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FOREWORD

2019 was an exceptionally rich academic year for the Life 
Sciences Center at Vilnius University.  We enjoyed rich scientific 
calendar, high student admission numbers, and hefty stream 
of highly visible scientific papers published in top-tier interna-
tional journals by our scientists. The Center is becoming more 
and more diverse. For the first time in our history, the Center 
admitted a record number of PhD students. This year 6 out of 
40 first year PhD students are foreign nationals from India, Italy, 
Bangladesh and China.  More than a third of our PhD admit-
tees are coming from other Lithuanian universities. Such suc-
cess cannot be achieved without a well-organised work of our 
Graduate School, which we established two years ago. I be-
lieve, this is a clear indication that our strategic goal to become 
one of the most attractive destinations for young talents from 
Lithuania and abroad is becoming a reality. 

This year we successfully passed through the accreditation of 
three brand new study programs. The Molecular Biotechnology 
for undergraduates writes a new page in the history of our Cen-
ter. For the first time, the Center is offering programs in technol-
ogy sciences. Moreover, with the Molecular Biotechnology for 
Master students this year we are introducing a novel-teaching 
format, which is fully student-needs-oriented project based on 
individual studies. In this program, we are switching from the 
traditional didactic lecturing towards a mentor-student dialog 
driven individual studies. Every student will be assigned a real 
biotechnology project for whose implementation the student 
will have access to state-of-the-art equipment at the Life Sci-
ences Center. Environmental Science and Protection program 
will contribute towards a European Green Deal, a climate-neu-
tral plan for our continent.

Started in 2018, a brand new core facility CossyBio Center 
opened up its first infrastructure units for open access; in par-
ticular high-resolution confocal microscopy (Leica) laboratory 
providing novel STED and FLIM imaging techniques started 
its operations. The high speed Atomic Force Microscopy from 
RIBM ( Japan) has been contracted and it is due to commission-
ing next year. The laboratory spaces for the cryo-transmission 
electron microscopy units have been assigned and preparatory 
works started.

In 2019, a big impulse for expanding our international activ-
ities was a historic decree of the President of the Republic of 
Lithuania, according to which Lithuania officially became a 
member of the European Molecular Biology Laboratory (EMBL). 
The International Advisory Board meeting, which among other 
questions this year addressed issues related to international 
collaboration, advised to take advantage of this fact and to 
establish more close relations with EMBL. Later this year we 
received the proposal from EMBL to start negotiating the estab-
lishment of the EMBL partner institution. By the end of the year, 

the Ministry of Education, Science and Sports allocated funds 
and the preparation of the partnership agreement started. We 
hope to successfully finish this process and establish partner-
ship with EMBL in 2020. 

The vibrant academic environment at the Life Sciences Cen-
ter traditionally gets its boost every spring, when the annual 
conference The Coins is organised by our brilliant students. 
Among many prominent speakers, this year the conference was 
attended by two Nobel Laureates: John O’Keefe (Physiology and 
Medicine, 2014) and Ada Yonath (Chemistry, 2009).  In Septem-
ber, the Life Sciences Center was also hosting a lecture by Brian 
Kobylka, the Nobel Laureate in Chemistry, 2012. More than 30 
distinguished speakers from all over the world are coming with 
lectures and seminars every year.

The year 2019 was marked with a number of national and in-
ternational awards to our scientists.  Urtė Neniškytė was award-
ed her second L’Oréal Foundation and UNESCO Award. This year 
she earned International Rising Talents 2019 Award. Another gif-
ted scientist Milda Alksnė was awarded L’Oréal-UNESCO Baltic for 
Women in Science fellowship. Aurelijus Burokas, a young scient-
ist and a recent returnee from Barcelona University, was awarded 
Somerfeld-Ziskind Research Award from the Society for Biological 
Psychiatry (US). Finally, our talented students, members of the 
famous iGEM-Vilnius team, brought a gold medal from the Syn-
thetic Biology iGEM contest in Boston, USA. 

I wish to thank our community members for the great aca-
demic year. The year which showed that the success of the Life 
Sciences at Vilnius University stands firmly on academic values: 
excellence in science, academic freedom, collegiality and  in-
clusiveness, openness to the world and non-discrimination, re-
spect to societal needs and public engagement. These values, I 
believe, will lead us towards exiting discoveries in 2020.
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Virginijus ŠikŠnys
Distinguished Professor
Head, Department of Protein-Nucleic 
Acids Interactions
Institute of Biotechnology
Email: virginijus.siksnys@bti.vu.lt 
Phone: +370 5 223 4354

Phages are the most abundant organisms in the biosphere and the major parasites of bacteria. They infect bacteria in order 
to replicate and usually kill bacteria when the replication is completed. In response to the phage threat, bacteria developed 
multiple defence barriers for countering and fighting viral attacks. We aim to understand the structure-function relationships 
of enzymes and enzyme assemblies that contribute to the bacteria defence systems that target invading nucleic acids. We 
are particularly interested in the molecular machinery involved in the CRISPR-Cas function and the structural and molecular 
mechanisms of restriction enzymes. We are using X-ray crystallography, mutagenesis and functional biochemical as well as 
biophysical assays to acquire more information on these systems.

restriction-modification (R-M) systems often function as the first antiviral defence line and act as sentries that guard 
bacterial cells against invasions by bacteriophages. R-M systems typically consist of two complementary enzymatic activities, 
namely restriction endonuclease (REase) and methyltransferase (MTase). Typically, REase cuts foreign DNA but does not act on 
the host genome, because the target sites for REase are protected by accompanying MTase. In this respect, they function as 
an innate immune system of bacteria. REases have now gained widespread application as indispensable tools for the in vitro 
manipulation and cloning of DNA. We focus on the structural and molecular mechanisms of restriction enzymes. 

CrisPr-Cas has been recently discovered as a prokaryotic antiviral defence system that hijacks short fragments of invasive 
DNA as spacers and subsequently uses them as templates to generate specific small RNA molecules that combine with Cas 
proteins into effector complexes that trigger the degradation of foreign nucleic acid. In this respect, CRISPR-Cas systems con-
stitute an adaptive microbial immune system that provides an acquired resistance against invaders. CRISPR systems are very 
diverse and are subdivided into two classes depending on the composition of the effector complex. We aim to understand 
the molecular and structural mechanisms of immunity provided by different CRISPR-Cas systems. 

In the recent years, we have solved a number of 3D structures of REases by X-ray crystallography and characterized molecular 
mechanisms by a combination of biochemical and biophysical techniques including single molecule techniques in collaboration 
with Dr. R. Seidel (Universität Leipzig) and Dr. M. D. Szczelkun (Bristol University) [1, 2]. We have shown that the Csm effector 
complex of the type III CRISPR-Cas system provides immunity through a coordinated action of three different enzymatic activities 
and synthetizes a novel signalling molecule in response to target RNA binding [3, 4]. To explore type IIIA CRISPR-Cas systems as 
molecular tools in vivo, we have initiated studies in Danio rerio in collaboration with Dr. M. Bochtler (International Institute of 
Molecular and Cell Biology, Warsaw) and in human cancer cells in collaboration with Dr. V. Starkuviene (University of Heidelberg).

1.  Tamulaitiene, G., Manakova, E., Jovaisaite, V., Tamulaitis, G., Grazulis, S., Bochtler, M., Siksnys, V. Unique mechanism of target recognition by PfoI 
restriction endonuclease of the CCGG-family. Nucleic Acids Research. 2019, 47: 997–1010.

2.  Kostiuk, G., Dikic, J., Schwarz, F. W., Sasnauskas, G., Seidel, R., Siksnys, V. The dynamics of the monomeric restriction endonuclease BcnI during 
its interaction with DNA. Nucleic Acids Research. 2017, 45: 5968–5979.

3.  Kazlauskiene, M., Tamulaitis, G., Kostiuk, G., Venclovas, Č., Siksnys, V. Spatiotemporal control of type III-A CRISPR-Cas immunity: coupling DNA 
degradation with the target RNA recognition. Molecular Cell. 2016, 62: 295–306.

4.  Kazlauskiene, M., Kostiuk, G., Venclovas, Č., Tamulaitis, G., Siksnys, V. A cyclic oligonucleotide signaling pathway in type III CRISPR-Cas systems. 
Science. 2017, 357: 605–609.

Antiviral Defense systems in Bacteria

seleCteD PuBliCAtions
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The Structural and Molecular Mechanisms 
of CRISPR-Cas Systems

To shed light on the immunization step of CRISPR-Cas we show that 
Cas9, Cas1, Cas2, and Csn2 proteins of a Streptococcus thermophilus 
type II-A CRISPR-Cas system form a complex and provide cryo-
EM structures of three different assemblies. The predominant 
form with the stoichiometry Cas18-Cas24-Csn28, referred to as 
a monomer, contains ~30 bp duplex DNA bound along a central 
channel (Drabavicius et al. Mol. Cell. 2019, 75: 90–101).
To reveal the role of individual subunits of the multisubunit type III-A 
Csm complex of Streptococcus we carried out gene disruptions for 
each of five subunits and characterized isolated deletion complexes. 
We show that Cas10-Csm4 subcomplex binds the 5’-handle of crRNA 
and triggers Csm3 oligomerization to form a padlock for crRNA 
binding, and Csm5 plays a key role in target RNA binding while Csm2 
ensures RNA cleavage at multiple sites by Csm3. We engineered a 
minimal Csm complex and demonstrated that it retains all three 
catalytic activities, thus paving the way for practical applications 
(Mogila et al. Cell Rep. 2019, 26: 2753–2765).
To investigate whether specificity of multi-subunit type I CRISPR-
Cas surveillance complex Cascade could be enhanced by increasing 
crRNA spacer length, we produced type I-E Cascade complexes 
containing crRNAs with up to 57-nt-long spacers. We show that 
these complexes form R-loops corresponding to the designed 
target length and the complexes can bind their targets with 
much higher affinity compared with the wild-type form. However, 
target recognition and the subsequent Cas3-mediated DNA 
cleavage do not require extended R-loops but already occur for 
wt-sized R-loops. These findings set important limits for specificity 
improvements of type I CRISPR-Cas systems (Songailiene at al. Cell 
Rep. 28: 3157–3166).

The Structure and Function of Restriction 
Endonucleases

REases of the CCGG-family recognize a set of 4-8 bp target sequences 
that share a common CCGG or CCNGG core. REases that interact with 
5 bp sequence CCNGG flip the central N nucleotides and ‘compress’ 
the bound DNA to mimic the CCGG sequence. REase PfoI cleaves the 
7 bp sequence 5’-T|CCNGGA (“|” designates cleavage position). We 
solved crystal structures of PfoI in free and DNA-bound forms that 
show unique active site arrangement and mechanism of sequence 
recognition. Although PfoI also flips the central N nucleotides of 
the target sequence it does not ‘compress’ the bound DNA. Instead, 
PfoI induces a drastic change in DNA backbone conformation that 
shortens the distance between scissile phosphates to match it in 
the unperturbed CCGG sequence (Tamulaitiene et al. Nucleic Acids 
Res. 2019, 47: 997–1010).

Cryo-EM structure of Cas18-Cas24-Csn28 monomer

Crystal structures of PfoI
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MArius DAgys
Researcher 
Head, Department of Bioanalysis
Institute of Biochemistry
E-mail: marius.dagys@bchi.vu.lt  
Phone: +370 613 91030

julijA rAZuMienė
Chief Research Associate
Department of Bioanalysis
Institute of Biochemistry
E-mail: julija.razumiene@bchi.vu.lt
Phone: +370 670 61893

Mediated and direct electron transfer (ET) coupling of enzymes to electrodes is important in realizing bioelectrocatalysis, which is 
often exploited as a basic principal of biosensors, biofuel cells, and other bio-based devices. These technologies exploit the inherent 
enzyme substrate specificity, for example, enzyme-based biosensors excel in direct measurement of single compound in presence of 
interfering materials in complex media such as blood. On the other hand, provided the power density generated by enzyme-based 
electrode is high enough, biofuel cells can be constructed, where bioelectrodes selectively oxidise and reduce abundant fuel (i.e. 
glucose and oxygen) and provide electric power to implantable devices. The fragile nature of proteins dictates that the electrochem-
ical properties of such biodevices degrade over time, therefore a number of techniques are developed to protect the biomolecule 
and extend the working period of device. The shortcoming could be avoided whatsoever by adsorbing live, whole cells on electrodes 
at the expense of reduced power density.

Our team is proficient at constructing bioelectrochemical systems by wiring oxidoreductases to gold and carbon based electrode 
surfaces [1, 2]. The enzyme-based amperometric biosensors for glucose, fructose, urea, glycerol, alcohols and glutamate were de-
signed, the core of which was based on either specially modified graphite or gold surfaces. For the next step to whole-cell biosensors 
field, a self-organization of luminous E.coli in nutrient-rich microtiter wells is analysed and modelled [3]. Our team is also developing 
bioreactor systems, where wasteful saccharide substrates are selectively oxidised and high-value oxidation products are produced. 
For such approach, we utilize bi-enzymatic reaction with biosensor-based microprocessor-controlled substrate dispensing. We also 
collaborate with scientists from foreign institutions such as Malmö University (Sweden) and Moscow Kurchatov NBICS Centre (Russia).

Bioelectrochemical systems  
in Biosensors and Bioreactors

1.  Gineitytė, J., Meškys, R., Dagys, M., Ratautas, D. Highly efficient direct electron transfer bioanode containing glucose dehydrogenase operating in 
human blood. J. Power Sources. 2019, 441: 227163.  

2.  Makaras, T., Razumienė, J., Gurevičienė, V., Šakinytė, I., Stankevičiūtė, M., Kazlauskienė, N. A new approach of stress evaluation in fish using 
β-d-Glucose measurement in fish holding-water. Ecological Indicators. 2020, 109: 105829.

3.  Ledas, Ž., Šimkus, R., Baronas, R. Computational modeling of self-organization of bacterial population consisting of subpopulations of active and 
passive cells. J. Biol. Syst. 2019, 27: 365–381.

3.  Valldeperas, M., Salis, A., Barauskas, J., Tiberg, F., Arnebrandt, T., Razumas, V., Monduzzi, M., Nylander, T. Enzyme encapsulation in nanostructured 
self-assembled structures: Toward biofunctional supramolecular assemblies.  Curr. Opin. Colloid Interface Sci. 2019, 44: 130–142.

seleCteD PuBliCAtions



B i o m o l e c u l e  s t r u c t u r e  & 
f u n c t i o n

9

Hybrid Catalysis on Nanostructured Surfaces

A prominent skill of our team is the ability to employ techniques 
for optimal enzyme adsorption on nanostructured surfaces 
obtaining an efficient bioelectrocatalysis. We successfully created 
several types of nanocatalysts (including those with magnetic 
properties) composed of nanoparticles containing reducing and 
oxidizing oxidoreductases exchanging electrons via nanosurface, 
which are capable of oxidizing various carbohydrates directly with 
molecular oxygen. The catalytic activity per enzyme inevitably 
decreases, but such technique eliminates the need for soluble 
mediator, and the assembly process in recyclable. This is one of 
the techniques applied in our project for the creation of bioreactor 
for oxidation of non-starch poly/oligosaccharides (RCL grant No. 
01.2.2-LMT-K-718-01-0019). 

Biosensors for Medical and Industrial Applications 

Recently, graphene-based materials were used in creation of urea 
analyser for fertilizer samples, developed together with our start-
up company Bioanalizės sistemos Ltd., as well as in utilization 
of biosensors for early diagnosis of acute pancreatitis (AP) (RCL 
grant No. 01.2.2-LMT-K-718-01-0025). For this project, a glutamate 
biosensor was also created, and our biosensor line-up is already 
showing potential in distinguishing and predicting the outcomes 
of AP by analysing serum and urine samples. Moreover, our 
long-lasting glucose biosensor technology has been upgraded 
for measuring nanomolar concentrations in fish tanks. This has 
been proven statistically relevant in determining levels of stress 
experienced by rainbow trout juveniles [2].

Self-Organization of Bacteria 

Bioanalytical systems can be constructed by using whole-cell 
biosensors, where bacteria are grown on electrode surfaces. We use 
bioluminescence imaging to record images of liquid mixed cultures 
of the lux-gene reporter E. coli and other bacteria in microtiter plate 
wells and in vertical Hele-Shaw cells. Analysis of the experimental 
data together with mathematical modelling suggests the following 
interpretation of pattern formation (right figure: a, b show typical 
side-view and top-view images of cylindrical samples (bar – 1 mm), 
the scheme of a system that forms spatiotemporal patterns is 
shown in c). The evaporation- and settling-driven instability of the 
surface layer results in the formation of oxygenated plumes. In the 
vicinity of the plumes, active cells (grey circles) ‘aggregate’ and 
‘grow’ at the expense of passive cells (white circles). These studies 
were partly funded by RCL grant No. S-MIP-17-98

Ratautas, D., Dagys, 
M. Catalysts 2020, 
10(1): 9.

Gružauskaitė, 
J., Jasinskaitė, 
J., et al. Catal. 
Commun. 2019, 
135: 105848.
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epigenetic Modifications of DnA and rnA in Mammals 
In recent years, epigenetic phenomena have become a major focus in studies of embryonic development, genomic imprinting 

and complex human diseases. One of the best-understood epigenetic mechanisms is enzymatic DNA methylation. In the mammalian 
genome, cytosines in CpG dinucleotides are often methylated to 5-methylcytosine (m5C), which is brought about by combined action 
of three known AdoMet–dependent DNA methyltransferases (DNMTs). DNA methylation profiles are highly variable across different 
genetic loci, cell types and organisms, and are dependent on age, sex, diet and disease. Besides m5C, certain genomic DNAs contain 
detectable amounts of 5-hydroxymethylcytosine (hmC) and lower levels of 5-formylcytosine and 5-carboxylcytosine (caC), which are 
produced by the oxidation of m5C residues by TET oxygenases. However, many details of how these modifications are established at 
specific loci and how they control cellular events remain obscure [1]. 

The most abundant modification in RNA is methylation of the 2’OH group. miRNAs, piRNAs and siRNAs are small non-coding 
RNA molecules that control gene activity in a homology-dependent manner. Biogenesis of miRNAs and siRNAs in plants involves a 
methylation step catalysed by the HEN1 methyltransferase, whereas piRNAs are similarly modified in animals [2]. 

Following our long-standing interest in mechanistic studies of DNA MTases, we turned our focus on advancing DNA and RNA 
modification analysis and its applications for studies of epigenetic mechanisms [3,4]. Our current ERC-supported studies seek to gain 
in-depth understanding of how the DNA methylation patterns are established by the three known DNMTs during differentiation and 
development. Here, our efforts are devoted to devising single-cell methodologies that permit precise determination of where and 
when the methylation marks are deposited by the individual DNMTs inside living cells (Fig. 1).

1. Liutkevičiūtė, Z., Kriukienė, E., Ličytė, J., Rudytė, M., Urbanavičiūtė, G., Klimašauskas, S. Direct decarboxylation of 5-carboxylcytosine by DNA C5-
methyltransferases. J. Am. Chem. Soc. 2014, 136: 5884–5887.  

2. Baranauskė, S., Mickutė, M., Plotnikova, A., Finke, A., Venclovas, Č., Klimašauskas, S., Vilkaitis, G.  Functional mapping of the plant small RNA 
methyltransferase: HEN1 physically interacts with HYL1 and DICER-LIKE 1 proteins. Nucleic Acids Res. 2015, 43(5): 2802–2812.

3. Staševskij, Z., Gibas, P., Gordevičius, J., Kriukienė, E., Klimašauskas, S.  Tethered Oligonucleotide-Primed sequencing, TOP-seq: a high resolution 
economical approach for DNA epigenome profiling. Mol. Cell. 2017, 65(3): 554–564.

4. Tomkuvienė, M., Mickutė, M., Vilkaitis, G., Klimašauskas, S. Repurposing enzymatic transferase reactions for targeted labeling and analysis of 
DNA and RNA. Curr. Opin. Biotechnol. 2019, 55: 114–123.

Biological Modification of DnA and rnA

seleCteD PuBliCAtions

sAulius kliMAŠAuskAs
Distinguished Professor
Head, Department of Biological DNA Modification
Institute of Biotechnology
Email: saulius.klimasauskas@bti.vu.lt  
Phone: +370 5 223 4350

Fig. 1
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Current Advances in Analytical Biotechnology:  
from Single Molecules to Whole Organisms 
Technological innovations constitute an essential part of biological 
research. Numerous examples through the history of science 
show that major biological discoveries are often walking side-by-
side with technological breakthroughs. This is particularly evident 
nowadays, where technological advances in molecular barcoding 
of RNA or DNA in single-cells enabled researchers to address 
fundamental questions that were previously out of reach. As the 
scale and complexity of biological studies keep increasing so 
does the demand for analytical tools with higher sensitivity and 
precision. In this issue dedicated to Analytical Biotechnology, we 
present a collection of review articles, which span a vast array 
of molecular tools and techniques aimed at probing biological or 

Tissue-Specific miRNAs Regulate the Development 
of Thoracic Aortic Aneurysm: The Emerging Role of 
KLF4 Network 
MicroRNAs (miRNAs) are critical regulators of the functional 
pathways involved in the pathogenesis of cardiovascular diseases. 
Understanding of the disease-associated alterations in tissue and 
plasma will elucidate the roles of miRNA in modulation of gene 
expression throughout development of sporadic non-syndromic 
ascending thoracic aortic aneurysm (TAA)(see Fig. 3). The high-
throughput sequencing revealed 20 and 17 TAA-specific miRNAs 
in tissue and plasma samples, respectively. qRT-PCR analysis in 
extended cohort revealed sex-related differences in miR-10a-5p, 
miR-126-3p, miR-155-5p and miR-148a-3p expression, which did 
not resemble the tissue signature. The miRNA-target enrichment 
analysis exposed TGF-β signalling pathway as sturdily affected 
by abnormally expressed miRNAs in the TAA tissue. Nearly half 
of TAA-specific miRNAs potentially regulate a key component in 
TGF-β signalling: TGF-β receptors, SMADs and KLF4. Indeed, using 
immunohistochemistry analysis we detected increased KLF4 

An Adversarial DNA N6-Methyladenine-Sensor 
Network Preserves Polycomb Silencing 
Adenine N6 methylation in DNA (6mA) is widespread among 
bacteria and phage and is detected in mammalian genomes, 
where its function is largely unexplored. In collaborative efforts 
we show that 6mA deposition and removal are catalysed by the 
Mettl4 methyltransferase and Alkbh4 dioxygenase, respectively, 
and that 6mA accumulation in genic elements corresponds with 
transcriptional silencing. Inactivation of murine Mettl4 depletes 
6mA and causes sublethality and craniofacial dysmorphism in 
incross progeny. We identify distinct 6mA sensor domains of 
prokaryotic origin within the MPND deubiquitinase and ASXL1, a 
component of the Polycomb repressive deubiquitinase (PR-DUB) 
complex. Deposition of 6mA by Mettl4 triggers the proteolytic 
destruction of both sensor proteins, preserving genome-wide H2A-
K119Ub levels. These findings uncover a native, adversarial 6mA 
network architecture (see Fig. 4) that preserves Polycomb silencing 
(Kweon et al. Molecular Cell. 2019, 74: 1138–1147.e6).

biology-derived objects at scales ranging from single molecules 
to whole organisms and ecosystems (see Fig. 2). Our focus falls 
on three selected topics: conventional bioanalytical methods, 
nucleic acids-based tools, and novel micro-scale and nano-scale 
technologies (Klimašauskas and Mažutis. Curr. Opin. Biotechnol. 
2019, 55: iii–vi).

expression in 27% of TAA cells compared to 10% of non-TAA cells. 
Overall, these observations indicate that the alterations in miRNA 
expression are sex-dependent and play an essential role in TAA via 
TGF-β signalling (Gasiulė et al. J. Clin. Med. 2019, 8: 1609).

Fig. 2. Journal top 
cover illustration 
featuring a review 
on the influence of 
eukaryotic chromatin 
state on CRISPR–Cas9 
editing efficiencies 
(Verkuijl and Rots, 
ibid, p. 68–73)

Fig. 3

Fig. 4
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DAuMAntAs MAtulis
Research Professor
Head, Department of  
Biothermodynamics and Drug Design
Institute of Biotechnology
Email: daumantas.matulis@bti.vu.lt
Phone: +370 5 223 4364

Rational drug design should be able to make chemical compounds that bind to disease-associated target proteins with high 
affinity and selectivity over all the remaining proteins to avoid toxicity. Unfortunately, such a design is not possible and currently, 
pharmaceutical companies instead perform various high-throughput screenings of available chemical libraries and develop com-
pounds that perform best in such highly random screens. To make drug discovery process more rational, the recognition phenomenon 
between chemical compounds and proteins should be better understood. To help design compounds in silico and predict their affinity 
to target proteins, we are assembling datasets, where chemical compounds binding to proteins would be characterized, including 
(a) the crystal structures of protein-ligand complexes, (b) the thermodynamics of interaction of the same protein-ligand complexes 
(including the enthalpy, entropy, Gibbs energy, volume, heat capacity and other thermodynamic parameter changes upon binding) 
and (c) the kinetics of the same protein-ligand binding. In order to make drug design truly rational and make the success rate much 
higher in clinical trials, it is important to solve the structure-energetics relationships and be able to predict the binding efficiency of 
the designed compounds.

Our scientists come from various backgrounds including molecular biologists, biochemists, organic chemists, biophysicists, 
physicists, computer modellers, biologists and pharmacists. Organic synthesis scientists design and perform the synthesis of novel 
compounds, molecular and cellular biologists perform the cloning, expression (both in bacterial and in human cell cultures) and 
purification of target proteins, primarily the family of human carbonic anhydrases and chaperones (Hsp90), biothermodynamicists 
determine the energetics of binding between the synthesized compounds and the target proteins by ITC or thermal shift and search 
for structure-energetics correlations, in silico modellers and crystallographers determine the X-ray crystallographic structures of pro-
tein-compound complexes, and the pharmaceutical scientists perform development studies of the effect of compounds in various 
biological systems including zebrafish and mice.

1.  Matulis, D. Editor. Carbonic Anhydrase as Drug Target: Thermodynamics and Structure of Inhibitor 
Binding. Springer Nature, 2019.

2.  Baranauskiene, L., Kuo, T.-C., Chen, W.-Y., Matulis, D. Isothermal titration calorimetry for characterization 
of recombinant proteins. Current Opinion in Biotechnology. 2019, 55, 9–15.

3.  Zakšauskas, A., Čapkauskaitė, E., Jezepčikas, L., Linkuvienė, V., Paketurytė, V., Smirnov, A., Leitans, J., 
Kazaks, A., Dvinskis, E., Manakova, E. et al. Halogenated and di-substituted benzenesulfonamides as 
selective inhibitors of carbonic anhydrase isoforms. European Journal of Medicinal Chemistry. 2020, 185: 
111825.

Drug Design via structure and thermodynamics
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Isothermal Titration Calorimetry for 
Characterization of Recombinant Proteins and 
Ligand Binding

In our opinion, isothermal titration calorimetry (ITC) has wide 
applicability in the characterization of recombinant proteins (Ba- 
ra nauskiene et al. Curr. Opin. Biotechnol. 2019). ITC directly 
determines interactions of unaltered proteins with small molecules 
at physiological conditions and is thus highly useful to determine 
recombinant protein purity and ligand binding capability.
Figure 1 shows the application of ITC together with other methods 
to demonstrate the purity and activity of a recombinant protein 
preparation. (A) Titration of the enzymatic activity of a recombinant 
protein with a strong inhibitor. The enzyme concentration was 
500 nM and the two lines cross at 500 nM showing that the protein 
preparation was highly pure and fully enzymatically active. (B) Dose-
dependence curves of the inhibition of enzymatic activity with two 
inhibitors. Insets in A and B show a set of raw data curves at various 
inhibitor concentrations. (C) Application of ITC to demonstrate the 
purity of the protein preparation via determination of the fraction 
of binding-capable enzyme. Since the midpoint of the titration is at 
n=0.96, the protein preparation is 96% pure in its capability to bind 
the ligand. (D) The same interaction studied by the fluorescence-
based thermal shift assay (FTSA), a high-throughput method to 
determine the affinities of protein-ligand interactions. Inset shows 
the raw protein thermal melting curves while the sigmoidal curve is 
a fit to the thermal melting datapoints confirming the affinity of the 
interaction as determined by ITC. Combination of these orthogonal 
methods is essential for good quality results
The principle of an ITC experiment (see Fig. 2). (A) Titration 
calorimeter contains 2 cells (sample cell that usually contains 
the protein and reference cell filled with water or solvent media) 
and a syringe used to inject the ligand solution to the sample 
cell. (B) Saturation of the protein binding sites by a ligand during 
titration. The experiment is planned so that most protein is 
saturated around the middle of the titration. The protein–ligand 
complex is colored red. (C) The power compensation between the 
sample and reference cells yields the raw ITC data peaks. Each 
peak represents a change in electric power needed to keep the 
temperature constant in the cell where a reaction has taken place. 
The area of the peak is transformed into the heat evolved upon one 
injection by appropriate calibration. (D) Binding isotherm, a set of 
datapoints obtained by integrating the raw ITC data peak areas. A 
single-binding-site model can be used to fit the data, yielding the 
affinity (Kb) and the change in enthalpy (ΔH) upon the interaction.

Fig. 1

Fig. 2
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Flavoenzymes contain flavinmononucleotide (FMN) or flavinadenindinucleotide (FAD) in their active centres. The distinc-
tive feature of flavoenzymes is their ability to transform single-electron transfer into a two-electron one.  They play impor-
tant roles in biological oxidation-reduction, hydroxylation, transhydrogenation, antioxidant protection, redox signalling, and 
other processes. Flavoenzymes also participate in biodegradation of toxic environmental pollutants and manifestation or 
neutralization of therapeutic activity/cytotoxicity of drugs or xenobiotics. Frequently, flavoenzymes are considered as drug 
targets. Taken together, these factors foster the permanent interest in the studies of flavoenzyme catalysis and its application 
in biomedicine, industries, and environmental protection. During last two decades, our studies were concentrated on the 
following issues: 1) the mechanisms of electron/hydride transfer in catalysis of flavoenzymes electrontransferases and trans-
hydrogenases; 2) single- and two-electron reduction of quinones, nitroaromatics and other redox active organic compounds 
by mammalian, microbial or parasite flavoenzymes and their impact on their cytotoxicity. These studies were accompanied 
by intensive synthesis of above compounds; and 3) studies of prooxidant xenobiotics as inhibitors and subversive substrates 
for antioxidant mammalian or parasite FAD/SS and FAD/SS/SeS-containing enzymes.

