results demonstrated that the red clover is a rich source of phenolic compounds. The highest yields
of phenolic compounds were determined in the samples UH1 (46.57 mg GAE/g) and UH4 (49.95 mg GAE/g).
Best antioxidant capacity showed the samples UH1 (67.06%), UH3 (67.77%), UH4 (88.23%) and HR (71.48%).
A significant correlation observed in the antioxidant activity of the extracts and their total phenolic
content. An increase in antioxidant levels was observed with increasing levels of phenolic compounds.
Increasing sonication time and temperature resulted in an increase in phenolic compounds. By prolonging
the sonication time and increasing the temperature from 40 to 60 °C, the amounts of phenolic compounds in
the extracts increased.
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Plant hormones auxins, represented by indole-3-acetic acid (IAA) as the most important naturally
occurring member of the family, influence numerous aspects of plant growth and development. Nowadays,
phytohormone research largely depends on development of new phytohormone mimics which can be used
to study and control phytohormone action and signalling. Ever since discovery of IAA as a plant growth
regulating substance more than 80 years ago, plethora of synthetic auxin analogues have been developed.
A number of them have found application as herbicides in agronomy and/or are commonly used in various
biological applications. For instance, PEO-IAA antagonizes various auxin effects by competitively inhibiting
the action of auxins by blocking the interaction between auxin receptor TIR1 and Aux/IAA proteins, while
5‐F‐IAA can be used to discriminate between transcriptional and non‐transcriptional pathways of auxin
signalling. Therefore, it is of a great importance to find ways to efficient produce IAA derivatives which
could be of potential interest in plant research.
In this work, we employed Fischer indole synthesis as a convenient approach to access IAA starting
from cheap starting material γ-butyrolactone. The structures of the obtained compounds were elucidated
and confirmed by NMR, IR and mass spectrometry.
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Reversible electroporation is the temporary permeabilization of cell membrane through the formation
of transient pores created by short high voltage pulsed electric fields. This method has numerous
applications in biology and biotechnology and has become an important technique in molecular medicine.
Reversible electroporation is usually used to transfer macromolecules into the cells. However, the delivery
of large molecules such as proteins into cells without loss of cell viability remains a challenge. In our
study, we investigated whether pulsed electric fields parameters can be optimized for this purpose. The
study was performed with Jurkat cell line and the primary mouse splenocytes.
We used several different pulsed electric fields parameters (with electric pulses of millisecond
duration, msPEF) and an ELPORA devise designed at a Center for Physical Sciences and Technology [1] to
investigate optimal conditions to introduce large molecules into cells that would, at the same time, allow
retaining high viability rate. We used fluorescein-conjugated dextran as a size control and a labelled
antibody against one of the most abundant proteins – actin – to determine if parameters under question
allow transfer of intact functional protein in a well-established cell line environment. The electroporation
efficacy and cell viability were evaluated by flow cytometry. After optimal conditions were determined, we
further analyzed the efficiency of transfer of more specific antibody against a disease marker – interlaukin6 (IL-6) – in a primary mouse splenocytes. Splenocytes were specifically stimulated to produce IL-6.
We determined that msPEF parameters can be optimized for efficient transfer of intact large molecules
such as antibodies/proteins into live cells without a significant loss of cell viability. We conclude that
msPEF parameters can be successfully adjusted to detect intracellular biomarkers in viable cells. This is a
new approach on how pulsed electric fields could be used in medicine and biological research to detect
rare subpopulations of cells that produce specific markers and keep cells viable for further purposes. This
would allow the use of these rare subpopulations of isolated cells for further research and personalized
medicine [2].
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Condensed pyrazole derivatives possess a wide variety of pharmacological and biological activities
such as anti-microbial, anti-fungal, anti-tubercular, anti-inflammatory, anti-convulsant, anticancer, antiviral, angiotensin converting enzyme (ACE) inhibitory, neuroprotective and many others [1]. Betazole,
celecoxib, antipirine, axitinib and other well-know drugs have a pyrazole nucleus in their structure.
Multicomponent reactions (MCR) has become a powerfull tool for the preparation of highly
functionalized organic compounds in modern synthetic organic chemistry. [2]. MCR allows to build quick
libraries of compounds of biological interest to identify new leads as potential therapeutic agents.
In continuation of our interest in synthesis and investigation of biological activity of pyrazole containing
condensed heterocyclic compounds [2], herein we present an access to yet unknown 2H-dipyrazolo[1,5a:4’3’- c]pyridine system employing a MCR approach.
A starting compound 1-phenyl-pyrazol-3-one (1) was transformed to 3-alkinyl-1-phenyl-1H-pyrazoles
following a few step procedure we have previously reported [3a]. Compounds 2 were further reacted in a
multicomponent reaction affording new polycyclic compounds with a 2H-dipyrazolo[1,5-a:4’3’-c]pyridine
core (Scheme 1).

Scheme 1. Synthesis of 2H-dipyrazolo[1,5-a:4’3’-c]pyridines

The structures of the resulting compounds were confirmed by meas of LC/MS and NMR spectroscopy.
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Successful seed germination and seedling establishment are critical steps in agricultural production
and in the maintenance of natural ecosystems. Seed treatment with cold plasma (CP), is an emerging ecoagricultural technology that has potential application for enhancement of plant growth and adaptation. In
addition to sterilization effect, treatment of seeds with CP has been shown to have effect on a broad
spectrum of plant development and physiological processes. Although the body of information on the
biological effects of the CP is growing, the complex biological mechanisms involved in the plant response
remains vague. The objective of this study was to assess role of reactive oxygen species (ROS) producing
and redox balance regulating enzymes in response of the model plant Arabidopsis thaliana (L.) Heynh. to
the seed treatment with atmospheric pressure dielectric barrier discharge plasma source. Seeds of A.
thaliana Columbia ecotype wild-type (Col-0) and gene knockout mutant lines of ROS producing enzymes
NADPH oxidase AtRbohB and AtRbohF and enzymes involved in maintenance of the cellular redox balance,
AtAPX1 and AtCAT2, were used in the study. Seeds were treated for 1.5 or 3.0 min at 3 mm distance from the
CP source at 60-80% air humidity and stored for 7 days at 25 oC after the treatment. The significant
changes in root length was observed for the 2 day old seedlings of Col-0, AtRbohB, AtRbohF and AtCAT2
germinated from the seeds treated for 3 min. AtRbohF showed an enhanced (~6 % compared to control)
root growth response similar to that of the wild-type genotype, meanwhile the length of roots was reduced
for the AtRbohB and AtCAT2 mutants (20 % and 10 %, respectively). In contrast to the effect observed for the
roots, 3 min CP treatment had stimulating effect on hypocotyl development of the AtAPX1 mutant (~7 %).
Meanwhile hypocotyls of the AtRbohF and AtCAT2 were shorter compared to control (9 % and 23 %,
respectively). Hypocotyls of the Col-0 and AtRbohB mutant showed no response to CP treatment. The
analysis confirmed that the redox enzymes play essential role in A. thaliana seedling phenotype formation
in response to CP treatment and the effect could be linked to the role of ROS in seed germination and
seedling organ development.
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Killer yeasts are unicellular eukaryotic microorganisms secreting toxins lethal to susceptible cells. The
biocidal activity is species- and strain-dependent. Yeast toxins are active at acidic pH, ensuring the high
probability of finding new killer yeast strains in low-pH environment.

The objective of the present work was identification of killer yeasts in acidic environmental
samples and evaluation of their biocidal properties. Samples were collected from swamp water,
silage, and berries, such as cranberries (Vaccinium oxycoccos), lingonberries (Vaccinium vitisidaea) and black chokeberries (Aronia melanocarpa). The pH of swamp water ranged from 5 to 7,
the silage samples - from 4 to 5, and mashed berries - from 2.5 to 4. Ninety strains of yeast-like
morphology, representing each of mentioned above habitat, were used for killer assay and
molecular species identification. Nine biocidal strains were isolated from swamp water, ten from berries and fourteen - from silage. Most of identified killer strains were inhabiting silage,
however their diversity was the lowest - predominated yeasts were representatives of the
genera Wicherchamomyces, Candida, and Debaryomyces. Biocidal yeast strains from the wetland
ecosystem belonged to the genera Candida, Cryptococcus, Metchnikowia, Aureobasidium, and
Microdochium. The highest diversity of killer yeasts was in the samples collected from the
berries: they belonged to the genera Candida, Metchnikowia, Cryptococcus, Curvibasidium,
Hanseniaspora, Dothiora, and Krasilnikovozyma. The killer assay was performed on MB media at
pH 4.0, 4.8, and 5.6. The strongest biocidal properties of identified killer yeasts were observed at pH 4
and 4.8.
This study, focusing on the diversity of yeast in acidic environmental habitats and prevalence of killer
yeasts, is the first such investigation in Lithuania. The obtained data offer new insights on killer or other
biocidical systems existing in acidic environments. Identified biocidal yeast and their toxins may have high
potential in food industry and human therapy. Research networking was funded by the COST Action CA18113
EuroMicropH.
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Prussian Blue (PB) is a hexacyanoferrate coordination compound with interesting electrochromic,
electrochemical and magnetic properties. Due to high activity and selectivity towards the reduction of
hydrogen peroxide, PB can be defined as an “artificial peroxidase” [1]. Hydrogen peroxide detection has its
vital role in biochemical, chemical and other fields, so PB has been used in the construction of working
electrodes for electrochemical biosensors or as cathodes in biofuel cells. Enzymatic biofuel cells (EBFCs)
are devices capable of directly transforming chemical energy from redox enzymes to electrical energy via
electrochemical reactions [2]. Glucose and oxygen are continuously replenished in body fluids and are
accessible in organic tissues. Because of these properties, these materials are very attractive to
researchers in developing glucose EBFCs that could utilize the fuelling properties of glucose and oxidizing
properties of oxygen by supplying energy at the anode from blood glucose oxidation, and at the cathode
using reduction of oxygen or hydrogen peroxide, which is produced during the enzymatic oxidation of
glucose [3]. It is possible that, in time, energy will be supplied to implantable medical devices by miniature
membrane-less EBFCs [4]. Although, over the last decade, researchers have also studied and published
EBFCs that use enzymatic reactions but, powerful enough and long-term energy generating cells have not
yet been discovered so, by modifying electrodes we can increase EBFCs properties.
The aim of this work was to develop PB based biocathode for enzymatic glucose biofuel cell. To achieve
this, firstly, a graphite rod (GR) electrode was immersed in an electrochemical cell filled with a mixture of
FeCl3, K3[Fe(CN)6], KCl, HCl and pyrrole-2-carboxylic acid (PCA). Stable and durable electrochemically
coated PB and poly(pyrrole-2-carboxylic acid) (PPCA) nanocomposite film (PB-PPCA) was formed by cyclic
voltammetry (CV). A second PPCA layer was then deposited on top of the PB-PPCA coated GR electrode
also by CV. Finally, the glucose oxidase (GOx) enzyme was covalently linked to the carboxyl groups of the
second PPCA layer. Immobilized GOx catalysed the reaction between glucose and dissolved oxygen and
produced hydrogen peroxide, which was electrocatalytically reduced on the biocathode surface and caused
an increase in the reduction current. The optimal conditions for the biocathode preparation were elaborated
experimentally. CV was employed to investigate the electrochemical behaviour of the biocathode, while
constant potential amperometry was used to estimate the ability to determine glucose. The obtained results
showed that this simple biocathode design can be applied to improve the performance of EBFCs.
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In comparison to synthetic catalysts, biocatalysts are more friendly to an environment, have higher
specificity, lower energy requirement; however,poor stability and recovery limitsthe performance oftheir
soluble free state [1]. Researchers have been working for several decades on improving the stability of
enzymes by immobilization. Notwithstanding, the majority of immobilization techniques require additional
carriers what leads to a dilution and possible loss of enzyme catalytic activity. To overcome these
problems, several carrier-free enzyme immobilization techniques have emerged such as CLEA (crosslinked enzyme aggregates), CLEC (cross-linkedenzyme crystals), CLE (cross-linked enzymes) and others.
Among them, CLEA seems to be the most effective, because it offers major advantages: low production
price, excellent stability in various organic solvents and in a wide range of temperatures and pH [2]. The
immobilization of enzymes by CLEA methodconsists of two steps: precipitation of an enzyme from an
aqueous solution and its cross-linking with a bi-functional reagent. Many parameters such as pH,
temperature, the amount of both the precipitate andthe cross-linker, incubation time of both steps, affect
the efficiency of immobilization, which leads to differences in the activity and stability of the formed CLEAs
[3]. Therefore, the precipitation and cross-linking processes must be optimized in orderto obtain the
highest immobilized enzyme catalytic activity and stability.
During this study we have optimized the preparation of CLEA from the commercially available lipase
Vilzim LPSfrom Aspergillus niger. Precipitation was optimized using different solvents (acetone, ethanol, 2propanol, dimethoxyethane, 2-(2-methoxyethoxy)ethanol), exploring their various concentrations and
precipitation time. Further, at optimal conditions precipitated lipase aggregates were used to investigate
the cross-linking process parameters. More detailed results of this study will be presented during the
poster session.
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In 2018, there were 18.1 million new cancer cases and 9.6 million deaths related to it (Bray et al., 2018).
Despite the progress in cancer treatment, there is still a need for advanced and more effective anticancer
agents. Sunitinib is one of the kinase inhibitors which is used to treat kidney and gastrointestinal cancers
after failure to the first choice treatments. (Arora & Scholar, 2005). The aim of our research was to evaluate
and compare the activity of new sunitinib analogs synthesized at Cagliari University (Italy) in normoxia and
hypoxia conditions.
In our study we used two human colon cancer cell lines HT-29 and HCT116. MTT assay was used to
evaluate the metabolic activity of cells after treatments with analogs in normoxia and hypoxia conditions.
Half maximal effective concentration (EC50) has been established that shows the concentration of
compounds causing 50% reduction of cell metabolic activity. Wound healing assay was used to evaluate
antimetastatic activity of compounds. Compounds were used at 10, 50 and 90% of their established EC50
values. Results were compared to the clinically used drug sunitinib.
In normoxia and hypoxia conditions, tested compounds 1, 6 and 7 statistically significantly stronger
reduced the viability of both cancer cell lines compared to sunitinib. The most active one was compound 1. It
was from 2.7 (against HT-29) to 57.5 times (against HCT116 cell line) more active compared to sunitinib. In
normoxia condition compound 1 statistically signifantly inhibited the migration of both cell lines. The
difference was determined after 72 h of incubation with 90% of EC50 concentration of compound. In hypoxia,
HCT116 line cells did not show any statistically significant differences compared to the control. HT-29 line
cells migration was statistically significantly inhibited after 24 h of incubation with compound 1 at 50% and
90% of its EC50 concentration compared to the control. Compound 6 statistically significantly inhibited cell
migration at 10% and 90% of its EC50 concentration compared to the control. Sunitinib did not have such an
impact.
In conclusion, sunitinib derivatives 1, 6 and 7 are more effective than sunitinib in vitro in normoxia and
hypoxia conditions and could be developed further as anticancer agents against colon cancer.