Our main activities in 2016–2019 were as follows: a) characterization of interaction mechanism of quinones and nitroaromatics 
with S. aureus flavohemoglobin (collaboration with dr. L. Baciou and F. Lederer, Universite Paris-Sud, France); b) characterization 
of the mechanisms of two-electron reduction of quinones and nitroaromatics compounds by E. coli nitroreductase A and other 
nitroreductases (collaboration with dr. D.F. Ackerley, Wellington University, New Zealand); c) evaluation of nitroaromatic com-
pounds as inhibitors and subversive substrates for Plasmodium falciparum glutathione reductase in the context of development 
of antiplasmodial agents  (collaboration with dr. E. Davioud-Charvet, Universite de Strasbourg, France); d) studies of reduction 
of quinones, nitroaromatic compounds and aromatic N-oxides by P. falciparum ferredoxin: NADP+ oxidoreductase as a possible 
target for prooxidant antiplasmodial agents (in collaboration with dr. A. Aliverti, Universita di Milano, Italy), e) continuation of 
synthesis, studies of enzymatic single- and two-electron reduction and mammalian cell culture cytotoxicity studies of new 
polynitrobenzenes, nitrofurans, nitrothiophenes, and aromatic N-oxides (European Social Fund, Global Grant Measure, Grant 
No. 09.3.3-lMT-K-712-01-0058, 2018–2021). In 2019, we started the studies of redox properties of a potent antiplasmodial agent, 
1,4-naphthoquinone plasmodione, and its derivatives (in collaboration with Dr. E. Davioud-Charvet, Bilateral Lithuanian-French 
project Žiliberas, No. S-LZ-19-4).  In addition, we take part in the antibacterial photodynamic therapy studies.

1.  Nemeikaitė-Čėnienė, A., Šarlauskas, J., Jonušienė, V.,  Marozienė, A., Misevičienė, L., Yantsevich, A. V.,  Čėnas, N. Kinetics of flavoenzyme-
catalyzed reduction of tirapazamine derivatives: implications for their prooxidant cytotoxicity. Int. J. Molec. Sci. 2019, 20: 4602.

2.  Moussaoui, M., Misevičienė, L., Anusevičius, Ž., Marozienė, A., Lederer, F., Baciou, L., Čėnas, N.  Quinones and nitroaromatic compounds as 
subversive substrates of Staphylococcus aureus flavohemoglobin. Free Radic. Biol. Med. 2018, 123: 107–115. 

3.  Valiauga, B.,  Misevičienė, L., Rich, M. H., Ackerley, D. F., Šarlauskas, J., Čėnas, N. Mechanism of two-/four-electron reduction of nitroaromatics by 
oxygen-insensitive nitroreductases: the role of a nonenzymatic reduction step. Molecules. 2018, 23: 1672.  

4.  Valiauga, B., Williams, E. M., Ackerley, D. F., Čėnas, N. Reduction of quinones and nitroaromatic compounds by Escherichia coli nitroreductase A 
(NfsA):  Characterization of kinetics and substrate specificity. Arch. Biochem. Biophys. 2017, 614: 14–22. 

5. Šarlauskas, J., Pečiukaitytė-Alksnė, M., Misevičienė, L., Marozienė, A., Polmickaitė, E., Staniulytė, Z., Čėnas, N., Anusevičius, Ž.  Naphtho[1’,2’:4,5]
imidazo[1,2-a]pyridine-5,6-diones: synthesis, enzymatic reduction and cytotoxic activity. Bioorg. & Med. Chem. Lett. 2016, 26: 512–517.

Mechanisms of Flavoenzyme redox reactions
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Mechanisms of Antiplasmodial  
in vitro Activity of Nitroaromatic Compounds  
and Quinones

We found that the in vitro antiplasmodial activity of a series 
of nitrobenzenes and nitrofurans increases with their single-
electron reduction potential (E  17), log D, and their ability to inhibit 
Plasmodium falciparum, but not human erythrocyte glutathione 
reductase. Ferredoxin:NADP+ oxidoreductase is expected to be 
the most active enzymatic reductant of nitroaromatics in parasite 
(Marozienė et al. Molecules. 2019, 24: 4509). We determined 
the E  17 values for 6 derivatives of plasmodione and found that 
their reactivity towards several single-electron transferring 
flavoenzymes correlates with that of the model quinones with  
E  17=-0.16 V–0.26 V. 

Enzymatic Redox Reactions and Cytotoxicity  
of Tirapazamine and  Its Metabolites  

3-Amino-1,2,4-benzotriazine-1,4-dioxide (tirapazamine, TPZ) is an 
anticancer agent selective for hypoxic cells. However, some of its 
derivatives may exert significant toxicity to normal (oxic) cells. We 
found that the aerobic cytotoxicity of a number of TPZ derivatives 
is well above that of quinones with similar E  17 values, although 
their reactivity towards single-electron transferring cytochrome 
P-450 reductase and adrenodoxin reductase/adrenodoxin complex 
is similar. This was attributed to the potentiation of cytotoxicity 
of TPZ derivatives by cytochromes P-450 and NAD(P)H: quinone 
oxidoreductase (NQO1) (Nemeikaitė-Čėnienė et al. Int. J. Molec. Sci. 
2019, 20: 4602). 

Sensitization of S. enterica Strain with 
5-Aminolevulinic Acid (ALA) -induced Porphyrins 

Photodynamic therapy (PDT) of bacteria represents an alternative 
to antibiotic therapy. The efficacy of treatment is dependent on the 
interaction of photosensitizers with bacterial wall or intracellular 
accumulation. Various types of endogenous porphyrins were 
generated in S. enterica after incubation with 5-ALA, a precursor 
of heme. The revealed time-dependent changes in compositions 
of intra- and extracellular porphyrins implied that ALA-induced 
sensitization triggers a complex protective mechanisms of bacteria 
(Polmickaitė-Smirnova et al. Photochem. Photobiol. Sci. 2019, 18: 
2730).

Structure of erythrocyte glutathione reductase with indicated domains of 
binding of substrates and inhibitors (Sarma et al. J. Mol. Biol. 2003, 328: 
893–907)   

Scheme of single-electron reduction, redox cycling, and formation of 
metabolites  of tirapazamine (1)

Endogenously generated porphyrins in S. enterica cells after incubation with 
5-ALA (Polmickaitė-Smirnova et al. 2019) 
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The current challenges for biotechnology include the discovery and implementation of green biocatalysis as an alternative to con-
ventional chemical synthesis. Modern industrial biotechnology is based on the application of enzymes derived predominantly from 
microorganisms. Considering the number of species and the diversity of the environmental conditions in which they can grow, microbes 
dominate our planet. Hence, both genetic and biochemical microbial diversity is an immense source of different proteins and biocata-
lysts. The analysis and exploration of said diversity is one of the main aims of our group. The studies are concentrated on several fields. 
The first one is related to the isolation of N-heterocyclic compound-utilizing microorganisms and the investigation of the catabolic path-
ways of these compounds in individual bacteria. The modified nucleotides are among the many substrates the catabolism of which is 
being elucidated. A screening for novel enzymes is also carried out by applying metagenomic techniques – effective selection systems 
combined with tailored substrates. The screened enzymes are used for the development of biosensors, biofuel-cells and for the syn-
thesis of industry-related chemical compounds.

The studies of heterocycles-utilizing microorganisms, and the investigation of metabolic pathways of said compounds in indi-
vidual bacteria are some of the aims of our group [1]. Unique multicomponent oxygenases active towards the pyridine ring as a 
primary substrate have been characterized, genetically modified and applied for development of biocatalytic processes [1, 3].

Using an E. coli uracil auxotrophic strain or novel prochromogenic substrates, and the metagenomic libraries, rapid and efficient 
selection and screening systems for hydrolases and aldehyde dehydrogenases have been developed and novel enzymes have been 
identified [2, 4].

For the past years, resistance to exo- and endonucleases has been one of the major concerns in a wide variety of biotechnological 
and medicinal fields, where antisense therapeutics, aptamer technologies and construction of catalytic DNAs/RNAs are of primary 
importance. We suggest N4-modified nucleotides as promising building blocks for a programmable, transient and most importantly 
straightforward DNA protection against specific endonucleases [5].

1.  Petkevičius et al. A biocatalytic synthesis of heteroaromatic N-oxides by whole cells of Escherichia coli expressing the multicomponent, soluble 
di-iron monooxygenase (SDIMO) PmlABCDEF. Adv. Synth. Catal. 2019, 361: 2456.

2.  Časaitė et al. Engineering of a chromogenic enzyme screening system based on an auxiliary indole-3-carboxylic acid monooxygenase. 
MicrobiologyOpen. 2019, e795.

3.  Petkevičius et al. Tailoring a soluble diiron monooxygenase for synthesis of aromatic N-oxides. Catalysts. 2019, 9: 356.
4.  Urbelienė et al. Application of the uridine auxotrophic host and synthetic nucleosides for a rapid selection of hydrolases from metagenomic 

libraries. Microb. Biotechnol. 2019, 12: 148.
5. Jakubovska et al. Transient N4-acyl-DNA protection against the cleavage by restriction endonucleases. ChemBioChem. 2019, 20: 2504.

Microbial Diversity as a source of new Biocatalysts
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Rapid Selection of Hydrolases  
from Metagenomic Libraries

A high-throughput method (≥106 of clones can be analysed on a 
single agar plate) for the selection of ester-hydrolysing enzymes 
was developed based on the uridine auxotrophy of Escherichia coli 
strain DH10B ΔpyrFEC and the acylated derivatives 2’,3’,5’-O-tri-
acetyluridine as well as 2’,3’,5’-O-tri-hexanoyluridine as the sole 
source of uridine. The proposed approach permits the selection 
of hydrolases belonging to different families, active towards 
different substrates. Compared with the known methods, the 
proposed selection system has many advantages: (i) it is a HTS 
method that allows for a rapid processing of large (meta)genome 
libraries, (ii) depending on the selection media used, it permits 
the functional selection of hydrolases belonging to different protein 
families, (iii)  it is flexible since, by using different substrates, for 
example, esters of the fatty acids of different lengths or bulky 
carboxylic acids, it allows the identification of enzymes with 
desired properties including regioselective esterases (Urbelienė et 
al. Microb. Biotechnol. 2019, 12: 148).

Chromogenic Enzyme Screening System Based on 
Auxiliary Indole-3-carboxylic Acid Monooxygenase

We developed a proof-of-principle for a new high-throughput 
functional screening of metagenomic libraries for the selection of 
enzymes with different activities, predetermined by the substrate 
being used. The screening system is based on a pro-chromogenic 
substrate, which is transformed by the target enzyme to indole-3-
carboxylic acid. The latter compound is converted to indoxyl by a 
newly identified indole-3-carboxylate monooxygenase. Due to the 
spontaneous oxidation of indoxyl to indigo, the target enzyme-
producing colonies turn blue. Two types of pro-chromogenic 
substrates have been tested. Indole-3-carboxaldehydes and the 
amides of indole-3-carboxylic acid have been applied as substrates 
for screening of the aldehyde dehydrogenases and amidohydrolases, 
respectively (Časaitė et al. MicrobiologyOpen. 2019, e795).

Biocatalytic Synthesis of Heteroaromatic N-Oxides

Aromatic N-oxides are desirable compounds with a potential for ap-
plication in pharmacy and agriculture industries. As biocatalysis is 
making a great impact on organic synthesis, there is still a lack of 
efficient and convenient enzyme-based techniques for the produc-
tion of aromatic N-oxides. A recombinant soluble di-iron monooxy-
genase PmlABCDEF overexpressed in E. coli was shown to produce 
various aromatic N-oxides. Out of 98 tested N-heterocycles, seventy 
were converted to the corresponding N-oxides without any side ox-
idation products. Being entirely biocatalytic, our approach provides 
an environmentally friendly and mild method for the production of 
aromatic N-oxides avoiding the use of strong oxidants, organometal-
lic catalysts, undesirable solvents, or other environment unfriendly 
reagents. (Petkevičius et al. Adv. Synth. Catal. 2019, 361: 2456).

the principle for the selection of ester-hydrolysing enzymes

DNA is fragmented, inserted into an appropriate vector and used to 
transform the competent cells of E. coli DH10B DpyrFEC::Km. A mineral 
medium containing 2’,3’,5’-O-tri-acetyluridine (1) or 2’,3’,5’-O-tri-
hexanoyluridine (2) as the sole source of uridine is used to select the clones 
exhibiting acylesterase activity (left column). The positive hits complement 
the uridine auxotrophy of the E. coli DH10B DpyrFEC::Km strain by hydrolysis 
of the substrate (compound 1 or 2) to uridine allowing the colony formation. 
A standard tributyrin agar plate method is represented on the right.

The principal scheme of the functional screening of enzymes based on an 
auxiliary indole-3-carboxylate monooxygenase (Icm) enzyme. 
The experimentally tested substrates are boxed. R: any radical.
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Proteins typically function as three-dimensional (3D) structures, often through interaction with each other and/or with other mac-
romolecules. Protein 3D structure is also the most conserved property of evolutionary related proteins. Therefore, the knowledge of 
structures of individual proteins and their complexes is essential for understanding their evolution, function and molecular mecha n - 
isms. However, the experimental determination of protein structure is slow, expensive and not always successful. The increasing 
computer power and the flood of biological data make computational prediction of 3D structure of proteins and their complexes an 
important alternative to experiments. Computational methods are also indispensable in the analysis or prediction of interaction sites 
even in the case of experimentally solved structures. However, computational methods have their own challenges. Computational 
structure prediction works best when related structures (templates) are available. Therefore, the detection of remote homology is 
one of the major impediments. The reliable estimation of the accuracy of predicted structures is another important problem. More 
efficient methods for the analysis and prediction of protein binding sites are also badly needed.

Our team addresses a broad range of protein-centred research topics that can be collectively described as Computational Studies 
of Protein Structure, Function and Evolution. There are two main research directions: 

1) Development of computational methods for detection of protein homology, for comparative protein structure modelling, and for 
analysis and evaluation of 3D structure of proteins and protein complexes. In recent years, we have developed several new methods 
addressing these research topics. All of the software packages implementing these methods are freely available at our web site 
(http://bioinformatics.lt/software). 

2) Application of computational methods to biological problems. In this research direction, we have been using computational 
methods for discovering general patterns in biological data, structural/functional characterization of proteins and their complexes, 
design of novel proteins and mutants with desired properties. Over the years, our major focus has been on studies of DNA replication 
and repair systems in viruses, bacteria and eukaryotes. In addition, we have entered a highly dynamic CRISPR-Cas research field 
and have already made important contributions in elucidating structural and mechanistic properties of CRISPR-Cas systems and their 
evolutionary relationships.

1.  Dapkūnas, J., Olechnovič, K., Venclovas, Č. Structural modeling of protein complexes: Current capabilities and challenges. Proteins. 2019, 87(12): 
1222–1232.

2.  Olechnovič, K., Venclovas, Č. VoroMQA web server for assessing three-dimensional structures of proteins and protein complexes. Nucleic Acids 
Research. 2019, 47(W1): W437–W442.

3.  Timinskas, K., Venclovas, Č. New insights into the structures and interactions of bacterial Y-family DNA polymerases. Nucleic Acids Research. 
2019, 47(9): 4393–4405.

4.  Olechnovič, K., Venclovas, Č. VoroMQA: Assessment of protein structure quality using interatomic contact areas. Proteins. 2017, 85(6): 1131–1145.
5.  Kazlauskiene, M., Kostiuk, G., Venclovas, Č., Tamulaitis, G., Siksnys, V. A cyclic oligonucleotide signaling pathway in type III CRISPR-Cas systems. 

Science. 2017, 357(6351): 605–609.

Protein structural Bioinformatics
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Analysis of Current Capabilities and Challenges  
in Modelling Structures of Protein Complexes  
One of the major aims of the latest CASP-CAPRI experiment, 
conducted in 2018, was to measure progress in prediction of 
3D structures of protein complexes. We participated in this 
experiment using template-based modelling, free docking and 
hybrid techniques. Independent experts found our results (group 
‘Venclovas’) in modelling protein complexes to be the best among 
all groups. Subsequently, in order to understand what worked, 
what did not work and why, we performed a detailed analysis of 
our results. We found that template-based modelling was able 
to produce fairly accurate models, whereas free docking showed 
only limited success. Nonetheless, in some free docking cases, 
despite missed interface contacts, the approximate location of 
protein binding sites was identified correctly. Apparently, our 
overall performance in free docking was limited by the quality of 
monomer models and by the imperfection of scoring methods. 
This observation is largely applicable for the entire protein-protein 
docking field. Thus, there is still ample room for improvement, 
especially when modelling templates are not available. The analysis 
was published in the special CASP13-CAPRI issue of Proteins. 

Development of the VoroMQA Web Server for the 
Assessment and Validation of Protein Structure
Estimation of protein structure quality is a common step in selecting 
realistic and most accurate computational models as well as in 
validating experimental structures. We implemented VoroMQA, our 
previously developed method for such a task, as a user-friendly web 
server. VoroMQA has all-atom knowledge-based statistical potential 
at its core, but unlike other methods, it characterizes interactions 
through interatomic contact areas derived from Voronoi tessellation. 
The VoroMQA server can assess both monomeric proteins and 
multisubunit complexes, providing scores at the level of atoms, 
residues and the entire structure. Since VoroMQA is based on contact 
areas, it can also directly assess protein-protein subunit interfaces. 
The VoroMQA web server is freely available at http://bioinformatics.
ibt.lt/wtsam/voromqa. The report on the VoroMQA web server was 
published in the web server issue of Nucleic Acids Research.

Detection of Common Organizational Principles of 
Diverse Mutagenic Bacterial DNA Polymerases
Most bacteria have Y-family DNA polymerases involved in 
mutagenic DNA repair. To gain better understanding of the diversity 
and composition of these polymerases, we performed a detailed 
computational study. It revealed substantial diversity of Y-family, 
far exceeding traditional classification. At the same time, we found 
that a large number of subfamilies feature a C-terminal extension 
harbouring region homologous to the oligomerization motif of 
RecA. This finding implies a universal mode of interaction between 
Y-family members and RecA or its inactive homolog, ImuA. In 
summary, our analyses revealed that, despite considerable diversity, 
bacterial Y-family polymerases share previously unanticipated 
similarities in their structural motifs, domains and interactions. The 
results of the study were published in Nucleic Acids Research.

A model of 
hexameric CASP 
target T0996, one 
of the largest 
protein complexes 
in CASP experiment 
(Dapkūnas, 
Olechnovič & 
Venclovas. Proteins. 
2019, 87: 1222–1232).

A snapshot of the VoroMQA server output 
(Olechnovič & Venclovas. Nucleic Acids Res. 2019, 47(W1): W437–W442).

Three different types of bacterial mutasomes have similar structural 
composition (Timinskas & Venclovas. Nucleic Acids Research. 2019, 47(9): 
4393–4405).
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The molecular organization of biological membranes and their interactions with extracellular and intracellular species are critical 
determinants of cell function. The structure and function of cell membranes are essential to understanding of living processes in gen-
eral and the development of various biotechnological processes including molecular medicine in particular. Membrane proteins (MPs) 
represent almost 60% of pharmaceutical targets. However, despite their fundamental role, only 2% of the protein of known structure 
are that of MPs, and, unfortunately, such lack of knowledge seriously affects understanding of the membrane protein interactions 
and slows the development of new diagnostic tools and therapies. The major difficulties and challenges for structural and functional 
studies of MP’s arise from their instability outside a lipid bilayer environment, where specific hydrophobic and other molecular forces 
keep the protein in its native and active conformational state. Therefore, considerable efforts are directed towards the development 
of simplified but biologically relevant model membrane systems to study molecular processes in membranes. 

Our group is specializing in the development of tethered bilayer membrane (tBLM) models. tBLMs are solid supported bilayers 
anchored to a surface via hydrophobic interactions between the molecular anchors and hydrophobic sheet of the bilayer. The mol-
ecular anchors are synthetic thiolipids or silanes covalently attached to a metal or metal-oxide surfaces. The anchors may contain 
oligoethylene fragments separating thiol/silane group and the glycerol backbone of the lipid, thus ensuring 1–2 nm thick water-reser-
voir between tethered bilayer and solid support. Alternatively, bilayers with no water sub-phase can be engineered. Recently, we 
developed an affordable and reproducible methodology for tBLM assembly using multilamellar vesicle fusion. We showed that such 
tBLMs are capable of functionally reconstituting transmembrane proteins retaining their biological function. Membrane reconstituted 
proteins (peptides, oligomers) may be probed by the surface specific techniques, including surface plasmon resonance, vibrational 
spectroscopies and atomic force microscopy. Fine structural details revealing the molecular geometry of tBLMs are evaluated by the 
neutron reflectometry. Functional properties membranes with reconstituted protein complexes are accessible by the electrochemical 
impedance spectroscopy (EIS). The theoretical framework of EIS developed in our group allows a detailed analysis of protein mem-
brane interactions as well as applications of tBLMs for bioanalysis.

1.  Raila, T., Penkauskas, T., Jankunec, M., Dreižas, G., Meškauskas, T., Valinčius, G. Electrochemical impedance of randomly distributed defects in 
tethered phospholipid bilayers: Finite element analysis.  Electrochimica Acta. 2019, 299, 863–874. 

2.  Ragaliauskas, T., Mickevicius, M., Rakovska, B., Penkauskas, T., Vanderah, D. J., Heinrich, F., Valincius, G. Fast formation of low-defect-density 
tethered bilayers by fusion of multilamellar vesicles. Biochimica et Biophysica Acta (BBA)-Biomembranes. 2017, 1859(5): 669–678.

3.  Valincius, G., Mickevicius, M. Tethered phospholipid bilayer membranes: an interpretation of the electrochemical impedance response. In: A. Iglič 
(Ed.) Advances in Planar Lipid Bilayers and Liposomes. Elsevier. 2015, p. 27–61.

Protein structure and interactions 
in Phospholipid Membranes
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Competitive Action of Two Cholesterol Dependent 
Toxins in Phospholipid Membranes
The pore-forming toxins, inerolysin (INY) and vaginolysin (VLY), are 
produced by vaginal bacteria Lactobacillus iners and Gardnerella 
vaginalis, respectively. Although both toxin-producing bacteria 
have been found in both healthy vagina and in case of dysbiosis, 
the experimental examination of reconstitution of proteins into 
tethered bilayers revealed some fundamental differences that may 
be relevant to understanding of pathogenesis caused by the toxins. 
Electrochemical Impedance Spectroscopy Study showed that 
the INY-induced damage of tBLMs is nearly a linear function of 
membrane cholesterol content, whereas VLY triggered significant 
damage only at high (50 mol%) cholesterol concentrations. The 
Surface Plasmon Resonance revealed pH sensitive action of both 
toxins: INY toxin is more likely to bind to a lipid membrane and 
form a pore at pH 4, while VLY – at pH 7. Calculations of the height 

Solvent Effects on Composition and Structure  
of Thiolipid Molecular Anchors for tBLM
We discovered that the chemical nature of solvents used in the 
assembly of Wilma’s compound (WC14) SAMs for tBLM technologies 
has a profound effect on functional properties of tBLMs. A low 
polarity environment favours sparser arrangement molecular 
anchors and more compact arrangement of backfillers, while high 
polarity solvents favour clustering of the hydrophobic polymethylene 
parts. tBLMs formed by the vesicle fusion on a SAM surface from 
low polarity solvents exhibit elevated densities of lateral defects, 
which make them less suitable for applications in electrochemical 
biosensor design. tBLMs assembled on SAMs from the high polarity 
solvents exhibit low defectiveness, however, they may not provide 
necessary flexibility for functional reconstitution of membrane 
proteins. To optimize defectiveness of tBLMs the fine adjustment of 
SAM deposition solvents is required.  The project was supported by 
the Research Council of Lithuania via Post-doc Programme. (Tumėnas 
et al.  accepted at Applied Surface Science, 2020).

Electrochemical Impedance of Defects in Tethered 
Phospholipid Bilayers: Finite Element Analysis
Using Finite Element Analysis (FEA) algorithm we discovered 
that random distribution of defects in tethered bilayers results in 
qualitatively similar electrochemical impedance spectroscopy (EIS) 
response as bilayers with regularly arrayed defects. Such similarity 
leads to a broader conclusion that the microheterogeneity of tBLMs, 
which is possibly always the case in real systems, may be of lesser 
importance as far as qualitative aspects of the system are interrogated 
by the EIS. Therefore analytical solution for EIS, which exists for 
regularly distributed defect systems, may be used to tentatively 
assess physical parameters and predict variations of EIS curves in 
the course of interaction between the phospholipid membranes 
and pore-forming proteins as well as other membrane damaging 
agents. The heterogeneity introduces quantitative changes in the EIS 
spectra. We proposed a simple algorithm that allows calculation of 
defect density as well as evaluation of the physical size of defects in 
heterogeneously populations of membrane defects. 

of oligomeric structures from the AFM data demonstrated that both 
complete rings and incomplete arcs formed by the INY and VLY 
perforate the bilayers and form water-filled pores. (Ragaliauskas et 
al. 2019. Scientific Reports 9.1: 1–11).

To compare modelling results with real systems we utilized the 
cholesterol dependent cytolysins (CDCs) to produce defects in tBLMs. 
Earlier studies implied that CDCs impair phospholipid membrane 
insulating properties only after the complete protein ring structure 
is formed. Current analysis demonstrates that smaller defects can 
be present in CDC damaged membranes (Raila et al. Electrochimica 
Acta. 2019). This project was a part of collaboration with Dr. Tadas 
Meškauskas’ group from the Faculty of Mathematics and Informatics 
at Vilnius University.

AFM images of vaginolysin reconstituted in tethered bilayers. Both 
complete and incomplete pores are visible in pane A, individual pores 
are shown in panes B and C, and the cross-section of the reconstituted 
protein is in pane D.
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Prokaryotes represent the largest source of biotechnologically relevant products in nature. New species of prokaryotes are con-
tinuously described, and new strains of the “old” species are also continuously isolated. It is known that every new bacterial strain 
adds dozens of new genes to the genome of its own species, and at least some of these new genes can be exploited for the devel-
opment of novel, biotechnologically relevant products.

Prokaryotes developed a range of enzymes that degrade polysaccharides, producing oligosaccharides. Different bioactivities 
useful for human health were reported for oligosaccharides; they are also used as prebiotics in functional food. The enzymatic pro-
duction of these compounds is the most promising. 

Prokaryotes also developed a whole range of structural proteins, and some of them (collagen-like proteins, for example) can be 
used for the construction of biomaterials with the desirable properties for regenerative medicine. 

Most bacteria produce antimicrobial compounds of different nature: volatile compounds, bacteriocins, antibiotics. In practice, they 
can be used for both the prevention and treatment of infections. Screening for novel antimicrobial compounds is regarded to be the 
most promising strategy for overcoming the problem of antimicrobial resistance.

1.  Bukelskis, D., Dabkeviciene, D., Lukoseviciute, L., Bucelis, A., Kriaučiūnas, I., Lebedeva, J., Kuisiene, N. Screening and transcriptional analysis of 
polyketide synthases and non-ribosomal peptide synthetases in bacterial strains from Krubera–Voronja Cave. Frontiers in Microbiology. 2019, 10: 
2149.

2.  Kirtikliene, T., Naugzemys, D., Steponkiene, A., Bogdevic, R., Vizuje, G., Zvingila, D., Kusiene, N. Evaluation of the inter- and intrahospital spread of 
multidrug resistant Gram-negative bacteria in Lithuanian hospitals. Microbial Drug Resistance. 2019, 25: 326–335. 

3.  Tratulyte, S., Miciuleviciene, J., Kuisiene, N. First genotypic characterization of toxigenic Clostridioides difficile in Lithuanian hospitals reveals the 
prevalence of the hypervirulent ribotype 027/ST1. European Journal of Clinical Microbiology & Infectious Diseases. 2019, 38: 1953–1959.

4.  Ghosh, S., Kuisiene, N., Cheeptham, N. The cave microbiome as a source for drug discovery: reality or pipe dream? Biochemical Pharmacology. 
2017, 134: 18–34. 
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Biosynthesis Genes of Bioactive Compounds:  
An Evaluation of the Diversity and Expression 
Analysis in the Unique Environment
The identification of novel compounds with antibacterial, antifungal, 
anticancer, antiviral, antidiabetic, antiprotozoal and other bioactivities 
represents an important field of modern biomedical research. 
Microorganisms are the main targets in this research because of 
their high potential to produce these bioactive compounds. Bioactive 
compounds can be difficult to identify phenotypically because of a 
few reasons: the amount of these compounds can be beyond the 
detection limits; certain experimental conditions can be inappropriate 
for the induction of the biosynthesis of these compounds; the coding 
genes of bioactive compounds can be silent etc. The problem can be 
solved, and the real potential of bioactivity can be determined through 
the analysis of biosynthesis genes and not via that of the bioactive 
compounds themselves. The aim of the current project is to reveal 
the diversity and prevalence of bioactive compound biosynthesis 
genes in the bacteria of the deepest cave of the Earth, the Krubera-
Voronja Cave. Polyketide synthase, nonribosomal peptide synthetase 
and bacteriocin biosynthesis genes are under investigation in this 
project (Bukelskis et al. Frontiers in Microbiology. 2019).

Identification, Expression and Characterization of 
Bacterial Collagen-Like Proteins
During the last decade, a large number of collagen-like proteins have 
been identified in bacteria mainly through an in silico analysis. Only a 
few bacterial collagen-like proteins have been expressed in Escherichia 
coli. It was shown that these recombinant bacterial proteins adopt a 
classical triple-helix conformation and exhibit high thermal stability. 
The amino acid composition of bacterial collagen-like proteins varies 
from species to species, and from protein to protein, conferring the 
different characteristics to these proteins. Collagen-like proteins can 
be produced in large quantities by recombinant methods, and the 
construction of proteins with the desirable characteristics can also 
be carried out. Therefore, bacterial collagen-like proteins represent 
an excellent source for the design of new biomaterials with the 
desirable structural properties and functions. The identification, 
expression and characterization of bacterial collagen-like proteins 
represent a highly attractive and important area of research work in 
the fields of regenerative medicine and biotechnology.

Molecular Epidemiology of Pathogenic Bacteria  
in Lithuanian Healthcare Institutions
The emergence and spread of drug-resistant pathogenic bacteria 
became one of the greatest threats in healthcare worldwide. 
Different strains of a single pathogenic species can be distributed 
differently in community and healthcare institutions, they can 
also differ in their level of virulence as well as susceptibility to 
antimicrobials. Therefore, it is very important to discriminate these 
strains in order to determine the ways of their transmission and to 
design highly efficient surveillance systems both at the hospital as 
well as at the national level. Molecular epidemiology is used in the 
current project to study conditions and trends of the dissemination 
of pathogenic bacteria in Lithuania’s healthcare institutions. 

Postdoctoral fellowship project No. 09.3.3-LMT-K-712-02-0092 (2017-2019), 
funded under the Measure 09.3.3-LMT-K-712 “Development of Scientific 
Competences of Scientists, other Researchers and Students through Practical 
Research Activities” (Funding instrument – European Social Fund).

The Researcher teams project “Discovery of Novel Bioactive Microbial 
Compounds in the Unique Environment: An Investigation of the Diversity, 
Prevalence and Expression” (grant No. S-MIP-17-21; 2017–2020).

(Kirtikliene et al. Microb. Drug Resist. 2019; Tratulyte et al. Eur. J. 
Clin. Microbiol. Infect. Dis. 2019).
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Although the potential for microbial degradation is ubiquitous, many organic contaminants are not or often only poorly transformed 
in natural environmental conditions, thus, organic and other waste treatment and recycling (bioremediation of polluted environments) 
is rather an important topic. Therefore, the enhancement of natural microbiological degradative activities at contaminated sites is one 
of the challenges of the present research group. Through exploitation of advances of conventional and molecular biology techniques, 
search, identification and characterization of microbial enzymes active towards fatty substances or aromatic compounds are done. 

Microbial enzymes, especially those exerting activity against ester bonds have a broad range of applications in modern biotechnol-
ogy. Market of lipolytic enzymes predicted to uphold leadership and grow up to 2024 exceeding millions. Lipases and esterases are 
among the most industrially relevant and widely used in biocatalysis, both at academic and industrial levels due to their immense ver-
satility regarding catalytic behaviour, great stability in different reaction media and in reactions they are able to catalyse. Nevertheless, 
usually, for the industrial implementations, especially in the area of the organic synthesis, immobilized enzymes are preferred over 
their soluble forms. If the enzyme is immobilized properly, it can be considered as a special type of formulation of its properties such as 
activity, stability, selectivity, purity and others. Therefore, it is important to examine new types of immobilization sorbents.  

Another emerging topic nowadays is alternative antibacterial compounds such as bacterial ribosomally synthesized peptides with 
antibacterial activity (bacteriocins). These natural compounds have considerable diversity with respect to their size, structure, mechan-
ism of action, inhibitory spectrum, immunity mechanisms and targeted receptors. In the era of antibiotic resistance, bacteriocins have 
been suggested not only as a potential alternative to antibiotics in clinics and veterinary settings, but also as food preservatives against 
spoilage and pathogenic microorganisms. 

Moreover, yeast β-glucans, a diverse group of polysaccharides, exhibiting immunostimulating activity, and algal pigments, which, 
besides their health benefits, have great commercial value in nutraceutical, cosmetic and pharmaceutical industries, are among the 
research group’s topics. 

Enzymes, antimicrobial and other biologically active compounds, which are identified, characterized and analysed by our research 
group, are attractive both, biotechnologically and in basic research. Ecologically- inspired method of immobilization of lipolytic enzymes 
on industrial waste products as carriers was developed. Some of the competences are achieved not only by introducing publications 
but also by participating in scientific projects co-financed by the EU funds and collaborating with the regional waste treatment company 
for the pilot study of biogas production from municipal waste. Moreover, LT patent was obtained concerning microbiological treatment 
methods of greasy plastic surfaces.

Our group members are also interested in characterization of new bacteriocins produced by thermophilic and lactic acid (LAB) bac-
teria, as well as in analysis of algal pigments. Some of our PhD students defended doctoral theses describing the identification of new 
post-translationally modified bacteriocins.

1. Kaunietis, A., Buivydas, A., Citavicius, D., Kuipers, O. Heterologous biosynthesis and characterization of a glycocin from a thermophilic bacterium. 
Nature Communications.  2019, 10, Article No: 1115.   

2. Vaičikauskaitė, M., Ger, M., Valius, M., Maneikis, A., Lastauskienė, E., Kalėdienė, L., Kaunietis, A. Geobacillin 26 - high molecular weight 
bacteriocin from a thermophilic bacterium. Internatiol Journal of Biological Macromolecules. 2019, 141: 333–344.

3. Gricajeva, A., Bikute, I., Kalediene, L. Atypical organic-solvent tolerant bacterial hormone sensitive lipase-like homologue EstAG1 from 
Staphylococcus saprophyticus AG1: Synthesis and characterization. International Journal of Biological Macromolecules. 2019, 130: 253–265.
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Heterologous Biosynthesis and Characterization of 
a Glycocin from a Thermophilic Bacterium

The genome of the thermophilic bacterium, Aeribacillus pallidus 8, 
encodes the bacteriocin pallidocin. It belongs to the small class of 
glycocins and is posttranslationally modified, containing an S-linked 
glucose on a specific Cys residue. In this study, the pallidocin 
biosynthetic machinery is cloned and expressed in Escherichia coli 
to achieve its full biosynthesis and modification. It targets other 
thermophilic bacteria with potent activity, demonstrated by a 
low minimum inhibitory concentration (MIC) value. Moreover, the 
characterized biosynthetic machinery is employed to produce two 
other glycopeptides Hyp1 and Hyp2. Pallidocin and Hyp1 exhibit 
antibacterial activity against closely related thermophilic bacteria 
and some Bacillus sp. strains. Thus, heterologous expression of a 
glycocin biosynthetic gene cluster including an S-glycosyltransferase 

Atypical Organic-Solvent Tolerant Bacterial 
Hormone Sensitive Lipase-Like Homologue EstAG1 
from Staphylococcus saprophyticus AG1:  
Synthesis and Characterization

Biocatalysts exerting activity against ester bonds have a broad 
range of applications in modern biotechnology. Some of the most 
industrially relevant enzymes of this type are lipolytic. A novel 
bacterial hormone-sensitive lipase-like (bHSL) family homologue, 
designated EstAG1, was discovered by mining gDNA of bacteria 
isolated from fat contaminated soil. Putative lipolytic enzyme 
was cloned, overexpressed in E. coli, purified and characterized 
determining its biochemical properties. While the true physiological 
role of the discovered leaderless, similar to 36 kDa enzyme is 
unknown, metal-activated EstAG1 possessed optima at 45–47.5 
degrees C, pH 7.5–8, with a generally intermediate activity 
profile between esterases and lipases. Furthermore, EstAG1 was 

Geobacillin 26 - High Molecular Weight Bacteriocin 
from a Thermophilic Bacterium

Bacteriocins are ribosomally synthesized peptides/proteins 
produced by bacteria. These compounds have anti-bacterial activity 
against other bacteria that are usually closely related to the producer 
strain. The bacteriocin geobacillin 26 from a thermophilic Gram-
positive bacterium Geobacillus stearothermophilus15 was purified, 
determined its amino acid sequence and heterologously expressed 
in Gram-negative Escherichia coli. Geobacillin 26 is a heat-labile, 
high molecular weight antibacterial protein belonging to class III 
bacteriocins. It has a narrow antibacterial spectrum against other 
thermophilic bacteria. Our study suggests that this bacteriocin 
is not a cell wall hydrolysing enzyme as most of high molecular 
weight bacteriocins and has no amino acid sequence similarities to 
other known function proteins. No other class III bacteriocin from a 
thermophilic bacterium has been reported and well characterized 
before. Geobacillin 26 as a natural antibacterial agent has a great 

provides a good tool for production of hypothetical glycocins 
encoded by various bacterial genomes and allows rapid in vivo 
screening.

Fig. 1. Proposed structure of pallidocin. The α-helical structure shown in 
blue, coil structure in purple.

Fig. 2. The modelled three-dimensional structure of EstAG1 with separately 
visible cap and catalytic (α/β-hydrolase fold) domains, (B) EstAG1 modelled 
molecule visualized from another angle with putative catalytic site and 
other amino acid residues visualized, (C) zoomed amino acid residues of 
the catalytic site 260A.

hyperactivated by ethanol, dioxane and DMSO, implicating that 
it could be industrially applicable enzyme for the synthesis of 
valuable products such as biodiesel, flavour esters etc. 

Fig. 3. Antibacterial 
activity of recombinant 
Geo26-His. Agar-well 
diffusion assay of two-
fold diluted purified 
bacteriocin. NB-agar 
medium inoculated 
with sensitive strain 
P. genomospecies1 
NUB36187.

potential in industry, where contamination with other thermophilic 
bacteria is unwanted. Moreover, this study may prompt to disclose 
more novel geobacillin 26-like antibacterial proteins, which could 
find their applications in food industry or medicine.
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Epigenetic regulation, when influenced by DNA and histone modifications as well as microRNA expressions, causes variances in 
gene expression and cell phenotype. They have a great influence on the development and functioning of stem cells as well as on 
epigenetic alterations. These changes could cause cancer and other diseases. An understanding of regulatory and epigenetic molecu-
lar mechanisms of stem and cancer cell functioning is the main interest for developing new tools in regenerative medicine as well 
as novel epigenetic therapeutics. Many factors influence the regulation of stem cell, cancer stem cell and cancer cell proliferation, 
differentiation and apoptosis, including intracellular signalling molecules, transcription factors and epigenetic events. Epigenetic and 
regulatory mechanisms governing stem and cancer cell identity and fate determination are still not well-understood.

Amniotic fluid-derived mesenchymal stem cells (AF-MSCs) are autologous to the foetus and represent a potential alternative 
source for the regenerative medicine and treatment of perinatal disorders. To date, AF-MSCs differentiation capacity and epigenetic 
regulation are still poorly characterized. In our study we investigated differentiation potential and assessed epigenetic factors in-
volved in tissue-specific differentiation.

1.   Gasiūnienė, M., Zentelytė, A., Treigytė, G., Baronaitė, S., Savickienė, J., Utkus, A., Navakauskienė, R. Epigenetic alterations in amniotic fluid 
mesenchymal stem cells derived from normal and fetus-affected gestations: a focus on myogenic and neural differentiations. Cell Biology 
International. 2019 Mar, 43(3): 299–312. doi: 10.1002/cbin.11099.

2.  Gasiūnienė, M., Zentelytė, A., Wojtas, B., Baronaitė, S., Krasovskaja, N., Savickienė, J., Gielniewski, B., Kaminska, B., Utkus, A., Navakauskienė, R. 
DNMT inhibitors effectively induce gene expression changes suggestive of cardiomyogenic differentiation of human amniotic fluid-derived 
mesenchymal stem cells via chromatin remodeling. Journal Tissue Engineering and Regenerative Medicine. 2019 13: 469–481. doi: 10.1002/
term.2800.

3.  Gasiūnienė, M., Petkus, G., Matuzevičius, D., Navakauskas, D., Navakauskienė, R. Angiotensin II and TGF-β1 induce alterations in human amniotic 
fluid-derived mesenchymal stem cells leading to cardiomyogenic differentiation initiation. International Journal of Stem Cells. 2019 April 30, 12(2): 
251–264. doi.org/10.15283/ijsc18126.

4.  Zentelytė, A., Gasiūnienė, M., Treigytė, G., Baronaitė, S., Savickienė, J., Borutinskaitė, V., Navakauskienė, R. Epigenetic regulation of amniotic fluid 
mesenchymal stem cell differentiation to the mesodermal lineages at normal and fetus-diseased gestation. J Cell Biochem. 2019 Oct 21. doi: 
10.1002/jcb.29416.

5.  Gasiūnienė, M., Zubova, A., Utkus, A., Navakauskienė, R. Epigenetic and metabolic alterations in human amniotic fluid stem cells induced 
to cardiomyogenic differentiation by DNA methyltransferases and p53 inhibitors. Journal of Cellular Biochemistry. 2019 Nov 28. doi: 10.1002/
jcb.28092.

Functioning and epigenetic Mechanisms 
of Human stem Cells 
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AF-MSCs Differentiation Capacity to Mesodermal 
and Non-Mesodermal Lineages 

We investigated differentiation potential towards neural-like cells 
in comparison to the mesodermal myogenic lineage and assessed 
epigenetic factors involved in tissue-specific differentiation. 
Lineage differentiation process was associated with changes 
of miR-17 and miR-21, miR-34a, miR-146a and with the gradual 
decrease in the levels of DNMT1, HDAC1 and the down-regulation 
of PRC1/2 proteins (BMI1/SUZ12, EZH2). We observed decreased 
levels of acetylated H4 and H3K9, tri-methylated H3K4 and H3K9 
and the retention of H3K27me3.
Our study demonstrates that AF-MSCs isolated from amniocentesis 
samples of normal gestations and those with foetal abnormalities 
have similar ability to differentiate into mesodermal (osteogenic, 
adipogenic) and non-mesodermal (myogenic, neural) lineages 
and reveals molecular mechanisms for the gene expression and 
epigenetic levels involved in lineage-specific differentiation.

AF-MSCs Capacity to Cardiomyogenic  
Differentiation

To evaluate in vitro differentiation initiation of AF-MSCs into cardiac 
progenitors we used the inhibitors of DNA methyltransferases 
(DNMT), such as Decitabine (5-aza-2’-deoxycytidine) and Zebularine, 
also the active biomolecules such as Angiotensin II, TGF-beta1. We 
determined that genes, activated in cardiomyocytes progenitors 
from induced AF-MSCs and related to epigenetic (NCOA6, KAT6A, 
KDM6B, NCOA2, GATAD2A) and metabolic (ACOT1, MPST, TST) 
regulation, were enriched in hyperacetylated H4. The levels of 

(Gasiūnienė et al.  Cell Biology International. 2019 Mar, 43(3): 299–312. doi: 
10.1002/cbin.11099. 
Zentelytė et al. Journal of Cellular Biochemistry. 2019 Oct 21. doi: 10.1002/
jcb.29416.)

Self-renewal stemness  
maintenance

oct4+, nanog+,  
sox2+, rex1+

CD44+, CD90+, 
CD105+, CD34-

AF-MsC
Mesodermal and non-
mesodermal lineage potential

Histone modifications
H4ac, H3K9ac  

H3K4me3, H3K3me3 

H3K27me3

Chromatin modifiers
HDAC1  PRC1(BMI1) 
PRC2(SUZ12, EZH2)

Terminal stage 
of differentiation  

(Gasiuniene et al. Journal Tissue Engineering and Regenerative Medicine. 
2019, 13: 469–481. doi: 10.1002/term.2800. 
Gasiuniene et al. International Journal of Stem Cells. 2019 April 30, doi.
org/10.15283/ijsc18126. 
Gasiuniene et al. Journal of Cellular Biochemistry. 2019 Nov 28. doi: 10.1002/
jcb.28092).

chromatin remodeling proteins, keeping transcriptionally inactive 
DNA (DNMT1, EZH2, SUZ12, BMI1, HDAC1/2), were downregulated in 
AF-MSCs, induced to differentiate towards cardiomyogenic lineage.
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Bioactive molecules from natural sources play an important role in the development of nutraceuticals and pharmaceuticals. Nowadays, 
bioactive natural products are the sources for >80% of active compounds in foods and >30% of drugs. However, the plants may also pro-
duce natural toxic, mutagenic and/or carcinogenic compounds. The increasing demand for plant-derived natural products in cosmetics, 
medicine and products from the food industry requires a more systematic and comprehensive evaluation of their benefits and possible 
adverse effects, e.g., such as genotoxicity. However, until now, only a small part of plant species has been screened for their biological 
activities and genotoxic properties. There is a strong need for a more systematic and comprehensive evaluation of the phytochemical 
composition and genotoxicity of plant extracts using various genotoxicity assays covering different DNA damage endpoints. 

Recent studies have confirmed the usefulness of biomonitoring chromosome damage in groups exposed to genotoxic agents by 
finding an increased risk of cancer in subjects with high levels of chromosome aberrations and thus proving the chromosome aber-
ration assay as a reliable indicator of cancer risk. UV lasers have provided completely new possibilities for surgery and therapeutic 
treatments and are increasingly applied in medicine. A number of studies performed in the field of laser treatment and surgery have 
proved that there are femtosecond laser pulses that have advantages as compared with the longer duration pulses. Although the 
employment of femtosecond lasers as medical tools opens new possibilities for eye and skin treatment and surgery, the impact 
of their use on genetic material is not yet fully understood. Such knowledge is especially relevant to ultrashort UV pulses, because 
radiation in the UV range has the greatest DNA-damaging potential.

We use different methods of genotoxicity assessment (cytogenetic tests, the Ames test, the Comet assay) to investigate the ge-
notoxic action of anthropogenic and natural factors. In collaboration with a large international group of researchers, we are studying 
the effects of ionizing radiation on human chromosomes. Our former and recent study established a link between the incidence of 
chromosome aberrations and the risk of cancer. In collaboration with industrial partners (Light Conversion Ltd., CC Akių Gydytojų Prak-
tika), we studied the possible harmful impact of the brand-new 206 nm femtosecond laser Pharos on bone marrow, skin and corneal 
cells. Our investigations demonstrated that the DNA-damaging effect of laser irradiation was mostly dependent on the wavelength, 
but the influence of such a parameter as beam delivery to the target was also revealed.

1.  Slapšytė, G., Dedonytė, V., Adomėnienė, A., Lazutka, J. R., Kazlauskaitė, J., Ragažinskienė, O., Venskutonis, P. R. Genotoxic properties of 
Betonica officinalis, Gratiola officinalis, Vincetoxicum luteum and Vincetoxicum hirundinaria extracts. Food Chem. Toxicol. 2019, 134: 110815.

2.  Morkunas, V., Urbonaite, G., Gabryte-Butkiene, E., Sobutas, S., Vengris, M., Danielius, R., Ruksenas, O. DNA-damaging effect of different 
wavelength (206 and 257 nm) femtosecond laser pulses. Photobiomodulation, Photomedicine, and Laser Surgery. 2019, 37: 254–261.

3.  Pukalskienė, M., Slapšytė, G., Dedonytė, V., Lazutka, J. R., Mierauskienė, J., Venskutonis, P. R. Genotoxicity and antioxidant activity of 
five Agrimonia and Filipendula species plant extracts evaluated by comet and micronucleus assays in human lymphocytes and Ames 
Salmonella/microsome test. Food Chem. Toxicol. 2018, 113: 303–313.
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Genotoxicity and Antioxidant Activity  
of Plant Extracts

Genotoxicity of B. officinalis, G. officinalis, V. luteum and V. hirun-
dinaria extracts, which demonstrated strong antioxidant capacity, 
was tested using chromosome aberration, sister chromatid 
exchange (SCE), cytokinesis-block micronucleus and alkaline single-
cell gel electrophoresis (comet) assays in human lymphocytes in 
vitro and Ames Salmonella/microsome test. All tested extracts 
were not mutagenic in S. typhimurium strains TA98 and TA100 with 
and without metabolic activation and did not induce chromosome 
aberrations in human lymphocytes in vitro. Extract from G. offi-
cinalis was the only one, which induced significant increase in 
micronuclei, indicating possible aneugenic effect. All investigated 
plant extracts induced DNA damage evaluated by the comet assay, 
while B. officinalis and V. luteum extracts induced slight increase 
in SCE values. The determined variation in response might be due 
to the plant extract tested and donor susceptibility. (Slapšytė et al. 
Food Chem. Toxicol. 2019, 134: 110815).

DNA-Damaging Effect of Femtosecond  
Laser Pulses

The purpose of this study was to investigate the possible cytotoxic 
and genotoxic impact of new-generation 206 nm femtosecond solid-
state laser irradiation on murine skin cells in vitro, and to compare 
the cell and DNA damage caused by different wavelength (206 vs 
257 nm) femtosecond laser pulses. The first attempts to evaluate the 
possible genotoxic impact of ultrashort laser pulses on the murine 
bone marrow cells in vitro revealed the unlooked-for DNA-damaging 
effect. However, the impact of far-ultraviolet (UV) radiation on ge-
netic material of internal and external organs’ cells may differ due 
to differences in size, structure, and biochemical composition of the 
cells. Mouse skin cells were exposed to different doses of 206 and 
257 nm wavelength femtosecond laser, and 254 nm UV lamp irradi-
ation. Comet assay in two versions – the standard alkaline and the 
enzyme-linked – was used for the evaluation of DNA damage. The 
irradiation determined by different parameters demonstrated in-
tensity-dependent genotoxic impact. The pyrimidine dimers made 
up the greater part of DNA photodamage, however with rising ex-
posure dose the increase of relative amount of more energy-con-
suming primary damage - DNA strand breaks - was detected. Thus, 
the 206 nm femtosecond laser irradiation was much more cytotoxic 
but caused less primary DNA damage than the same pulse duration 
longer wavelength (257 nm) laser irradiation. DNA-damaging effect 

Binucleated 
human 
lymphocytes 
in the in vitro 
cytokinesis-block 
micronuclei assay: 
cells without and 
with micronuclei.

Betonica officinalis (https://commons.wikimedia.org/wiki/File:Betonica_
Officinalis.jpg)

Damaged DNA in the Comet assay. DNA migration (% DNA in tail) was 
determined using Lucia-Comet image analysis system (Czech Republic).

of 206 nm femtosecond laser pulses with extremely low penetration 
force may highly depend on the size, structure, and biochemical com-
position of the cells of organ or tissue targets. (Morkunas et al. Photo-
biomodulation, Photomedicine, and Laser Surgery. 2019, 37: 254–261).
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Acquired chemoresistance is a major limitation for successful anti-cancer therapy. Some mechanisms of cell chemoresistance are 
well known: alterations in drug transport and metabolism, modification of drug targets, activation of DNA repair or changes in apoptosis 
induction. Deeper understanding of chemoresistant cell physiology, in particular cell survival signalling, autophagy and cell death path-
ways, suggests new possible targets to overcome chemoresistance. We focus our research on molecular mechanisms responsible for 
cellular chemoresistance of colorectal cancer cells, in particular on the alterations in pathways of cell survival signalling and autophagy. 

Inflammation and antitumor immunity are important determinants of colorectal cancer progression; it is mediated by cytokine 
signalling. We have demonstrated that cell stimulation with exogenous interleukin-1 alpha (IL-1α) increased 5-fluorouracil (5-FU) 
cytotoxicity in both chemosensitive and chemoresistant colorectal cancer cell lines [1]. It was the result of increased cell death, and 
not of cell cycle arrest. The combined exogenous (IL-1α) and 5-FU treatment changed the expression of cell adhesion molecules that 
may have an impact on adhesion-dependent chemoresistance and metastatic potential of cells.

We have determined that interleukin-8 (IL-8) and its receptor CXCR2 are upregulated in the chemoresistant colorectal cancer cells. 
However, chemoresistant cells remained sensitive to blockade of the CXCR2 pathway; it reduced the cell number. IL-1α alpha was 
found to stimulate production of IL-8 [2]. 

Notch and Wnt signalling regulate differentiation of intestinal cells and alterations in these pathways may lead to carcinogenesis. 
We have determined that Notch and Wnt signalling is upregulated in chemoresistant colorectal cancer cells [3]. The roles of Notch 
and Wnt pathways for cell survival after 5-FU and oxaliplatin (OxaPt) treatment were different: in the case of 5-FU treatment, Wnt 
pathway was cytoprotective and supported chemoresistance, while inhibition of either Notch or Wnt pathways increased the cyto-
toxicity of OxaPt. 

Autophagy may have both cancer-promoting and cancer-suppressing effects. One focus of our group is to reveal the changes in 
autophagic machinery in chemoresistant vs chemosensitive cells [4].

1. Grigaitis, P., Jonusiene, V., Zitkute, V., Dapkunas, J., Dabkeviciene, D., Sasnauskiene, A. Exogenous interleukin-1α signaling negatively 
impacts acquired chemoresistance and alters cell adhesion molecule expression pattern in colorectal carcinoma cells HCT116. Cytokine. 
2019, 114: 38–46. 

2. Dabkeviciene, D., Jonusiene, V., Zitkute, V., Zalyte, E., Grigaitis, P., Kirveliene, V., Sasnauskiene, A. The role of interleukin-8 (CXCL8) and 
CXCR2 in acquired chemoresistance of human colorectal carcinoma cells HCT116. Med Oncol. 2015, 32(12): 258.

3. Kukcinaviciute, E., Jonusiene, V., Sasnauskiene, A., Dabkeviciene, D., Eidenaite, E., Laurinavicius, A. Significance of Notch and Wnt signaling 
for chemoresistance of colorectal cancer cells HCT116. J Cell Biochem. 2018, 119(7): 5913–5920. 

4. Kukcinaviciute, E., Sasnauskiene, A., Dabkeviciene, D., Kirveliene, V., Jonusiene, V. Effect of mTHPC-mediated photodynamic therapy on 
5-fluorouracil resistant human colorectal cancer cells. Photochem Photobiol Sci. 2017, 16(7): 1063–1070.
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Petri dish art: drawings of yeast cells in growth medium.  
Author: Justina Jurgelevičiūtė, Institute of Biosciences, VU Life Sciences Center.
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Plants as model systems are widely used in molecular-genetic, developmental and environmental studies. The progress of molecular 
marker techniques and the sequencing of the Arabidopsis genome began the era of plant genomics. However, little is known about 
the mechanisms that help plants survive and adapt to local and global environmental changes, and how these factors affect the plant’s 
genome and gene expression. Many adaptation and developmental features have their chemical expressions related to the production 
of phytohormones, secondary metabolites and signalling molecules. However, chemical changes in the cell and whole organism are 
controlled by the structure and activity of the genome, its genes and epigenetic changes. Comprehensive studies of plant adaptation 
strategies should be carried out at the cell, individual and population level. DNA analysis reveals the relationship between the plant ge-
nome structure and its functioning as well as the survival and adaptation strategies of the plants. On the other hand, plants have unique 
developmental and reproductive features; they maintain a close relationship with the soil and its microflora. Therefore, they are often 
used as a test system to assess the ecological status of the environment, for phytoremediation and as producers of various metabolites.

We studied the natural and induced plant genome variability at the cell, organism and population levels using molecular, biochem-
ical, statistical and bioinformatical methods. One of the traditional trends in our laboratory is studies of barley developmental mutants. 
Our attention was focused on the role of auxin in the barley morphogenesis. Study of lines derived from different cross-combinations 
confirmed the triggering effect of tweaky mutations on the induction of genetic instability, which may occur due to pleiotropic auxin 
action in tw mutants on the expression of genes related to developmental processes [1]. Another aspect of our investigation concerns 
plant evolution and ecology with particular interest on the evolution of invasiveness. Our study confirmed the role of the multiple in-
troductions on the invasiveness of Bunias orientalis in two climatically different zones [3]. Some of our studies [2–5] were carried out 
in collaboration with colleagues from other Lithuanian research institutions and abroad. Our team has also a lot of experience in the 
field of genotoxicity studies on soil contamination by hazardous environmental pollutants using Tradescantia clone #4430 and other 
test-systems [5].

1.  Šiukšta, R., Vaitkūnienė, V., Rančelis, V. Is auxin involved in the induction of genetic instability in barley homeotic double mutants? Planta. 2018, 
247(2): 483–498.

2.  Vaitkūnienė, V., Šiukšta, R., Leistrumaitė, A., Rančelis, V. Prospective use of barley spike/flower homeotic single and double mutants for 
ornamental purposes. Euphytica. 2019, 215: 127.

3.  Patamsytė, J., Naugžemys, D., Čėsnienė, T., Kleizaitė, V., Demina, O. N., Mikhailova, S. I., Agafonov, V. A., Žvingila, D. Evaluation and comparison of 
the genetic structure of Bunias orientalis populations in their native range and two non-native ranges. Plant Ecology. 2018, 219: 101–114.

4.  Butkuvienė, J., Sinkevičienė, Z., Naugžemys, D., Patamsytė, J., Žvingila, D. Genetic diversity of Batrachium (Ranunculaceae) species reveals the 
necessity of their protection in Lithuanian rivers. Aquatic Botany. 2017, 142: 61–70.

5.  Šiukšta, R., Bondzinskaitė, S., Kleizaitė, V., Žvingila, D., Taraškevičius, R., Mockeliūnas, L., Stapulionytė, A., Mak, K., Čėsnienė, T. Response of 
Tradescantia plants to oxidative stress induced by heavy metal pollution of soils from industrial areas. Environmental Science and Pollution 
Research. 2019, 26: 44–61.
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Prospective Use of Barley Spike/Flower Homeotic 
Single and Double Mutants for Ornamental 
Purposes
Several barley varieties are on the market as ornamentals due to 
their exclusive leaf, spike or grain features. Years ago, attention 
was paid to the exotic beauty of barley ‘freaks’, which are currently 
known as homeotic mutants. However, no steps to use single/
double mutants and their segregants for ornamental purposes had 
been made, therefore, the aim of our study was to show that the 
hybridization of homeotic Hooded (Hd) mutants or with the other 
mutant tweaky spike (tw) may significantly broaden the resources of 
attractive forms. Attractive lines (in total, 231) were studied in distinct 
generations (F9–15) for decorative quality and quantitative characters 
(vegetation time, the weight of grains, resistance to lodging and 
diseases, protein and starch contents). Analysis showed that only a 
portion of the lines possesses the mutant BKn3 (Hooded) allele. Wider 
variation spectra were revealed when different types of mutants, Hd 
and tw2, were hybridized. More attractive lines were selected among 
the tw2 × Lh and tw2× Br crosses. Several lines are valuable for high 
protein content (Vaitkūnienė et al. Euphytica. 2019, 215:127).