[1] Arora, A., & Scholar, E. M. (2005). Role of Tyrosine Kinase Inhibitors in Cancer Therapy. Journal of Pharmacology and Experimental
Therapeutics, 315(3), 971–979. https://doi.org/10.1124/jpet.105.084145
[2] Bray, F., Ferlay, J., Soerjomataram, I., Siegel, R. L., Torre, L. A., & Jemal, A. (2018). Global cancer statistics 2018: GLOBOCAN
estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA: A Cancer Journal for Clinicians, 68(6), 394–424.
https://doi.org/10.3322/caac.21492
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Cardiomyopathies are a heterogeneous group of myocardial diseases associated with mechanical or
electrical disorders of cells causing inappropriate functioning of the left ventricle [1]. Dilated
cardiomyopathy (DCM) is agreed to be most common form of cardiomyopathy responsible for 40-50% of
cases of heart failure leading to requirement of heart transplantation [2]. Many toxic causes, including
drugs, environmental agents, substances of abuse or natural toxins and other are involved in
pathophysiological mechanisms of DCM [3]. Therefore, in this study the molecular mechanisms explaining a
response of human healthy and dilated myocardium-derived mesenchymal stem cells (hmMSC) to chemical
and mechanical exposures have been investigated. hmMSC have been isolated from human healthy and
dilated myocardium biopsies, cultivated in IMDM growth media with 10 percent of FBS and subjected to the
different concentrations of toxic environment mimicking naphoquinone or to an extra mechanical overload
using Flexcell equipment. The response of healthy and pathological hmMSC to the toxic exposures have
been investigated by cell viability kit CCK-8, detection of apoptosis and various pro- and anti-cell surviving
mechanisms by western blotting.
Data of this study show that healthy and pathological hmMSC differently responded to the toxic
exposures with more prominent effect on healthy compared to the pathological cells. The obtained data
also suggest what types of mechanisms regulating surviving of myocardium cells can participate in the
heart regeneration processes. Moreover, the targeted regulation of heart cell death/survival mechanisms
could help to search for new therapeutic or DCM preventing means.

[1] B. Maisch, M. Noutsias, V. Ruppert, A. Richter, S. Pankuweit, Heart Fail. Clin. 2012, 8,53.
[2] Elliott P, Andersson B, Arbustini E. Eur Heart J. 2007;29:270–276.
[3] Ghadri J-R, Wittstein IS, Prasad A, et al. Eur Heart J. 2018; 39:2032–2046.
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Background. Intercellular contacts regulate the fate of cells during biotechnological and biomedical
processes.They influence results of bioproduction, regenerative medicine, anticancer therapy. Cell-cell
contacts affect many functional properties such as cell survival, growth, metabolism, protein synthesis,
gene expression, etc. Cells in a monolayer or within 3D structures, cells in damaged tissue as well as
circulating cancer cells, either single or in groups, wherever they are used,– differently interact with each
other, and these interactions lead to different changes in their functioning. Elucidation of the influence of
cell-cell contacts on the activity of cell fate-regulating signaling is essential in predicting cell response to
the changing conditions. Basal activity of signaling molecules is an important factor here.
c-Jun N-terminal kinase (JNK) is a subfamily of mitogen-activated protein kinases (MAPKs), which is
activated by diverse stress signals. JNK regulates important cellular activities and plays roles in cancer
cell response to both targeted- and chemo-therapies. JNK has dual functions and can mediate both cell
transformation and apoptosis through a variety of cell-context dependent mechanisms.
A member of activating protein-1 (AP-1) transcription factor family, c-Jun may be the effector through
which JNK exerts its biological function, although opposing functions of components of JNK pathway have
been reported. Therefore, the role and context-dependence of each component needs to be understood.
Here, we focus on dependency of JNK signaling pathway molecules on cell-cell contacts.
Methods. Human non-small cell lung cancer adenocarcinoma A549 and muscle-derived Myo stem cell
lines were grown under standard conditions. Cells incubated under agitation were fractionated in order to
obtain non-aggregated (suspension) and aggregated cell fractions. Protein expression and phosphorylation
was analyzed by Western blotting using antibodies against total and phosphorylated JNK and c-Jun. Cell
viability was determined by using the resazurin reagent, mode of cell death was assessed by staining with
a mixture of AO/EB fluorescent dyes. Specific inhibitor of JNK (SP600125) and proteasomal inhibitor
(MG132) were selected for the role of JNK and c-Jun expression studies.
Results.JNK was shown to be required for proliferation of the cells studied, and their protection against
anoikis. Modeling different cellular states – confluent and subconfluent, single cells in suspension or
aggregated, – expression and phosphorylation profile of JNK and c-Jun was studied.
Inhibitory role of intercellular contacts on the c-Jun protein level was determined in A549 and Myo
cells when grown in confluency or in aggregates, whereas expression of JNK did not change. The studies
indicated a possible proteasomal degradation of c-Jun. Moreover, studies revealed the opposite
dependence of molecules of the same signaling pathway – phospho-c-Jun and phospho-JNK – on cell
culture density: JNK phosphorylation increased with increasing cell density, whereas phosphorylation of
downstream JNK target c-Jun decreased.
Conclusions.Given the importance of c-Jun in regulating genes involved in the main cellular processes,
changes in its amount may be important for its biological contribution. The findings suggest that the
outcome of c-Jun N-terminal kinase activation in cells may be dependent on the amount of c-Jun, which
itself is determined by intercellular contacts.
Acknowledgment.The work was supported by grant No. 01.2.2-LMT-K-718-01-0072 (LMTLT).

50. THE INFLUENCE OF [PSI+] PRION PROTEIN ON YEAST
SACCHAROMYCES CEREVISIAE CELL GROWTH AND
INTRACELLULAR PROTEIN ACCUMULATION

Neda Jonutytė1, Skaistė Jančauskytė1, Justina Jurgelevičiūtė1, Eglė Lastauskienė1
1

Department of Microbiology and Biotechnology, Institute of Biosciences, Life Sciences Center, Vilnius
University, Sauletekio avenue 7, LT-10257 Vilnius, Lithuania.
neda.jonutyte@gmc.stud.vu.lt

Yeast models of amyloid-related neurodegenerative diseases have become powerful tool for highthroughput chemical and drug screening to reduce amyloid aggregation and toxicity [1]. Yeast and fungal
prions are self-propagating, amyloid structures of native soluble proteins. [PSI+] ̶ is the prion form of the
translation termination factor Sup35 protein that results in increased nonsense suppression in yeast
Saccharomyces cerevisiae cells. The prion protein can fold into structurally different infectious states
leading to different phenotypes [2]. The yeast prion [PSI+] variant was first isolated as strong or weak,
indicating the strength of the prion phenotype, reflecting the degree of lack of the normal protein [3].
Individual [PSI+] variants have different mitotic stability ([PSI+] loss rate), translation termination activity
[4]. The aim of this study was to determine the effect of S. cerevisiae 74D-694 [PSI+] prion variants on yeast
cell growth and intracellular protein accumulation. Methods of cultivation, prionization, electroporation,
protein isolation and imaging were used in the study. The study of growth dynamics found that the prionized
[PSI+] S, M, L, XL variants produced the highest amount of biomass compared to the variants of the
respective sizes. Statistically significant differences of doubling time (p < 0,05) were found. Analysis of
intracellular insoluble proteins showed: [PSI+] S, M, L, XL variants have more proteins greater than 70 kDa
and less than or equal to 30 kDa compared to the corresponding cured using GuHCl variants ([psi-] S, M, L,
XL ). Analysis of intracellular soluble proteins showed that the prionized [PSI+] S, M, L, XL variants have a
lower concentration of the hypothetical Sup35 protein compared to the corresponding [psi-] S, M, L, XL
cured GuHCl variants. In [PSI+] variants Sup35 protein is prionized, therefore unsoluble and less visible in
the soluble protein faction compared to [psi-] variants with high levels of soluble Sup35 protein.

[1] Geschwind, M. D. (2015). Prion Diseases: CONTINUUM: Lifelong Learning in Neurology, 21, 1612–1638.
https://doi.org/10.1212/CON.0000000000000251
[2] Toyama, B. H., Kelly, M. J. S., Gross, J. D., & Weissman, J. S. (2007). The structural basis of yeast prion strain variants. Nature, 449
(7159), 233–237. https://doi.org/10.1038/nature06108
[3] Kalastavadi, T., & True, H. L. (2010). Analysis of the [RNQ+ ] Prion Reveals Stability of Amyloid Fibers as the Key Determinant of
Yeast Prion Variant Propagation. Journal of Biological Chemistry, 285(27), 20748–20755. https://doi.org/10.1074/jbc.M110.115303
[4] Derkatch, I. L., Chernoff, Y. O., Kushnirov, V. V., Inge-Vechtomov, S. G., & Liebman, S. W. (1996). Genesis and Variability of [Ps1] Prion
Factors in Saccharomyces Cerevisiae. Genetics, 144(4), 1375–1386.
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Neurodegenerative disorders lead to changes in the number, structure and function of cells in the
central nervous system or even cellular death. Thus, amniotic fluid stem cells (AFSCs) could be a valuable
tool in the reconstruction of neural tissue. AFSCs are advantageous because they are easy to isolate from
amniocentesis samples, display high proliferation potential as well as the ability to differentiate towards
lineages from all three germ layers.
However, in regenerative medicine the method of cell culture is equally important to the type of the
stem cells itself. Most of the time in vitro stem cells are grown in monolayers, however, these cells usually
fail to mimic cells naturally occurring in live organisms. A solution to this problem could be 3D cultures
where cells tend to display more similar morphology, differentiation, proliferation, polarization potentials,
cell-cell interaction, and microenvironment to the in vivo cells.
Our research was aimed to evaluate the potential of AFSCs grown in 3D cultures to differentiate
towards neural cell lineage. Stem cells were obtained using a two-stage isolation protocol. First, they were
expanded in monolayer culture and then transferred to the 96-well NunclonTM SpheraTM plates and grown
as spheroids in 3D cultures. Cells from 2D cultures were characterized and were positive for pluripotent
stem cell markers (NANOG, SOX2, OCT4, REX1) and mesenchymal stem cell markers (CD44, CD73, CD90,
CD105, CD146, CD166). The neural differentiation of the spheroids was induced using a protocol that
comprised commercial supplement NeuroCult™ and biomolecules such as NGF, BDNF, retinoic acid, and
KCl. Later the expression of neural genes (NES, NSE, NGF, BDNF, etc.) and microRNAs (miR-16-5p, miR135a-5p, miR-1202, miR-124-3p, miR-103a-3p, miR-155-5p, miR-146a, miR-93-5p, miR10a, miR-210, miR199a-3p, miR-223) was examined using RT-qPCR. It was discovered that there are some changes in the
expression of specific genes and microRNAs in the differentiated cells grown in 3D compared to those
grown in 2D cultures.
The results of this study bring new insights about the ability of AFSCs to differentiate into neural-like
cells, especially when grown in 3D cultures. Yet, additional research is needed to apply them in stem cell
therapy.
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Pancreatic ductal adenocarcinoma is one of the deadliest forms of human cancer. Disease variability
makes pancreatic cancer difficult to combat using mainstream treatment modalities such as chemotherapy
and radiotherapy. For many years, cell lines have proved to be a useful in vitro model for preclinical cancer
research and American Type Culture Collection (ATCC) provides a panel of them for different cancer types,
including pancreatic. However, the strength of cell lines lies in their diversity: each cell line represents a
unique cancer case. Thus, we are constantly in need of new cell lines that can recapitulate primary tumors.
Here we present a novel pancreatic ductal adenocarcinoma cell line Capan-26. This cell line was
derived from a primary tumor of a 65 years-old female Lithuanian patient with pancreatic ductal
adenocarcinoma stage II. To our knowledge, it is the first pancreatic cancer cell line derived from a
Lithuanian patient. We characterized the cells functionally and genetically: determined their growth rate,
detected expression of pancreatic cancer and stem cell markers, confirmed that cells form colonies in soft
agar, analyzed karyotype and found mutations of several cancer related genes. Also, we found out that
Capan-26 cell line is sensitive to drugs that are used for pancreatic cancer treatment. In conclusion, we
believe that Capan-26 will be a valuable tool for cancer studies in the future.
This work was funded by “Healthy Ageing” programme of the Research Council of Lithuania (LMTLT);
agreement No. S-SEN-20-16.
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Metastasis is the leading cause of death in cancer patients. Early diagnosis of the progression of
tumour before the formation of metastasis would make cancer treatment more efficient. However, that
requires identification of molecular biomarkers that are specific to different stages of tumour metastasis.
Accumulating evidence indicates a crucial role of micro RNAs (miRNAs) in the initiation and progression of
cancer, acting either as oncogenes or as tumour suppressors. miRNAs are small ~22 bp long non-coding
RNAs that play key roles in the regulation of gene expression at the posttranscriptional level. miRNA
expression profiling has been shown to be associated with tumour development, progression and response
to therapy, suggesting their possible use as diagnostic and predictive biomarkers [1].
The previous study at VU Institute of Biosciences and National Cancer Institute revealed a substantial
number of miRNAs that are potentially related to non-small cell lung cancer metastasis. Microarray data
demonstrated a signature of significantly altered expression of 77 miRNAs in mouse lung cancer cells
grown under 2D and ECM based 3D cell culture conditions [2].
The aim of this study was to investigate the implication of identified miRNAs in the metastatic process.
Bioinformatical target analysis and pathway enrichment analysis of miRNAs revealed nineteen miRNAs that
are potentially involved in cancer metastasis as their target genes are related to processes such as cell
migration, adhesion, invasion, metastasis, actin dynamics, cytoskeleton organization and ECM-receptor
interaction. Three of them – mmu-miR-195a-5p, mmu-miR-207, mmu-miR-500-3p – were selected for
further molecular analysis. We used CRISPR/Cas9 genome editing tool to knock down selected miRNAs in
mouse Lewis lung carcinoma (LLC-1) cells. Cas9 nuclease was targeted to genomic DNA by a single-guide
RNA consisting of a 20-nt guide sequence and a scaffold [3]. Deletion of miRNA gene was generated using
two different sgRNAs.
Results show that monoallelic deletion of the sequence encoding miR-195a significantly reduced the
expression of miR-195a. Furthermore, cell proliferation and cell cycle analyses revealed substantial
decrease in mutant cell proliferation along with the accumulation of the cells in S-phase. In addition, wound
healing assay demonstrated that miR-195a knock-down notably inhibited migration of LLC-1 cells. Taken
together, the present study suggested that miR-195a may be potentially implicated in metastasis of lung
cancer.

[1] Peng, Y., Croce, C. M. (2016). The role of MicroRNAs in human cancer. Signal Transduct Target Ther, 1(1), 15004.
[2] Stankevicius, V., Vasauskas, G., Bulotiene, D., Butkyte, S., Jarmalaite, S. (2016). Gene and miRNA expression signature of Lewis lung
carcinoma LLC1 cells in extracellular matrix enriched microenvironment. BMC Cancer,16(1), 789.
[3] Ran, F. A., Hsu, P. D., Wright, J., Agarwala, V., Scott, D. A., Zhang, F. (2013). Genome engineering using the CRISPR-Cas9 system. Nat
Protoc., 8(11):2281–308.
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Bacterial vaginosis (BV) is one of the most common vaginal infections associated with impaired vaginal
microflora that affects women of childbearing age. BV is associated with various adverse outcomes not
only relating to women’s fertility, reproductive health, or pregnancy, but also women’s mental health [1].
Gardnerella spp. is the most associated bacterium with BV and has been detected in almost all vaginal
samples from women suffering from BV [2].
Adhesins are cell-surface components that are responsible for the recognition of host cells and
adhering to them. Studies on other bacteria show that various adhesins are proven virulence factors that
are significant in bacteria’s pathogenesis [3, 4]. However, the adhesins of bacterium Gardnerella spp. are
very little studied and described.
After the amino acid sequence of Gardnerella spp. collagen adhesin (CNA) protein determination, a
hypothesis was proposed that CNA allows Gardnerella spp. to bind to host extracellular matrix (EM)
proteins.
The interaction between recombinant Gardnerella spp. CNA and selected EM proteins was investigated
by various ELISA method variations and other immunochemical methods. Monoclonal antibodies (MAbs)
against recombinant CNA protein were created using hybridoma technology. Anti-CNA MAbs were used to
investigate the interaction between the CNA and EM proteins: type I, III, IV collagens, fibronectin, and
fibrinogen. Using indirect ELISA method we detected that CNA interacts with all EM proteins used in the
experiment (Fig. 1).