Oxidative Stress Induced by Heavy Metal  
Pollution of Soils 
Numerous investigations have demonstrated that even the soil, 
in which concentrations of individual elements do not exceed 
permissible limits, can cause harmful effects in living organisms. 
In the present study, polluted-soil-induced oxidative stress was 
evaluated using Tradescantia clone 4430, which is widely used for 
genotoxicity evaluations, employing biochemical and molecular 
markers after long-term exposure. The activity (staining intensity) 
of SOD isoforms in Tradescantia leaves was higher in plants grown 
in all heavy-metal-polluted test soils compared to the control. The 
concentration of H2O2 was shown to be a sensitive biochemical 
indicator that may appropriately reflect the soil contamination level. 
Both short-term (treatment of cuttings with H2O extracts of soil) and 
long-term (0.5 and 1.0 year) exposure increased MN frequencies, 
but the coincidence of the MN induction and the soil pollution level 
was observed only in some cases of long-term exposure. Transcript 
profiling of plants after long-term cultivation in test soils using DD-
PCR showed that the majority of differentially expressed transcript-

Cyto/Genotoxicological Evaluation of Hot Spots  
of Soil Pollution Using Allium Bioassays in Relation 
to Geochemistry
Soil from industrial and landfill sites affected by anthropogenic 
activity was screened for implicit negative effects in an Allium 
test-system in relation to geochemistry. The concentrations of 
15 elements were compared to the ecotoxicologically-based soil 
guideline values. Admitted geoindices were used to classify test-
soils according to risk/hazard categories. Test-soils were screened 
for the possible deleterious effects in common onion (Allium cepa 
L.) by employing a test battery of cytogenetic bioassays (root 
growth inhibition, mitotic activity, frequency of chromosome 
aberrations and micronuclei, and cell death rate) complemented 
by two assays of DNA markers. Soil from industrial sites was more 
severely polluted and more cytotoxic for onions compared to soil 
from landfill sites. However, the cyto/genotoxic outcome of soil 

Fig. 1. Diversity of decorative double mutant and segregant lines, derived 
from the hybridization tw2 and various Hooded-type barley mutant

Fig. 2. Differentially expressed transcript-derived fragments in Tradescantia 
#4430 plants after long term exposure to polluted soil

Fig. 3. Double bridge in 
anaphase with laggard in 
Allium cepa 

derived fragments (TDFs) were homologous to genes directly or 
indirectly participating in photosynthesis, the abiotic stress response, 
and signal transduction cascades. (Šiukšta et al. Environ. Sci. Pollut. 
Res. Int. 2019, 26: 44–61).

exposure in A. cepa was the same for all test-soils; the detrimental 
effects were observed in onions treated with every test-soil. Thus, 
test-soils could not be classified as non- and genotoxic, although 
some of them had permissible contamination levels. The application 
of a test battery is strongly advised (Stapulionytė et al. Mutat. Res. 
Gen. Tox. En. 2019, 842: 102–110).
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Understanding cell death signalling networks concerning anticancer drug treatment is essential for identifying new drug targets 
and biomarkers in cancer therapy. Manipulating chemotherapeutic drug-induced signalling provides a promising strategy for tar-
geted cancer treatment. Stem cells in an organism are also subjected to the toxic effect of antineoplastic drugs. The sequence of 
events and relations among signalling molecules, leading cancer cells to apoptosis or protecting normal cells during anticancer drug 
treatments are studied by the scientists of our team (A. Kalvelytė, A. Imbrasaitė, N. Krestnikova and A. Stulpinas). The induction or 
down-regulation of different and opposite cell signalling pathways, which may counteract one another, were shown in lung cancer 
and muscle-derived stem cells as well as their differentiated progenies during chemotherapeutic treatments (Kalvelyte et al., 2013; 
Stulpinas et al., 2012), [1, 2]. 

Involvement of various signal transduction pathways in cell death and survival as well as the various therapeutic options directed 
at controlling stem cell survival upon transplantation were reviewed, the necessity to develop combination therapies with the ap-
plication of multiple drugs with different modes of action, targeting different pathways both in cancerous and normal cells, as well 
as the microenvironment, have been proposed [3, 4].

During the implementation of the SMART project in 2019, by using  a panel of phenotypically and genotypically  different pa-
tient-derived lung cancer primary cell lines, we studied the efficacy of conventional and targeted drugs, selected to inhibit the 
intracellular signalling molecules of mitogen-activated protein kinases (MAPKs) and PI3K/AKT pathways, key regulators of cell pro-
liferation as well as differentiation and death. Those molecules are considered to be the central transducers of oncogenic signals in 
tumour cells, mediate cellular response to anticancer drugs and are associated with the resistance to chemotherapy. 

Efficacy of targeted drugs from different stages of clinical trials and FDA approval, individually or in combinations, were examined 
regarding target activity, the mechanisms of identified compensatory feedback loops between ERK1/2 and AKT were examined in 
tested cells. Results have been presented at Cancer Research and Oncology Conference (Barcelona, 2019).

Within the frame of the project, we have reviewed the topic of cellular death (Stulpinas and Kalvelytė, 2019) and current ex vivo 
tumour cell models and clinically relevant platforms to functionally test drug combinations for cancer treatment prediction in indi-
vidual patients, encompassing the phenotypic cell heterogeneity and solving the problem of cancer resistance [5].

1.  Stulpinas, A., Imbrasaitė, A., Krestnikova, A., Sarlauskas, J., Cenas, N., Kalvelytė, A. V. Study of bioreductive anticancer agent RH-1-induced signals 
leading the wild-type p53-bearing lung cancer A549 cells to apoptosis. Chemical Research in Toxicology. 2016, 29(1): 26–39.

2.  Krestnikova, N., Stulpinas, A., Imbrasaitė, A., Sinkevičiūtė, G., Kalvelytė, A. V. JNK implication in adipocyte-like cell death induced by 
chemotherapeutic drug cisplatin. Journal of Toxicological Sciences. 2015, 40(1): 21–32.

3.  Abdelwahid, E., Kalvelytė, A. V., Stulpinas, A., de Carvalho, K. A. T., Guarita-Souza, L. C., Foldes, G. Stem cell death and survival in heart 
regeneration and repair. Apoptosis. 2016, 21(3): 252–268.

4.  Kalvelytė, A. V., Imbrasaitė, A., Krestnikova, N., Stulpinas, A. Adult stem cells and anticancer therapy. Advances in Molecular Toxicology. 2017, 11: 
123–202.

5.  Stulpinas, A., Imbrasaitė, A., Krestnikova, N., Kalvelytė, A. V.  Recent approaches encompassing the phenotypic cell heterogeneity for anticancer 
drug efficacy evaluation. IntechOpen. 2019, doi: 10.5772/intechopen.89395. Online First. Available from: https://www.intechopen.com/online-
first/recent-approaches-encompassing-the-phenotypic-cell-heterogeneity-for-anticancer-drug-efficacy-evalua
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Recent advances in high-throughput single technologies and computational methods have opened new horizons for biological 
and biomedical sciences. Just over the last four years, we have witnessed significant efforts to develop various analytical techniques 
to isolate, amplify and sequence the genetic material of individual cells. As the applications of single-cell sequencing continue to 
expand to all branches of life sciences there is a growing need for technological solutions that can deliver increased molecular 
sensitivity and reaction throughput at a reduced cost. Droplet microfluidics, a technology that enables pico- and nano-liter volume 
reactions, plays a major role in this endeavour. Our group are experts in droplet microfluidics technology for single-cell and many 
biological applications. Our group is pursuing research in cancer and immune system biology, aiming at better understanding the 
genetic programs that drive tumour heterogeneity, progression and immune response. 

In collaboration with Harvard University, our group has pioneered the droplet microfluidics technique inDrops (indexing Drops) for 
barcoding the transcriptome of individual cells (Klein. Cell, 2015). Since then, the technique has triggered immense attention among 
many scientists across different disciplines. We are applying inDrops and other techniques to better understand the gene expression 
programs that drive the development of complex diseases (e.g., tumours) and how the immune system responds. In collaboration 
with the Harvard Medical School (Prof. A. Klein), we have studied the pluripotency of mouse embryonic cells [1], the T-cell activation 
in tumours [2] and the osteoblast role in lung adenocarcinoma [3], all single-cell level. In collaboration with Memorial Sloan Kettering 
Cancer Center and Columbia University (Prof. D. Peer), we have also shown that the T-cell exhibits a continuum of activated states 
to fight breast cancer [4] and, in a separate study, we have developed computational tools for recovering gene dropouts that are 
persistent in scRNA-Seq data [5].

1. Klein, M., Mazutis, L., Akartuna, I., Tallapragada, N., Veres, A., Li, V., Peshkin, L., Weitz, D. and Kirschner, M. Droplet barcoding for single cell 
transcriptomics applied to embryonic stem cells. Cell. 2015, 161(5): 1187–1201. 

2. Zemmour, D., Zilionis, R., Kiner, E., Klein, A. M., Mathis, D., Benoist, C. Single-cell gene expression reveals a landscape of regulatory T cell 
phenotypes shaped by the TCR. Nat Immunol. 2018, Mar; 19(3): 291–301. 

3. Engblom, C., Pfirschke, C., Zilionis, R., Da Silva Martins, J., Bos, S. A., Courties, G., Rickelt, S., Severe, N., Baryawno, N., Faget, J., Savova, V., 
Zemmour, D., Kline, J., Siwicki, M., Garris, C., Pucci, F., Liao, H. W., Lin, Y. J., Newton, A., Yaghi, O. K., Iwamoto, Y., Tricot, B., Wojtkiewicz, G. R., 
Nahrendorf, M., Cortez-Retamozo, V., Meylan, E., Hynes, R. O., Demay, M., Klein, A., Bredella, M. A., Scadden, D. T., Weissleder, R., Pittet, M. J. 
Osteoblasts remotely supply lung tumors with cancer-promoting SiglecFhigh neutrophils. Science. 2017, 12 01: 358(6367). 

4. Azizi, E., Carr, A., Plitas, G., Cornish, E. A., Konopacki, C., Prabhakaran, S., Nainys, J., Wu, K., Kiseliovas, V., Setty, M., Choi, K., Dao, P., Mazutis, L., 
Rudensky, Y. A. & Peer, D. Single-cell map of diverse immune phenotypes in the breast tumor microenvironment. Cell. August 23, 2018, 174: 1–16. 

5. van Dijk, D., Sharma, R., Nainys, J., Yim, K., Kathail, P., Carr, A., Burdziak, C., Moon, R. K., Chaffer, C., Pattabiraman, D., Bierie, B., Mazutis, L., Wolf, 
G., Krishnaswamy, S., Peer, D. Recovering gene interactions from single-cell data using data diffusion. Cell. July 29, 2018, 174: 716–729. 
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Fig. 1. The principle of inDrops technique. Digital micrographs of cell encapsulation together with hydrogel beads 
and reagents. Scale bars, 100 μm. Cell loading into droplets with hydrogel beads and assay reagents occurs at 
the flow-focusing junction. Hydrogel bead ferries ssDNA primers attached to hydrogel polymer mesh via UV light-
sensitive bond
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The development of artificial tissues is one of the most exciting and rapidly developing areas in biomedical engineering with 
the goal of assembling scaffolds, cells and growth factors into functionally active constructs that can replace or restore damaged 
tissues. These constructs can also be used for non-therapeutic applications – as model systems to study cell behaviour, as biosensors 
to detect biological or chemical threat agents, as tissue chips that can be used to test the toxicity of an experimental medication 
etc. Tissue engineering principles focus on the use of the following: (a) stem cells, which have to be non-immunogenic, easily 
isolated and highly responsive to distinct environmental cues, (b) suitable carriers for the in vitro cell propagation and subsequent 
transplantation, and (c) a set of defined bioactive molecules driving the process of proliferation and maturation. Stem cells grown 
on purposely-designed artificial scaffolds seem to be an appropriate technology for the fabrication of autologous artificial tissues. 
Nowadays, multiform polymeric matrices for cell growth are being designed, which can serve as templates for artificial tissue fabri-
cation. However, the demand for the development and improvement of technologies for fabrication of biocompatible 3D cell culture 
scaffolds persists. Moreover, different materials can exert diverse effects on cellular properties. Therefore, a deeper understanding 
of cell-scaffold interactions is critical for progressing tissue engineering toward clinical applications.

The tasks of our group are (1) to choose relevant materials for tissue fabrication, (2) develop microstructurization and/or chemical 
modification techniques for these materials, (3) evaluate the biocompatibility of the developed scaffolds, (4) elucidate the properties of 
cells grown on these scaffolds and (5) examine the functionality of artificial tissue constructs in vivo. 

Over the last years, we have developed strategies for creating chemically modified materials with improved physical properties and 
investigated their ability to modulate cell fate. Special attention was given to the chemical composition of the matrix and its architec-
ture. The architecture of the artificial extracellular matrix depends on the physical properties of the materials used and on the chosen 
manufacturing technology. We employed two types of methods for scaffold fabrication in our research: laser two-photon polymerisation 
and 3D printing. To evaluate the mechanical importance of the matrix, the materials with varying stiffness were used for the scaffold 
fabrication. Depending on these altered environment conditions, the cell response was assessed. In this way, it is sought to control the 
fate of cells in artificial tissue to restore or replace natural tissue.

1. Balciunas, E., Dreize, N., Grubliauskaite, M., Urnikyte, S., Simoliunas, E., Bukelskiene, V., Valius, M., Baldock, S.  J., Hardy, J. G., Baltriukiene, D. Biocompatibility 
investigation of hybrid organometallic polymers for sub-micron 3D printing via laser two-photon polymerisation. Materials. 2019, 12(23): 3932.

2. Balciunas, E., Baldock, S. J., Dreize, N., Grubliauskaite, M., Coultas, S., Rochester, D. L., Valius, M., Hardy, J. G., Baltriukiene, D. 3D printing hybrid organometallic 
polymer-based biomaterials via laser two-photon polymerization. Polymer Int. 2019, 68(11): 1928–1940.

3. Alksne, M., Simoliunas, E., Kalvaityte, M., Skliutas, E., Rinkunaite, I., Gendviliene, I., Baltriukiene, D., Rutkunas, V., Bukelskiene, V. The effect of larger than cell 
diameter polylactic acid surface patterns on osteogenic differentiation of rat dental pulp stem cells. J Biomed Mater Res A. 2019, 107A: 174–186.

4. Kilikevicius, A., Balciunas, E., Kilikeviciene, K., Maknickas, A., Bukelskiene, V., Baltriukiene, D., Kacianauskas, R. Modelling of silk-reinforced PDMS properties for soft 
tissue engineering applications. Technology and Health Care. 2018, 26 (2): S679–S688.

5. Rutkunas, V., Bukelskiene, V., Sabaliauskas, V., Balciunas, E., Malinauskas, M., Baltriukiene, D. Assessment of human gingival fibroblast interaction with dental 
implant abutment materials. Journal of Material Science-Materials in Medicine. 2015, 26(4): 169.
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Cell Interaction with Artificial  
Extracellular Environment

Increasing evidence has shown that the chemical, mechanical 
and topographical properties of artificial extracellular matrix 
can influence the cell fate. More and more arguments emerge 
about mechanical importance of the matrix. Extracellular matrix-
generated mechanical forces can lead to changes in cell and tissue 
development, cell differentiation, physiology and contribute to the 
pathogenesis of various diseases: atherosclerosis, fibrosis, heart 
failure, cancer etc. For this reason, it is important to find out how 
tissue cells respond to changes in the mechanical environment. 
In this study, we employed collagen-coated polyacrylamide 
hydrogels cross-linked to various degrees to modify the mechanical 
microenvironment to elucidate how healthy human gingiva-
derived mesenchymal stem cells (GMSC) and cancerous human 
breast cancer cell line MCF–7 cells respond to the matrix stiffness in 
terms of morphology, cell cycle regulation, adhesion, proliferation, 
MAPK expression and response to oxidative stress (Simoliunas et 
al., submitted). 

Development of Novel Hybrid Organometallic 
Polymers for Tissue Engineering

Hybrid organometallic polymers are a class of functional materials, 
which can be used to produce structures with sub-micron features 
via laser two-photon polymerisation. Al-, Ti-, Zr- incorporating 
materials show great potential for biomedical applications. We 
have shown that laser two-photon polymerisation can be used to 
easily fabricate 2D and 3D structures based on these organometallic 
polymers. Biocompatibility testing showed that metal-containing 
organometallic polymers supported cell growth. Cell viability on 
these surfaces was comparable to that of control glass surfaces. 
The tested hybrid polymers did not have any remarkable effect 
either on cell morphology or metabolism. However, an extensive 
investigation of cell topography responses, taking into account 
the expression of adhesion proteins, long-term viability and 
biodegradability studies of the materials are needed if they are to 
be used for tissue engineering or other in vivo applications, and 
the specific tissue niches in which they may be applicable based 
on the conditions to which the materials would be exposed in vivo 
(fluid flow, mechanical stress, tissue mechanics etc.) (Balciunas et 
al., 2019; Balciunas et al., 2019)

Fig. 1. Focal adhesion formation of cancerous MCF-7 and healthy GMSC cells 
on different stiffness surfaces. White bars correspond to 20 µm.

Fig. 2. A – 3D structure fabricated out of the Al hybrid material; B – The 
optical density is directly proportional to the total metabolic activity of cells 
on each tested surface.
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Skin infections caused by microorganisms represent a clinical challenge, due to them being widespread and their ability to cause 
morbidity and mortality of the patients. The increasing resistance of the microorganisms to antibiotics and antifungal agents is 
promoting the search for new compounds and methods in the treatment of skin diseases as well as understanding the physiology 
and metabolic plasticity of the infectious microorganisms. The skin pathogens, Candida genera yeast are capable of undergoing mor-
phology switches and form pseudohyphae structures with highly increased resistance to the antifungal compounds. We discovered 
that, after growth in a rotary cell cultivation system (RCCS), a new, super-resistant and morphology-switching-unrelated phenotype 
of Candida is formed [1]. RCCS is changing the pattern of the antibiotic resistance of Pseudomonas aeruginosa and Staphylococcus 
aureus as well. The discovery of the natural antifungal and antibacterial substances, synthesized by microorganisms, is promising 
a substitution for the antibiotics and antifungal drugs. Our laboratory has successfully isolated the Geobacillus strains capable to 
synthesize the silver nanoparticles (AgNPs) that are showing the promising results in antimicrobial therapy. Another group of the 
microorganisms displaying selective antifungal activity is Streptomyces genera bacteria. The selective way of action is very important 
in keeping the intact microflora of the human skin, avoiding the elimination or the bacteria that are suppressing the growth of Can-
dida yeasts. A combination of the novel chemical compounds with the pulsed electric field (PEF) and pulsed electromagnetic fields 
(PEMF) technologies allows us to perform a wide scale biocontrol of the skin pathogens [2]. 

Another powerful tool for developing new antibiotics or biocatalysts for industrial and pharmaceutical applications is protein 
engineering, which allows us to overcome the limitations of natural enzymes and holds the potential for transforming the meta-
bolic drug landscape. In our research, we applied various protein engineering methods (random and site-specific mutagenesis; DNA 
shuffling; the design of new fused biocatalysts) to investigate lipolytic enzymes produced by Geobacillus lipases [3, 4]. Lipases as 
biocatalysts can be used in organic synthesis reactions to produce precursors of drug and bioactive compounds against microorgan-
isms related to skin infections.

1.  Lastauskiene, E., Novickij, V., Zinkevičiene, A., Girkontaite, I., Paškevičius, A., Svediene, J., Markovskaja, S., Novickij, J. Application of pulsed electric 
fields for the elimination of highly drug-resistant Candida grown under modelled microgravity conditions.  International Journal of Astrobiology. 2019, 
18: 405–411.

2.  Novickij, V., Staigvila, G., Gudiukaitė, R., Zinkevičienė, A., Girkontaitė, I., Paškevičius, A., Švedienė, J., Markovskaja, S., Novickij, J., Lastauskienė, E. 
Nanosecond duration pulsed electric field together with formic acid triggers caspase-dependent apoptosis in pathogenic yeasts. Bioelectrochemistry. 
2019, 128: 148–154.

3.  Novickij, V., Lastauskienė, E., Staigvila, G., Girkontaitė, I., Zinkevičienė, A., Švedienė, J., Paškevičius, A., Markovskaja, S., Novickij, J. Low concentrations 
of acetic and formic acids enhance the inactivation of Staphylococcus aureus and Pseudomonas aeruginosa with pulsed electric fields. BMC 
Microbiology. 2019, 19: 73.

4.  Druteika, G., Sadauskas, M., Malunavicius, V., Lastauskiene, E., Taujenis, L., Gegeckas, A., Gudiukaitė. R. Development of a new Geobacillus 
lipase variant GDlip43 via directed evolution leading to identification of new activity-regulating amino acids. International Journal of Biological 
Macromolecules. 2019, doi.org/10.1016/j.ijbiomac.2019.10.163.

5.  Malunavicius, V., Druteika, G., Sadauskas, M., Veteikyte, A., Matijosyte, I., Lastauskiene, E., Gegeckas, A., Gudiukaite, R. Usage of GD-95and GD-66 
lipases as fusion partners leading to improved chimeric enzyme LipGD95-GD66. International Journal of Biological Macromolecules. 2018, 118: 1594–1603.
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The Candida genera yeast-caused infections are frequent and difficult 
to treat, as the physiology and metabolisms of yeast are similar to 
the host [1]. Induction of the programmed cell death is of great 
medical relevance, since during apoptosis peptides, nucleotides, 
amino acids and other compounds are released to the surrounding 
media and can contribute to the regeneration of the human 
tissues. Discovery of the apoptogenic substances for the biocontrol 
of pathogenic yeasts, as well as optimization of the apoptogenic 
conditions is the main task of our research group. For the apoptotic 
phenotype detection, we perform active caspase staining, a TUNEL 
reaction and a phosphatidylserine externalization analysis in the 
Candida yeast [2]. PEF can be also successfully applied to inactivate 
bacterial pathogen colonizing human skin. Best results are achieved 
by combining PEF with the week organic acids [3].

The rapid evolution of bioconversion and ecotechnology strongly 
increases the focus on the enzymes that possess novel properties. 
These new enzymes can change the chemical-less, eco-friendly 
synthesis of various industrial products. One of the most interesting 
enzymes are the lipases from Geobacillus bacteria as they can be 
active in extreme conditions. In our current study, three lipases 
GD-28, GD-95 and GD-66 were subjected to directed evolution 
experiments to yield a new synthetic lipolytic enzyme. This new 
lipase, obtained by DNA shuffling and epPCR, demonstrated 
increased thermoactivity, thermostability, an ability to hydrolyse 
short and long acyl chain p-NP esters and was activated by 
different organic solvents. Moreover, physicochemical analysis 
and sequence alignment of the new GDlip43 and parental lipases 
suggested several candidate amino acids (Gln114, Arg153, Phe154 
and Pro247), which were presumed to be important in activity 
regulation and substrate specificity of Geobacillus lipases [4].

Silver nanoparticles (AgNPs) are of interest due to their unique 
physical and chemical properties, which can be incorporated into a 
wide range of applications. Recently, AgNPs have received significant 
attention due to their potent antimicrobial properties. We focus on 
the biosynthesis of silver nanoparticles by using a reduction of Ag+ 
with the cell-free extracts of four Geobacillus bacteria strains. Only a 
few studies that involved Geobacillus bacteria in metal nanoparticle 
synthesis, including AgNPs, have been performed recently. AgNPs 
activities in our research are checked against Candida yeasts and 
various bacteria colonizing human skin. The fundamental aspects of 
the AgNPs effect on the pathogenic yeast cells are under intensive 
investigation as well.

PEF treated yeast cells. Scanning electron microscopy.

Comparison of the amino acid sequences of GD-28, GD-66, GD-95 and 
GDlip43 lipases and principal scheme of further mutations of GD-95 and 
GD-66 lipases.

Fusarium head blight (FHB) is a global concern. This fungal disease 
is caused by Fusarium spp., which can reduce yield and result 
in mycotoxin accumulation in grain, and reduces seed quality in 
several cereal areas worldwide. We focus on the screening, isolation 
and identification of new biocontrol agents against Fusarium spp. 
We have successfully identified several bacterial strains with high 
biocontrol effectiveness.

Fusarium sp. inhibition using 
Lysobacter sp. Y2 intracellular 
compounds (A and B).

SEM analysis of C. lusitaniae 
cells covered by AgNPs.
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Animals are the largest component of biodiversity, both in terms of known species (almost 5 million species, over 80% of all 
known species) and the biomass and significance in ecosystems. Therefore, it is important to reveal the basic principles of system-
atic and ecological animal evolution based on studies of certain model animal groups. This involves the mapping and catalogization 
of the Lithuanian fauna with a particular concern about the ecology of rare and endangered, also alien and invasive species of 
animals, changes in their abundance and distribution. The principal aims include: 1) the developing of the principles of taxonomic 
and ecological research of the animal world based on the studies of particular animal groups; 2) the studying of the ecology of rare 
animal species, their abundance and distribution patterns in Lithuania; 3) the carrying out of research concerning the diversity and 
abundance of fauna in the protected areas of Lithuania.

The ongoing research of our team concerns insects (Diptera: Tipulomorpha; Hemiptera; Sternorrhycha: Aphididoidea and Adelg-
oidea; Hymenoptera: Apidae and Braconidae), spiders, slugs (Mollusca: Gastropoda and Bivalvia), freshwater fishes, birds of prey 
and owls, black storks. Research topics include taxonomy and systematics, distribution, ecology and economic importance as well as 
exploring of local faunas in the protected areas of Lithuania and elsewhere.

1.  Gelhaus, J. K., Podeniene, V. Tipuloidea. In: An Introduction to the Aquatic Insects of North America. Kendell Hunt publishing company. 2019, 
1023–1071.

2.  Kamarauskaitė, A., Skuja, S., Treinys, R. Nesting habitat overlap between the Common Buzzard Buteo buteo and the Lesser Spotted Eagle Clanga 
pomarina for conservation planning in Natura 2000 sites. Bird Study. 2019, 66(2): 224–233. doi: 10.1080/00063657.2019.1654976.

3.  Podeniene, V., Naseviciene, N., Podenas, S. Notes on the first instar larvae of the genus Tipula. Zootaxa. 2019, 90-110. doi: 10.11646/
zootaxa.4567.1.5.

4.  Havelka, J., Danilov, J., Rakauskas, R. Aphids of the family Adelgidae in Lithuania: distribution, host specificity and molecular (mitochondrial COI 
and nuclear EF-1α) diversity. Biologia. 2019. doi: 10.2478/s11756-019-00365-1.

Animal Biodiversity, structure and 
ecology of Populations 
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Description of the Oviparae and Males of Cinara 
(Cinara) piniphila (Aphididae Lachninae) 

Ovipara and winged male of Cinara (Cinara) piniphila (Ratzeburg 
1844) are described for the first time based on the material 
from Lithuania. Sampling and morphometric data are given for 
every morph together with the information on partial sequences 
of mitochondrial COI. Phenological and bio-ecological data of 
monitored C. (C.) piniphila colonies are reported and discussed. 
(Danilov et al. 2019, http://www.bulletinofinsectology.org/
pdfarticles/vol72-2019-241-247danilov.pdf.)

Dicranomyia Crane Flies  
(Diptera: Limoniidae) of Korea 

A total of 38 Korean species of crane flies belonging to the genus 
Dicranomyia Stephens, 1829 (Diptera: Limoniidae: Limoniinae) are 
taxonomically revised. No species of Dicranomyia were previously 
reported from South Korea, and only twelve species were reported 
from North Korea. Five new species are described for science and 
21 new records of Dicranomyia from the Korean Peninsula are 
documented. Additional ten new records are reported from North 
Korea, bringing the total number of Dicranomyia species known from 
North Korea to 22 species. South Korea has a greater diversity of 
Dicranomyia with the total number of 30 species. (Podenas et al. 
2019. doi: 10.11646/zootaxa.4595.1.1).

Contamination and Genotoxicity  
Biomarker Responses in Bivalve Mussels  
from the Major Lithuanian Rivers

In the current study, we evaluated the range of chemical 
contamination by measuring the concentrations of metals, 
polycyclic aromatic hydrocarbons and polychlorinated biphenyls, 
as well as the levels of environmental genotoxicity by using the 
micronuclei and nuclear bud tests in bivalve mussels from the 
major Lithuanian rivers. In addition, we aimed to evaluate the 
association between the chemical contamination and genotoxicity 
biomarker responses. Finally, we set to determine the background 
level of genotoxic effects. Such value (summed frequency of MN 
and NB) was assessed to be 6‰. On that basis, we developed a 
scale of potential genotoxic impact and grouped the ranging sites 
into five categories. (Rybakovas et al. 2019. doi: 10.1002/em.22336).

C. (C.) piniphila on P. sylvestris (Alksnynė, 55°38’20”N 21°07’04”E): ovipara 
with fresh egg (B), mating pair (E).

Morphological characters of Dicranomyia 
(Dicranomyia) species: 35: wings (33, 35); 
male genitalia (34, 36, 37); ovipositor (38).

Location of study sites in the major Lithuanian rivers and classification 
of these sites into five categories of genetic risk based on proportion of 
individuals with higher than background level of genotoxicity effects. Risk 
categories: ≥20%, low (blue); 21–40%, moderate (green); 41–60%, increased 
(yellow); 61–80%, high (orange); and >80%, massive (red).
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Plants, algae and fungi are among the most important organisms, not only because of their vital roles in both natural and altered 
ecosystems, but also because of their influence on humans and human-related activities. Because of the diversity, abundance and 
vital roles of these organisms, they are included in considerations of biodiversity conservation, nature resource management and 
related subjects. These organisms encompass a great number of taxa, forms, life histories and ecology; however, only limited and 
incomplete information is available for most of the species. Moreover, changes in climate, environment and the traditional manage-
ment of various habitats over the last decades have triggered changes in the composition and distribution of species, stimulated an 
introduction of alien species and increased interest in understanding the processes of biodiversity change and maintenance.