Fig. 1. The investigation of interaction between Gardnerella spp. CNA protein and selected EM proteins: A – type I collagen; B – type III
collagen; C – type IV collagen; D – fibronectin; E – fibrinogen; F – control, no EM proteins were adsorbed. The t test was applied, where *p <
0.05, ***p < 0.001, ****p < 0.0001 (n =4). The red lineindicates themeanofanopticaldensityplusthreestandarddeviations. *BSA –bovine
serum albumin.

Results and created molecular tools, anti-CNA MAbs, raise new questions and hypotheses. In the future,
we seek to use more complex model systems to investigate the interactions between native CNA and
epithelial cells in vitro. This would allow to investigate and understand molecular Gardnerella spp.
pathogenesis mechanisms.

[1] Jones, A. (2019) Bacterial Vaginosis: A Review of Treatment, Recurrence, and Disparities, Jnp-Journal for Nurse Practitioners. 15,
420-423.
[2] Schwebke, J. R., Muzny, C. A. & Josey, W. E. (2014) Role of Gardnerella vaginalis in the Pathogenesis of Bacterial Vaginosis: A
Conceptual Model, Journal of Infectious Diseases. 210, 338-343.
[3] Rhem, M. N., Lech, E. M., Patti, J. M., McDevitt, D., Hook, M., Jones, D. B. & Wilhelmus, K. R. (2000) The collagen-binding adhesin is a
virulence factor in Staphylococcus aureus keratitis, Infection and Immunity. 68, 3776-3779.
[4] Elasri, M. O., Thomas, J. R., Skinner, R. A., Blevins, J. S., Beenken, K. E., Nelson, C. L. & Smeltzer, M. S. (2002) Staphylococcus aureus
collagen adhesin contributes to the pathogenesis of osteomyelitis, Bone. 30, 275-280.
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Background
Atlantic cod is one of the commonly consumed fish species, that can be found in Northern Europe and
North America’s eastern coast. Even though fish is an excellent source of nutrients, ingestion or inhalation
of fish allergens can trigger severe allergic reactions. Gad m 1 is Atlantic cod parvalbumin, an allergen,
found in fish muscle. It is a small (about 10-12 kDa), highly stable calcium-binding protein, that shares high
sequence identity among different fish species (carp, salmon). Monoclonal antibodies (MAbs) against
allergens of different fish species may provide useful reagents for fish allergy studies and diagnostics.
Methods
MAbs against natural Atlantic cod parvalbumin (Gad m 1) were generated by hybridoma technology and
characterized using enzyme-linked immunosorbent assay (ELISA). Recombinant salmon parvalbumin (Sal
s 1), Baltic cod parvalbumin (Gad c 1), Atlantic cod parvalbumin (Gad m 1) and Atlantic herring parvalbumin
(Clu h 1), fused with maltose-binding protein (MBP), were expressed in E.coli and purified. The pattern of
cross-reactivity of the MAbs with different fish allergens were analysed by ELISA and Western blot.
Results
In total, four MAbs (7B2, 2C1, 18H3 and 16B3) against Gad m 1 were generated, that were of IgG1 isotype
and showed high affinity to the antigen. The reactivity of MAbs with recombinant Sal s 1-MBP, Gad c 1-MBP,
Gad m 1-MBP and Clu h 1-MBP was investigated. MAbs 2C1 and 7B2 reacted with Gad c 1-MBP and Gad m 1MBP, while MAbs 18H3 and 16B3 were reactive with Gad m 1-MBP and Clu h 1-MBP. None of the MAbs
reacted with Sal s 1-MBP. All MAbs were shown to recognise linear epitopes of certain allergens by
Western blot.
Conclusions
The newly developed MAbs against Atlantic cod parvalbumin (Gad m 1) may serve as a promising tool
for antigenic characterization of different fish allergens. This study indicates that all four fish parvalbumins
share common epitopes that are recognised by MAbs raised against Gad m 1.
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Chemotherapy is used as an anticancer therapy, but high drug doses have adverse effects on patients.
Thus, to decrease the doses of chemotherapeutics, electroporation (EP) is employed. Pulsed electric fields
(PEFs) facilitate intratumoral drug delivery used in electrochemotherapy (ECT). Microsecond ECT is already
used in clinical trials for the elimination of tumors. However, standard microsecond treatment procedure
(ESOPE [1]) lacks the efficiency, induces necrotic thermal effects, or severe unintended muscle
contractions.
Nanosecond electrical pulses are not used in anticancer therapies as they are still in research. In
our previous works [2], we have shown that nanosecond PEFs (nsPEF) can cause lower tumor cell viability,
better permeabilization for drug delivery, and less tumor-surrounding tissue necrosis. Now, we present a
new modality of high-frequency nanosecond electroporation for successful ECT in vivo (Fig. 1) and its
influence on changes in immune cell subpopulations..

Figure 1. Investigation of ECT effect on changes of mice tumor volume and organ cell populations.

Tumors were induced by injecting C57BL/6J mice with LLC1 cells subcutaneously, grown to reach 100
mm3. Afterwards, mice were treated with standard microsecond (ESOPE) and different modalities of
nanosecond EP, in combination with bleomycin (ECT). ESOPE was compared to the nanosecond ECT (3.5
kV/cm, 200 pulses) with different nsPEF: nsPEF1 (200 ns, 1 kHz), nsPEF2 (200 ns, 1 MHz), nsPEF3 (700 ns, 1
kHz), nsPEF4 (700 ns, 1 MHz).
C57BL/6 mice were divided into untreated, ESOPE and four nsPEF-treated groups. Treatment efficiency
was evaluated by comparing mice survival and tumor volumes. Compared to untreated mice, the survival of
nsPEF2, nsPEF3 and nsPEF4-treated mice was significantly longer (Mantel-Cox test, p < 0.05). Compared to
the untreated mice, ECT with nsPEF3 and nsPEF4 has resulted in significantly reduced or eliminated
tumors, relating to prolonged mice lifespan.
Flow cytometry was performed to evaluate the changes in B220+, CD4+, CD8+ immune cell
subpopulations. The percentage of B220+ was higher in the tumor and lymph nodes of nsPEF3 and ESOPEtreated mice. PEF treated mice had enlarged spleens. nsPEF3 and ESOPE treatment resulted in an
increased number of myeloid cells and lymphocytes in the spleen. T and B cell percentage was significantly
lower in the spleens of nsPEF3 and ESOPE-treated mice, compared with the untreated mice. However, a
significantly higher percentage of B220-CD4-CD8- lymphocytes was in PEF-treated mice. Therefore,
further studies are necessary to find out this negative lymphocyte population.
Our study has shown that nanosecond ECT is as efficient as ESOPE procedures for carcinoma tumor
ablation. High-frequency nanosecond ECT causes less muscle contractions and necrosis due to decreased
thermal effects. nsPEFs may induce a better immune cell response, prolonging mice lifespan. These
advantages could be promising in the future anticancer therapies, gradually replacing ESOPE.

Acknowledgement: The project was funded by the Research Council of Lithuania (No. S-MIP-19-22).
[1] ESOPE - European standard operating procedures for electrochemotherapy. 1.3 kV/cm x 100 μs x 8 / 1 Hz.
[2] Novickij V, Malyško V, Želvys A, Balevičiūte A, Zinkevičienė A, Novickij J, et al. Electrochemotherapy using doxorubicin and
nanosecond electric field pulses: A pilot in vivo study. Molecules. 2020.
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Nowadays allergies are being recognized as a substantial public health burden in developed countries.
From a wide range of different allergens, food products cause allergic diseases in more than 3-4 % of the
adult population in Westernized countries. One group of well-defined allergens are the different types of
nuts which can lead to severe systemic and even fatal reactions in the human body.
Allergen extracts are often used in allergy diagnostics. However, these heterogenic mixtures are
composed of many components which can cause cross-reactivity in allergy tests. An alternative for these
extracts could be the use of recombinant allergens, which increases diagnostic assay sensitivity as well as
its analytical specificity. To obtain high-amounts of soluble recombinant allergens, Escherichia coli protein
synthesis systems are a great option due to their easy manipulation and scale-up process.
In this work, the hazelnut, Corylus avellana Cor a 2 and Cor a 9 allergens were expressed in E. coli BL21
(DE3) and Rosetta (DE3) pLysS strains. The recombinant protein was also fused with a highly soluble
partner – maltose-binding protein (MBP), which promotes recombinant protein solubility and proper
folding. Recombinant allergens were purified with Ni-NTA affinity chromatography. To test the antigenic
properties of rCor a 2 and rCor a 9 – an enzyme-linked immunosorbent assay was prepared with blood
serum samples from patients positive for nut allergy.
This study aimed to purify and characterize recombinant allergens rCor a 2 and rCor a 9.
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Allergy is a type I hypersensitivity reaction to the environmental antigens that usually cause little or no
problem to most people. The house dust mite (HDM) is one of the most important and widely spread
allergen sources causing allergy and its related complications, such as bronchial asthma. Recombinant
allergens are being used in molecular allergy diagnostics systems and can also be employed in the
development of monoclonal antibodies (MAbs). Since the allergen extracts from different manufacturers
lack proper standardization regarding to its composition [1], MAbs against specific allergen components can
be used for the quantification of allergen components in allergen extracts.
This study aimed to purify recombinant HDM allergens and then develop, characterize and apply MAbs
against one of the purified allergens. Here, we studied 9 allergens from HDM Dermatophagoides
pteronyssinus and Dermatophagoides farinae, which were previously fused with maltose binding protein
(MBP), expressed in E. coli and were purified using affinity liquid chromatography of MBP-passenger
proteins. The allergens were Der f 1, Der f 2, Der p 10, Der p 21, Der p 23, Der p 24, Der p 26, Der p 30 and
Der p 36. A TEV protease hydrolysis sequence was inserted in between each allergen and its MBP
sequence. MBP and TEV also had 6 histidine sequence inserted. Hydrolysis reaction was optimized to
detach MBP from purified allergens and one selected allergen – rDer p 21 was purified using second step
affinity liquid Ni-NTA chromatography. Blood serum from HDM allergic patients was analyzed and complex
formation, between rDer p 21 and IgE (antibodies against native allergens), was observed. These results led
to the development of MAbs against purified rDer p 21. Five hybridoma cell lines producing high affinity
MAbs of IgG isotype were generated using hybridoma technology [2]. The MAbs were grouped into two
categories according to their recognized epitopes and a sandwich enzyme-linked immunosorbent assay
(Fig. 1) system for the quantification of Der p 21 was developed and optimized.

Figure 1. Scheme of sandwich enzyme-linked immunosorbent assay.

[1] Casset, A., Mari, A., Purohit, A., Resch, Y., Weghofer, M., Ferrara, R., Thomas, W. R., Alessandri, C., Chen, K. W., de Blay, F., Valenta, R.
[2] & Vrtala, S. (2012). Varying Allergen Composition and Content Affects the in vivo Allergenic Activity of Commercial
Dermatophagoides pteronyssinus Extracts. Int Arch Allergy Immunol, 159(3), 253–62.
[3] Köhler, G., Milstein, C. (1975). Continuous cultures of fused cells secreting antibody of predefined specificity. Nature, 256(5517), 4957.
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IgE-mediated allergic reactions are the most common hypersensitivity disorders affecting up to 30% of
the population worldwide and still rising. Due to the high prevalence of these diseases, accurate diagnosis
is critical to ensure the most effective treatment. Immunological test systems for allergy diagnostics
currently mostly involve allergen extracts, which are heterogeneous mixture of various allergic and nonallergic components. Levels of the main allergen and the additional substances could vary among different
batches of the product. In contrast, recombinant allergens can be produced as defined molecules with
known immunologic and biological features [1]. The usage of purified recombinant allergens instead of
allergen extracts could increase the accuracy of allergic reaction detection, as well as reduce crossreactions. Recombinant proteins could be produced using various expression systems, including
mammalian cells. The ability to perform post-translational modifications that are not present in proteins
produced in prokaryotes makes mammalian cells expression system an advantageous production platform
[2].
This study aimed to produce recombinant secreted maltose-binding protein (MBP) fused wasp‘s
allergen Ves v 2 (rVes v 2-MBP) and cow‘s milk allergen Bos d 4 (rBos d 4-MBP) in mammalian cells.
Synthetic DNA fragments coding these allergens were cloned to mammalian expression vector and
transiently transfected into Chinese hamster ovary (CHO) cells. Secreted rBos d 4-MBP was purified using
MBP affinity tag and confirmed using immunoblotting and indirect enzyme-linked immunosorbent assay
using monoclonal antibodies against MBP. However, recombinant Ves v 2 allergen was not secreted into
cells growth media but was detected in intracellular compartment of the cell. To determine if synthesized
recombinant protein antigenicity is similar to natural allergen, blood serum samples from patients allergic
to cow‘s milk were tested with rBos d 4-MBP. Also, blood serum samples were tested using the same
recombinant allergen produced in E. coli.
Results show that serum samples with allergen-specific IgE recognizes rBos d 4-MBP antigen
produced in CHO cells, suggesting that recombinant protein contains IgE-binding epitopes. Nevertheless,
rBos d 4-MBP protein produced in E. coli was not recognized by specific IgE.
In conclusion, recombinant Bos d 4 fused with MBP expressed in mammalian cells is most likely to be
similar to native protein as compared to the same recombinant allergen produced in E. coli. These results
indicate that mammalian cells expression system is suitable for eukaryotic protein production and
synthesized recombinant proteins could be used for improving molecular allergology tests in vitro.

[1] Valenta, R., Karaulov, A., Niederberger, V., Zhernov, Y., Elisyutina, O., Campana, R., Focke-Tejkl, M., Curin, M., Namazova-Baranova,
L., Wang, J. Y., Pawankar, R., Khaitov, M. (2018). Allergen Extracts for In Vivo Diagnosis and Treatment of Allergy: Is There a Future? J
Allergy Clin Immunol Pract, 1845-1855.
[2] Curin, M., Garib, V., Valenta, R. (2017). Single recombinant and purified major allergens and peptides How they are made and how
they change allergy diagnosis and treatment. Ann Allergy Asthma Immunol, 119(3): 201–209.
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Introduction. Early and adequate intake of colostrum is critically important for the health and survival
of neonatal calves. Colostrum is rich in immunoglobulins, growth factors, vitamins, and bioactive molecules
that are highly secreted for the first 4 hours post-partum. However, the role of colostrum in the
development of gut microbiota in ruminants remains poorly understood. This study is aimed to characterize
the role of colostrum in the development of bovine gut microbiome and assessment with blood parameters
at different time points.
Material and methods. A ten (n=10) Holstein Friesian cattle were fed to colostrum (COL) (n=5) and
artificial colostrum replacement (control) (RD) (n=5) for 6 hours after birth. The animals were evaluated on
day 1, 7, and 30 after feeding. The fecal samples were collected at different time points and were used for
16S rRNA metagenomic analysis. Blood samples were collected from v. jugularis and used for the
morphological and biochemical analyses.
Results. The feeding with COL resulted in significantly higher body mass of 38.54 kg (±0.5 kg) at day 7 in
comparison to RD 34.00 kg (±0.5 kg) (p <0.05). Feeding with COL and RD resulted in time-depended
increase in blood monocytes (MON) and neutrophil (NEU) counts. Colostrum diet resulted in significantly
higher (p<0.05) numbers of MON at day 1 (1.9×102 cells/μL) and day 7 (3.25×103 cells/μL) in comparison to
the control group (1.88×102 and 3.27×102 cells/μL respectively). Moreover, the colostrum diet induced
greater numbers of NEU at day 1 and 7 (1.76×102 and 4.64×102 cells/μL) in comparison to RD (2.21×102 and
4.63×102 cells/μL). 16S rRNA analysis demonstrated higher numbers of Operational Taxonomic Unit (OTU)
among animals fed with colostrum in comparison to RD. Feeding with COL resulted in significantly higher
OTU numbers of Enterobacteriacea, Veillonellaceae in comparison to RD. Among animals that received RD,
Enterobacteriacea, Streptocococcaceae were dominant species at day 1. The prevalence of probiotic
species (Lactobacilaceae, Lanchnospiraceae) was greater in animals with COL diet.
Conclusion. This study has characterized the influence of bovine colostrum on the development of calf
intestinal microbiota. Bovine colostrum demonstrated strong immunomodulatory activity. Further studies
are needed to better understand the molecular mechanisms leading to microbiota modulation and
immunomodulation.
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Epithelial ovarian carcinoma (EOC) is a highly heterogeneous and aggressive disease that remains the
most lethal gynaecological malignancy. EOC is the most frequent ovarian tumour, distinguished by high
mortality in late stages when conventional therapies are no longer effective. The role of the immune system
is pivotal for efficient control and destruction of cancer cells. Dendritic cells (DCs) serve as orchestrators
of the cytotoxic response of the adaptive arm of the immune system and as such is an attractive target or
component of cutting edge cell-based immunotherapies against cancer. DC vaccines have shown promising
results in ovarian and several other types of cancers such as melanoma, prostate, lung cancer [1]. Some of
the most commonly used are DC-based vaccines loaded with allogeneic cancer cell line lysate, which
mimics the tumour present in the patient. Lysates developed from different cancer cell line models of the
same tumour might, however, have a dissimilar effect on DC maturation and surface protein expression.
That is because different cell lines represent distinct variances of the same disease and, therefore, have
different protein constitutions. [2,3]. In our study, we undertook the task of creation of a DC-based vaccine
with different ovarian cancer cell line lysates and their mixture to find out whether unique EOC cell lysates
have an impact on dendritic cell maturation. We characterised four different EOC cell lines: OV7, SKOV3,
COV362, A2780; under standardised culture conditions, by performing flow cytometry (FACS) (Fig. 1.) and
analysing 27 immune-related genes expression by quantitive real-time PCR (qPCR). Cytokine array was
used to evaluate 105 cytokines concentration in produced cancer cell line lysates later used for dendritic
cell maturation. We noted that the four ovarian cancer cell lines differ both in stemness- related CD274,
CD44, CD105, CD73 marker expression (FACS), and in immune-related gene expression (qPCR). In
agreement, the cytokine array revealed that ovarian cancer cell line lysate profiles are highly diverse.
After cancer cell line characterisation, we successfully produced DCs loaded with different ovarian
cancer cell line lysates and their mixture. DC characterisation was performed using FACS, maturation
markers: CD11c, CD80, CD83, MHCII, CCRX7 were examined. We strongly believe that our findings will lead
to development of more potent cell-based immunotherapies for patients suffering from EOC and, possibly,
other tumors.

[1] Gardner, Alycia, and Brian Ruffell. “Dendritic Cells and Cancer Immunity.” Trends in immunology vol. 37,12 (2016): 855-865.
doi:10.1016/j.it.2016.09.006
[2] López, Mercedes N et al. “Prolonged survival of dendritic cell-vaccinated melanoma patients correlates with tumor-specific delayed
type IV hypersensitivity response and reduction of tumor growth factor beta-expressing T cells.” Journal of clinical oncology : official
journal of the American Society of Clinical Oncology vol. 27,6 (2009): 945-52. doi:10.1200/JCO.2008.18.0794
[3] Flores, Iván et al. “Dendritic Cells Loaded with Heat Shock-Conditioned Ovarian Epithelial Carcinoma Cell Lysates Elicit T CellDependent Antitumor Immune Responses In Vitro.” Journal of immunology research vol. 2019 9631515. 25 Nov. 2019,
doi:10.1155/2019/9631515
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Inflammasomes are intracellular protein complexes and important components of the innate immune
system. The best described inflammasome is NLRP3, which contains three major components - nucleotidebinding and oligomerization domain-like receptor, adapter protein apoptosis-associated speck-like protein
(ASC) and procaspase-1 [1]. NLRP3 inflammasome activation results in cleavage and activation of
inflammatory cytokines, like IL-1β, and inducing inflammatory cell death – pyroptosis [2]. Activation of
NLRP3 inflammasome is associated with various diseases, including asbestosis, gout, Alzheimer’s disease
and auto-inflammatory diseases. In our previous research we showed that NLRP3 inflammasome is
activated by soluble amyloid-beta protein oligomers and protofibrils [3]. The aim of this study was to extend
the latter research and determine whether oligomeric proteins of different structure activate NLRP3
inflammasome in macrophages.
Human monocytic cell line THP-1, differentiated to macrophages were selected as cell culture model
for this study. Cells were treated with various viral oligomeric proteins: filaments forming measles and
mumps viral proteins [4, 5]; spherical viral-like particles (VLPs) of these polyomaviruses – Karolinska
Institutet polyomavirus (PyV), Merkel cell PyV [6], John Cunningham PyV [7]. MCC950 was used to inhibit
NLRP3 inflammasome activation. NLRP3 activation was studied by evaluating cell viability by LDH detection
assay, IL-1β and TNF-α cytokine release by ELISA, active caspase-1 detection using fluorescent probe
FLICA, which binds to the activated caspase-1, and ASC speck detection using THP-1 macrophages
expressing ASC protein fused to green fluorescent protein.
It was found that filament-like nucleocapsid proteins of measles and mumps viruses did not cause any
inflammatory response in macrophages. In contrast spherical VLPs of polyomaviruses triggered cell death,
induced IL-1β secretion and ASC speck formation in human cell model indicating NLRP3 inflammasome
activation. In addition, it was demonstrated that cathepsins are involved in NLRP3 activation induced by
polyomavirus VLPs. To conclude, our results demonstrate that viral proteins can activate inflammasome
depending on their structural properties.
Funding:
The study was funded by Research Council of Lithuania (LMTLT), project no. S-SEN-20-11.

[1] Walsh JG, Muruve DA, Power C. Inflammasomes in the CNS. Nat Reviuews Neurosci. 15(2): 84–97 (2014).
[2] Elliott EI, Sutterwala FS. Initiation and perpetuation of NLRP3 inflammasome activation and assembly. Immunol Rev. 265: 35–52
(2015). [3]Lučiūnaitė A, McManus RM, Jankunec M, Rácz I, Dansokho C, Dalgėdienė I, et al. Soluble Aβ oligomers and protofibrils induce
NLRP3 inflammasome activation in microglia. J Neurochem. (October 2019): 1–12 (2019).
[3] Slibinskas R, Zvirbliene A, Gedvilaite A, Samuel D, Jin L, Beard S, et al. Synthesis of mumps virus nucleocapsid protein in yeast
Pichia pastoris. J Biotechnol. 103(1): 43–49 (2003).
[4] Samuel D, Sasnauskas K, Jin L, Gedvilaite A, Slibinskas R, Beard S, et al. Development of a measles specific IgM ELISA for use with
serum and oral fluid samples using recombinant measles nucleoprotein produced in Saccharomyces cerevisiae. J Clin Virol. 28(2):
121– 129 (2003).
[5] Norkiene M, Stonyte J, Ziogiene D, Mazeike E, Sasnauskas K, Gedvilaite A. Production of recombinant VP1-derived virus-like
particles from novel human polyomaviruses in yeast. BMC Biotechnol. 15(1): 1–14 (2015).
[6] Sasnauskas K, Bulavaite A, Hale A, Jin L, Knowles WA, Gedvilaite A, et al. Generation of Recombinant Virus-Like Particles of Human
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Introduction: Over the last decade, pollution of the environment by microplastics (< 5 mm) has received
an increasing attention and is now an emerging research topic. While many studies have focused on
quantifying the amount of microplastics in the marine environment, there are relatively few studies on
microplastics in inland water bodies [1]. Recent studies have reported high concentrations of microplastics
in lakes and rivers, although the understanding of several factors affecting source, transport and destiny is
still limited [2].
Aim: To investigate and evaluate microplastics pollution of surface and subsurface sediments of Lake
Gineitiškės.
Materials and methods: Samples were taken at pre-selected points according to a prepared grid using
ArcMap software. 32 bottom sediment samples were taken in Lake Gineitiškės: 16 surface (0-10 cm) and 16
subsurface (10-20 cm) bottom sediment samples.
The samples are rich in organic matter, thus 50 mL of 30 % hydrogen peroxide was added. The sample
was mixed well and left for 1 week. The reaction was considered complete when no more air bubbles
formed. The samples were mixed with distilled water in a polypropylene cylinder (300 mL) with a plunger to
expel the sample. Sample homogenized and further 20 mL of olive oil was added. The samples were
homogenized and left to stand for 30 minutes. The samples were frozen at -26°C (5 hours). The ice with
solidified oil is pushed out on the filter paper (90 mm diameter, RED bar). After the oil got warmed, the
samples were extracted with hexane to remove the oil traces; the filter was air-dried and microplastics
were identified with a stereomicroscope.
Results: In surface sediments the fiber length varied from 0.1 mm to 5 mm. The amount of microplastics
in 1 kg of sediments ranged from 50 particles kg-1 to 400 particles kg-1; the size of fragments ranged from
0.1 mm to 0.4 mm; the amount of microplastics in 1 kg of sediment ranged from 50 particles kg-1 to 200
particles kg-1. In subsurface bottom sediments, fiber length varied from 0.1 mm to 4.2 mm; microplastics
concentration in 1 kg of sediment ranged from 50 particles kg-1 to 300 particles kg-1, fragment size ranged
from 0.1 mm to 0.2 mm, microplastics concentration in 1 kg of sediment ranged from 50 particles kg-1 to 150
particles kg-1. The results show that the abundance, type, and size of microplastics in surface and
subsurface sediments of different functional areas are different.
Conclusions: Lake Gineitiškės is a very shallow lake, which is characterized by intensive sedimentation
[3, 4], therefore microplastics were found in both surface and subsurface bottom sediments. The total
concentration of microplastics found in the surface sediment layers was 3800 particles kg-1 while in the
subsurface sediments it was 3000 particles kg-1. Preliminary sources of microplastics could be the
urbanized area [5], intensive construction activities, and transport around the lake. Microplastics can also
settle from the air [6], and they can be carried by wind and water currents [3].

[1] Wen X., Du C., Xu P., Zeng G., Huang D., Yin L., Yin Q., Hu L., Wan J., Zhang J., Tan S., Deng R. 2018. Microplastic pollution in surface
sediments of urban water areas in Changsha, China: Abundance, composition, surface textures. Marine Pollution Bulletin, 136: 414-423.
[2] Urban – Malinga B., Wodzinowski T., Witalis B., Zalewski M., Radtke K., Grygiel W. 2018. Marine litter on the seafloor of the southern
Baltic. Marine Pollution Bulletin, 127: 612-617.
[3] Vaughan R., Turner D. S., Rose N. L. 2017. Microplastics in the sediments of UK urban lake. Environmental Pollution, 229: 10-18.
[4] Helcoski R., Yonkos T. L., Sanchez A., Baldwin A. H. 2020. Wetland soil microplastics are negatively related to vegetation cover and
stem density. Environmental Pollution, 256: 113391.
[5] Mani T., Hauk A., Walter U., Burkhardt – Holm P. 2015. Microplastic profile along the Rhine River. Scientific Reports, 5: 1-7.
[6] Liu K., Wu T., Wang X., Song Z., Zong C., Wei N., Li D. 2019. Consistent Transport of Terrentrial Microplastics to the Ocean through
Atmosphere. Environmental Science & Technology, 53: 10612-10619.
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Parasites of the Sarcocystis genus are protozoans that infect mammals, birds, and reptiles. They are
characterized by obligatory two-host prey-predator life cycle. Intermediate host (including humans) may
become infected after consuming food or water contaminated with sporocyst of Sarcocystis. Some
Sarcocystis spp. are pathogenic to domestic and wildlife animals. These parasites were most
comprehensively investigated in farmed animals. Until now, Sarcocystis infection has been mainly studied
by analysing animal carcasses. The objective of the present study was to optimize the molecular-based
method for the identification of Sarcocystis species from farmed animals (cattle, pig, sheep and goat) in
water samples.
During this work, primer pairs that were specific and suitable for the identification of S. bovifelis, S.
cruzi, S. hirsuta, S.tenella, S. capracanis and S. miescheriana parasites were selected and optimal
conditions for PCR targeting cox1 were determined. Using selected primer pairs, 72 water samples
collected from lakes, rivers, reservoirs and the Baltic sea were analysed. Based on molecular methods,
Sarcocystis parasites infecting farmed animals were identified in 79.2 % of water samples (57/72). The
highest infection rate was detected in reservoirs (87 %): 57 % S. capracanis, 48 % S. bovifelis, 30 % S.
tenella, 22 % S. cruzi, 13 % S. miescheriana and 4 % S. hirsuta. The prevalence of Sarcocystis infection in
rivers (76 %) was similar to the one detected in lakes (74 %). Usually one of the species (35%) less often two
species (19 %), very rarely three (9 %) or four species (6 %) were identified in individual sample. Three of the
species selected for research were identified in the sample from the Baltic sea: S. bovifelis, S. tenella and
S. capracanis. This study provides the first insight into contamination of water bodies in Lithuania with
sporocysts of Sarcocystis species infecting farmed animals.
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Genus Antocha Osten Sacken, 1860 with three subgenera Proantocha Alexander, 1919, Antocha (s. str.)
Osten Sacken, 1860 and Orimargula Mik, 1883 includes 158 species, four subspecies and, according to
Catalogue of the Craneflies of the World, this genus is recorded from all zoogeographic regions [2]. Adults
of this genus are small (3 mm) to medium-sized (11 mm) crane flies, which are found near streams or
rivers, where larval stage develops [1]. The wings of these insects are wide with large, nearly right-angled
anal angle. The subgenus Antocha (s. str.) is the most species-rich subgenus of the genus Antocha, with 112
valid species and two subspecies, including 30 species and two subspecies recorded from China[1].
The taxonomy of the genus remains unclear; several species are known only from the unique female
holotypes and no phylogenetic analysis of Antocha has been undertaken. Due to lack of information, it is
difficult to identify species of this genus, thus this group of insects is not well known. Moreover, insects of
the genus Antocha form a large part of the river's benthos and could be used for biomonitoring of rapidly
flowing rivers, but it is still impossible to identify many species of this genus larval stage.
The aim of the study is to present a newly discovered species of the genus Antocha and to provide
information about habitat, illustrations of distinctive features and DNA sequences for scientific community.
This research was carried out in Sichuan province (China). Insects of the newly discovered species
were caught with a light trap in 2016. The most distinctive features of this species are sclerotized and
twisted into spirals genital structures – parameres, which are different in other species.
This type of taxonomic work provides a foundation for other scientific works. If the scientific name and
systematic of any life form is unclear, it will be impossible to repeat an experiment, so the results will be
incomparable, and hypotheses will be untested.