The herbarium and voucher specimens serve as a basis of scientific study; they are important for both current and future research. 
Therefore, the collection, study and preservation of plant, algal, lichen and fungal specimens in the Herbarium of Vilnius University 
(WI) is an essential task in providing research on the diversity and distribution of Lithuanian flora, algobiota and mycobiota.

The Botany, Algology and Mycology Research Group focuses on the diversity and ecology of plants, algae, fungi and lichens. The 
following are several examples of the research conducted. Investigation on Equisetum telmateia, a vulnerable (IUCN) plant species, 
showed that the species occurs in seven localities in Lithuania, it usually grows in river valleys or close to rivers and occupies alluvial 
forest habitats [1]. Experimental study showed that green algae Chlorella vulgaris is capable of a very efficient nutrient removal 
from municipal wastewater [2]. An inventory of alien fungi recorded in Lithuania since the 19th century was based on the analysis of 
literature and fungaria data and performed in collaboration with the mycologists from the Nature Research Centre in Vilnius [3]. Bry-
ological collection of the pharmacist, botanist, and entomologist Stanislaw Batys Gorski (1802–1864) was investigated by analysis of 
the historical herbarium collections and a biographical approach [4]. The scytonemin, which is known as sunscreen sheath enclosing 
the cells of microalgae against ultraviolet radiation, was studied in cyanobacteria Nostoc commune applying coherent anti-stokes 
Raman spectroscopy (CARS) [5].

1.  Gudžinskas, Z., Rasimavičius, M. The distribution, state and conservation of Equisetum telmateia in Lithuania. Botanica Lithuanica. 2017, 23(1): 
17–32.

2.  Venckus, P., Kostkevičienė, J., Bendikienė, V. The cultivation of green algae Chlorella vulgaris in municipal wastewater and its biomass 
composition. J Environ Eng Landsc. 2017, 25(1): 56–63. 

3.  Motiejūnaitė, J., Markovskaja, S., Kutorga, E., Iršėnaitė, R., Kasparavičius, J., Kačergius, A., Lygis V. Alien fungi in Lithuania: list of species, current 
status and trophic structure. Botanica Lithuanica. 2017, 23(2): 139–152.

4.  Jukonienė, I., Rasimavičius, M., Ričkienė, A., Subkaitė, M. S. B. Gorski’s bryological collection in the herbarium of Vilnius University. Acta Soc Bot 
Pol. 2018, 87(3): 3588.

5.  Venckus, P., Paliulis, S., Kostkevičienė, J., Dementjev, A. CARS microscopy of scytonemin in cyanobacteria Nostoc commune. J. Raman Spectrosc. 
2018, 49(8): 1333–1338.

Biodiversity and ecology of Plants, Algae and Fungi
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Genetic Diversity and Hybrid Formation in 
Central European Club-Mosses (Diphasiastrum, 
Lycopodiaceae)

In Europe, the genus Diphasiastrum (Lycopodiophyta) forms a 
reticulate network of six diploid taxa, including three parent species 
(D. alpinum, D. complanatum and D. tristachyum) and three hybrids 
(D. × issleri, D. × oellgaardii and D. × zeilleri). By analysing 209 
accessions for chloroplast microsatellites (cp), two nuclear markers 
(introns of the RPB and LFY genes) and AFLP for D. complanatum 
we show a sexual life cycle with alternation of generations: the 
gametophytic DNA amount is half of that of the sporophyte. 
With the exception of a single accession all hybrids display one 
of the two parental cp haplotypes; their frequencies do not differ 
significantly from a 1:1 ratio. Genotypes of nuclear markers are 
species-specific, displaying 2/4/1 (RPB) and 1/8/1 alleles (LFY) for 
the three parents mentioned above; all hybrids have one allele 
from each parent. All three hybrid taxa apparently represent 
independent F1 crosses. Hybridisation occurs bidirectionally; no 
evidence for recent backcrossing was found. Asexual reproduction 
via agamospory is quite rare, since AFLP showed all hybrid plants 
to be different (Schnittler et al. Mol. phylogenetics and evol. 2019, 
131: 181–192).

Effects of a Great Cormorant Colony  
on Wood-Inhabiting Fungal Communities 

We studied the changes in the wood-inhabiting fungal communities 
on dead wood of Scots pine (Pinus sylvestris) under varying duration 
and intensity of cormorant nesting. The activities of the birds 
created large amounts of dead wood, changed wood chemistry 
and altered stand characteristics. Analyses based on records of 
fruiting structures of fungi showed that fungal communities in the 
cormorant colony differed from the communities in unaffected 
forest. Ornithogenic factors impacted least on generalist species 
and promoted the occurrence of fungi uncharacteristic of coniferous 
wood or wood in general. The rate of ornithogenic change was 
rapid: a shift in fungal assemblages was evident by the third year of 
expansion of the bird colony into unaffected forest. It featured the 

Reproductive options in Diphasiastrum taxa, shown by a schematic 
life cycle (modified after Haufler et al. (2016): a) Gametophytic selfing; 
b) Sporophytic selfing; c) Outcrossing; d) Assumed agamospory via 
diplospores. 

Abundant coarse dead wood in 
Juodkrantė cormorant colony

PCA of Diphasiastrum taxa based on AFLP profiles

Wood-inhabiting fungus Orbilia 
delicatula (Ascomycota)

disappearance of tremelloid fungi, a decline of corticioid fungi and 
an increase of hyphomycetoid fungi.
The proportion of coniferous wood specialists decreased and that of 
generalists increased (Iršėnaitė et al. Fungal Ecology. 2019, 41: 82–91).

Publications in 2019

Iršėnaitė R., Arslanova T., Kasparavičius J., Kutorga E., Markovskaja S., 
Matulevičiūtė D., Taraškevičius R., Motiejūnaitė J. Effects of a great 
cormorant colony on wood-inhabiting fungal communities in a 
coastal Scots pine forest. Fungal Ecology. 2019, 41: 82–91.

Schnittler, M., Horn, K., Kaufmann, R., Rimgailė-Voicik, R., Klahr, A., 
Bog, M., Fuchs, J., Bennert, H. W. Genetic diversity and hybrid 
formation in Central European club-mosses (Diphasiastrum, 
Lycopodiaceae) – New insights from cp microsatellites, two nuclear 
markers and AFLP. Molecular Phylogenetics and Evolution. 2019, 131: 
181–192.



E c o s y s t E m s  &  B i o d i v E r s i t y

44

Alius uleViČius
Professor           
Head, Department of Ecology and 
Environment Research
Institute of Biosciences
Email: alius.ulevicius@gf.vu.lt  
Phone: +370 699 89023

Our main research goal is the impact of various anthropogenic and natural stress factors on ecosystem state dynamics and envir-
onment assessments. During the last decades, the ecosystem development is influenced by drastic changes in the socioeconomic 
and political systems. Anthropogenic and natural factors may adversely shape the present state and the perspectives of ecosystems 
in terms of their structure and material cycling. Restoration of disturbed ecosystems and its interferences with the anthropogenic 
pollution load have to be evaluated and understood. Anthropogenic pollution sensu lato also includes the introduction of alien biotic 
components and their impacts. Wildlife-vehicle collisions (WVC) are of socioeconomic and ecological importance. We develop spa-
tially explicit and other models how to predict and prevent WVC in anthropogenized landscape. Among natural factors, we focus on 
keystone species that are able to shape the ecosystem structure and function at different spatial scales. Assessment of the pollution 
of ecosystems requires reliable markers. We test the toxic impacts of the environmental pollutants on ecosystems using tests of 
luminescent microorganisms and biomarkers. The origin and migration of different pollutants through various environments may 
enable proper preventive means. Introduction of alien species provokes new info chemical interactions and changes in the behaviour 
of organisms, which leads to reorganization of the functional groups within the impacted ecosystem.

Our interdisciplinary team has contributed with different methods and different levels of ecosystem organization. The pollution of 
sediments of water bodies in the fish farm ponds as well as the contents of heavy metals in the bottom sediments were assessed by 
geological core techniques and a consequent chemical analysis. Acetyl choline esterase activity changes in hemolymph of Molluscs 
under the heavy metals mixture exposure were revealed [1]. A link between developmental speed and physiological stress in the 
omnivorous insect Gryllus integer was found [2]. Infochemical interactions of an invasive organism Solidago canadensis as one of 
the fastest growing invasive plants in Europe are studied. Allelopathic properties of the Solidago canadensis and its interactions with 
other plants have been investigated.  Wildlife-vehicle collisions are analysed using GIS, spatial and temporal modelling [3].

1. Butrimavičienė, L., Stankevičiūtė, M., Kalcienė, V., Jokšas, K., Baršienė, J. Genotoxic, cytotoxic and neurotoxic responses in Anodonta cygnea after 
complex metal mixture treatment. Environmental Science and Pollution Research. 2019, 26(8): 7627–7639.

2. Trakimas, G., Krams, R., Krama, T., Kortet, R., Haque, S., Luoto, S., Eichler Inwood, S., Butler, D. M., Jõers, P., Hawlena, D., Rantala, M. J., Elferts, D., 
Jorge Contreras-Garduño, J., Krams, I. Ecological stoichiometry: a link between developmental speed and physiological stress in an omnivorous 
insect. Frontiers in Behavioral Neuroscience. 2019, 13: 42. 

3. Ignatavicius, G., Valskys, V. The influence of time factors on the dynamics of roe deer collisions with vehicles. Landscape and Ecological 
Engineering. 2018, 149(2): 221–229.

environmental Assessment & 
ecosystem Development 
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Genotoxic, Cytotoxic and Neurotoxic Responses 
in Anodonta cygnea after Complex Metal Mixture 
Treatment 

Environmental effects associated with the release of various metals 
even at maximum permissible concentrations (MPC) to the aquatic 
ecosystems are evident. In the present work, time-dependent 
increase in accumulated metals amount in gills of Anodonta cygnea 
after exposure to complex metal mixture at various time points was 
investigated. Significant increase of Cu and Cd was determined after 
7-days exposure; moreover, noticeably elevated concentration of Cu was 
measured even after 14-days treatment. Concentrations of Cu, Ni, Cr, Pb, 
and Cd were statistically increased in gills tissue after 28-days treatment. 
After a short-term (4 days) exposure, statistically significant inhibition 
of AChE activity in hemolymph of metal mixture-exposed mussels, in 
comparison to control and pre-exposure group, was found. Comparison 
of investigated responses in different tissue of A. cygnea discloses new 
information about metal mixture (at MPC) impacts at different treatment 
time. According to the obtained geno- and cytotoxicity data, we suggest 
that gills tissue is more sensitive than previously thought.

Ecological Stoichiometry: A Link between 
Developmental Speed and Physiological Stress in 
an Omnivorous Insect

The elemental composition of organisms belongs to a suite of func-
tional traits that may adaptively respond to fluctuating selection 
pressures. Predation risk and resource limitations impose selection 
pressures on organisms’ developmental time and are further asso-
ciated with variability in energetic and behavioural traits. We com-
pared elemental body composition, latency to resume activity and 
resting metabolic rate of western stutter-trilling crickets (Gryllus in-
teger) in three selection lines that differ in developmental speed. We 
found that slowly developing crickets had significantly higher body 
carbon, lower body nitrogen and higher carbon-to-nitrogen ratio 
than rapidly developing crickets. Slowly developing crickets resumed 
activity faster in an unfamiliar environment relative to a familiar one. 
The rapidly developing crickets did the opposite. The results highlight 
the tight association between life history, physiology and behaviour.

The Biomarkers of Exposure to Stressors  
in Aquatic Organisms

The toxicity of chemical and physical stressors to water organisms 
at different development stages will be evaluated. The experiments 
are conducted with a few aquatic species (fish and mussels). The 
effects of stressors will be assessed using an integrated assessment – 

Synergistic Effects of Heavy Metals and Antibiotic 
Pollution on Communities of Microorganisms in 
Sediments of Fish Farm Ponds

The distribution of heavy metals and antibiotics in fisheries’ ponds 
and their impact on microorganism populations will be evaluated. 

We will determine the amount of heavy metals in sediments and 
the ecotoxic effect of sediments on model microorganisms in  fish 
farm ponds. (VU Science Promotion Fund Project. Dr. V. Valskys, Dr. 
V. Kalcienė, Dr. A. Ulevičius. 2019–2020).

from the subcellular to organism level. The biological response 
will be analysed using cytogenetic, biochemical, cytological and 
physiological biomarkers. The integrated multibiomarker response 
will be estimated, which is useful in ecological risk assessment 
and can be applied in environment protection management                                                                  
(Project ACTIS. Dr. L. Butrimavičienė (Nature Research Centre, Vilnius)  
Dr.  V. Kalcienė. 2017–2020).

Acetylcholinesterase (AChE) activity (a mean±SE, n=7), in hemolymph of 
mussels Anodonta cygnea after 4 and 28 days exposure to metal (Zn, Cu, 
Ni, Cr, Pb ir Cd) mixture. * – statistically significant (p<0.05) difference from 
control.

Latency to resume activity (±95% CIs) of selected slow (squares), rapid 
(circles), and control (diamonds) developing crickets in familiar and 
unfamiliar environments.
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Bacteriophages (phages), the viruses that infect bacteria, are probably the most numerous biological entities on the planet, and they 
are also exceptionally diverse. Despite the fact that phages as model organisms have featured in many of the key studies of the last 
century and basically have helped transform biology into a modern science, they remain to be of great significance both in fundamental 
and applied research. For example, to combat the ever-growing antibiotic resistance in bacteria, a variety of promising phage-inspired 
antibacterial approaches as well as innovative techniques based on phage-borne enzymes (e.g., lysins) or structural proteins (e.g., tail 
spike/fibre) are being developed. The results obtained while studying unique phages isolated from different ecosystems by the sci-
entists of the Department of Molecular Microbiology and Biotechnology show that the diversity of phages, in terms of virion structure, 
physiology and genetics, is enormous, and that we have not even begun to properly harvest it. In fact, every single phage studied not 
only provides novel insights into the nature of bacterial viruses, but can also be used as a source of novel building blocks for the con-
struction of multifunctional nanomaterials or can be exploited in the detection/biocontrol of pathogenic bacteria. 

The phage group of the Department of Molecular Microbiology and Biotechnology has recently focused on the isolation and mol-
ecular characterisation of novel phages having unique structure, host range or physiology. Over the last five years, researchers of 
the Department carried out seven different projects funded by Vilnius University (MSF-LMT-2) and the Research Council of Lithuania 
(MIP-002/2014, P-MIP-19-259). Several projects were conducted in collaboration with the research groups of the Institute of Biotech-
nology (S-MIP-17-47), the Nature Research Centre (P-MIP-17-6) and the Institute of Biosciences (SIT-7/2015), as well as Kyoto University 
(S-LJB-17-1). The aims of the projects ranged from the investigation of gene expression profiles of novel bacteriophages and elaboration 
of new systems for genome engineering of lytic bacteriophages to the investigation of the impact of global warming on the diversity 
and co-evolutionary dynamics between microorganisms and virus populations in Lithuanian agroecosystems and aquatic environments. 
A number of unique E. coli, Arthrobacter, and Pantoea phages have been isolated, characterised and published [1–5]. In total, thirteen 
peer-reviewed scientific publications have been published by the research group during the five-year period.

1.  Šimoliūnas, E., Truncaitė, L., Rutkienė, R., Povilonienė, S., Goda, K., Kaupinis, A., Valius, M., Meškys, R. The robust self-assembling tubular nanostructures 
formed by gp053 from phage vB_EcoM_FV3. Viruses. 2019, 11(1): pii: E50. 

2.  Šimoliūnas, E., Šimoliūnienė, M., Kaliniene, L., Zajančkauskaitė, A., Skapas, M., Meškys, R., Kaupinis, A., Valius, M., Truncaitė, L. Pantoea Bacterio-
phage vB_PagS_Vid5: a low-temperature siphovirus that harbours a cluster of genes involved in the biosynthesis of archaeosine. Viruses. 2018, 10(11): 
pii: E583.

3.  Kaliniene, L., Truncaitė, L., Šimoliūnas, E., Zajančkauskaitė, A., Vilkaitytė, M., Kaupinis, A., Skapas, M., Meškys, R. Molecular analysis of the low-temper-
ature Escherichia coli phage vB_EcoS_NBD2. Archives of Virology. 2018, 163(1): 105–114.

4.  Kalinienė, L., Šimoliūnas, E., Truncaitė, L., Zajančkauskaitė, A., Nainys, J., Kaupinis, A., Valius, M., Meškys, R. Molecular analysis of Arthrobacter myovirus 
vB_ArtM-ArV1: we blame it on the tail. Journal of Virology. 2017, 91(8): Art. No. e00023.

5.  Kaliniene, L., Zajančkauskaitė, A., Šimoliūnas, E., Truncaitė, L., Meškys, R. Low-temperature bacterial viruses VR - a small but diverse group of E. coli 
phages. Archives of Virology. 2015, 160(5): 1367–1370.
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Robust Self-Assembling Tubular Nanostructures 
Formed by gp053 from Phage vB_EcoM_FV3

The recombinant phage tail sheath protein, gp053, from E. coli 
myovirus vB_EcoM_FV3 (FV3) is able to self-assemble into long, 
ordered and extremely stable tubular structures (polysheaths). The 
nanotubes can withstand extreme treatments including heating 
up to 100°C and high concentrations of urea. To determine the 
shortest variant of gp053 capable of forming protein nanotubes, 
we constructed a set of N- or/and C-truncated as well as poly-His-
tagged variants of gp053. The TEM analysis of the mutants showed 
that up to 25 and 100 amino acid residues can be removed from 
the N- or C- terminus, respectively, without disturbing the process 
of self-assembly. The oligomers of two to six copies of the gp053 
encoding gene, fused into one open reading frame, self-assembled 
in vitro forming the structures of different regularity. By using the 
modification of protein cysteines with biotin, nanotubes decorated 
with neutravidin-conjugated gold nanoparticles were prepared. In 
summary, polysheaths formed by the wild-type gp053 or its mutants 
possess physicochemical properties, which are very attractive for 
the construction of self-assembling nanostructures with potential 
applications in different fields of nanoscience. (Šimoliūnas et al. 
Viruses. 2019, 11(1): pii: E50).

Molecular Mechanisms of Adaptation of Low-
Temperature Phages to the Mesophilic Host

One of the best studied viruses, Escherichia coli phage T4, and 
its relatives form the largest phylogenetic group, the subfamily 
Tevenvirinae. About 90% of tevenviruses, whose natural 
environment is the intestine of warm-blooded animals, infect 
E.coli or related enterobacteria. Such phages have an optimum 
temperature for development ~37-40°C, corresponding to that of 
their mesophilic host. It is known that the growth rate of E. coli 
decreases at <20°C and stops at <7°C. Most of the phages adapted 
to infect this particular host, however, are incapable of development 
at <12°C or in non-dividing cells.
Bacteriophages VR5, VR7, VR20, VR25 and VR26, all unique in their 
ability to multiply both at 4°C and within a non-dividing cell, have 
been isolated in our department [5]. To date they represent the 
only known collection of low-temperature coliphages that are 
morphologically and genetically closely related to T4. Because 
of this, VR phages are uniquely suited for the investigation of 

TEM analysis of phage FV3 particles and polysheaths formed by gp053 
and its mutants. (A) phage FV3 virions (arrows show the contracted 
tail sheaths); (B–I) nanostructures formed by recombinant gp053 and its 
mutants: (B,C) gp053; (D) gp053_N-his; (E) gp053_C-his; (F) gp053_NΔ9-
his_CΔ11; (G) gp053_NΔ25-his_CΔ25; (H) gp053_NΔ20; (I) gp053_CΔ100.

Growth of VR5, VR7, VR20 and T4 (control) plaques. Plaques are shown after 
24 h of incubation at 30°C and after an additional 120 h of incubation at 4°C.

molecular mechanisms of phage adaptation to low temperature 
and to the development in non-dividing cells.
(RCL grant No: P-MIP-19-259).
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In recent years, Cas9 has revolutionized the genome-editing field and enabled a broad range of applications from basic 
biology to biotechnology and medicine. Cas9 specificity is dictated by base pairing of the guide RNA to the complementary 
DNA strand, however to initiate hybridization, a short protospacer adjacent motif (PAM) sequence is required in the vicinity 
of the target sequence. The PAM is recognized by the Cas9 protein and varies among Cas9s. There are thousands of type 
II CRISPR-Cas9 sequences available in sequence databases. To characterize the PAM recognition diversity provided by Cas9 
orthologs, we developed a phylogeny-guided bioinformatics approach and streamlined our experimental procedures for 
Cas9 expression and RNP complex assembly using cell lysates and in vitro translation mixtures. This approach could be easily 
adapt ed for the characterization of other CRISPR-Cas nucleases that require PAM sequences and generate double-strand  
breaks following target recognition (Karvelis et al. Methods Enzymol. 2019, 616: 219–240).

Recently, a new class 2 sys-
tem encoding miniature (400–
700 amino acids) effectors, 
named Cas14, has been identi-
fied. It was demonstrated that 
Cas14 protein functions exclu-
sively as a PAM-independent 
single-stranded DNA nuclease. 
Using biochemical methods, 
we show that a T-rich PAM se-
quence triggers Cas14 proteins 
to also cut double-stranded 
DNA generating staggered 
ends demonstrating the poten-
tial to utilize these proteins for 
genome editing applications.

1.  Gasiunas, G., Barrangou, R., Horvath. P., Siksnys, V. Cas9-crRNA ribonucleoprotein complex mediates specific DNA cleavage for adaptive immunity 
in bacteria. Proc Natl Acad Sci U S A. 2012, 109: E2579–86.

2.  Šikšnys, V., Gasiūnas, G., Karvelis, T. RNA-directed DNA cleavage by the Cas9-crRNA complex. US patent.  9 637 739 2017.05.02
3.  Muller, M., Lee, C. M., Gasiunas, G., Davis, T. H., Cradick, T. J., Siksnys, V., Bao, G., Cathomen, T., Mussolino, C. Streptococcus thermophilus CRISPR-

Cas9 systems enable specific editing of the human genome. Mol. Therapy. 2016, 24: 636–644.
4.  Karvelis, T., Gasiunas, G., Young, J., Bigelyte, G., Silanskas, A., Cigan, M. and Siksnys, V. Rapid characterization of CRISPR-Cas9 protospacer adjacent 

motif sequence elements. Genome Biology. 2015, 16: 253.
5.  Karvelis, T., Young, J. K., Siksnys, V. A pipeline for characterization of novel Cas9 orthologs. Methods Enzymol. 2019, 616: 219–240.
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Cas9 orthologs characterization by CasZyme (www.caszyme.com). CRISPR-Cas9 nucleases are abundant in microbes and could be the source of genome 
editing tools with novel properties. To explore this largely uncharacterized diversity, we established a phylogeny-guided bioinformatic approach and developed 
biochemical screens for the rapid characterization of new Cas9 proteins. This approach permitted the characterization of 79 Cas9 orthologs with more than 50 
distinct PAM sequence requirements. The set contained different length nucleases that are active over broad temperature ranges and generate staggered-end 
breaks. These data demonstrate that the diversity of Cas9 orthologs provides a rich source of PAM recognition and other potentially desirable properties that 
may be mined to expand the genome editing toolbox with new programmable nucleases. CasZyme is a start-up company founded in 2017 by researchers of 
the Life Sciences Center – Prof. Virginijus Šikšnys and Dr. Giedrius Gasiūnas.
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We investigate aspects related to the production of recombinant proteins in yeast expression systems and the development 
and optimization of expression systems dedicated to the production of recombinant proteins as virus-like particles (VLPs). VLPs 
generated in a yeast expression system of viral capsid and envelope proteins have an intrinsic capability of self-assembling into 
highly organized particles, often without the need for additional viral components. VLPs can induce a strong humoral immune 
response because of the correct folding of the monomeric proteins, the resulting formation of conformational antigenic determinants 
and the multimeric structure of identical subunits. Our aim is to understand and compensate the processes in yeast that are triggered 
by the synthesis of recombinant proteins and to identify the relevant factors for the effi cient expression of recombinant proteins. In 
an attempt to elucidate the requirement of factors for the biosynthesis of recombinant viral and human proteins, we use proteomics, 
yeast mutant and gene collection studies. Our team is also interested in the search and characterization of new viruses as well 
as protein engineering based on the construction of chimeric VLPs that harbour foreign epitopes. Yeast-expressed recombinant 
proteins are applied in the tests for the detection of virus-specifi c antibodies in human serum and oral fl uid samples. A large 
collection of more than 40 different VLPs derived from various polyomavirus VP1 proteins and papillomavirus 6, 16, 18, 31, 33 L1 
proteins were generated. The proteins of measles, mumps, rubella, parainfl uenza viruses (1–4), hantaviruses, porcine parvovirus, 
human bocaviruses (1–4), human metapneumovirus, hepatitis E, and human chaperons (calreticulin and BiP) were produced in yeast 
cells. Commercially available Microimmune (UK) measles and mumps diagnostic tests are based on the proteins developed in the 
Department. Moreover, we are focusing on the analysis and research of recombinant biopharmaceutical proteins and recombinant 
allergen proteins. Our studies include the exploration of a plant expression system for the transient production of a recombinant 
protein in N. benthamiana. We also concentrate on the research of plant anthocyanin synthesis regulation.

1. Ziogiene, D., Valaviciute, M., Norkiene, M., Timinskas, A., Gedvilaite, A. Mutations of Kluyveromyces lactis dolichol kinase enhances secretion 
of recombinant proteins. FEMS Yeast Res. 2019, 19(3). pii: foz024. doi: 10.1093/femsyr/foz024.

2. Ehlers, B., Anoh, A. E., Ben Salem, N., Broll, S., Couacy-Hymann, E., Fischer, D., Gedvilaite, A., Ingenhütt, N., Liebmann, S., Martin, M., 
Mossoun, A., Mugisha, L., Muyembe-Tamfum, J. J., Pauly, M., Pérez de Val, B., Preugschas, H., Richter, D., Schubert, G., Szentiks, C. A., 
Teichmann, T., Walter, C., Ulrich, R. G., Wiersma, L., Leendertz, F. H., Calvignac-Spencer, S. Novel polyomaviruses in mammals from multiple 
orders and reassessment of polyomavirus evolution and taxonomy. Viruses. 2019 Oct 10, 11(10). pii: E930. doi: 10.3390/v11100930.

3. Rasc, A., Lehmann, F., König, A., Goldmann, N., Corman, V. M., Moreira-Soto, A., Geipel, A., van Riel, D., Vakulenko, Y. A., Sander, A. L., 
Niekamp, H., Kepper, R., Schlegel, M., Akoua-Koffi , C., Souza, B. F., Sahr, F., Olayemi, A., Schulze, V.,  Petraityte-Burneikiene, R., Kazaks, A., 
Lowjaga, K. A., Geyer, J., Kuiken, T., Drosten, C., Lukashev, A. N., Fichet-Calvet, E., Ulrich, R. G., Glebe, D., Drexler, J. F. Highly diversifi ed shrew 
hepatitis B viruses corroborate ancient origins and divergent infection patterns of mammalian hepadnaviruses. Proc Natl Acad Sci U S A. 2019 
Aug 1. pii: 201908072. doi: 10.1073/pnas.1908072116.

4. Špakova, A., Šimoliūnas, E., Batiuškaitė, R., Pajeda, S.,  Meškys, R.,  Petraitytė-Burneikienė, R.  Self-assembly of tail tube protein of 
bacteriophage vB_EcoS_NBD2 into extremely long polytubes in E. coli and S. cerevisiae. Viruses. 2019 Mar, 1: 11(3).
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Investigation of K. lactis Mutations Conferring 
Enhanced Secretion Phenotype and Generation  
of Yeast Strains for Supersecretion of Recombinant 
Proteins 
The demand of secreted recombinant proteins rapidly increases. Nev-
ertheless, yields of secreted recombinant proteins in yeast usually 
need optimization. K. lactis is extensively used as a model organism 
in the fundamental studies and biotechnology industry for production 
of metabolites and recombinant proteins including secreted proteins. 
The aim of this study was identification and characterization of gene 
and its mutations conferring the enhanced secretion phenotype of 
K. lactis mutant stain MD2/1-9 and application of acquired knowledge 
for generation of new yeast super-secretion strains. The mutated 
gene KlSEC59 encoding dolichol kinase (DK) was identified after se-
quencing of genomes of both parental and mutated K. lactis strains 
using the next-generation sequencing technology. It was confirmed 
that the double mutant strain with G405S and I419S mutations in 
DK sequence displayed improved secretion of recombinant proteins 
despite some glycosylation defects (Fig. 1). Moreover, the partial gly-

Fig. 1. α-amylase secretion in K. lactis super-secretion mutants 
and WT strain detected by halo assay. Halos surrounding the yeast 
colonies secreting α-amylase were detected by the absence of iodine 
staining of digested starch in grow medium.

cosylation deficiency of the double mutant strain had less effect on 
cell wall integrity and survival of yeast cells at high temperature com-
pared with the temperature-sensitive S. cerevisiae sec59-1 mutant, 
which exhibits reduced N-glycosylation, changes in cell wall integrity 
and decreased secretory efficacy.   

Investigation and Characterization of New 
Polyomaviruses 
Polyomaviruses are DNA viruses that infect mammals, birds, and 
fish and show a very ancient association with animals but phylo-
genetic organization of polyomaviruses is complex and currently in-
completely resolved. Our understanding of polyomavirus evolution 

mostly originates from studies of mammalian polyomaviruses (in 
total, probably fewer than 100) which were detected only in a very 
limited number of host species. The aim of this study is obtaining 
a deeper insight into evolution of these viruses by identifying and 
characterizing new polyomaviruses in the samples of other mam-
malian species. 