[1] Markeviciute R., Podenas S., Saldaitis A., Bernotiene R. (2019). A new species of Antocha Osten Sacken, 1860 (Diptera: Limoniidae)
from Sichuan, China. Zootaxa 4661: 118-132.
[2] Oosterbroek, P. (2021) Catalogue of the Craneflies of the World (CCW). Available from: https://ccw.naturalis.nl
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Parasites of the Sarcocystis genus are protozoans that infects mammals (including humans), birds and
reptiles, and are characterized by having obligatory two-host life cycle. Sarcocysts of these parasites are
formed in muscles or CNS of the intermediate host, whereas oocysts/sporocysts develop in the definitive
host. Some of the Sarcocystis species are harmful to humans, domestic and wild animals. Animals may
become infected by consuming water or food containing sporocysts.
The detection of Sarcocystis parasites in the environmental samples is complicated by their low
concentration and the lack of an appropriate research methods. The objective of the present work was to
create and optimize molecular-based method for the identification of pathogenic Sarcocystis species and
those that use economically important animals as their hosts from environmental samples. During this
work, the optimal amount of sample required to detect oocysts/sporocysts and conditions for parasite
gDNR purification and PCR were determined. The genomic DNA was extracted from soil, fodder and water
sediment samples, and species-specific PCR targeting cox1 was performed. Based on molecular methods,
Sarcocystis were identified in 84.62 % of water sediment samples (22/26), 38.10 % of soil samples (8/21) and
100 % in fodder samples (11/11). The greatest diversity of Sarcocystis spp. were detected in soil samples,
taken from pasture: 33.33 % S. capracanis, 9.52 % S. cruzi, 9.52 % S. hirsuta, and 9.52 % S. tenella, 4.76 % S.
bovifelis and 4.76 % S. miescheriana. Five Sarcocystis species were found in fodder (S. capracanis 100 %, S.
hirsuta 72.73 %, S. tenella 54.55 %, S. miescheriana 9.09 % and S. bovifelis 9.09 %) and two in water
sediment samples (S. hirsuta 30.77 % and S. capracanis 73.08 %). This study provides the first insight into
detection of Sarcocystis species prevalence in the environmental samples in Lithuania. The development
and optimization of molecular-based method for the identification of Sarcocystis will allow the rapid and
accurate detection of sporocysts in the natural environment and may be used to prevent the outbreak of the
disease.
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The aim of this work is to determine the factors leading to high selectivity and affinity of metalloenzyme
inhibitors toward their counterpart protein. In this research, the 12 human isoforms of carbonic anhydrases
(CA) were chosen as a model metalloenzyme protein to study protein-ligand recognition. Primary
fluorinated benzenesulfonamides were selected as ligands of CAs that bind with picomolar affinity. A
modification with a single methyl of their headgroup yielded secondary sulfonamides. Such an approach of
introducing minor modifications of the sulfonamide group gives insight why primary benzenesulfonamides
are such good inhibitors.
Interaction of secondary sulfonamides with CAs was determined by biophysical techniques such as
fluorescent thermal shift assay, stopped-flow assay of inhibition of enzymatic activity and isothermal
titration calorimetry.
In this study we showed that secondary sulfonamides exhibit the U-shape dependence of dissociation
constants as a function of pH like primary sulfonamides (Fig. 1 A). Such dependence indicated the protein
binding-linked protonation reactions that have to be subtracted from observed binding reaction in order to
obtain the intrinsic binding constants that are necessary to perform structure – thermodynamics analysis
of protein-ligand interaction. Intrinsic thermodynamic parameters of binding were calculated for secondary
benzenesulfonamides by subtracting protonation reactions that are linked to the binding reactions. The
obtained values were compared to intrinsic parameters of analogous primary benzenesulfonamides.
Secondary sulfonamides bind to CA much weaker, by up to 30 kJ/mol, than analogous primary
sulfonamides.
Crystal structures showed that secondary and primary benzenesulfonamides bound to the active site of
CAs in different orientations (Fig. 1 B) despite the fact that secondary sulfonamide binding mechanism
remains the same as primary sulfonamides.
Computational modeling showed the atomic contributions to the binding energetics and molecular
docking was in agreement with crystal structures giving the insight of the mechanism of secondary
sulfonamide binding to CA.
The reduction of binding affinity of secondary benzenesulfonamides compared with analogous primary
sulfonamides is most likely due to different and unfavorable orientation of secondary sulfonamide in the
active site of CA.

Figure 1. (A) The U-shape dependence of dissociation constants as a function of pH (red circles – secondary sulfonamide,
blue squares – primary sulfonamide). (B) Superimposed X-ray crystallographic structures of CA II with bound secondary
sulfonamide (blue) and primary sulfonamide (red).
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Carbonic anhydrases are proteins of lyase family that catalyzes the reversible reaction of carbon
dioxide hydration to bicarbonate ion and proton in vivo [1]. There are twelve catalytically active α-CA
isoforms in humans. Some of them are associated with human diseases such as glaucoma, oedema,
epilepsy, cancer. α-CA isoforms inhibition with small molecule drugs, containing unsubstituted sulfonamide
group, is used to control some of these diseases. Nonetheless, there are some concerns using currently
created drugs: side effects, non-specific binding, or inhibition of other proteins. Therefore, there is a need
for developing CA isoform specific drugs.
Human CA II is a cytosolic isoform which has the highest enzymatic activity of all human CAs and is
widely distributed in different organs and tissues. hCA II is a small, monomeric, non-glycosylated protein,
which is readily available and has a well–studied 3D structure. All these properties make hCA II a perfect
model protein for investigation of biomolecules interactions [2]. However, analysis of CA binding to its
ligands is not straightforward. The hCA II binding to ligand that has sulfonamide group is linked to several
concomitant reactions that includes protonation and deprotonation. Therefore, the observed binding affinity
and enthalpy depends on reaction conditions [4]. However, only intrinsic thermodynamic parameters, i. e.
independent on reaction conditions, can be directly linked to crystallographic information, and then such
results of structure-thermodynamics relationships analysis can be used for rational drug design [3].
In this study we focus on intrinsic thermodynamic parameters of hCA II – acetazolamide interaction. We
used two biophysical methods: isothermal calorimetry titration and fluorescence thermal shift assay. We
analysed this reaction by performing experiments in various pH, buffers and temperature. According to
dependence of observed binding parameters on reaction conditions we calculated the intrinsic binding
parameters (Kd, ΔH, Cp).

Figure 1. The dependence of observed enthalpy of hCA II and acetazolamide interaction on buffer type and pH. The experiments were
performed at 25 ℃ temperature in 0.05 M phosphate buffer with 0.1 M NaCl (purple circles) or 0.05 M Tris buffer (orange squares),
with 0.1 M NaCl.

[1] C. L. Lomelino, J. T. Andring, and R. McKenna, ‘Crystallography and Its Impact on Carbonic Anhydrase Research’, International
Journal of Medicinal Chemistry, vol. 2018, pp. 1–21, Sep. 2018, doi: 10.1155/2018/9419521.
[2] V. M. Krishnamurthy et al., ‘Carbonic Anhydrase as a Model for Biophysical and Physical-Organic Studies of Proteins and
Protein−Ligand Binding’, Chem. Rev., vol. 108, no. 3, pp. 946–1051, Mar. 2008, doi: 10.1021/cr050262p.
[3] V. Linkuvienė et al., ‘Thermodynamic, kinetic, and structural parameterization of human carbonic anhydrase interactions toward
enhanced inhibitor design’, Quart. Rev. Biophys., vol. 51, p. e10, 2018, doi: 10.1017/S0033583518000082.
[4] V. Morkūnaitė et al., ‘Intrinsic thermodynamics of sulfonamide inhibitor binding to human carbonic anhydrases I and II’, Journal of
Enzyme Inhibition and Medicinal Chemistry, vol. 30, no. 2, pp. 204–211, Mar. 2015, doi: 10.3109/14756366.2014.90829
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Recently, supramolecular assemblies of porphyrins have been of growing interests because the
aggregate packing structure can be easily tuned through ionic interactions among the cationic core,
charged substituents and/or the nature of the inorganic anion. Controlling the packing structure of
functional dye molecules by supramolecular methods is a challenging task for tailoring functional materials
with desired properties.
The association in aqueous solutions tetrasodium 5,10,15,20-tetrakis(4-sulfonatophenyl) porphyrin
(H2TPPS4), which was detected by visible spectra, has been not clarified. In acidic media it has been
described that new species appear with absorptions at 490 and 706 nm. In terms of excitonic coupling,
aggregated dyes with blue- and red-shifted absorption bands are referred to as H- and J-aggregates. Due
to the distinct optical properties, control of the formation of H- and J-aggregated states of dyes has
attracted much research interest.
In this study, we investigated how different pH affects the formation of ionic species of H2TPPS4
molecules, their absorption and fluorescence spectra. The solutions were made by diluting H2TPPS4 in
deionized water and then changing pH accordingly, with aqueous NaOH (for the pH 7), HCl (for pH 4 to pH 1),
or H2SO4 (for pH -1) solutions. At the pH 7 tetra-anion form of H2TPPS4 was observed with Soret band at
414 nm and Q bands at 516, 553, 594 and 634 nm, respectively. Under 414 nm excitation, fluorescence was
observed at 644 nm and 702 nm. By lowering to the pH 4, the H2TPPS4 changed to diacid form as two
additional protons attached to the free nitrogens at the center of H2TPPS4 molecules. Bathochromic shift of
the Soret band (435 nm) was observed in the absorption spectrum and the Q bands were reduced to 645
nm with the shoulders around 550 nm, 594 nm. H2TPPS4 diacid form under 435 nm excitation had a
fluorescence peak at 670 nm. By lowering the pH even more at pH 1 the H2TPPS4 formed the zwitterionic
form with not only the center nitrogens blocked with protons, but two substitute sulfo groups as well. In
this form the H2TPPS4 molecules start to actively self-aggregate forming J-aggregates with a
distinguished absorption spectrum and Soret band at 490 nm, and Q band at 708 nm. Under 490 nm
excitation, the fluorescence peak of the J-aggregates measured at 714 nm. Then, using H2SO4 the H2TPPS4
solution of pH -1 was reached and at this pH no self-aggregation was observed, as not only all the center
nitrogens, but even all the substitute sulfo groups of H2TPPS4 were blocked by protons. This led to an
absorption spectrum with the Soret band at 438 nm and Q band at 649 nm (bathochromic shift compared to
the diacid form of the H2TPPS4) and fluorescence (under 434 nm excitation) peak at 682 nm.
The results showed that at certain acidic conditions H2TPPS4 can form J-aggregates due to positive
electrostatic interactions, however if pH gets too low, all SO3- groups are blocked and the aggregates can
no longer form..
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The emergence of optical imaging has unquestionably revolutionized the investigation of cardiac
electrical activity as a major tool for elucidating the mechanisms of various cardiac pathological conditions,
including arrhythmia [1]. Optical mapping (OM) is recognized as a promising tool to register the electrical
activity of the heart. Most cardiac OM experiments are performed in ex vivo isolated heart models [2]. The
study of the explanted heart is an excellent model, but the evaluation of the results is complicated by the
fact that the autonomic nervous system and neurohumoral regulation are vital in cardiac function;
therefore, in vivo studies are a closer step to bring the research to practical use [3] [4].
Our aim was to develop an OM system fitted for large animals and suitable to record cardiac electrical
activity under the same conditions which are widely used in cardiac surgery.
All experiments involving animals were performed according to the European Community guiding
principles and approved by the State Food and Veterinary Service of the Republic of Lithuania. We used a
swine model, open-chest OM study. In the study we tried to record the electrical activity of the pig heart
using different methods of cardiac immobilization in order to reduce heart movement artefact. Several
different heart fixation methods were used in the experiments: a hand-made frame, an Octopus Evolution
tissue stabilizer and chemical cardiac arrest during artificial blood circulation mode. Using the fluorescent
voltage-sensitive dyes we succeed to record the electrical activity of the heart in vivo.
Using handmade frame or tissue stabilizer in experiments shows that the optical registration of cardiac
electrical activity in vivo was successful because the obtained signals were sufficient to register electrical
behavior throughout mapping area. However, the optical signal was not ideal, since residual motion and
contraction artefacts still occurred and the field of view is quite limited using mechanical fixation (Fig. 1).
The study results show that standard artificial blood circulation guarantees controlled conditions under
which OM can be applied to record electrical activity on the whole heart in large animals.

Figure 1. Electrical activity in the pig heart immobilized by the frame in vivo and recorded by optical mapping
using dyes under physiological blood circulation. The obtained activation time and APD50 maps show that the action potential can be
recorded this way, but the quality of the action potentials is limited because the OAP is scattered at the edges of the map area due to
contraction (C, RV1 and RV2).

[1] Efimov, I. R., Nikolski, V. P., Salama, G., "Optical mapping of the heart," Circ Res, no. 95, pp. 21-33, 2004.
[2] Zhang, H., Iijima, K., Huang, J., Wallcot, G. P., Rogers, J. M., "Optical mappingof membranepotential and epicardial deformation in
beating hearts.," Biophys J , no. 111, pp. 438-451, 2016.
[3] Lee et al., "In vivo ratiometric optical mapping enables high-resolution cardiac electrophysiology in pig models," Cardiovasc Res,
no. 115, pp. 1659-1671, 2019.
[4] Martišienė, I., Mačianskienė, R., Treinys, R., Navalinskas, A., Almanaitytė, M., Karčiauskas, D., Kučinskas, A., Grigalevičiūtė, R.,
Zigmantaitė, V., Benetis, R., Jurevičius, Jonas., "Voltage-Sensitive Fluorescence of Indocyanine Green in the Heart," Biophys J, vol. 110,
no. 13, pp. 723-732, 2016.
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Blood pressure measurement is one of the most important patient monitoring parameters in both
veterinary and human medicine and is still one of the most inaccurately performed. Accurate measurement
of blood pressure is necessary to classify individuals, to ascertain blood pressure-related risks, and to
guide management. [1] Invasive arterial blood pressure (IBP) measurement is a ‘golden standard’ for
measuring blood pressure, but the complexity of the procedure and risk of side effects outweigh its
accuracy in veterinary medicine. [2] An alternative to the IBP measurement is a non-invasive arterial blood
pressure (NIBP) measuring method, which allows fast data acquisition, and doesn’t require an invasive
procedure, therefore it eliminates all the risks that IBP measurement carries and can be used in long-term
clinical care or experiments. [3] The ideal goal is to combine the accuracy of IBP measurement with the
simplicity and safety of NIBP measurement.
The aim of this research was to evaluate correlation of IBP and NIBP measurements in experimental
swine model during anesthesia.
All experiments were performed according to the European Community guiding principles and
approved by the State food and veterinary Service of the Republic of Lithuania. Our study included 20
Lithuanian local breed pigs weighing 30 – 40 kg., All animals were premedicated and put under general
anesthesia, then monitored for eight hours. There were two main methods used to assess blood pressure
values. IBP was monitored via catheter in the right common carotid artery. NIBP was measured either on
the right front leg, between fetlock and carpal joints, or on the right hind leg between fetlock and tarsal
joints. We calculated correlations between IBP and NIBP mean values using Statistica program for
Windows and using geometrical interpretation obtained accurate formulas to determine IBP mean values
from NIBP.
The results show that NIBP of both front and hind legs significantly correlates with IBP (Pearson
correlation coefficient 0,85256). However, we observed generally higher IBP mean values compared to
NIBP. Therefore, for a more precise evaluation of blood pressure in experimental setting, we suggest using
the formula: mean IBP= 8,8448 + 0,96148*mean NIBP, to calculate IBP when measuring NIBP on front leg or
mean IBP=30,587+0,80860*mean NIBP when measuring NIBP on hind leg.