New Technologies for Development  
of Recombinant Allergens
The aim of this project is to develop a new universal platform for 
expression and purification of recombinant protein allergens and to 
prepare open access collection of recombinant allergens including 
allergen expression plasmids, strains-producers and allergen pro-
tein samples. Natural allergens still routinely used are the mixtures 
of different proteins, but effective allergy diagnosis is requesting 
precise molecular identification of every analyzed allergen protein. 
The universal platform of the project is based on the fusion of aller-
gen and carrier protein MBP (maltose binding protein). The biosyn-
thesis of recombinant allergens in the most relevant hosts such as 
bacteria, yeast, plant and mammalian cell cultures are in the pro-
cess of implementation. The efficiency of the platform is evaluated 
by analyzing the structure of the recombinant allergen produced, 

Fig. 2. Transient GFP expression in leaves of N. benthamiana.

their antigenicity and possibilities to replace the natural allergens. 
Development of advanced molecular technologies of recombinant 
allergens with high potential for effective allergy diagnosis or im-
munotherapy will eventually provide superior public and personal 
health standards.

Studying of Human Parvovirus B19, Bocavirus and  
Parvovirus 4 Involvement in Inflammatory Neuro-
logical Diseases Using Interdisciplinary Approach
Meningitis, encephalopathy and encephalitis are serious diseases of 
the central nervous system that are often caused by a viral infection, 
but in most cases their etiology remains unknown. Parvovirus, 
human parvovirus B19, human bocaviruses 1-4 and human parvovirus 
4 are members of Parvoviridae family. There are hypothesis of 
B19 as a cause of extremely wide range of clinical manifestations 
including neurological diseases. The aim of this project is to study 
the involvement of human parvoviruses on etiopathogenesis of 

meningitis and encephalitis/meningoencephalitis with unknown 
etiology and unspecified encephalopathy in adult population as well 
as to develop rapid serodiagnostic and molecular diagnosis detection 
tools for parvovirus infection using interdisciplinary approach.

Fig. 3.  Electron micrograph of 
negatively stained recombinant 
bocavirus 1 capsid protein 
isolated from S. cerevisiae. 
Magnification 140.000.
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Biocatalysis, which applies natural biological substances (microorganisms, enzymes etc.) in various industrial processes, is one 
of the most popular alternatives to traditional technologies. The use of such biocatalysts fulfils the requirements that are needed 
for sustainable synthesis. They are very appealing as they exhibit high enantio- and region-selectivity toward targeted substrates 
and function under mild reaction conditions: a water/buffer medium, ambient reaction temperatures, no pressure is required. These 
advantages allow avoiding the burden of group-protecting procedures, saving time, materials (including the harsh, dangerous or 
toxic ones) and energy costs. Other advantages of biocatalysts are that they are easy to control and biodegradable. Thus, biocata-
lysis has proved, in many cases, to be a more superior pathway than the pathways of conventional chemical synthesis, not only in 
the simplicity of accomplishing the reactions but also from an economical and environmental point of view. Currently, enzymes are 
already used in many industries such as food, detergents, textiles, leather, wood and paper manufacturing, diagnostics and therapy, 
pharmaceuticals etc. Due to their wide application, the market of enzymes is growing very fast every year. Today, more than 180 
biocatalytic processes are implemented in industrial settings.

Our team focuses on the discovery and engineering of biocatalysts with properties for potential industrial application and de-
velopment of efficient biocatalytic routs for producing the high-added value products from bio-based raw materials or industrial 
by-products. The sector’s research is based on developing biocatalytic systems by screening for enzymes (environmental samples, 
enzyme and strain collections, metagenomic and expression libraries, the development of screening systems etc.); the development 
of biocatalysts (gene engineering, the development of analytical systems, protein purification, the development of expression sys-
tems etc.); the application of biocatalysts (immobilization, recycling, proof of principal activity/selectivity, stability, reaction media, 
an improved efficiency of bioconversions, the quality analysis of products obtained by biocatalysis etc.). We also strive to meet 
scientific challenges in the application of Green Chemistry principles in technologies and processes.

1.  Šulcienė, M., Kolvenbach, B., Ammann, E., Matijošytė I. Towards an affordable enzymatic production of biopolyols –comparing the immobilization 
of lipases by two optimized techniques. Int. J. Biol. Macromol. 2018, 116: 1049–1055.

2.  Malūnavičius, V., Druteika, G., Sadauskas, M., Veteikytė, A., Matijošytė, I., Lastauskiene, E., Gegeckas, A., Gudiukaite, R. Usage of GD-95 and GD-
66 lipases as fusion partners leading to improved chemiric enzyme LipGD95-GD66. Int. J. Biol. Macromol. 2018, 15 (118): 1594–1603. 

3.  Veteikytė, A., Šiekštelė, R., Tvaska, B., Matijošytė, I. Sequential application of waste whey as a medium component for Klyuveromyces lactis 
cultivation and a co-feeder for lipase immobilization by CLEA method. Appl. Microbiol. Biotechnol. 2017, 101: 3617–3626.

4.  Gruškienė, R., Kairys, V., Matijošytė, I. CLEA-based immobilization of methylotropic yeast alcohol oxidase: influence on storage stability and 
reaction efficiency. Org. Process Res. Dev. 2015, 19 (12): 2025–2033.

5.  Šiekštelė, R., Veteikytė, A., Tvaska, B., Matijošytė, I. Yeast Kluyveromyces lactis as host for expression of the bacterial lipase: cloning and 
adaptation of the new lipase gene from Serratia sp. J. Indust. Microbiol. Biotechnol. 2015, 42: 1309–1317.
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Monoclonal and recombinant antibodies are widely used in biotechnology, medicine and biomedical science.  Monoclonal anti-
bodies produced using traditional hybridoma-based technologies are valuable research tools and clinical diagnostic reagents. Recom-
binant antibodies generated by gene engineering approaches are increasingly being used as therapeutic agents for the treatment 
of cancer, autoimmune and infectious diseases. Therefore, there is a strong need for novel, well-characterized antibodies with the 
desired specificities and other characteristics.

Our team has strong expertise in the development and characterization of monoclonal and recombinant antibodies. We have 
generated more than 500 monoclonal antibodies against different targets: viral antigens, bacterial virulence factors, cellular proteins 
[1], cytokines, hormones, allergens. The largest antibody collection is generated against viral antigens, including measles, mumps, 
human parainfluenza viruses, henipaviruses, hantaviruses, parvoviruses, human bocaviruses [2], hepatitis B virus, hepatitis E virus 
[3] and others. These antibodies are valuable tools for investigating the antigenic structure of viruses, the development of diag-
nostic assays [4] and the prevalence studies of viral infections. Virus research is carried out in collaboration with Prof. Dr. R.Ulrich 
(Friedrich-Loeffler-Institute, Greifswald, Insel-Riems, Germany), Prof. Dr. D. Glebe (Giessen University, Germany), J. O. Koskinen (Ar-
cDia International Oy Ltd., Turku, Finland) and other partners. In collaboration with our colleagues from the Department of Eukaryote 
Gene Engineering, we have developed a new technology for the use of virus-like particles as a carrier for target epitopes to increase 
their immunogenicity. This approach provides possibilities to generate antibodies against short and non-immunogenic protein se-
quences. For the construction of recombinant antibodies, gene sequences encoding the variable parts of immunoglobulin heavy and 
light chains are cloned from hybridoma cells producing well-characterized monoclonal antibodies against the target of interest. Re-
combinant antibodies are developed in different formats – as single chain antibodies (scFv) and Fc-engineered antibodies, where the 
scFv derived from hybridoma cells are joined to the human IgG Fc fragment. In addition, we have exploited recombinant virus-like 
particles as carriers for antibody molecules, both scFv and Fc-engineered scFv. This innovative approach allows the generation of 
recombinant multimeric antibodies displayed on virus-like particles.

Our team is a member of the EuroMabNet, the European network of laboratories specialised in the production and use of mono-
clonal antibodies: https://www.euromabnet.com/.

1.  Stravinskiene, D., Imbrasaite, A., Petrikaite, V., Matulis, D., Matuliene, J., Zvirbliene, A. New monoclonal antibodies for a selective detection of 
membrane-associated and soluble forms of carbonic anhydrase IX in human cell lines and biological samples. Biomolecules. 2019, 9(8): pii: E304. 

2.  Kols, N. I., Aatola, H., Peltola, V., Xu, M., Nora-Krukle, Z., Hedman, K., Zvirbliene, A., Toivola, H., Vuorinen, T., Koskinen, J. M., Bruning, A. H. L., 
Christensen, A., Söderlund-Venermo, M., Koskinen, J. O. Comparison of phenotypic and genotypic diagnosis of acute human bocavirus 1 infection in 
children. J Clin Virol. 2019, 120: 17–19. 

3.  Simanavicius, M., Tamosiunas, P. L., Petraityte-Burneikiene, R., Johne, R., Ulrich, R. G., Zvirbliene, A., Kucinskaite-Kodze, I. Generation in yeast and 
antigenic characterization of hepatitis E virus capsid protein virus-like particles. Appl Microbiol Biotechnol. 2018, 102 (1): 185–198.

4.  Takkinen, K., Žvirblienė, A. Recent advances in homogenous immunoassays based on resonance energy transfer. Curr Opin Biotechnol. 2019, 55: 
16–22.
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Over the last few years, microfluidics have been established as an enabling technology in biological and biomedical sciences. Us-
ing droplet microfluidics technology highly monodisperse, aqueous droplets are generated in an inert carrier oil, and each droplet 
functions as an independent micro-scale reactor. In other words, each droplet is the equivalent of a well (or tube), yet the volume 
of a droplet is roughly a thousand to a million times smaller. Obviously, such significant reduction in reaction volume provides 
huge savings in reagent costs, when performing large numbers of reactions in a massively-parallel fashion. Furthermore, unlike 
the conventional microtiter plates or valve-based microfluidics, droplets are intrinsically scalable: the number of reaction “wells” is 
not limited by the physical dimensions of the chip but scales linearly with the emulsion volume. Different microfluidic modules can 
be employed to manipulate droplets in a sophisticated, yet highly controllable manner, therefore opening new opportunities for  
biology-related research. 

Many useful microfluidic techniques have been developed to analyse single-cells or bio-molecules; however, there is an unmet 
demand for methods with improved analytical sensitivity and high-throughput capabilities. Our multidisciplinary team is working at 
fulfilling this demand by developing microfluidic tools for a diverse set of quantitative experiments in cell biology and biomedicine. 
In 2019, our group members have collaborated with Harvard University, Harvard Medical School, Oxford University and MSKCC to 
advance single-cell biology research in cancer and immunology. Among the most important achievements are two Cell and two 
Nature Group articles. 

1.  Azizi, E., Carr, A., Plitas, G., Cornish, E. A., Konopacki, C., Prabhakaran, S. Nainys, J. Wu, K., Kiseliovas, V., Setty, M., Choi, K., Dao, P., Mazutis, L., 
Rudensky, Y. A. & Peer, D. Single-cell map of diverse immune phenotypes in the breast tumor microenvironment. Cell. 2018 August 23, 174: 1–16. 

2.  van Dijk, D., Sharma, R., Nainys. J., Yim, K., Kathail, P., Carr, A., Burdziak, C., Moon, R. K., Chaffer, C., Pattabiraman, D., Bierie, B., Mazutis, L., 
Wolf, G., Krishnaswamy, S., Peer, D. Recovering gene interactions from single-cell data using data diffusion. Cell. July 29, 2018, 174: 716–729. 

3.  Plasschaert, L.W., Zilionis, R., Choo-Wing, R., Savova, V., Knehr, J., Roma, G., Klein, A. M., Jaffe, A. B. A single-cell atlas of the airway epithelium 
reveals the CFTR-rich pulmonary ionocyte. Nature. 2018 Aug, 560(7718): 377–381. 

4.  Zemmour, D., Zilionis, R., Kiner, E., Klein, A. M., Mathis, D., Benoist, C. Single-cell gene expression reveals a landscape of regulatory T cell 
phenotypes shaped by the TCR. Nat Immunol. 2018 Mar, 19(3): 291–301. 

 
 System and Method for Synthesis of DNA Particles and Use Thereof Patent application: US patent application No 16/069,404 and EP patent 

application No EP17704298,3.
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Molecular tools for targeted Covalent Derivatization of DnA and rnA
Nucleic acids are linear polymers comprised of four major types of building blocks encoding the genetic blueprint of life. Selec-

tive chemical or physical identification of different loci of such largely uniform biomolecules is rather problematic, unless they can 
be furnished with suitable reporter tags. Among the variety of enzymes involved in nucleic acids metabolism, AdoMet-dependent 
methyltransferases (MTases) uniquely combine two features required for targeted labelling: recognition of a specific target and its 
covalent modification. Although DNA and RNA methylation plays important roles in biological signalling, the naturally transferred 
methyl group is a poor reporter and is hardly amenable to chemical derivatization. To unlock the technological potential of these 
enzymes we seek to repurpose them for the transfer of prederivatized (extended) versions of the methyl group. A series of synthetic 
analogues of the AdoMet cofactor were developed that allowed MTases to tag DNA and RNA with extended moieties [1]. This novel 
technology named mTAG (methyltransferase-directed Transfer of Activated Groups) enabled targeted covalent derivatization and 
labelling of DNA and RNA, which is opening new avenues in genomic research, diagnostics, and bionanotechnology.

Advanced Methods for epigenome Analysis
Epigenetic regulation in vertebrates involves enzymatic methylation of cytosine in certain CpG dinucleotides to 5-methylcytosine, 

followed by enzymatic oxidation to 5-hydroxymethylcytosine, 5-formylcytosine and 5-carboxylcytosine. Although many aspects of 
how these modifications are established and perform their functions remain obscure, research into the epigenetic regulation is 
hampered by limitations of available analytical techniques. Using the mTAG and related technologies, we are developing new ex-
perimental approaches for profiling of DNA modifications and miRNA pools for epigenome studies and improved diagnostics [2–4]. 
Recently, we proposed a high-resolution economical technique named TOP-seq, which exploits non-homologous priming of the DNA 
polymerase at covalently tagged CpG sites [5].

1.  Tomkuvienė, M., Mickutė, M., Vilkaitis, G., Klimašauskas, S. Repurposing enzymatic transferase reactions for targeted labelling and analysis of 
DNA and RNA. Curr. Opin. Biotechnol. 2019, 55: 114–123.

2.  Kriukienė, E., Labrie, V., Khare, T., Urbanavičiūtė, G., Lapinaitė, A., Koncevičius, K., Li, D., Wang, T., Pai, S., Gordevičius, J., Wang, S. C., Petronis, A., 
Klimašauskas, S. DNA unmethylome profiling by covalent capture of CpG sites. Nat. Commun. 2013, 4: 2190.

3.  Masevičius, V., Nainytė, M., Klimašauskas, S. Synthesis of S-adenosyl-L-methionine analogs with extended transferable groups for 
methyltransferase-directed labelling of DNA and RNA. Curr. Protoc. Nucleic Acid Chem. 2016, 64: 1.36.1–1.36.13.

4.  Osipenko, A., Plotnikova, A., Nainytė, M., Masevičius, V., Klimašauskas, S., Vilkaitis, G. Oligonucleotide-addressed covalent 3’-terminal 
derivatization of small RNA strands for enrichment and visualization. Angew. Chem. Int. Ed. 2017, 56: 6507–6510.

5.  Staševskij, Z., Gibas, P., Gordevičius, J., Kriukienė, E., Klimašauskas, S.  Tethered oligonucleotide-primed sequencing, TOP-seq: a high resolution 
economical approach for DNA epigenome profiling. Mol. Cell. 2017, 65(3): 554–564.
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We focus our research towards understanding the molecular basis underlying the bacterial antibiotic resistance in clinic and in the en-
vironment with the emphasis on novel resistance mechanisms and on the bacterial cell features contributing to pathogenesis. Infections 
caused by the group of gram-negative bacteria that are resistant to nearly all currently available antibiotics is a serious concern in clinical 
settings worldwide. Bacteria, previously considered as non-pathogenic, due their ability to acquire multidrug-resistance and virulence 
traits, are currently becoming the ones of the most important hospital infection agents. The opportunistic pathogen Acinetobacter 
baumannii causes a variety of difficult to treat nosocomial infections to critically ill patients. The characteristic features of A. baumannii 
are the ability to withstand prolonged periods of dryness, form biofilms on various surfaces including medical equipment, upregulate 
intrinsic resistance mechanisms and acquire new resistance genes through plasmids, as well as the ability to adhere and colonise the 
host cells. All the listed features are crucial in the life of pathogen, and understanding their molecular basis might bring novel insights 
into pathogenicity and development of novel antibacterial strategies.

1.  Skerniškytė, J., Krasauskas, R., Péchoux, C., Kulakauskas, S., Armalytė, J., Briandet, R., Sužiedėlienė, E. Surface-related features and virulence 
among Acinetobacter baumannii clinical isolates belonging to international clones I and II. Frontiers in Microbiology. 2019 Jan 8, 9: 3116.

2. Miškinytė, M., Juškaitė, R., Skerniškytė, J., Voldemarienė, V., Valuckas, K. P., Kučinskienė, Z.A., Sužiedėlis, K., Sužiedėlienė, E. High incidence of 
plasmid-mediated quinolone resistance (PMQR) genes among antibiotic resistant Gram-negative bacteria from patients of the Lithuanian National 
Cancer Center. Infect Dis (Lond). 2019, 51(16): 471–474.

3.  Armalytė, J., Skerniškytė, J., Bakienė, E., Krasauskas, R., Šiugždinienė, R., Kareivienė, V., Kerzienė, S., Klimienė, I., Sužiedėlienė, E., Ružauskas, 
M.  Microbial diversity and antimicrobial resistance profile in microbiota from soils of conventional and organic farming systems. Frontiers in 
Microbiology. 2019 Apr 26, 10: 892.

4.  Skerniškytė, J., Karazijaitė, E., Deschamps, J., Krasauskas, R., Briandet, R., Sužiedėlienė, E. The mutation of conservative Asp268 residue in the 
peptidoglycan-associated domain of the OmpA protein affects multiple Acinetobacter baumannii virulence characteristics. Molecules. 2019, 24(10).

5.  Krasauskas, R., Skerniškytė, J., Armalytė, J., Sužiedėlienė, E. The role of Acinetobacter baumannii response regulator BfmR in pellicle formation and 
competitiveness via contact-dependent inhibition. BMC Microbiology. 2019, 19(1): 241.

6.  Skerniškytė, J., Karazijaitė, E., Deschamps, J., Krasauskas, R., Armalytė, J., Briandet, R., Sužiedėlienė, E. Blp1 protein shows virulence-associated 
features and elicits protective immunity to Acinetobacter baumannii infection. BMC Microbiology. 2019, 19(1):259.
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Microbiota and Antibiotic Resistance in Soils  
of Conventional and Organic Farming 

Comparison of the soil microbial communities revealed only 
small differences between the lower taxa indicating that the soil 
community is stable, with minor shifts in composition being able 
to handle the different styles of treatment and fertilization. When 
the resistome of the soils was assessed for clinically relevant and 
soil-derived antibiotic resistance genes, a low variety of resistance 
determinants was detected. The antibiotic resistance in cultivable 
soil bacteria was largely dependent on the drug efflux mechanisms. 

The Role of Acinetobacter  baumannii OmpA  
and Peptidoglycan Interaction in Virulence

The outer membrane protein A (OmpA) is an abundant bacterial 
cell surface component involved in A. baumannii pathogenesis. 
The C-terminal domain of OmpA is located in the periplasm and 
non-covalently associates with the peptidoglycan layer via two 
conserved amino acids, thereby anchoring OmpA to the cell wall. 
In this study, we demonstrate that one of these key residues, 
D268, is critical for a number of virulent properties displayed by 
A. baumannii outside and within the host.

Armalytė et al. Frontiers in Microbiology, 2019

Skerniškytė et al. Molecules, 2019

The New Functions of BfmR Response Regulator  
in Acinetobacter  baumannii Physiology

Two-component signal transduction system BfmRS, consisting 
of response regulator BfmR and sensor kinase BfmS, has been 
implicated in the control of various virulence-related traits. In this 
study, we report new features of BfmR by showing that it is required 
for pellicle formation and also negatively regulates contact-
dependent inhibition system, which bacteria use to inhibit the 
growth of other A. baumannii strains and closely related species. 
The impaired competition could allow the incorporation of various 
A. baumannii strains and increase the likelihood of pathogens’ 
survival. Krasauskas et al. BMC Microbiology, 2019
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The uncovering of the origins of human disease, such as schizophrenia, diabetes, and cancer, is the most important goal of biomed-
ical research. All such diseases exhibit inherited predisposition, which implies that DNA sequence variation is involved. Some important 
features of common diseases, however, are difficult to explain by DNA sequence-based mechanisms. Such include discordance of 
identical twins, delayed age of onset, significant fluctuations of the disease course and partial or even full recovery. The cases when 
identical genomes result in different phenotypes point at the involvement of epigenetic factors. It is well known that the same gene 
can “behave” very differently depending on its epigenetic profile, which is modified by developmental, environmental, and stochastic 
factors. Epigenetic issues in the cell may be just as dangerous as mutant genes, and disruption of the normal epigenetic regulation of 
a gene can be harmful to a cell, which may result in a diseased state. 

Our research group at the Life Sciences Centre, Vilnius, has teamed up with the Epigenetics Laboratory, Centre for Addiction and 
Mental Health, Toronto. The new laboratory represents an extension of the long-term collaboration between bioinformatics experts in 
Lithuania and their counterparts in Canada. The international group of Canadian and Lithuanian scientists has significantly contributed to 
the development of the epigenetic theory of human disease, established the required infrastructure, developed the expertise necessary 
for large-scale epigenomic studies and performed a series of pioneering epigenomic studies. 

During 2019, we have been working productively on three different but related epigenomic projects. First and most important, we 
finished a series of large-scale experiments documenting the circadian epigenomic oscillations in human white blood cells. We detected 
evidence that oscillating cytosines are linked to aging epigenome and complex diseases, such as schizophrenia, leukemia, and diabetes. 
We are now testing the hypothesis that epigenomic “tides” may lead to small deviations which accrue over time and may result in 
pathogenic epigenetic misregulation. Second, we created and released a software package for detecting rhythmicity in epigenetic and 
other biological datasets, called DiscoRhythm. Third, we investigated the role of epigenetic misregulation at the regulatory elements 
in the brain of individuals affected by neurodegenerative and psychiatric disease. We identified clusters of enhancers with differential 
DNA modification status between cases and controls. Last but not least, our insights on the state of epigenomic research in psychiatric 
diseases were published in a high impact journal World Psychiatry.

1. Labrie, V., Buske, O. J., Oh, E., Jeremian, R., Ptak, C., Gasiūnas, G., Maleckas, A., Petereit, R., Žvirbliene, A., Adamonis, K., Kriukienė, E., 
Koncevičius, K., Gordevičius, J., Šikšnys, V., Kupčinskas, L., Petronis, A. Lactase nonpersistence is directed by DNA-variation-dependent epigenetic 
aging. Nat Struct Mol Biol. 2016, 23(6): 566–73. 

2. Gagliano, S. A., Ptak, C., Mak, D. Y. F., Shamsi, M., Oh, G., Knight, J., Boutros, P. C., Petronis, A. Allele-skewed DNA modification in the brain: 
relevance to a schizophrenia GWAS. Am J Hum Genet. 2016, 98(5): 956–62.

3. Oh, G., Ebrahimi, S., Wang, S. C., Cortese, R., Kaminsky, Z. A., Gottesman, I. I., Burke, J. R., Plassman, B. L., Petronis, A. Epigenetic assimilation in 
the aging human brain. Genome Biol. 2016, 17(1): 76.

4. Oh, G., Ebrahimi, S., Carlucci, M., Zhang, A., Nair, A., Groot, D. E., Labrie, V., Jia, P., Oh, E. S., Jeremian, R. H., Susic, M., Shrestha, T. C., Ralph, M. R., 
Gordevičius, J., Koncevičius, K., Petronis, A. Cytosine modifications exhibit circadian oscillations that are involved in epigenetic diversity and 
aging. Nature Comm. 2018, 9(1): 644.

5. Oh, G., Koncevičius, K., Ebrahimi, S., Carlucci, M., Groot, D. E., Nair, A., Zhang, A., Kriščiūnas, A., Oh, E. S., Labrie, V., Wong, A. H. C., Gordevičius, J., 
Jia, P., Susic, M., Petronis, A. Circadian oscillations of cytosine modification in humans contribute to epigenetic variability, aging, and complex 
disease. Genome Biol. 2019, 20(1): 2. 
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Circadian Oscillations of Cytosine Modification in 
Humans Contribute to Epigenetic Variability, Aging, 
and Complex Disease
Maintenance of physiological circadian rhythm plays a crucial role 
in human health. Numerous studies have shown that disruption of 
circadian rhythm may increase risk for malignant, psychiatric, meta-
bolic, and other diseases. In this study we investigated the oscil-
lations of cytosine modification in human neutrophils and showed 
that such oscillations may play a role in gene regulation, can explain 
parts of intra- and inter-individual epigenetic variation, and are as-
sociated with epigenetic aging.
We also detected that oscillations of modified cytosines are linked to 
three complex diseases. It can be hypothesized that the loss of bal-
ance between cytosine methylation and demethylation during the 
circadian cycle can result in epigenetic misregulation predisposing 
or causing a disease.  Further experiments, however, are required 
to investigate the possible involvement of confounding effects, such 
as hidden cellular heterogeneity. (Oh et al. Genome Biology. 2019, 
Jan 03, 20: 2). 

DiscoRhythm: Easy-to-Use Web Application  
and R Package for Discovering Rhythmicity
Identification of oscillating signals could lead to novel biological 
insights, yet its investigation is impeded by the extensive computa-
tional and statistical knowledge required to perform such analysis.
To address this issue, we created DiscoRhythm (Discovering Rhythmi-
city), a user-friendly application for characterizing rhythmicity in tem-
poral biological data. DiscoRhythm is available as a web application 
or an R/Bioconductor package for estimating phase, amplitude and 
statistical significance using four popular approaches to rhythm de-
tection (Cosinor, JTK Cycle, ARSER and Lomb-Scargle). We optimized 
these algorithms for speed, improving their execution times up to 
30-fold to enable rapid analysis of -omic-scale datasets in real-time.
Informative visualizations, interactive modules for quality control, 
dimensionality reduction, periodicity profiling and incorporation 
of experimental replicates make DiscoRhythm a thorough toolkit 
for analysing rhythmicity (Carlucci, M. et al. Bioinformatics. 2019, 
doi:10.1093/bioinformatics/btz834). 

Epigenetic Dysregulation of Enhancers in Neurons is 
Associated with Alzheimer’s Disease Pathology and 
Cognitive Symptoms
Alzheimer’s disease is an age-dependent chronic neurodegenerative 
disorder that is characterized by the progressive deterioration 
of memory and cognitive functions. In this study we performed 
genome-wide mapping of DNA methylation of prefrontal cortex of 
Alzheimer’s patients and control subjects. 
We detected 1224 differentially modified enhancer regions, most 
of which exhibited lower CpH sites modification in disease. CpH 
modification loss also occurred in normal aging neurons, but such 
was accelerated in Alzheimer’s disease. Integration of epigenetic 
and transcriptomic data demonstrated a pro-apoptotic reactivation 
of the cell cycle in post-mitotic neurons affected by Alzheimer’s. 
Furthermore, such neurons had a large cluster of differentially 
modified enhancers in the DSCAML1 gene that targets BACE1. Loss 
of modification in these enhancers in disease is associated with 

Properties of 
oscillating modified 
cytosines in human 
neutrophils 

Analysis steps 
implemented by 
DiscoRhythm

Significant 
interactions 
between 
differentially 
methylated 
enhancers (n=1224) 
and gene promoters 
in Alzheimer’s 
disease brains 
(stratified by 
chromosome) 

an upregulation of BACE1 transcripts and an increase in amyloid 
plaques, neurofibrillary tangles, and cognitive decline. (Li  et al. 
Nature Communications. 2019, 10: 2246).
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The incidence of cancer is continuing to rise, and early diagnostic and/ or primary prevention strategies, as well as tools for pre-
dicting disease progression and resistance to therapy, are needed. Recently, genome-scale analyses have provided novel insights 
into the genomic and epigenomic landscape of various cancers, including mutational profiles, DNA methylation, protein-coding and 
microRNA (miRNA) expression patterns. Despite the validation of previously known alterations, various newly discovered genetic and 
epigenetic features have been proposed as measures of cancer aggressiveness as well as tools for diagnosis. During the last decade, 
the increased understanding of genetic alterations in tumours has encouraged the development of molecular tests in order to facil-
itate both the diagnosis of the disease and the selection of the most effective treatment scheme, as well as to avoid unnecessary 
interventional procedures for the patient. Genome-scale analyses are also a valuable tool for identification of novel drug targets for 
personalized cancer therapy.

Using a variety of genome-wide and target-oriented methodologies [1], our group aims at the (epi)genetic characterization 
of various human tumours (prostate, kidney, breast, lung and others) and the development of molecular biomarker systems for 
cancer detection, molecular classification, prognosis and early identification of resistance development [2–4]. Focusing on altered 
DNA methylation, we have recently proposed biomarker panels for prostate cancer detection and more accurate characterization by 
using liquid biopsy samples [3]. Genetic and epigenetic analyses were used to identify novel players of renal carcinogenesis. Some 
of metallothionein genes were shown as specifically hypermethylated in renal cell carcinomas and showed significant associations 
with clinical variables of the disease [2]. In collaboration with the Institute of Biochemistry and National Cancer Institute of Lithuania, 
we continued the investigation of molecular mechanisms of combined action of dichloroacetate and salinomycin for the develop-
ment of novel solutions in cancer therapy [4].