[1] Pickering, T. G., Hall, J. E., Appel, L. J., Falkner, B. E., Graves, J., Hill, M. N., Jones, D. W., Theodore Kurtz, T., Sheps, S. G., Roccella, E.
J., "Recommendations for Blood Pressure Measurement in Humans and Experimental Animal," Circulation, vol. 111, pp. 697-716, 2005.
[2] Kurtz, T.W., Griffin K. A., Bidani A. K., Davisson R. L., Hall J.E., "Recommendations for Blood Pressure Measurement in Humans and
Experimental Animals," Arteriosclerosis, Thrombosis, and Vascular Biology, pp. 22-23, 2005.
[3] Mietsch, M., Einspaner, M., "Non-invasive blood pressure measurement: values, problems and applicability in the common
marmoset (Callithrix jacchus)," Laboratory animals , vol. 49, no. 3, pp. 241-250, 2015.
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One of the options to evaluate resting-state electroencephalogram (EEG) is to apply microstates
approach. The recorded oscillations are defined as „states“ characterized by a unique, fixed spatial
distribution of electrically active neurons with time varying amplitude [1]. These brain electrical microstates
qualify for basic building blocks of mental end emotional processes [2], and their temporal properties can
be modulated by various conditions, tasks and subjective experiences which can be quantified by resting
state questionnaires.
In the previous study [3], using 4 canonical microstates (A, B, C, D), Pipinis et al. showed correlation
between contribution of microstate C and somatic aweraness. However, based on methodological literature
[4], when only 4 microstates are used, spatially similar but functionaly different microstates are merged
into a single microstate class C. In this study, we aimed to determine the optimal number of microstates
based on optimization criteria, relate them to different subjective experiences during resting state and
localize their cortical sources.
5 min. eyes-closed resting state EEG data from 197 participants were collected using 64 channels EEG.
After the recording, participants filled in Amsterdam Resting-State Questionnaire (ARSQ) [5]. EEG was
subjected to microstates analysis where topographies at Global Field Power (GFP) peaks were submitted
into k-means algorithm. Based on two measures of fit − Cross-Validation (CV), which predicts residual
variance, and Krzanowski−Lai index (KL), which evaluates ratio of the relative difference of the withinclusters dispersion [6] − the optimal number of clusters was determined as 7. Duration, occurrence,
contribution and transition probabilities were calculated for each of 7 microstates. Spearman’s correlation
coeffitient between microstate parameters and scores on ARSQ categories were calculated. Cortical
sources were estimated using low resolution electromagnetic tomographic analysis (LORETA).
Extracting more than canonical 4 microstate classes and using data-driven methods to determine the
optimal number of clusters we showed that spatially similar but functionally different topographies microstate C and microstate F - display distinct correlation patterns with different subjective experiences
during the resting state and have distinct cortical sources.
Our result confirms that:
1. The optimal number of clusters should be estimated for each dataset using optimization criteria,
rather than choosing a fixed number based on literature;
2. Use of resting state questionnaire which quantifies participants’ cognitive state during resting state
condition can potentially help to improve the interpretation or increase the sensitivity and specificity of
neuroimaging biomarkers in clinical and pharmacological studies.

[1] Michel, C.M., Murray, M.M. (2012). Towards the utilization of EEG as a brain imaging tool. NeuroImage 61(2): 371-85
[2] Lehmann, D., Strik, W.K., Henggeler, B., Koenig, T., Koukkou, M. (1998). Brain electric microstates and momentary conscious mind
states as building blocks of spontaneous thinking: I. Visual imagery and abstract thoughts. International Journal of Psychophysiology
29(1)
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Schizophrenia is a multifaceted disorder that affects socialization, cognitive processes, mood and
behavior, and has long-term negative health consequences. The disease affects about 1% of the population,
and the first symptoms appear at a very young age. Despite the prevalence of the disease and the burden
on society, the causes are not entirely clear. An Auditory Steady-State Response (ASSR) can be used to
assess changes in brain activity that are caused by the disease. ASSR is based on the idea that neural
networks in the central nervous system have a constantly changing activity - otherwise known as
oscillations - and these oscillations can be triggered by a rhythmically presented sensory stimulus. ASSR
as a biomarker of schizophrenia is gaining prominence not only due to consistent changes in the disease,
but also observed changes and high-risk individuals, which would predict the disease at very early stages
[1], [2].
ASSR is mainly used in human studies, therefore method is limited to non-invasive assessment.
Investigation of mechanisms (molecular, cellular, network) requires use of invasive methods, therefore
animal models allow studies on mechanisms behind ASSR generation and its alterations in disease.
Research in animal models not only allows implementation of more precise recording techniques (local
field potential, single cell, etc.), but also permits manipulations (pharmacology, electrical stimulation,
optogenetics, etc.) to establish causality [3].
Here, we reviewed the literature exploring neurochemical mechanisms underlying changes of ASSR
during schizophrenia (SZ). Most prominent ASSR is being induced as a response to 40 Hz stimulation in
humans [4], therefore this frequency is most commonly used in animal studies. ASSR is quantified through
time -frequency decomposition of EEG/LFP data and as a phase-locking index (PLI) where the degree of
phase consistency across trials is measured [5], [6]. These parameters were taken into account when
reviewing the appropriate articles. Different neurochemical manipulations, where agonists and/or
antagonists were used, had different effects on ASSR power and PLI parameters. This demonstrates the
complexity of schizophrenia and suggests that multiple neurotransmission systems are altered during
disease. This review demonstrates how animal models can be helpful in fundamental understanding of
brain function and malfunction during disease.

[1] Koshiyama, D., Fukunaga, M., Okada, N., Yamashita, F., Yamamori, H., Yasuda, Y., Fujimoto, M., Ohi, K., Fujino, H., Watanabe, Y., Kasai,
K., & Hashimoto, R. (2018). Role of subcortical structures on cognitive and social function in schizophrenia. Scientific Reports, 8(1), 1183.
[2] M. Tada, M., Nagai, T., Kirihara1, K., Koike, S., Suga, M., Araki, T., Kobayashi, T., and Kasai, K. (2016). Differential Alterations of Auditory
Gamma Oscillatory Responses Between Pre-Onset High-Risk Individuals and First-Episode Schizophrenia. Cerebral Cortex, 26(3),
1027–1035.
[3] Brenner, C.A., Krishnan, G. P., Vohs, J. L., Ahn, W. Y., Hetrick, W. P, Morzorati, S. L., and O’Donnell, B. F. (2009). Steady State
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autism spectrum disorder. Molecular Autism, 11(1), 56.
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A Tattoo is a permanent mark or design made on the body by the introduction of pigment through
ruptures in the skin. Currently the tattoos market is growing at a phenomenal rate. This has led in growth
of tattoo removal procedure as well. Methods of tattoo removal include dermabrasion, skin grafts or plastic
surgery, and laser surgery. The most appealing form is the Q-switched nanosecond domain lasers, that up
until recently were the gold standard in the field. Complex and multicolor pigment induced tattoos are a
challenge to remove and promising results are seen in the published data regarding the use of shorter –
picosecond domain lasers [1]. The reason behind that being that for picosecond domain pulses a lower
fluence is needed during the treatment sessions due to the higher peak power and greater photoacoustic
effect, which can offer less side-effects and a better pigment clearance [2].
When stating the term “tattoo removal” it is necessary to explain, that the “removal” is the
fragmentation of the targeted particle into smaller fragments. Thermal and stress confined laser-energy
deposition in the targeted particle is needed, to generate an internal pressure wave or acoustic wave.
Fracture can occur when the tensile force of the acoustic wave exceeds the corresponding limit of the
particle. That can be affected by the influence of the used laser pulse length, as with shorter length can be
noted an increase of particle fracture. This relationship has its limits when the acoustic wave confinement
time is longer than the pulse length [3].
Most commercially available lasers excel at 300-600 ps. In our study, we aimed to investigate the
laser-tissue interactions of a picosecond domain Nd: YAG laser, that can generate 150 ps pulses and
energies ranging up to 250 mJ and 120 mJ for 1064 and 532 nm wavelength, respectively. Thus, providing
insight in shorter pulse efficacy and safety in the use for tattoo pigment fragmentation. The effects of 150 ps
ultrashort pulses were not currently described, and the area was absent of in vivo animal studies that
could offer great translational value, when interpreting study results from animal to human. For that
reason, this study was performed on a in vivo porcine model.
As excessive energy delivered to the superficial skin can lead to blistering, prolonged healing,
scurrying and change in pigmentation [4] it is important to optimize the fluence of the laser energy. Impact
of different fluencies for side-effect development and pigment fragmentation efficacy were investigated on
different color tattoos of known pigment composition. This has been carried out by changing the
wavelength, spot size and pulse energy of the laser. The tattoo removal was analyzed using clinical
macroscopic examination and histochemistry.

[1] Torbeck, R., Schilling, L., Khorasani, H., Dover, J., et al. "Evolution of the Picosecond Laser: A Review of Literature." Dermatologic
Surg.45- 2 (2019):183–94.
[2] Reiter, O., Atzmony, L.., Akerman, L., Levi, A., et al. "Picosecond lasers for tattoo removal: a systematic review." Lasers Med Sci
[Internet];31(7):1397–405. Available from: http://dx.doi.org/10.1007/s10103-016-2001-0 (2016).
[3] Wu, D.C., Goldman, M.P., Wat, H., et al. "A Systematic Review of Picosecond Laser in Dermatology: Evidence and Recommendations."
Lasers Surg Med.;(March):1–41 (2020).
[4] Bäumler, W. "Laser Treatment of Tattoos: Basic Principles." Curr Probl Dermatology; 52:94–104 (2017).
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Microplastics (MPs) are widespread in the marine environment and are becoming an emerging
contaminant worldwide. MPs are able to cause a variety of adverse effects on organisms from oxidative
stress and inflammation to developmental and growth disorders that can reduce population fitness.
Unfortunately, the toxicity of MPs in the early life stages of fish is not yet fully understood or adequately
studied, since most ecotoxicological studies so far have been conducted on adult or juvenile fish. The aim of
this study was to evaluate the genotoxic and cytotoxic potential of long-term (113 days) exposure to
microplastics using sea trout (Salmo trutta) larvae as experimental animals. It is important to notice that
non-ingestion related toxicity of MPs was investigated, as yolk-sac larvae do not feed exogenously. S.
trutta were exposed to polystyrene (PS), polyethylene terephthalate (PET) and polyethylene (PE) at
environmentally realistic concentrations. Micronucleus and other erythrocytic nuclear abnormalities were
used as biomarkers of cytogenetic damage. The formation of micronuclei (MN), nuclear buds (NB), nuclear
buds on filament (NBf), blebbed nuclei cells were assessed as genotoxicity endpoints, and 8-shaped nuclei,
fragmented apoptotic (FA) and bi-nucleated (BN) cells as cytotoxicity endpoints. Total genotoxicity levels
were assessed as the sum of the frequencies of the detected genotoxicity endpoints. This study revealed
significantly higher total genotoxicity values in all MPs exposure groups compared to the control. Increased
occurrence of nuclear buds was observed in all MPs exposure groups, while elevated micronuclei
frequencies were only noticed in PS and PET groups. Fragmented apoptotic and bi-nucleated cells were not
detected, making 8-shaped nuclei erythrocytes the only observed cytotoxic aberration. There was no
significant difference in frequencies of cytotoxicity endpoints in MPs exposure groups compared to the
control. Different polymer types showed different toxicity (PS being the most genotoxic while PE was the
least genotoxic). Considering that there is an extensive amount of polymer types, each of them designed
with specific characteristics, which might have different effects on organisms, further research is required.
Likewise, not only polymers by themselves but experiments with their additives also show increased
toxicity and bioavailability of different pollutants or pathogens. Finally, cytogenetic potential of nanoplastics
should also be investigated.
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Rheumatoid arthritis (RA) is a chronic, inflammatory, autoimmune multi-factorial disease that
adversely affects the quality of life. Multiple environmental and genetic factors have been associated with
increased risk for RA. Early diagnosis and therapeutic intervention or treatment can prevent severe
disease manifestations in patients suffering from this autoimmune disease. Vitamin D (VitD) has important
role as a natural immune modulator via regulating the expression of genes which have been implicated in
the pathophysiology of autoimmune diseases. Reduced VitD intake has been linked to increased
susceptibility to the development of rheumatoid arthritis (RA) and VitD levels has been found significantly
lower in the RA patients, as compared to the controls. Moreover, recent studies demonstrate that
epigenetics play important roles in the pathogenesis of RA, especially DNA methylation modification.
The aim of this study was to analyze the frequency and intensity of methylation of genes in the VitD
metabolism pathway in RA.
In this study, we used bisulfite conversion and pyrosequencing as tools to determine DNA methylation
of three genes (VDR, CYP24A1, CYP2R1) in 35 RA patients samples and 41 healthy controls. The results
revealed that gene methylation frequency (MF) and methylation intensity (MI) showed no significant
difference between RA patients and controls (p > 0.05). Furthermore, the data demonstrated that gene MF
or MI does not differ significantly with VitD concentration. However, overall CYP24A1 methylation level was
significantly higher in comparison to VDR (p < 0.0001) and CYP2R1 (p < 0.0001) genes. Also, CYP24A1 gene MI
showed a significant positive correlation with RA patients age (r = 0.5190; p = 0.0017). Moreover, the results
revealed a significant difference between VDR methylation frequency and RA impact of disease (RAID) (p =
0.0182).
In conclusion, although no significant differences in gene methylation were found between patients and
controls, we can suppose from other results that methylation of DNA is significantly involved in the
pathogenesis of RA and could be applied as a promising biomarker in the disease progression but more
studies are needed.
Acknowledgements: This project has received funding from the Research Council of Lithuania (LMTLT),
agreement No. S-MIP-17-12.
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Renal cell carcinoma (RCC) is the most common type of kidney cancer. Most cases of RCC are
discovered incidentally by non-invasive imaging techniques and survival is highly dependent upon the stage
of disease at diagnosis, with the late-stage metastatic disease having only a 12% 5-year survival rate [1].
RCC is a highly heterogeneous disease that includes several histological subtypes. The most common and
particularly challenging histology is clear cell renal cell carcinoma (ccRCC), which represents up to 75% of
RCCs [2]. Sequencing of primary ccRCC tumors demonstrated that VHL, PBRM1, BAP1, and SETD2 are the
most commonly mutated genes [3]. Remarkably, ccRCC is associated with a loss of the short arm of
chromosome 3p which represents the first genetic event that has a long latency period (more than 30
years) between this genetic change diagnosis and development of ccRCC (Figure 1). Early identification of
the disease has high importance because it can impact clinical management. Considering the lack of
sufficient non-invasive markers for ccRCC diagnosis, liquid biopsies such as blood plasma could provide an
attractive and minimally invasive method to identify diagnostic biomarkers in ccRCC patients.
This study aimed to determine the changes in the gene expression of VHL, PBRM1, SETD2, and BAP1
in the plasma of patients with ccRCC compared to samples from people with benign tumors to adapt them
for initial risk assessment and early disease diagnosis.
In the present study, 9 plasma samples of ccRCC patients and 16 plasma samples from patients with
non-malignant kidney tumors were analyzed. Clinical samples were collected during 2019-2021 at National
Cancer Institute. Plasma mRNA levels were evaluated using reverse transcription polymerase chain
reaction.
The results of our study revealed significant differences in VHL, SETD2, and BAP1 mRNA
expression levels in plasma samples of ccRCC patients compared to benign tumors (all P < 0.05). Gene
expression analysis revealed that VHL, SETD2, and BAP1 plasma mRNA levels in ccRCC samples were
significantly lower compared to noncancerous cases. Such differences may have occurred before the onset
of the disease. Because of the lack of early-stage symptoms, precocious detection of chromosome 3p loss
associated with decreased VHL, PBRM1, SETD2, and BAP1 expression would help to identify an increased
risk of renal cancer and to provide the most appropriate treatment on time.
In conclusion, detection of VHL, PBRM1, SETD2, and BAP1 expression changes in blood plasma
samples may serve as potential biomarkers and could help to define the occurring disease and thus guide
to patient management.

Figure 1. Schematic representation of ccRCC formation and potential possibility of early disease prediction.
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Introduction: Prostate cancer (PC) is one of the most common types of cancer [1]. Despite the recent
progress of diagnosis and research, it remains a significant medical problem [2]. The attention is paid to the
identification of genetic variation which increases susceptibility because it could help to develop screening
strategies and clinical management [3]. Numerous single nucleotide polymorphisms (SNPs) which might
play an aggregate role in PC susceptibility have recently been identified. The goal of the study was to
identify several SNPs found in genes associated with PC using quantitative polymerase chain reactions
(qPCR) and explore correlations between SNPs and clinical characteristics of PC patients.
Methods: DNA was extracted from the leucocytes of PC patients whose cancer is in the early stages (n
= 128) and castration-resistant prostate cancer (CRPC) patients (n = 47). qPCR with TaqMan assays were
used to identify SNPs found in HOXB13, KLK3, CDKN1B, RFX6 and ANO7 genes. Associations between the
form of cancer and clinical characteristics, genotypes and clinical characteristics were analyzed.
Results: The genotypes of early-stage PC and CRPC patients in reference to the SNPs of HOXB13, KLK3,
CDKN1B, RFX6 and ANO7 genes were identified. There was no significant difference between early-stage PC
and CRPC patients regarding the distribution of analyzed genotypes and alleles' frequencies (p > 0.05).
Significant associations between the form of cancer and patients' Gleason score, prostate-specific antigen
(PSA) level and the existence of metastasis were identified (p < 0.001). No significant associations between
alleles and the form of cancer, genotypes and the form of cancer, age of diagnosis, PSA level, Gleason
score, T category, the existence of metastasis or the localization of metastasis were found (p > 0.05).