1. Daniunaite, K., Jarmalaite, S., Kriukiene, E. Epigenomic technologies for deciphering circulating tumor DNA. Curr Opin Biotechnol. 2018, 55: 
23–9, http://doi.org/10.1016/j.copbio.2018.07.002

2. Maleckaite, R., Zalimas, A., Bakavicius, A., Jankevicius, F., Jarmalaite, S., Daniunaite, K. DNA methylation of metallothionein genes is 
associated with the clinical features of renal cell carcinoma. Oncol Rep. 2019, 41: 3535–44, https://www.spandidos-publications.com/
or/41/6/3535

3. Bakavicius, A., Daniunaite, K., Zukauskaite, K., Barisiene, M., Jarmalaite, S., Jankevicius, F. Urinary DNA methylation biomarkers for 
prediction of prostate cancer upgrading and upstaging. Clin Epigenetics. 2019, 11: 115, https://clinicalepigeneticsjournal.biomedcentral.com/
articles/10.1186/s13148-019-0716-z

4. Skeberdytė, A., Sarapinienė I., Krasko, J. A., Barakauskienė, A., Žilionytė, K., Prokarenkaitė, R., Sužiedėlis, K., Bukelskienė, V., Jarmalaitė, S. 
Salinomycin and dichloroacetate synergistically inhibit Lewis lung carcinoma cell proliferation, tumor growth and metastasis. Biochem 
Biophys Res Commun. 2020, pii: S0006-291X(20)30058-9, https://www.sciencedirect.com/science/article/pii/S0006291X20300589
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Metallothioneins for RCC characterization
Metallothioneins (MTs) are low-weight cysteine-rich proteins re-
sponsible for metal ion homeostasis in a cell and, thus, capable 
of regulating cell proliferation and differentiation. Deregulation 
of MT genes has been reported in various human tumours. In the 
present study, we aimed to evaluate the importance of promoter 
DNA methylation of selected MT genes for renal cell carcinoma (RCC). 
Genes MT1E, MT1F, MT1G and MT1M were analysed in 30 cancerous  
and 30 non-cancerous renal tissues. Aberrant MT1E methylation was 
more frequent in tumours having necrotic zones or characterized 
with higher differentiation grade, while MT1M was more commonly 
methylated in tumours with higher Fuhrman grade. Gene expres-
sion analysis revealed MT1G downregulation in tumours, while lower 
MT1E expression levels were associated with the promoter methyla-
tion. Thus, the present study revealed the potential role of MT1E and 
MT1M promoter methylation in RCC development.

Urinary Biomarkers for Prostate Cancer  
Upgrading and Upstaging
Significant numbers of prostate cancer (PCa) patients experience 
tumour upstaging and upgrading in surgical specimens that 
cause serious problems in timely and proper selection of the 
treatment strategy. This study was aimed at the evaluation of a 
set of established epigenetic biomarkers as a non-invasive tool 
for more accurate PCa categorization before radical prostatectomy 
(RP). Quantitative methylation-specific PCR was applied for 
the methylation analysis of RARB, RASSF1, and GSTP1 in 514 
preoperatively collected voided or catheterized urine samples 
from the single-centre cohort of 1056 treatment-naïve PCa patients 
who underwent RP. Pathological examination of RP specimens 
revealed Gleason score upgrading in 27.2% and upstaging in 20.3% 
of the patients with a total misclassification rate of 39.0%. DNA 
methylation changes in at least one gene were detected in more 
than 80% of urine samples. Combination of the PSA test with the 
three-gene methylation analysis in urine was a significant predictor 
of pathological upstaging and upgrading.

Drug Combinations for Cancer Treatment
Drug combination is considered to be the cornerstone of cancer 
treatment due to the possibility to overcome drug resistance and 
to be applied at reduced concentrations. Salinomycin (Sal) is a well-
known cancer stem cell killer, and dichloroacetate (DCA) exclusively 
targets cells with altered mitochondrial activity. In the current work, 
we confirmed the synergistic cytotoxic properties of Sal and DCA 
in the 2D and 3D cultures of Lewis lung carcinoma (LLC1) cells. To 
verify if a synergistic effect of these compounds persisted in vivo, 
we performed series of experiments using a syngeneic LLC1-C57BL/6 
mouse model and demonstrated that combination therapy with Sal 
and DCA increased the survival rate of allografted mice, inhibited 
metastatic site formation and reduced the populations of cancer stem 
cells as well as cells that underwent the epithelial-to-mesenchymal 
transition. Our results demonstrate a synergistic effect of Sal and 
DCA in vitro and in vivo and suggest their benefits in the treatment 
of metastatic cancers.
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Acute myeloid leukaemia (AML) is an aggressive, heterogeneous group of malignancies with different clinical behaviours and 
different responses to therapy. AML karyotypes are most commonly classified into three prognostic categories with differing median 
survivals as follows: 1) favourable risk, 7.6 years; 2) intermediate risk, 1.3 years; 3) poor risk, 0.5 years. The 5-year relative survival of 
adults diagnosed with AML was less than 10%. Given the poor prognosis, patients are encouraged to participate in clinical trials or 
pursue aggressive therapy. For many types of cancer, finding the cancer early makes it easier to treat. There are a few screening tests 
on the market for an early detection of certain cancers in people without any symptoms. However, at this time, there are no special 
tests recommended to find acute myeloid leukaemia (AML) early. Identifying prognostic molecular markers and understanding their 
biology are the first steps toward developing novel diagnostic tools or/and therapies for patients with AML.

Our team has over 30 years of experience in the cancer research field: human leukaemia differentiation and epithelial cancer 
growth inhibition/death molecular mechanisms. 

Today, our research is focused on the following:
￭ on the pharmacological manipulation of chromatin remodelling that might develop into a potent and specific strategy for the 

treatment of leukaemia; 
￭ on the establishment of novel, potentially prognostic biomarkers useful for the diagnostics of leukaemia or disease outcome 

predictions.

1.  Vitkeviciene, A., Skiauteryte, G., Zucenka, A., Stoskus, M., Gineikiene, E., Borutinskaite, V., Griskevicius, L., Navakauskiene, R. HDAC and HMT 
inhibitors in combination with conventional therapy: a Novel treatment option for acute promyelocytic leukemia. Journal of Oncology. 2019, 7: 
1–11. doi: 10.1155/2019/6179573.

2.  Vitkeviciene, A., Janulis, V., Zucenka, A., Borutinskaite, V., Kaupinis, A., Valius, M., Griskevicius, L., Navakauskiene, R. Oxidative phosphorylation 
inhibition induces anticancerous changes in therapy-resistant–acute myeloid leukemia patient cells. Molecular Cancerogenesis. 2019. doi: 
10.1002/mc.23092.

3.  Vitkeviciene, A., Baksiene, S., Borutinskaite, V., Navakauskiene, R. Epigallocatechin-3-gallate and BIX-01294 have different impact on 
epigenetics and senescence modulation in acute and chronic myeloid leukemia cells. Eur J Pharmacol. 2018, 838: 32–40.

4.  Borutinskaitė, V., Virkšaitė, A., Gudelytė, G., Navakauskienė, R. Green tea polyphenol EGCG causes anti-cancerous epigenetic modulations in 
acute promyelocytic leukemia cells. Leukemia and Lymphoma. 2018, 59(2): 469–478.
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Belinostat (HDAC inhibitor) and 3-Deazaneplanocin 
A (HMT inhibitor) Enhanced Effect of Conventional 
Treatment

Acute promyelocytic leukaemia (APL) is characterized by the block-
ade of promyelocyte differentiation, which in some cases depends on 
the translocation of chromosomes that occur in cells. The conventional 
treatment with retinoic acid and chemotherapy is quite effective. How-
ever, there are still patients with relapse or resistance to conventional 
treatment. Then doctors need to search for new combinations of drugs.
In this work, we investigated the potential of a histone deacetylase 
(HDAC) inhibitor and a histone methyltransferase (HMT) inhibitor to 

Venetoclax and Atovaquone:  
New Drugs for AML Treatment

Due to frequent relapses or treatment resistance it is necessary to 
develop new treatments of AML. Various studies have shown that 
some cancers, including some chemoresistant subgroups of AML, 
have elevated oxidative phosphorylation. 
In this study, we evaluated treatment-resistant cellular modulation 
of AML patients using only oxidative phosphorylation inhibitors, 
metformin and atovaquone, and in various combinations with the 
cytarabine and apoptosis-inducing ventocoxlax. 
In our experiment we found that metformin showed a higher 
capacity to inhibit OCR in therapy-resistant AML cells compared 
with atovaquone. They both had a stronger effect when used in 
combination with cytarabine and venetoclax. Therapy-resistant–
AML cell treatment with metformin and co-treatment with 
metformin, cytarabine, and venetoclax had a slight effect on cell 
proliferation inhibition and on cell cycle–related gene expression. 
Also, such treatment modulated metabolic pathways. These 
beneficial molecular changes might play an important role in 
combined treatment for chemoresistant AML.

Metabolism-related proteome changes in therapy-resistant AML cells 
after the treatment with the combination of metformin, cytarabine, and 
venetoclax ex vivo.

enhance conventional therapy in vitro and ex vivo. NB4 and HL60 cell 
lines were used as an in vitro model; bone marrow mononuclear cells 
from an APL patient were used as an ex vivo model. Cell samples 
were exposed to Belinostat (HDAC inhibitor) and 3-Deazaneplanocin 
A (HMT inhibitor) in combination with standard chemical agents 
(retinoic acid and Idarubicin) used in the treatment. We showed that 
the combination treatment we used had a slightly greater effect on 
inhibiting cell proliferation and a stronger effect on the induction of 
apoptosis and inhibition of metabolism than conventional treatment. 
We found that 3-Deazaneplanocin A and Belinostat enhanced the 
standard treatment of acute promyelocytic leukaemia and could be 
considered for further clinical trials.
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Neoplastic diseases are one of the major causes of death worldwide. Chemotherapy, the main strategy for treating cancer, often 
fails due to the ability of the tumour cells to adjust to the therapy and to become even more malignant. A precise diagnosis of 
tumours and the development of new therapeutic tools, as well as the ability to detect and destroy therapy-resistant cells are the 
essential areas for successful tumour therapy. There are several avenues of research for overcoming the cancer treatment problems. 
First, one must understand the fundamental mechanisms of cancer genesis and target the crippled processes with specific agents. 
Second, to deal with the constantly rising drug resistance, it is necessary to elucidate the mechanism of drug resistance, to choose 
and individually apply the second-line therapy. We address these issues by pursuing the following long-term goals: I) to study the 
molecular mechanisms of cancer cell genesis, including cell signalling in vitro; II) by applying high throughput differential quan-
titative proteomic analysis, to identify signalling pathways and biological processes altered in drug resistant cells; III) to match the 
effective first and second-line therapy for successful treatment.

Our research focus encompasses the novel as well as conventional pathways of cancer cell signalling. In collaboration with the R. 
Prekeris Lab (University of Colorado, Denver, Colorado, USA) we investigated the novel role of midbody, cellular organelle previously 
associated only with cytokinesis, in cancer cell proliferation, survival and drug resistance [1]. The combined analysis of colorectal 
cancer cells proteome and miRNome enabled us to highlight partial endothelial–mesenchymal transition and altered mutant p53 
signalling as the core processes in acquired resistance to standard FOLFOX chemotherapy [3]. We also applied multiparametric proteo-
mic analysis to reveal the enhanced SCF receptor c-KIT signalling in multidrug-resistant breast cancer cells. The treatment with c-KIT 
targeted inhibitor was shown to be a promising second-line therapy in the current case of acquired chemotherapy resistance [2].

1.  Peterman, E., Gibieža, P., Schafer, J., Skeberdis, V. A., Kaupinis, A., Valius, M., Heiligenstein, X., Raposo, G., Prekeris, R. The post-abscission midbody 
is an intracellular signaling organelle that regulates cell proliferation. Nat Commun. 2019, 10: 3181.

2.  Kuciauskas, D., Dreize, N., Ger, M., Kaupinis, A., Zemaitis, K., Stankevicius, V., Suziedelis, K., Cicenas, J., Graves, L. M., Valius, M. Proteomic analysis 
of breast cancer resistance to the anticancer drug RH1 reveals the importance of cancer stem cells. Cancers (Basel). 2019, 11(7).

3.  Gasiulė, S., Dreize, N., Kaupinis, A., Ražanskas, R., Čiupas, L., Stankevičius, V., Kapustina, Ž., Laurinavičius, A., Valius, M., Vilkaitis, G. Molecular 
insights into miRNA-driven resistance to 5-fluorouracil and oxaliplatin chemotherapy: miR-23b modulates the epithelial–mesenchymal transition of 
colorectal cancer cells. J. Clin. Med. 2019, 8: 2115.
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Novel Role for Midbody in Cancer Cell Proliferation 
and Anchorage-Independent Growth 
The midbody (MB) is a dense microtubule-rich proteinaceous organ-
elle that is responsible for recruiting abscission-regulating proteins 
during cytokinesis. Recent discoveries suggest that post-mitotic 
MBs function as signalling platforms that regulate cell stemness, 
as well as aggressiveness of cancer cells. However, mechanisms of 
MBs accumulation and function in the cells is poorly understood.
In our research we set out to investigate the main characterist-
ics and new possible roles of post-mitotic MBs in the regulation 
of cellular functions and drug resistance. By means of time-lapse 
confocal microscopy we interrogated lifetime and dynamics of the 
MBs in cell culture. Also, in collaboration with the R. Prekeris Lab, 
we performed high-throughput differential proteomic analysis of 
isolated post-mitotic MBs. Proteomics data analysis identified en-
richment of several proteins referred to as matricellular receptors. 
Simultaneous binding of matricellular receptors to phosphatidylser-
ine (also enriched in MB outer membrane) and integrins on cell sur-
face mediates recognition that results in subsequent engulfment of 

the MBs. The combined proteomic and experimental data show that 
internalized MBs regulate and promote cell proliferation as well as 
anchorage-independent growth and survival (Peterman et al. Nat 
Commun. 2019, 10: 3181). 

Cancer Stem Cells Underlie Acquired Drug Resistance
The acquired resistance of breast cancer cell line MDA-MB-231 to 
antitumour drug RH1 was dissected by means of multiparametric 
proteomic analysis combining differential analysis of total cell 
proteome, phosphoproteomics and analysis of protein kinase 
activity by multiplexed kinase inhibitor beads. The analysis revealed 
an increase in the activity of protein kinases involved in the cell 
cycle and stemness regulation, as well as downregulation of 
proapoptotic kinases such as JNK in RH1-resistant cells. Suppression 
of JNK led to the increase of cancer cell resistance to RH1. Moreover, 
we showed that resistant cells had enhanced expression of stem 
cell factor (SCF) and stem cell markers. Inhibition of SCF receptor 
c-KIT resulted in the attenuation of cancer stem cell enrichment 
and decreased amounts of tumour-initiating cells. RH1-resistant 
cells also acquired resistance to conventional therapeutics while 
remaining susceptible to c-KIT-targeted therapy with masitinib. 

Mechanisms of Acquired Chemotherapy Resistance 
in Colorectal Cancer
Most commonly used adjuvant chemotherapy for treatment of 
patients with surgically resected colorectal cancer (CRC) named 
FOLFOX consists of 5-fluorouracil, leucovorin and oxaliplatin. In this 
study we analysed several resistance mechanisms of oxaliplatin- 
resistant CRC cell line.
Firstly, we identified miR-23b as a potential prognostic biomarker for 
oxaliplatin resistance. Moreover, proteomic analysis of target genes 
of miR-23b showed that endothelial–mesenchymal transition (EMT) 
was implicated in oxaliplatin insensibility. Subsequent analysis of 
EMT-regulating genes indicates that oxaliplatin-resistant cells ex-
press higher levels of SNAI2 transcription factor, and induction of 
SNAI2 gene results in more aggressive and resistant CRC phenotype.
Secondly, differential proteomic analysis of parental and oxaliplatin-
resistant cell lines highlighted the p53 protein involvement in the 
drug resistance. We identified two heterozygous mutations in the 
DNA binding domain of TP53 gene in the drug-resistant cells and 
showed that mutated p53 cannot activate its transcriptional targets. 

Our results suggest that the insensibility to oxaliplatin arises in part 
by inactivation of functional cancer suppressor p53 emphasizing it 
as a target for second line therapy of multidrug resistance (Gasiulė 
et al. J. Clin. Med. 2019, 8: 2115).

Thus, our research shows that figuring out and subsequent targeting 
of the vital cancer stem cells receptors might be an effective 
approach for combating resistance to conventional chemotherapy 
(Kuciauskas et al. Cancers. 2019, 11: 972).
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The Totiviridae family dsRNA viruses from the Saccharomycetaceae family yeast are ubiquitous yet poorly understood benign inhabi-
tants of the host. In our lab, they are being investigated by means of molecular biology techniques. The impact of the dsRNA viruses un-
covered by genomic, transcriptomic, proteomic and phenomic analysis is interpreted as a model framework for establishing the universal 
mechanisms behind any virus of interest, in such a way creating a paradigm network for virus-host interactions. We aim at an understand-
ing of intra- and extracellular relations of yeast dsRNA viruses in order to elucidate the evolutionary pathways of these viruses and reveal 
the ultimate principles of distribution within an ecosystem [1].  

Nucleoside and nucleotide-based antivirals constitute an essence of modern high-efficacy antiretroviral HIV treatment. While being a 
revolutionary approach upon discovery, nowadays, it suffers from an emerging resistance and multiple side effects due to life-long ad-
ministration. Recently, innovative and more advanced measures against genuine retroviral replication enzymes have been proposed and 
substantiated. The aim of our research is to develop compounds active at the level of a catalytic cycle of retroviral replication enzymes, 
linking an exclusive specificity and efficacy into a binding approach.

Our team focuses on systems biology approaches to address the interactions of yeast double-stranded RNA Totiviridae viruses with the 
host cell. Basing on a virus genome cloning technique, developed in our lab [2,3], constituent genes of a virus genome were re-introduced 
into model hosts to manipulate the phenotype conferred by the virus. We were able to either achieve a complete clearing of the target 
virus or boost the synthesis of the viral genome, making it the most prevalent form of an individual RNA molecule in a cell. The developed 
techniques allowed us to perform a transcriptomic and proteomic analysis, aimed at understanding the molecular mechanisms behind the 
establishment of Totiviridae viruses in host cell [4].

To create novel universal antiviral compounds, we took advantage of the catalytic mechanisms of viral polymerases. In particular, the 
catalytic flexibility of reverse transcriptases from HIV and M.MuLV were exploited to prepare and investigate the conjugates of nucleotide 
and small molecule inhibitors. We demonstrated the feasibility of altering the action of a polymerase, forcing a shift from the processive 
to the distributive mode [5]. The conformational alterations of productive complexes were postulated to determine the impaired turnover 
of the target enzymes, in such a way ensuring selectivity among a variety of cellular polymerases.

1. Vepštaitė-Monstavičė, I., Lukša, J., Konovalovas, A. et al. Saccharomyces paradoxus K66 killer system evidences expanded assortment of helper 
and satellite viruses. Viruses. 2018 Oct 16, 10(10).

2. Grybchuk, D., Akopyants, N. S., Kostygov, A. Y. et al. Viral discovery and diversity in trypanosomatid protozoa with a focus on relatives of the 
human parasite Leishmania. Proc Natl Acad Sci U S A. 2018 Jan 16, 115(3): E506–E515.

3. Konovalovas, A., Servienė, E., Serva, S. Genome sequence of Saccharomyces cerevisiae double-stranded RNA virus L-A-28. Genome Announc. 
2016, 4(3): e00549–16.

4. Lukša, J., Ravoitytė, B., Konovalovas, A., Aitmanaitė, L., Butenko, A., Yurchenko, V., Serva, S., Servienė, E. Different metabolic pathways are 
involved in response of Saccharomyces cerevisiae to L-A and M viruses. Toxins (Basel). 2017 Jul, 25: 9(8).

5. Mikalkėnas, A., Ravoitytė, B., Tauraitė, D. et al. Conjugation of phosphonoacetic acid to nucleobase promotes a mechanism-based inhibition. 
Journal of Enzyme Inhibition and Medicinal Chemistry. 2018, 33(1): 384–389.
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The hippocampus has a major role in learning and the regulation of emotion, thus the use of animal models is pivotal for a better understanding of 
neurological and psychiatric diseases. The image represents a mouse hippocampal slice with fluorescently labelled synaptic cell adhesion proteins and 
nuclei, recorded using a Leica TCS SP8 confocal microscope. Image by Dovydas Gabrielaitis, PhD student, Institute of Biosciences, Life Sciences Center.
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Protein misfolding and aggregation into amyloid structures is involved in many diseases, including such neurodegenerative disorders 
as Alzheimer’s and Parkinson’s, systemic amyloidoses and even some localized diseases such as type II diabetes or cataract. There is 
increasing evidence of the amyloid nature of proteinaceous infectious particles – prions. One of the possible ways of prion spreading is 
a self-replication of amyloid-like fibrils; thus, there is a chance of all amyloid-associated diseases to be potentially infective. 

The ability of the same protein to adopt distinct pathogenic conformations was first reported in studies of infectious prions, and such 
conformations were referred to as strains. Strain-like polymorphism was reported for several other amyloid proteins. It highly increases 
the complexity of disease mechanisms and may be one of the reasons for the slow progress in drug research. 

Our team studies the effects of environmental factors such as temperature, pressure, intensity and type of agitation, pH, ions, mac-
romolecular crowding and the presence of different organic solvents, ligands and biomolecules on aggregation kinetics, thermodynamic 
stability and the structural properties of amyloid-like fibrils. We believe that only comprehensive knowledge of all factors may provide 
a genuine understanding of the mechanisms of amyloid self-replication, complexity of fibril polymorphism and lead towards curing 
amyloid-related diseases. 

We are interested in comparing the aggregation profiles of different proteins and testing possibilities of their co-aggregation. The 
group has experience in the expression and purification of recombinant amyloid beta, alpha-synuclein, different isoforms of full-length 
Tau proteins, a variety of mammalian prion proteins (derived from different species and with different mutations), S100A9 protein, su-
peroxide dismutase, sup35NM domain and beta-microglobulin. The main methods used to follow amyloid formation include UV, visible 
and fluorescence spectrometry (a Thioflavin T fluorescence assay as the main method to follow kinetics), Fourier transform infrared 
spectrometry and atomic force microscopy.

1.  Ziaunys, M., Sneideris, T., Smirnovas, V. Self-inhibition of insulin amyloid-like aggregation. Physical Chemistry Chemical Physics. 2018, 20(43): 
27638–45.

2.  Kim, C., Xiao, X., Chen, S., Haldiman, T., Smirnovas, V., Kofskey, D. et al. Artificial strain of human prions created in vitro. Nature 
Communications. 2018, 9(1): 2166.

3.  Iashchishyn, I. A., Sulskis, D., Nguyen Ngoc, M., Smirnovas, V., Morozova-Roche, L. A. Finke–Watzky two-step nucleation–autocatalysis model 
of S100A9 amyloid formation: protein misfolding as “nucleation” event. ACS Chemical Neuroscience. 2017, 8(10): 2152–2158.

4.  Sneideris, T., Darguzis, D., Botyriute, A., Grigaliunas, M., Winter, R., Smirnovas, V. pH-driven polymorphism of insulin amyloid-like fibrils. PloS 
one. 2015, 10(8): e0136602.

5.  Šneideris, T., Baranauskienė, L., Cannon, J. G., Rutkienė, R., Meškys, R., Smirnovas, V. Looking for a generic inhibitor of amyloid-like fibril 
formation among flavone derivatives. PeerJ. 2015, 3: e1271.

VytAutAs sMirnoVAs
Research Professor
Department of Biothermodynamics and Drug Design
Institute of Biotechnology
Email: vytautas.smirnovas@bti.vu.lt 
Phone: +370 670 69929

Protein Misfolding and Aggregation

seleCteD PuBliCAtions



M o l e C u l A r  M e C H A n i s M s 
o F  D i s e A s e

69

Spectroscopic Properties of Amyloid Fibrils

Thioflavin T (ThT) fluorescence assay is one of the main methods 
used to detect amyloid fibrils and follow aggregation kinetics. We 
have studied interactions between ThT and insulin amyloid fibrils, 
and demonstrated the existence of an additional core binding region, 
which greatly affects the overall fluorescence intensity (Ziaunys 
and Smirnovas. J. Phys. Chem. B. 2019). In addition, we have shown 
that L-phenylalanine aggregates possess a fluorescence region 
similar to ThT (without actually binding the dye), thus causing a 
false-positive identification of amyloid formation (Ziaunys and 
Smirnovas. PeerJ. 2019). As an alternative, fibril intrinsic deep-blue 
autofluorescence can be used to track amyloid aggregation and 
dissociation (Ziaunys et al. PeerJ. 2019.) 

Inhibition of Amyloid Formation

We set out to explore whether the universal nature of epigallo-
catechin-3-gallate (EGCG) as an amyloid aggregation inhibitor is 
robust against variation in experimental conditions. We demonstrate 
that even an inhibitor candidate as well-characterized as EGCG can 
display dramatically different inhibitory efficacy depending on the 
experimental conditions under which amyloid aggregation reaction 
is performed. Therefore, a systematic exploration of the interplay 
of environmental conditions, compound stability, and efficacy 
is essential for the development of effective anti-amyloid drugs 
(Sneideris et al. Environment is a key factor in determination of 
anti-amyloid compounds, under review).

Polymorphism of Amyloid Fibrils

We have reported protein concentration to be another factor leading 
to polymorphism of insulin amyloid fibrils. Moreover, our results 
suggest that insulin amyloid conformation can self-replicate only via 

elongation, while seed-induced nucleation will lead to environment-
defined conformation of fibrils (Sakalauskas et al. Concentration-
dependent polymorphism of insulin amyloid fibrils, PeerJ, accepted). 
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Electrophysiological brain responses assessed non-invasively with electroencephalogram (EEG) stand as a widely used cost-ef-
fective tool to estimate brain functioning in norm and pathology. Depending on the recording conditions, information about the rest-
ing state or brain responses to particular stimuli or tasks can be evaluated. However, the factors affecting electrical brain responses 
in pre-clinical and clinical settings are not fully understood, especially those related to the state of the study participant or a patient. 
The knowledge on the potential modulators of electrical brain states is important for correct objective interpretation of the observed 
patterns of brain activity and for further optimization and practical application of the method.

Employing electroencephalography as the main tool, also behavioural measures and subjective evaluation, the Brain States Re-
search Group is investigating the origin and the outcome of the observable electric brain states from the viewpoint of everyday func-
tioning and from diagnostic/clinical perspective. We evaluate how subjects’ traits (like sex, personality, general ability to sense one’s 
own body) and states (like level of arousal, attention, hormonal background), the task they perform and stimulation we provide 
affect brain activity. We use various stimulation approaches (i.e. classical P300, P50, Go/NoGo, MMN) with a special focus on the 
brain ability to entrain with periodic events as measured by steady-state responses (SSRs) to stimuli of various modalities. In close 
collaboration with partners from the USA, Switzerland, Poland, New Zealand, Chile, Czech Republic we have evaluated the promise of 
electrophysiological resting state activity and auditory evoked brain responses to evaluate the state of the nervous system in various 
normal conditions (i.e. dependence on subject’s sex and the subjective experiences during the experiment [1, 2, 4]) and pathological 
states (i.e. prolonged disorders of consciousness, schizophrenia and association to clinical symptoms [3, 5]). 

1. Parciauskaite, V., Voicikas, A., Jurkuvenas, V., Tarailis, P., Kraulaidis, M., Pipinis, E., Griskova-Bulanova, I. 40-Hz auditory steady-state 
responses and the complex information processing: an exploratory study in healthy young males. Plos One. 2019, 14(10): e0223127.

2. Melynyte, S., Pipinis, E., Genyte, V., Voicikas, A., Rihs, T., Griskova-Bulanova, I. 40 Hz auditory steady-state response: the impact of 
handedness and gender. Brain Topography. 2018, 31(3): 419–429.

3. Binder, M., Gorska, U., Griskova-Bulanova, I. 40 Hz auditory steady-state responses in patients with disorders of consciousness: 
correlation between CRS-R score and phase-locking index. Clinical Neurophysiology. 2017, 128(5): 799–806.

4. Pipinis, E., Melynyte, S., Koenig, T., Jarutyte, L., Linkenkaer-Hansen, K., Ruksenas, O., Griskova-Bulanova, I. Association between resting-
state microstates and ratings on the Amsterdam Resting-State Questionnaire. Brain Topography. 2017, 30(2): 245–248.

5. Griskova-Bulanova, I., Hubl, D., van Swam, C., Dierks, T., Koenig, T. Early- and late-latency gamma auditory steady-state response in 
schizophrenia during closed eyes: does hallucination status matter? Clinical Neurophysiology. 2016, 127(5): 2214–2221.
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The development of the mammalian nervous system is associated with the generation of excess neuronal synapses, which is 
followed by their removal – a process known as synaptic pruning. Depending on the area of the brain, up to 70% of pre-formed 
synapses are lost during developmental circuitry refinement. Appropriate synaptic pruning appears to be required for the strength-
ening of remaining synapses and is critical for normal brain development. In animal models, aberrations of synaptic pruning lead to 
impaired brain circuit maturation and dysfunctional connectivity. In human brain imaging and post-mortem studies, the reduction 
of brain volume and the reduced density of dendritic spines in schizophrenia are suggestive of over-pruning, whereas an increased 
brain volume and dendritic spine densities may indicate under-pruning in autism. For a long time, synaptic pruning has been seen as 
a neuron-autonomous process. However, recent studies have revealed that unnecessary synapses may be phagocytosed by resident 
immune cells – microglia, but no neuronal molecule has been identified that allows to discriminate between strong synapses that 
need to be maintained and weak synapses that need to be removed. We aim to define the molecular signalling pathways that drive 
this highly specific pruning of unnecessary synapses. Our investigations are supported by the European Union’s Horizon 2020 Research 
and Innovation Programme under the Marie Skłodowska-Curie grant agreement No. 705452 (2018–2021).