Conclusions: The genotypes of patients in both cohorts were determined. Significant
associations between the form of cancer and clinical data were found, although there were no
significant associations between identified genotypes and analyzed clinical characteristics. To
identify a more realistic situation in the country, wider research involving more patients could be
conducted.

[1] Mangangcha, I. R., Malik, M. Z., Küçük, Ö., Ali, S., & Singh, R. (2019). Identification of key regulators in prostate cancer from gene
expression datasets of patients. Scientific reports, 9(1), 16420.
[2] Wang, G., Zhao, D., Spring, D. J., & DePinho, R. A. (2018). Genetics and biology of prostate cancer. Genes & development, 32(17-18),
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[3] Dadaev, T., Saunders, E.J., Newcombe, P.J. et al. (2018). Fine-mapping of prostate cancer susceptibility loci in a large meta-analysis
identifies candidate causal variants. Nat Commun, 9, 2256.
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Polyomaviruses (PyVs) are widespread, small (~5 kb) double-stranded DNA viruses that infect
mammals, birds, and fish. PyVs are associated with various human diseases, including cancer, progressive
multifocal leukoencephalopathy, nephropathy, skin and respiratory tract diseases, however, pathogenesis
normally occurs only in immunocompromised patients. Since their discovery in the 1950s, polyomaviruses
have been a model for research of important cellular processes, such as oncogenesis and replication.
Recently, pathogenesis, evolution and zoonotic abilities of PyVs are being extensively studied. SARS-CoV-2
pandemic emphasized the importance of virus evolution, emergence and host-change studies and lack of
reliable viral models for such reasearch. Despite few known zoonoses (simian virus 40 is known to infect
humans; Sorex araneus polyomavirus 1, formerly known as Human polyomavirus 12, was first identified in
human hosts, later on – in shrews), polyomaviruses are thought to co-evolve with, rather than change their
hosts, however, host change and recombination events were an important part of PyV evolution. Rodents,
the largest group of mammals, is one of the biggest reservoirs of zoonotic diseases. Rodents have been
relatively little investigated for PyVs (rodent PyVs make up only 10% of all known mammalian PyVs, while
rodents cover 40% of all mammalian diversity), making them a good target to search for new
polyomaviruses. Furthermore, closely related rodent species and their PyVs are a suitable model for the
analysis of virus-host coevolution.
In this study, we examined 288 vole (genus Microtus) kidney and 96 chest cavity fluid samples from
several locations in Europe: Lithuania, Spain, Germany, Czech Republic and the Netherlands. Two
polyomavirus species were identified in Microtus arvalis samples: previously identified Common vole
polyomavirus (Microtus arvalis polyomavirus 1, MarPyV1) and a novel polyomavirus - Microtus arvalis
polyomavirus 2 (MarPyV2). Whole-genome sequences of MarPyV2 from Germany, Spain and the
Netherlands were obtained through PCR amplification and Sanger sequencing. Sequenced MarPyV2
genomes had a size of 4985–4999 bp and a whole-genome identity of ~74% to a mouse polyomavirus (Mus
musculus polyomavirus 2) and ~62% to MarPyV1. We conducted a virus-host co-evolution analysis among
populations and identified that virus-host co-evolution was the most important event for the interpopulation diversity of this virus.

[1] Dang-Tan, T., Mahmud, S. M., Puntoni, R., & Franco, E. L. (2004). Polio vaccines, Simian Virus 40, and human cancer: the
epidemiologic evidence for a causal association. Oncogene, 23, 6535–6540. https://doi.org/10.1038/sj.onc.1207877
[2] Gedvilaite, A., Tryland, M., Ulrich, R. G., Schneider, J., Kurmauskaite, V., Moens, U., Preugschas, H., Calvignac-Spencer, S., & Ehlers,
B. (2017). Novel polyomaviruses in shrews (Soricidae) with close similarity to human polyomavirus 12. Journal of General Virology,
624714, 1–8. https://doi.org/10.1099/jgv.0.000948
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Periodontitis (PD) is highly prevalent inflammatory disease, affecting tooth-supporting tissues,
resulting in loss of the periodontal junction and destruction of alveolar bone. In addition to its adverse
effects on quality of life, PD is also associated with patients’ increased susceptibility to other systemic
disorders, e.g., diabetes, obesity, rheumatoid arthritis, respiratory and cardiovascular diseases, and even
cancer. Epigenetic regulation plays an important part in pathogenesis of PD and microRNAs (miRNAs) are
one of the most critical modulators that impact periodontal homeostasis. The present study aimed to reveal
miRNAs associated with PD in gingival tissue and bodily fluids, including gingival crevicular fluid (GCF),
saliva and plasma, and to assess the utility of those miRNAs as minimally- and non-invasive diagnostic
markers for PD.
MiRNA profiling of eight gingival tissue samples was performed and four significantly differently
expressed miRNAs were selected for validation in extended cohort of gingival tissue samples (N=61) and
for further analysis in corresponding liquid biopsy specimens (GCF, saliva and plasma, N=171) by means of
quantitative reverse transcription PCR (RT-qPCR).
Microarray analysis revealed a number of miRNAs that were significantly overexpressed in PDaffected gingival tissues as compared to periodontally healthy tissues. After thorough validation, miR-199a5p, miR-483-5p, miR-3198 and miR-4299 were analyzed in bodily fluids. The level of miR-3198 was
significantly higher in GCF collected from patients with PD (P=0.019). The level of salivary miR-199a-5p was
identified to be increased in severe PD cases (P=0.019), and decreased in PD-affected participants’ plasma
samples (P=0.008), as compared to periodontally healthy individuals. Moreover, significant alterations in the
abundance of GCF miR-3198 and plasma miR-199a-5p were strongly associated with main periodontal
outcome parameters. The best significant diagnostic performance was demonstrated by combination of
GCF miR-3198 and miR-4299 (AUC=0.86, P<0.0001) with 68% sensitivity and 96% specificity.
The current study revealed that altered expression of miR-199a-5p, miR-483-5p, miR-3198, miR-4299 in
gingival tissues significantly correlated with the presence and severity of PD. Furthermore, the levels of
GCF miR-3198, -4299 and plasma miR-199a-5p were associated with PD, suggesting that these miRNAs
may serve as minimally- or non-invasive tool for PD diagnostics.
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Epigenetic factors are found to be involved in the circadian machinery; however, despite extensive
efforts, detection and characterization of circadian DNA modification at a nucleotide (cytosine) level has
been elusive. In order to address this gap we performed a mapping of oscillating modified cytosines (oscmodC) in mouse liver and lung tissues [1] as well as purified human neutrophils [2] and were able to detect
the presence of osc-modCs in all investigated tissues (8.2%, 35.6%, and 8.6% of variable cytosines were
found to be oscillating in mouse liver, mouse lung, and human neutrophils respectively).
Interestingly, our detected osc-modCs belonged to the category of cytosines exhibiting a high degree of
inter-individual variation, which has traditionally been treated as stochastic. In addition, osc-modCs
showed several links to the circadian transcriptome and, importantly, were associated with the aging
epigenome: oscmodCs tended to precede age-dependent DNA modification changes, and their amplitude
strongly correlated with the magnitude of the aging effect. Such linking of the two temporal dimensions
(dynamic circadian cycles and linear molecular aging) provides a possible new interpretation of aging and
its proximal causes.
Since aging is closely related to human disease, we next asked if there were any associations between
osc-modCs and human diseases. For this, we re-analyzed the data from epigenome-wide association
studies of four human diseases: chronic lymphocytic leukemia [3], schizophrenia [4], obesity (BMI) [5], and
type II diabetes [6]. We detected that cytosines showing differential modification in disease were
statistically significantly associated with osc-modCs detected in our human neutrophil experiment (odds
ratio ranged from 1.2 to 8.1; with p values ranging from 3.2 × 10-3 to 2.8 × 10-47), which suggests that
circadian epigenomic dysregulation might be involved in the etiopathogenesis of disease.
In summary, the existence of cytosines with circadian DNA modification dynamics may provide a new
perspective on several fundamental questions in biomedical research. In the broadest sense our findings
hint towards a common mechanism underlying circadian rhythmicity, aging, and disease.
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In our work we present a novel method for life detection. We have started our work asking ourselves
whetherbmachine learning could help us classify various samples into life – potential and life non –
potential. We address one of the main astrobiological problems mentioned in the Ladder of Life – there is
no universal criteria for life yet and numerous resources highlight the need to identify measurable
parameters for the evidence of life. [1] This work is the first stage of developing a universal biosignature
information classifier and is based on crucial data collection and labeling. All of this is a beginning of a new
way to answer a fundamental question of our Universe - are we alone?
Such a classifier must be trained on parameters to classify systems. Systems are observable things,
such as a rock, polymer, or a tree, that can represented by a set of measurements. Parameters are these
measurements, corresponding to features like chemical complexity or physical structure. The biggest
challenge here is to provide a good training data set that is diverse, reliable and has suitable parameters
corresponding to mission instruments [2]. We introduce a data set that consists of over 20 different
systems that are unambiguously alive (i.e. Escherichia coli, diatoms, etc.) or abiogenic (i.e. meteorites,
lunar rocks, stardust, etc.). We also provide data and databases on selected parameters – main and
trace/rare elemental abundance [3], elemental composition [3], mineral composition, isotopic fractionation
[3], elemental ratios [3], enantiomeric excess [4], various spectroscopy, differences of sugars and
aminocids [5].
Future perspectives are also highlited – a lot of additional collected data was ambiguous but can still
be used as an advanced approach in the upcoming stages. We will expand the training set to include non extant biogenic systems, such as stromatolites, ichnofossils, phytoliths and other bacterial encrustation.
We also identify possible biogenic systems that include sponges, other lichens, and species like Mus
musculus, Drosophila melanogaster, Danio rerioa. These model organisms are valuable because the
literature already provides nearly every parameter of interest.
Later on, different classification algorithms will also have to tested using the training and validation
data collected here. Even if some of the data was not available for specific systems, there were similar
systems that have had these parameters characterized. These systems still have to be included - that
leads us to the conclusion that combining data is crucial if we want to distinguish alive systems from the
abiogenic ones.

[1] Neveu, M. et al. (2018). Astrobiology, 18(11). https://doi.org/10.1089/ast.2017.1773
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[4] Evans, A. C et al. (2012). Chem. Soc. Rev., 41(16). https://doi.org/10.1039/c2cs35051c
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83. ANALYSIS OF THE PREVALENCE OF SINGLE NUCLEOTIDE
POLYMORPHISM IN THE CHRNA5 GENE AND ITS INFLUENCE ON
NICOTINE DEPENDENCE
Viltė Juozokaitė1, Titas Radzevičius1, Ugnė Meškauskaitė1

1

Seventh Fort of Kaunas Fortress, Educational Biochemistry Laboratory, Archyvo St. 61, Kaunas, LT 50157,
Lithuania
vjuozokaite@gmail.com, titas.radzevicius@gmail.com

Introduction. Nicotine addiction is known to be one of the toughest to cure. Research has shown that
only 5% of smokers quit smoking successfully after their first try [1]. In addition, nicotine use is apparent
among the youth – a conducted study has proven that around one in three high school students use nicotine
products and often choose electronic cigarettes [2]. From a genetics perspective, scientists have proven
that individuals, possessing a single nucleotide polymorphism (SNP) rs16969968 (78590583G>A) in the
CHRNA5 gene, are more likely to become dependent on nicotine products [3]. Implementation of genetic
testing related to CHRNA5 gene’s SNP would make it possible to use personalised medicine methods to
help the addicted overcome their dependence and warn non-smokers of the possible consequences of
consuming nicotine-containing substances.
Aim of the study. Investigate the prevalence of CHRNA5 gene’s SNP in smokers and non-smokers as
well as determine their genetic likelihood of developing a nicotine addiction.
Methods. Individuals (n = 62) fill consent forms and questionnaires which contain information about
their relationship with nicotine-containing products. DNA sample (saliva) is processed and genetic material
is extracted by using Chelex resin. Specific DNA fragments are amplified during the polymerase chain
reaction (PCR). The restriction fragment length polymorphism (RFLP) method is used to cut out the specific
DNA fragments by the TaqI restriction enzyme. After running the agarose gel electrophoresis, fragments
are evaluated in the ultraviolet (UV) light. The data were analyzed using statistical calculation methods
(Chi-square, p-value).
Results. The most common genotype in the smokers and non-smokers groups was GA (associated with
a slightly higher risk of dependence) with a frequency of 0.613 and 0.581, respectively. The frequency of AA
genotype (associated with the highest risk to develop nicotine addiction) was 0.129 (group of smokers) and
0.065 (group of non-smokers). After the comparison of genetic results and questionnaire answers, it was
determined that the polymorphism of CHRNA5 did not have a significant influence on nicotine dependence
(p > 0.05). It is likely that the statistical results were found to be unreliable because of the small sample
size; therefore, it would be appropriate to repeat the study with an increased number of participants.

[1] Centers for Disease Control and Prevention. (2004). Cigarette smoking among adults – the United States, 2002. Internet access:
https://www.cdc.gov/mmwr/preview/mmwrhtml/mm5320a2.htm
[2] Wang, T. W., Neff, L. J., Park-Lee, E., Ren, C., Cullen, K. A., King, B. A. (2020). E-cigarette use among middle and high school students
— United States. MMWR Early Release, 69(37), 1310-12.
[3] Bierut, L. J., Stitzel, J. A., Wang, J. C., et al. (2008). Variants in nicotinic receptors and risk for nicotine dependence. American
Journal of Psychiatry, 165(9), 1163-71.
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Įvadas. Tatuiruotės, šiomis dienomis, yra ypač populiari saviraiškos priemonė tarp jaunų žmonių.
Apklausos rodo, kad Europos sąjungoje tatuiruotes turi 12% bendros populiacijos, o 18-20 amžiaus žmonių
tarpe šis rodiklis didesnis ir siekia iki 25% [1]. Istoriškai spalvų pigmentams išgauti buvo naudojami įvairūs
mineralai, tačiau šiais laikais virš 80 % dažų spalviklių yra organiniai anglies junginiai, iš kurių 60 % yra azo
dažai. Tam tikri atskiri tatuiruočių dažų komponentai gali būti neutralūs, tačiau reaguodami tarpusavyje gali
tapti toksiškais [2]. Dėl to yra svarbu įvertinti, ar tatuiruočių sudedamosios medžiagos nekeičia savo
savybių sąveikaudamos tarpusavyje bei jas veikiant UV ar lazerio spinduliais. Jau yra įrodyta, kad azo dažai
skyla UVB bei saulės spinduliuose, o titano oksidas yra skilimo reakcijų katalizatorius. Šių reakcijų
produktai yra pavojingi, potencialiai gali būti toksiški bei kancirogeniški [3]. Azo pigmentai yra uždrausti
naudoti kosmetinių priemonių gamybai, tačiau nėra jokių apribojimų jų naudojimui tatuiruočių rašalų
gamyboje [4].
Darbo tikslas. Įvertinti, ar į radikalus suskilę azo dažai, esantys oranžiniuose tatuiruočių dažuose, gali
toksiškai veikti žinduolių ląsteles in vitro.
Metodai. Oranžiniai tatuiruočių dažai (pigmentai: „Geltonas 83“ („Yellow 83“), „Oranžinis 16“ („Orange 16“))
ir 1:1 maišyti oranžiniai:balti tatuiruočių dažai (titano oksidas ir oranžinių dažų pigmentai), savaitę veikiami
ultravioletinėmis B bangomis. UVB veiktų ir neveiktų azo dažų poveikis CHO ląstelėms nustatomas žaizdos
gijimo ir MTT jautrumo testais. Žaizdos gijimo testui ląstelių monosluoksnis buvo paveikiamas 0,5 % dažų
koncentracija, žaizda daroma su 200 μl pipetės antgaliuku ir fotografuojama po 0 valandų, 2 valandų, 6
valandų ir 24 valandų, naudojant programą „ImageJ“ apskaičiuojamas žaizdos gijimo greitis. MTT testu
tiriamas 0,5 % ir 0,1 % koncentracijos tatuiruočių dažų poveikis CHO ląstelėms. Po inkubacijos su dažais,
ląstelės veikiamos MTT reagentu, kuris gyvybingose ląstelėse formuoja formazano kristalus, matuojama
šviesos sugertis, įvertinama gyvybingų ląstelių koncentracija.
Rezultatai. MTT testas parodė, kad 0,5 % ir 0.1 % koncentracijos 1:1 maišyti oranžiniai:balti tatuiruočių
dažai turėjo panašų poveikį CHO ląstelėms nepriklausomai nuo dažų veikimo UVB. Ląsteles veikiant UVB
veiktais oranžiniais dažais (0,5 % koncentracija), jų gyvybingumas buvo mažesnis (63%) nei veikiant
paprastais oranžiniais dažais (73 %), bet skirtumas nebuvo statistiškai reikšmingas. Žaizdos gijimo testas
atskleidė, kad UVB veikti oranžiniai dažai nulėmė lėtesnę ląstelių migraciją ir proliferaciją po 2 val. (gijimo
greitis 12 500 μm2/h) lyginant su UV neveiktais dažais paveiktomis ląstelėmis (16 750 μm2/h). Priešingi
rezultatai gauti ląsteles veikiant oranžiniais:baltais dažais (žaizdos gijimas ląsteles paveikus UVB veiktais
dažais - 46 000 μm2/h, UVB neveiktais dažais – 23 250 μm2/h), tačiau abiem atvejais skirtumai buvo
statistiškai nereikšmingi.

[1] Giulbudagian, M., Schreiver, I., Singh, A.V. et al. Safety of tattoos and permanent makeup: a regulatory view. Arch Toxicol, 2020.
[2] Consumer Health Protection Committee (CD-P-SC). Safer tattooing, overview of current knowledge and challenges of toxicological
assessment. EDQM, 1st edition, 2017)
[3] Eva Engel, Andrea Spannberger, Rudolf Vasold, Burkhard König, Michael Landthaler, Wolfgang Bäumler. Photochemical cleavage of
a tattoo pigment by UVB radiation or natural sunlight 30 June 2007.
[4] Safety of tattoos and permanent make-up: Final report, EUR - Scientific and Technical Research Reports, [4] PICCININI Paola
PAKALIN Sazan CONTOR Laura BIANCHI Ivana SENALDI Chiara,2016.
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Mikrodauginimo metodas – efektyvus būdas užauginti didelį kiekį augalų, turinčių tą patį genetinį kodą –
t. y. klonų. Šis metodas gali būti naudojamas norint užauginti sveiką augalą, nepaliestą virusų, bakterijų ar
grybų, bandant išsaugoti nykstančias rūšis ar išgauti didelį kiekį genetiškai identiškų augalų. [1]
Mikrodauginimas pasaulyje plačiai naudojamas ne tik komerciniu lygmeniu, bet ir atliekant įvairius
mokslinius tyrimus, kuriems reikalingas didelis kiekis genetiškai identiškų augalų. Nors šis klonavimo
metodas gali būti pritaikytas daugumai augalų, kiekvienas augalas išsiskiria tam tikrais aspektais. Vienas iš
jų – skirtingas reikiamų hormonų balansas. [2] Tyrimu siekta išsiaiškinti tinkamiausią hormonų pusiausvyrą
mitybinėje terpėje žiediniam kopūstui (Brassica oleracea var. Botrytis L.) mikrodauginti. Norint nustatyti
optimaliausią hormonų santykį buvo pasirinkti trys skirtingi fitohormonai: N6-furfuriladeninas (kinetinas),
indolo-3–acto rūgštis (IAA) bei 6 – Benzilaminopurinas (BAP), ir ištirtos šešios skirtingos jų santykių
variacijos.
Darbo tikslas:
Ištirti skirtingų fitohormonų (kinetino, indolo–3–acto rūgšties (IAA) ir 6–Benzilaminopurino (BAP))
santykių maitinamojoje terpėje poveikį žiedinio kopūsto (Brassica oleracea var. Botrytis L.) eksplantų
augimui ir vystymuisi mikrodauginimo metu.
Darbo metodai:
Tyrimas atliktas in vitro sąlygomis panaudojant žiedinį kopūstą (Brassica oleracea var. Botrytis) kaip
modelinę sistemą. Žiedinio kopūsto eksplantai auginami Murashige ir Skoog (MS) terpėje su skirtingomis
hormonų koncentracijomis ir deriniais 24 valandų šviesos fotoperiode. Renkami duomenys, reikalingi
statistikai: eksplantų aukštis (mm), lapų formavimasis (naudojama skalė 0–3), šaknų formavimasis
(naudojama skalė 0–3). Vykdyta statistinė analizė: dispersinė analizė (ANOVA), taip pat Tukey HSD testas.
Nustatyta, kuris iš hormonų derinių yra efektyviausias Brassica oleracea var. Botrytis mikrodauginimui.
Rezultatai:
Penkių savaičių augimo laikotarpyje buvo matuojamas eksplantų ūgis, jų šaknų bei lapų vystymasis.
Atlikus gautų duomenų statistinę analizę nustatyta, jog 3-ią savaitę tarp žiedinio kopūsto eksplantų,
augusių hormonų santykiais besiskiriančiose mitybinėse terpėse, statistiškai reikšmingo skirtumo nebuvo.
Visgi, remiantis 5-os savaitės eksplantų ūgiais buvo matoma, jog eksplantai efektyviau auga mitybinėje
terpėje, kurioje yra IAA ir 6–BAP mišinys nei terpėje be hormono, terpėje su IAA nei terpėje be hormono bei
terpėje su kinetino ir IAA mišiniu nei terpėje be hormono. Norint paskatinti lapų formavimąsi, efektyviausiai
veikia kinetino ir IAA mišinys, o šaknų formavimasis efektyviausias mitybinėje terpėje esant IAA hormonui
arba terpėje be hormonų.

[1] George, E.F., Hall, M.A. ir Klerk, G.-J.D. (2008). Micropropagation: Uses and Methods. Plant Propagation by Tissue Culture, p.29–64.
[2] Kyte, L., Kleyn, J., Scoggins, H. ir Bridgen, M. (2013). Plants from Test Tubes– An Introduction to Micropropogation. 4–tas leidimas
Timber Press, pp.28–34..
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Įvadas. Sergamumas erklių platinamomis ligomis (EPL) vis didėja. Žmonėms ir gyvūnams erkės gali
perduoti įvairių ligų sukėlėjus: erkinio encefalito, Laimo ligos (LL), babeziozės, anaplazmozės, erlichiozės,
tuliaremijos sukėlėjus [1]. Tai pavojingos ligos, kai kuriais atvejais galinčios sukelti neįgalumą ar net mirtį.
Žmogui pavojingiausios EPL yra Laimo boreliozė ir erkinis encefalitas. Laimo liga yra viena iš dažniausių
erkių sukeliamų ligų [2]. Sergamumas LL pastaraisiais metais Jonavos mieste yra 5–6 kartus didesnis nei
erkiniu encefalitu [3]. LL ligos gydymo strategija remiasi antibiotikų terapija, kurios sėkmė priklauso nuo
ankstyvos ligos diagnostikos [4,5]. Siekiant sumažinti sergamumą LL itin svarbi nuolatinė LL paplitimo
stebėsena, tačiau trūksta tyrimų apie Laimo boreliozės patogenų paplitimą ir dinamiką erkėse [6]. Todėl
žinant LL sukėlėjų paplitimą Jonavos mieste aptinkamose erkėse, galima nustatyti skirtingų viešų žaliųjų
erdvių saugumą lankytojui, planuoti erkių naikinimo prevencines priemones. Ypač aktualu turėti greitas ir
patikimas monitoringo priemones, paremtas molekulinės biologijos sprendimais. Taip pat svarbus ir
visuomenės informavimas, apie patogenais užsikrėtusių erkių mastą.
Tyrimo tikslas. Nustatyti keturiose Jonavos miesto rekreacinėse vietose surinktų Ixodes ricinus rūšies
erkių užsikrėtimą Borrelia burgdorferi sensu lato bakterijomis.
Metodai. Pasitelkiant baltą audinį erkės surinktos iš 4-ų Jonavos miesto gyventojų dažnai lankomų
objektų: Jonavos Joninių slėnio, prie Laukagalių g. ir Gaidžiūnų g. esančios pievos ir Taurostos parko
dviračių tako šalikėlio. Iš surinktų erkių išskirta DNR, kuri polimerazinės grandininės reakcijos (PGR) metu
padauginama naudojant pagal genų seką sumodeliuotus pradmenis. Gauti PGR produktai vizualizuojami
elektroforezės pagalba ir įvertinami ultravioletinėje šviesoje, nustatant, ar tirtoji erkė yra I. ricinus rūšies ir
B. burgdorferi s. l. bakterijų nešiotoja.
Rezultatai. Ištyrus 88 Ixodes ricinus erkes nustatyta, kad B. burgdorferi s. l. bakterijų nešiotojos yra 21
(23,86 %) I. ricinus erkė. Daugiausia LL bakterijomis infekuotų erkių yra prie Taurostos parko dviračių tako
– iš 23-ų surinktų I. ricinus erkių B. burgdorferi s. l. bakterijų nešiotojos buvo 9-os erkės (39,13 %).

[1] Mead, P., Petersen, L., Kersh, G. (2019). Lyme and other tickborne diseases increasing. Centers for disease control and prevention.
Interneto prieiga: https://www.cdc.gov/media/dpk/diseases-and-conditions/lyme-disease/index.html
[2] Murray, T. S., Shapiro, E. D. (2010). Lyme disease. Clinics in Laboratory Medicine, 30(1), 311-28.
[3] Čapkauskienė, V. (2020). Erkių platinamų ligų profilaktikos priemonių taikymo rekomendacijos Jonavos rajono savivaldybės
administracijai ir ūkio subjektams. NVSC Kauno departamento Jonavos skyrius.
[4] Heinz, F. X., Stiansny, K., Holzmann, H., Grgic-Vitek, M., Kriz, B., Essl, A., Kundi, M. (2013). Vaccination and tick-borne encephalitis,
Central Europe. Emerging Infectious Diseases, 19(1), 69-76.
[5] Rizzoli, A., Hauffe H., Carpi G., Gi Vourc, H., Neteler, M., Rosa, R. (2011). Lyme borreliosis in Europe. Euro Surveillance, 16(27), 25-32.
[6] Arbočienė, J. (2019). Jonavos rajono sergamumo erkių platinamos ligos analizė. NVSC Kauno departamento Jonavos skyrius.
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Įvadas. Pramonėje didžiuliais kiekiais naudojami organiniai tirpikliai, kurių paklausa bei vartojimas vis
didėja. Kiekvieną dieną milijonams darbuotojų tenka susidurti su organiniais tirpikliais ir neretam su jų
poveikiu sveikatai: toksiškumu nervų sistemai, kvėpavimo takų, inkstų bei kepenų pažeidimais, neigiamu
poveikiu reprodukcinei sistemai, vėžiu [1]. Organiniai tirpikliai naudojami neteisingai, patekę didelėmis
koncentracijomis ir kiekiais į aplinką gali kelti riziką gamtai bei ekologijai. Tarptautinė darbo organizacija
rekomendavo šiam klausimui skirti didelį prioritetą [2]. Tirpikliai naudojami plačiai; jų poveikis sveikatai yra
rimtas; organinių tirpiklių kelią bei ribines vertes reikia kontroliuoti, todėl ypač svarbu turėti prieinamą,
lengvai naudojamą metodiką saugumo prevencijai ir ribinių koncentracijų nustatymui. Šiandien organinių
junginių aptikimui naudojami brangūs instrumentinės analizės metodai, kurių dėl tyrimui reikalingų kaštų ir
laiko sąnaudų nepavyksta plačiai taikyti, todėl aktualūs greitos diagnostikos metodai. Tam galima taikyti
solvatochromines savybes turinčius junginius. Nilo raudonasis (NileRed) gali būti pritaikytas naudojimui
kaip indikatorius atpažinti skirtingus organinius tirpiklius, kadangi gali būti fiksuojamas ir regimojoje, ir UV
šviesoje.
Tyrimo tikslas. Susintetinti NileRed dažą bei ištirti solvatochromines savybes.
Metodai. Sintezės metodas: nitrozinimo reakcijos metu iš 3-dietilaminofenolio gaunamas 5(dietilamino)-2-nitrosofenolis – tarpinis reakcijos produktas, kartu su 1-naftoliu ištirpdomi organiniame
tirpiklyje [3]. Reakcijai vykti reikalinga aukšta temperatūra – tirpiklio virimo temperatūra. Pasibaigus
reakcijai, Nilo raudonojo dažas nuo tirpiklio atskiriamas rotacinio garinimo metodu. Su paimtu dažo
mėginiu ruošiamas koncentruoto acetono tirpalas ir plonasluoksnės chromatografijos metodu tikrinama, ar
susidarė dažas ir kokios priemaišos mišinyje po reakcijos liko. Kizelgūro ir dažo mišinys yra įnešamas į
sausos vakuuminės chromatografijos kolonėlę ir gryninamas [4]. Chromatografijai naudojami
heksanoizopropanolio arba heksano-acetono tirpiklių mišiniai su poliškumo didėjimu. Solvatochrominių
savybių tyrimo metodas: sintezės metu gautas Nilo raudonasis tirpinamas organiniuose tirpikliuose.
Nustatyti naudojama 0,01g dažo su kizelgūru ir 5ml organinio tirpiklio. Gauti spalviniai tirpalų pokyčiai
įvertinami regimojoje ir UV šviesoje.
Rezultatai. Išgryninus tarpinį produktą apskaičiuota išeiga, kuri siekia 87,89%. Susintetintas Nilo
raudonasis dažas pasižymi solvatochrominėmis savybėmis, geriausiai tirpsta alkoholiuose ir acetone
(ryškiausia spalva regimojoje spinduliuotėje, UV šviesoje sunkiai švyti dėl didelės koncentracijos),
sunkiausiai tirpsta alkanuose (heksane), cikloalkanuose (cikloheksane), netirpsta vandenyje. Nuo tirpiklio
poliškumo priklauso Nilo raudonojo savybė tirpti.

[1] Interneto prieiga: https://osha.europa.eu/lt/publications/summary-state-art-report-reproductive-toxicants
[2] Interneto prieiga: https://www.vdi.lt/Forms/Tekstas1.aspx?Tekstai_ID=2433
[3] Markus Borgardts, Kathrin Verlinden, Manuel Neidhardt, Tobias W¨ohrle, Annika Herbst, Sabine Laschat, Christoph Janiak and
Thomas J. J. Muller, SYNTHESIS AND OPTICAL PROPERTIES OF COVALENTLY BOUND NILE RED IN MESOPOROUS SILICA HYBRIDS –
COMPARISON OF DYE DISTRIBUTION OF MATERIALS PREPARED BY FACILE GRAFTING AND BY CO-CONDENSATION ROUTES,
December 2015
[4] Daniel Sejer Pedersen,* Christoph Rosenbohm, DRY COLLUMN VACUUM CHROMATOGRAPHY, September 2001, Denmark.