For microglia to discriminate between subsets of synapses that need to be removed or maintained there must be molecular 
signal(s) exposed on the surface of the synapse to trigger or inhibit microglial recognition and engulfment. Therefore, we focus is on 
the molecular profile of removable synapses in a developing mouse hippocampus. For this, we use both ex vivo tissue cultures and 
genetically modified mouse lines. We are developing novel molecular tools for a rapid, selective and sensitive labelling of synaptic 
surface molecules. High-resolution fluorescent microscopy of developing circuits is supplemented with electrophysiology studies (in 
collaboration with Prof. D. Ragozzino, Sapienza Università di Roma, Italy), functional brain imaging (in collaboration with Dr. A. Gozzi, 
Istituto Italiano di Tecnologia, Italy) and animal behaviour experiments. We intend to define the synapses destined for elimination in 
vitro, and thereafter in vivo, and to elucidate their molecular signatures, giving first direct insights into the molecular cascades that 
are required for developmental synaptic pruning in the maturing circuits of the brain.

1.  Weinhard, L., di Bartolomei, G., Bolasco, G., Machado, P., Schieber, N. L., Neniskyte, U., Exiga, M., Vadisiute, A.,, Raggioli, A., Schertel, A., Schwab, Y., 
Gross, C. T. Microglia remodel synapses by presynaptic trogocytosis and spine head filopodia induction. Nat Commun. 2018 Mar 26, 9(1): 1228.

2.  Weinhard, L., Neniskyte, U., Vadisiute, A., di Bartolomei, G., Aygün, N., Riviere, L., Zonfrillo, F., Dymecki, S., Gross, C. Sexual dimorphism of 
microglia and synapses during mouse postnatal development. Dev Neurobiol. 2018 Jun, 78(6): 618–626. doi: 10.1002/dneu.22568.

3.  Neniskyte, U., Gross, C. T. Errant gardeners: glial-cell-dependent synaptic pruning and neurodevelopmental disorders. Nat Rev Neurosci. 2017 Nov, 
18(11): 658–670. doi: 10.1038/nrn.2017.110.
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The understanding of the functioning of the most complicated structure – the nervous system – in norm and pathology is one of the most 
challenging questions of modern science. We investigate mechanisms within the nervous system at different levels – starting with the 
electrophysiological properties of single neurons and excitable plant cells up to an investigation of the different brain states, the modulatory 
effects of sex steroids, the pathological mechanisms of depression, schizophrenia and various addictions. We employ various methods – EEG, 
fNIRS, fMRI, eye tracking, in vivo and in vitro electrophysiology as well as video patch clamping.

The vast experience in the evaluation of normal and pathological traits and states at the level of electrical activity along with close collaboration 
with scientists from the US, Switzerland, Australia, Japan emerged into several successful international projects and an introduction of 
certain developed approaches into clinical settings both in Lithuania and abroad. Collaboration with neuroscientists, mathematicians and 
biophysicists from Denmark, Poland, Japan and Lithuania in electrophysiological data analyses’ approaches resulted into an investigation 
of the response properties of single cells (plant cells and motoneurons), cell communication (bone marrow mesenchymal stem cells and 
chondrocytes, Nitellopsis obtusa cells) and signalling pathways involved in learning and memory in animal models. In cooperation with our 
colleagues from Switzerland, the cognitive functions and their dependence on individual hormonal concentrations are performed at the 
behavioural, electrophysiological and neurovascular levels.

1. Monciunskaite, R., Malden, L., Ruksenas, O., Griksiene, R. Do oral contraceptives modulate an ERP response to affective pictures? Biological 
Psychology. https://doi.org/10.1016/j.biopsycho.2019.107767.

2. Kisnieriene, V., Lapeikaite, I., Pupkis, V., Beilby, M. J. Modeling the action potential in Characeae Nitellopsis obtusa: effect of saline stress. 
Frontiers in Plant Science. 2019, 10: 82.

3. Lapeikaite, I., Dragunaite, U., Pupkis, V., Ruksenas, O., Kisnieriene, V. Asparagine alters action potential parameters in single plant cell. 
Protoplasma. 2019, 256(2): 511–519.

4. Činčiūtė, S. Translating the hemodynamic response: Why focused interdisciplinary integration should matter for the future of functional 
neuroimaging. Peer J. 2019, 7: e6621.
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Do Oral Contraceptives Modulate an ERP Response 
to Affective Pictures?
The current literature demonstrates that use of oral contraceptives 
affects women’s socio-emotional behaviour, brain function and 
cognitive abilities, but the information is still scarce and ambiguous. 
The aim of the study was to examine affective processing of visual 
stimuli between oral contraceptive users (OC, n=33) and naturally 
cycling women (NC, n=37) using the event-related potential 
(ERP) method. The main findings are: (i) emotionally arousing 
stimuli elicited significantly enlarged late positive potential (LPP) 
amplitudes compared to neutral stimuli, (ii) anti-androgenic OC users 
demonstrated significantly lower general brain activity (GFP) and 
significantly lower LPP amplitudes to visual stimuli than NC women, 
and (iii) significantly blunted reaction to highly unpleasant images 
among OC users. A positive relationship between GFP evoked by the 

Modelling the Action Potential in Characeae 
Nitellopsis obtusa: Effect of Saline Stress
Salinity stress is critical for plants and impacts on excitability. The AP 
of brackish Characeae Nitellopsis obtusa, obtained in artificial pond 
water (APW) and under osmotic stress of 90 or 180mM sorbitol APW 
or saline stress of 50 or 100mM NaCl APW, were simulated by the 
Thiel-Beilby model (Beilby and Al Khazaaly, 2016) which is based on 
a paradigm from animal systems, featuring the second messenger 
inositol 1,4,5-triphosphate (IP3) mediating the opening of Ca2+ 
channels on internal stores. The Nitellopsis AP form is longer in APW 
compared to that of Chara, with more gradual repolarization. The 
tonoplast component of the AP is larger than that in Chara australis. 
The form of the plasma membrane AP is prolonged by the exposure 
to saline, but the changes are more gradual than in Chara. It is 

possible that the cells recover the original AP form after prolonged 
exposure to brackish conditions. The detailed knowledge of salinity 
effect on the AP mechanism is likely to be applicable to cells in plant 
roots, which come into contact with changing levels of salt.

Asparagine Alters Action Potential Parameters  
in Single Pant Cell
Effect of amino acid L-asparagine on electrical signalling of single 
Nitellopsis obtusa (Characeaen) cell was investigated using glass-mi-
croelectrode technique in current-clamp and voltage-clamp modes. 
Cell exposure for 30 min to 0.1 mM and 1 mM of asparagine resulted 
in changes of electrically stimulated action potential (AP) parameters 
in comparison to standard conditions. Results indicate that aspar-
agine acts in dose-dependent manner: increases AP amplitude by 
hyperpolarizing AP threshold potential (Eth), prolongs action potential 

highly unpleasant and highly pleasant images and progesterone was 
observed in NC women. OC users demonstrated a trend of negative 
relationship between GFP and progesterone level. These findings 
suggest possible modulations of affective processing of visual stimuli 
when hormonal contraceptives are used.

Fig. 1. Averaged ERP waves for different stimuli categories (highly pleasant 
(erotic), highly unpleasant (mutilations), pleasant, unpleasant, neutral) in: 
A) NC women; B) OC users.

repolarization, increases maximum Cl- efflux amplitude along with 
the increase of activation and inactivation durations.

Translating the Hemodynamic Response:  
Why Focused Interdisciplinary Integration Should 
Matter for the Future of Functional Neuroimaging
Many scientists focus on solving computational neuroimaging 
and Big Data issues to advance the discipline. However, the main 
obstacle—the accurate translation of the hemodynamic response 
(HR) by the investigation of a physiological phenomenon called 
neurovascular coupling— is still not fully overcome and, more 
importantly, often overlooked in this context. This article provides 
a brief and critical overview of significant findings from cellular 
biology and in vivo brain physiology with a focus on advancing 
existing HR modelling paradigms. A brief historical timeline of 

these disciplines of neuroscience is presented for readers to grasp 
the concept better.
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It is recognized that the microbes resident in the gastrointestinal tract can influence brain physiology and behaviour. Recent research has 
shown that the gastrointestinal microbiota can signal to the brain via a diverse set of pathways, including immune activation, production of 
microbial metabolites and peptides, activation of the vagus nerve, and production of various neurotransmitters and neuromodulators in the 
gut itself. The bidirectional signalling between the gastrointestinal tract and the brain is vital for maintaining homeostasis and is regulated at 
the neural (both central and enteric nervous systems), hormonal and immunological levels. Collectively, this bidirectional pathway is known 
as the microbiota-gut-brain axis and it is involved in a variety of psychological processes and neuropsychiatric disorders. These include mood 
and anxiety disorders, neurodevelopmental disorders such as autism spectrum disorder and schizophrenia, and even neurodegenerative 
disorders such as Alzheimer’s and Parkinson’s diseases. Thus, we aim to better understand the role of the microbiota in brain health, age-
associated cognitive decline, and Alzheimer’s disease. Our research is supported by a grant (No. 01.2.2-LMT-K-718-02-0014) from the Research 
Council of Lithuania. 

To study the role of the microbiota-gut-brain axis in neuropsychiatric disorders and mental health we are using animal models for 
Alzheimer’s disease. The impact of diet and microbiota interaction on brain health and cognitive functions is studied by combining animal 
behavioural experiments, ELISAs, inflammatory and metabolic states of microglia, microbiome and virome analysis. We intend to identify 
key microorganisms and their metabolites that play crucial role in the microbiota-gut-brain axis and to develop a method to detect a specific 
microbiota profile that will serve as a biomarker for early diagnosis of Alzheimer’s disease.

1. Burokas, A., Arboleya, S., Moloney, R. D., Peterson, V. L., Murphy, K., Clarke, G., Stanton, C., Dinan, T. G., Cryan, J. F.  Targeting the microbiota-
gut-brain axis: prebiotics have anxiolytic and antidepressant-like effects and reverse the impact of chronic stress in mice. Biological 
Psychiatry. 2017, 82(7): 472–487.

2. Burokas, A., Moloney, R. D., Dinan, T. G., Cryan, J. F. Microbiota regulation of the mammalian gut–brain axis. Advances in Applied Microbiology. 
2015, 91: 1–62.

3. Burokas, A., Martín-García, E., Espinosa, J. A., Erb, I., McDonald, J., Notredame, C., Dierssen, M., Maldonado, R.  Extinction and reinstatement of 
an operant responding maintained by food in different models of obesity. Addiction Biology. 2018, 23(2): 544–555.

Aurelijus BurokAs
Senior Researcher
Department of Biological Models 
Institute of Biochemistry
Email: aurelijus.burokas@gmc.vu.lt
Phone: +370 5 223 4382

role of Microbiota-gut-Brain Axis  
in neuropsychiatric Disorders 

seleCteD PuBliCAtions

Burokas et al. 2015.
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Image recorder using a Leica TCS SP8 confocal microscope by Dovydas Gabrielaitis, PhD student at the Life Sciences Center.
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Our mission lies in bridging the gap between the laboratory 
and the market via pilot-scale development. Our research is 
aimed at the cooperation with Lithuanian and foreign business 
entities who are interested in introducing the results of research 
into practice.

We offer services to fellow scientists and business represent-
atives in the field of organic synthesis:

	The development and optimization of technologies for the 
synthesis of chemical compounds;

	Testing of the scalability of chemical technology designed by 
the interested developers;

	The investigation of synthesis methods for organic com-
pounds of different classes, the development and design of 
multi-step synthesis schemes;

	A custom synthesis of fine chemicals for research, commerce 
and industry.

We have experience in the synthesis of amino acids and 
their derivatives, the search of synthesis pathways and the 
development of technologies for macrocyclic and linear poly-
ethers and the investigation of the synthesis, structural and 
other properties of various heterocycles. Our product portfolio 
contains over 200 compounds of various classes: O,N and 
S-heterocyclic compounds, thiols, thioethers and thioamides, 
stereoisomeric disubstituted cyclohexane derivatives, aromatic 
carboxylic acids, aminoacid derivatives, mono- and disubstituted 
cyclic poly ethers, monodisperse derivatives of polyethylene 
glycols. These high-quality fine chemicals for scientific and 
commercial purposes are produced in quantities from grams to 
hundreds of kilograms, depending on the compound structures 
and the requirements of the customers. 

Chemical Synthesis of Organic Compounds  
for Industrial and Academic Purposes

CONTACT INFORMATION:  

REGINA JANČIENĖ
Email: regina.janciene@bchi.vu.lt
Phone: +370 5 272 9058

Our reactor scale equipment includes different volume glasses 
(20–100 L), glass-lined (10–1600 L) and stainless-steel reactors 
(10–600 L) as well as autoclaves for catalytic hydrogenation 
(0.2–10 L) and different kinds of auxiliary equipment. Reac tors of 
various types and volumes enable us to carry out a number of 
different projects simultaneously.

We have provided our services to Ramidus AB (Sweden), Syn-
thon Chemicals GmbH (Germany), Polypure AS (Norway), Bapeks 
Ltd. (Latvia), Thermofisher Scientific Baltics UAB (Lithuania), UAB 
Elymus, (Lithuania), UAB Certumtech (Lithuania), UAB Ekorama 
(Lithuania), UAB Vilniaus Ventos Puslaidininkiai (Lithuania).
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Crystallography Open Database

CONTACT INFORMATION:  

SAULIUS GRAŽULIS
Email: saulius.grazulis@bti.vu.lt
Phone: +370 5 223 4353

The Crystallography Open Database (COD, http://www.crys-
tallography.net/cod/) is the largest to-date open access col-
lection of small molecule crystal structures, including organic 
non-polymer, inorganic and metal-organic compounds and 
minerals. All data are available in standard Crystallographic In-
terchange Framework (CIF) format. The COD presents facilities 
to browse and access individual entries, download the whole 
data collection at once and to keep a synchronized copy lo-
cally. A means to search the database by structural formulae 
is provided in addition to the interface to query bibliography 

and crystal parameters. Contributions from everyone, includ-
ing the community of Vilnius University, are accepted in auto-
mated, Wikipedia-like fashion. All new entries are checked and 
fixed if necessary to ensure their compliance to the CIF format 
syntax as well as validation criteria established by the Interna-
tional Union for Crystallography. Changes made to each of the 
COD entries are preserved and made publicly available for the 
provenance. The development of the COD and the curation of 
its data collection is carried out at Vilnius University with the 
help of an international advisory board.
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CONTACT INFORMATION:  

EGLĖ RUDOKIENĖ, M. Sc.
Email: egru@ibt.lt;  eglute.rudokiene@bti.vu.lt
Phone: + 370 5 223 4370

The DNA Sequencing Centre (SC), part of the Institute of Bi-
otechnology (IBT) at the Life Sciences Center of Vilnius Univer-
sity, has been successfully running since March 27, 2003. The SC 
was founded to help researchers, both at IBT as well as other 
institutions in Lithuania, to process DNA samples in an efficient 
and economical manner. The Center is equipped with the Applied 
Biosystems 3130xl Genetic Analyser 16-Capillary Automated DNA 
Sequencer that yields 700 to 1000 bases per template. It performs 

DNA Sequencing Centre

cycle sequencing reactions using fluorescent dye terminators ABI 
Big Dye® Terminator v3.1 on any kind of DNA (plasmid, phage or 
PCR product) provided by the users. We also run reactions made 
by the users themselves. Usually, the turnaround time takes 2–3 
days after the receiving of samples. The sequencing of the lar-
ger samples may take longer. The results of the DNA sequencing 
are provided to the customer with an e-mail as a text document 
(.seq) and with the chromatograms provided in ABI format (.abI).
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The laboratory animal facilities are designed to hold mice, 
rats and rabbits. The housing and handling of laboratory animals 
is controlled by the Animal Welfare Council. Our facilities have 
been approved by the Lithuanian State Food and Veterinary 
Service for animal breeding, supply and experimental work. 
Some of the facilities, including a fully equipped operating room 
and laboratory, are open access. The Ministry of Environment 
has approved the conditions as suitable for keeping genetically 
modified animals. Our staff has all the necessary certificates 
for animal research; they provide the technical assistance 
and housing of animals in accordance with the Directive 
2010/63/EU on the protection of animals used for scientific 
purposes. The staff ensures that animal housing, handling and 
experimentation is in line with bioethical requirements.

The animal facilities at the Life Sciences Centre are specially 
designed to accommodate precisely controlled environments 
for the care and maintenance of experimental animals. They 
are kept either in high barrier SPF (specific-pathogen-free) or in 
low barrier (conventional) areas. The facilities are provided with 

In Vivo Testing

CONTACT INFORMATION:  

VIRGINIJA BUKELSKIENĖ
Email: virginija.bukelskiene@gmc.vu.lt
Phone: +370 5 223 4408

key components: animal holding rooms, procedure rooms, a 
sterile operating room (equipped with all the necessary equip-
ment: operating tables, surgical lighting, breathing apparatuses 
(Harvard 950), surgical blades (AARON 950), a pulse oximeter, a 
cardiograph (Custo Cardio 130), an ultrasound system (EUB-7000 
HV, Hitachi), haematology analyser (Exigo EOS)) and all other 
necessary animal laboratory areas.

Research in the facilities is focused on heart failure, stem 
cells and biocompatibility testing. Additionally, the following 
services are available: the preclinical studies of novel drugs and 
chemical compounds, acute and repeated dose toxicity tests 
(oral, dermal, skin irritation, eye irritation, skin sensitization); 
immunization services et al. The facility provides qualified 
services to the scientific community of the Life Sciences Center 
and all external users. Regulatory and customized training 
courses on animal experimentation are regularly organized. The 
Laboratory Animal Science training program is certified by the 
Lithuanian State Food and Veterinary Service.



82

O P E N  A C C E S S  C O R E  F A C I L I T I E S

Proteomics and Confocal Microscopy

The Proteomics Centre is designated to perform high 
throughput, differential, quantitative proteome analyses and 
analyse protein localization and functions in fixed or live cells. 
The Centre is equipped with the Waters Synapt G2 higher defin-
ition mass spectrometer and the Sciex Qtrap4000 linear trap 
mass spectrometer, both directly coupled to nano-liquid chro-
matography systems and indirectly connected with a capillary 
range Dionex chromatography system. This allows us to offer 
the following services to our users: 1) protein identification and 
quantitation in low and highly complex protein mixtures; 2) the 
implementation of a de novo sequencing of proteins from or-
ganisms with unknown or incomplete genomes; 3) discovery 
and quantitate various covalent protein modifications; 4) per-
forming a bioinformatic analysis to highlight the novel func-
tions and molecular mechanisms of various biological systems. 
This whole spectrum of capabilities allows us to be involved in 
biomarker discoveries and validations including the search for 
biomarkers for the chemotherapic resistance of colon cancer 
chemotherapy (in collaboration with A. Laurinavičius, the Na- 
tional Centre of Pathology, Vilnius, Lithuania) and the early 
diag nostic markers of pancreatic cancer (in collaboration with 
L.  M. Graves, UNC School of Medicine, Chapel Hill, US and 
K. Strupas, Vilnius University Hospital Santaros Klinikos, Vilnius, 
Lithuania). It also allows us to perform a proteomic analysis of 

CONTACT INFORMATION:  

MINDAUGAS VALIUS
Email: mindaugas.valius@bchi.vu.lt
Phone: +370 5 223 4410

cell midbodies (in collaboration with R. Prekeris, CU, Denver, 
the USA and A. Skeberdis, Lithuanian University of Health Sci-
ences, Kaunas, Lithuania).

A confocal microscopy infrastructure offers unique possibil-
ities by applying a Nicon C1 confocal microscope attached to a 
microinjection system as well as a Zeiss LSM710 confocal spec-
tral microscope coupled with a fast, linear scanning microscope 
equipped with a live cell incubation unit to study proteins and 
other structures, including (1) protein co-localization and inter-
action, (2) protein movement in live cells, (3) cell movement, 
apoptosis and tissue-like structure formation etc.
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Super-Resolution Imaging Facility

Super-resolution imaging facility has recently acquired a 
Leica TCS SP8 confocal scanning microscope, equipped with 
motorized xy-stage 12 kHz tandem scanner, field of view scan-
ner, gated HyD™ detection system, white light laser as well 
as LIGHTNING, FALCON and STED 3x modules. The white light 
laser source (470–670 nm) perfectly matches the excitation 
wavelength of any fluorophore and enables simultaneous 
use of up to eight excitation lines. By tuning both excitation 
and AOTF-based detection, complete two dimensional excita - 
tion-emission spectra can be acquired. Integrated LightGate 
technology removes unwanted fluorescence by adjusting the 

time gate for data collection. The SP8 LIGHTNING module com-
bines the benefit of super-resolution (up to 120 nm) and sim-
ultaneous high-speed imaging for multiple fluorescent markers 
with low photo toxicity. SP8 FALCON module is a truly integrated 
solution for fluorescence lifetime imaging (FLIM) throughout the 
SP8 platform. It enables imaging fast molecular interactions via 
FLIM-FRET and the use of fluorescent biosensors with minimal 
training. The fully integrated stimulated emission depletion 
STED 3X system with 775 nm pulsed STED laser provides fast, 
intuitive and purely optical access to structural details beyond 
the light diffraction limit (up to 30 nm).

CONTACT INFORMATION:  

DOVYDAS GABRIELAITIS 
Email: rdovydas.gabrielaitis@gmc.vu.lt 
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The X-ray crystallography core facility offers the possibility 
to crystallize biological macromolecules (proteins, protein nu-
cleic acid complexes and their complexes with small chemical 
ligands) using crystal growth and solution preparation robotics 
(Fig. 1a) and to determine their three-dimensional structures by 
means of single crystal X-ray crystallography techniques. The 
current diffractometer (Fig. 1b) comprises the Rigaku MM-007HF 
rotating anode microfocus generator with a Cu anode, VariMax 
focusing mirrors and two detectors: the Raxis-IV++ Image Plate 
detector (for protein crystallography) and the Pilatus 200k di-
rect-conversion detector with a kappa stage (suitable for both 
small molecule and protein crystals). The Cu Kα radiation used 
in experiments is suitable for most organic crystals with light 

X-Ray Diffractometry and Crystal 
Growth Equipment

CONTACT INFORMATION:  

SAULIUS GRAŽULIS
Email: saulius.grazulis@bti.vu.lt
Phone: +370 5 223 4353

elements, and it allows to determine the absolute configuration 
of small chiral compounds. Measurements are possible at tem-
peratures from 90K to 290K (room temperature) in a nitrogen 
gas stream or in sealed capillaries. Crystals the size of 50 µm to 
about 1 mm are suitable for investigation.

Protein crystals can be grown in high-throughput exper-
iments from 100 nl–5 µl drops in standard polycarbonate or 
polystyrene crystallization plates. Robots are available for both 
crystallization solution preparations and for crystallization drop 
setups. For initial screenings of crystallization conditions, a 
range of commercial and in-house-made buffer collections are 
available. Help with data processing and structure solution is 
offered as well, if necessary.

Fig. 1. a) Robotic equipment for crystal growth and automatic crystal observations; a crystallization plate preparation robot (in the back).  
b) An X-ray diffractometer for small molecule and macromolecule crystal determination.

a b
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Staff Students

Staff and Students

Financing Sources 2019

Total – 12.5 M EUR

Academic staff 256

Non-academic staff 116

Total staff 372

 2019/20

Bachelor’s students 632

Master’s students 229

PhD students 120

Total students: 981
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Staff Students

Staff and Students

Financing Sources 2018

State subsidy for research 3 779 498 EUR 41%

State subsidy for studies  1 525 167 EUR 17%

Income from contracts with industry    626 135 EUR   7%

National grants  3 172 597 EUR 35%

International grants      15 915 EUR 0,2%

Other    66 883 EUR 1%

Total – 9,2 M EUR

Academic staff 242

Non-academic staff 111

Total staff 353

 2018/19

Bachelor’s students 591

Master’s students 209

PhD students 117

Total students: 917

Academic staff Non-academic staff

31%

69%

23%

13%

64%

PhD StudentsMaster’s studentsBachelor’s students
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International Advisory Council

BARBARA MAZUR
Pontifax Global Food and 
Agriculture Technology Fund

SILKE SCHUMACHER
EMBL, Germany

ANDRES METSPALU
Estonian Genome Bank
Tartu University, Estonia

TAINA PIHLAJANIEMI
Oulu University, Finland

TOMMY NYLANDER
Lund University, Sweden

HEINRICH LEONHARDT
Biozentrum 
Ludwig Maximilians 
University Munich, Germany

CHRIS LOWE
Cambridge Academy of 
Therapeutic Sciences, UK

International Advisory Council Meeting in 2019

International Advisory Council of the Life Sciences Center was established at the end of 2017 seeking for the insight, high quality 
guidance and advice of the outstanding scientists, industrial leaders and administrative experts that could contribute to further de-
velopment and growth of the Life Sciences Center into one of the leading research and education centres in Europe.
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International Grants

Horizon 2020

Title Head of the project Duration

Single-cell temporal tracking of epigenetic DNA marks (EpiTrack)   
ERC-2016-ADG: 742654

S. Klimašauskas 2017–2023

Eat me microglia: lipid scrambling as a signal for synaptic pruning.  
MSCA-IF-2015-EF: 705452

U. Neniškytė
A. Alaburda

2016–2021

Title Lead scientist Duration

Sonic drilling coupled with automated mineralogy and chemistry On-Line-On-
Mine-Real-Time (SOLSA) SC5-11d-2015: 689868

S. Gražulis 2016–2020

Directed EVOlution in DROPS (EVOdrops) MSCA-ITN-2018: 813786 L. Mažutis 2018–2022

Industrial applications of marine enzymes: innovative screening and expression 
platforms to discover and use the functional protein diversity from the sea 
(INMARE) BG-04-2014 : 634486

R. Meškys 2015–2019

Lithuanian-French Programme Gilibert

Title Lead scientists Duration

Characterization of antiplasmodial agent plasmodione and its metabolites  
(P-LZ-19-10) 

N. Čėnas 2019–2020

New methods for modelling protein-protein and protein-ligand interactions  
(P-LZ-19-11)

Č. Venclovas 2019–2020

Lithuanian-Latvian-Taiwan Cooperation Programme

Title Head of the project Duration

Brain-computer music interfacing for embodied musical interaction (P-LLT-19-12) I. Griškova-Bulanova 2019–2021

Studying of human parvovirus B19, bocavirus and parvovirus 4 involvement in 
inflammatory neurological diseases using interdisciplinary approach.  
No. TAP LLT-3/2017

R. Petraitytė-
Burneikienė

2017–2019

Understanding prion peptide fibril-induced aggregation of prion protein.  
No. TAP LLT-01/2017

V. Smirnovas 2017–2019

Lithuanian-Japanese Research Programme

Title Lead scientists Duration

Research on prediction of environmental change in the Baltic Sea based on 
comprehensive (meta)genomic analysis of microbial viruses. No. LJB-17-001

G. Gasiūnas
E. Šimoliūnas 

2017–2019
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Lithuania-Poland Cooperation Programme Daina

Title Lead scientists Duration

Long-distance electrical signalling systems in plants – adaptation to the change 
from water to terrestrial environment. No. P-LL-18-47

V. Kisnerienė 2018–2021

Genomic insights into the mechanisms of drug resistance, virulence, and 
transmission of Mycobacterium tuberculosis strains from Lithuania and Poland

P. Stakėnas 2018–2021

CRISPR tools for the study of embryonic development in zebrafish. S-LL-18-7 G. Tamulaitis 2018–2021

Other International Collaboration Projects 

Title Lead scientists Duration

New EEG clustering methods for pre-clinical and clinical applications No. 15309442-K 
in collaboration with Valparaiso University. Funded by Chilean funding agency 
Comisión Nacional de Investigación Científica y Tecnológica (CONICYT).

I. Griškova-Bulanova 2018–2019

COST

Title Duration

In vitro 3-D total cell guidance and fitness. No. CA16119 D. Baltriukienė 
V. Bukelskienė

2016–2021   

European Network of Multidisciplinary Research and Translation of Autophagy 
Knowledge (TRANSAUTOPHAGY). No. CA15138

V. Borutinskaitė
R. Navakauskienė

2015–2020  

European Network for Problematic Usage of the Internet  (CA16207) I. Griškova-Bulanova 2017–2021

The neural architecture of consciousness (CA18106) I. Griškova-Bulanova 2019–2023

Epigenetic Chemical Biology. No. CM1406 S. Jarmalaitė 
J. Lazutka

2014–2019

Between atom and cell: integrating molecular biophysics approaches for biology 
and healthcare (MOBIEU). No. CA15126

D. Matulis
A. Zubrienė 

2015–2020  

Challenging organic syntheses inspired by nature: from natural products  
chemistry to drug discovery. No. CM1407

D. Matulis 
D. Tauraitė

2014–2019

European transdisciplinary networking platform for marine biotechnology 
(CA18238)

I. Matijošytė
R. Šiekštelė

2019–2023

International Network for Translating Research on Perinatal Derivatives into 
Therapeutic Approaches (CA17116)

R. Navakauskienė
J. Savickienė

2018–2022

Non-globular proteins: from sequence to structure, function and application in 
molecular physiopathology. No. B1405

V. Smirnovas
G. Valinčius

2014–2019   

Personalized Nutrition in aging society: redox control of major age-related 
diseases. No. CA16112

V. Smirnovas
L. Baranauskienė

2016–2021

New exploratory phase in research on East European cultures of dissent.  
No. CA16213

V. Vaitkevičius 
I. Kelpšienė

2017–2021  

Multi-target paradigm for innovative ligand identification in the drug discovery 
process (Mu TaLig). No. CA15135

A. Zubrienė
L. Baranauskienė

2015–2020    
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National Projects

Targeting the microbiota-gut-brain axis in Alzheimer’s disease: the role of the 
endocannabinoid system (No.  01.2.2-LMT-K-718-02-0014)

A. Burokas 2019–2023

Redox chemistry, biochemistry and cytotoxicity of aromatic nitrocompounds and 
N-oxides: new insighths (No. DOTSUT-34/09.33-LMT-K712-01-0058)

N. Čėnas 2018–2021

Biocatalytic systems for conversion of non-starch poli- and oligosaccharides 
(No. 01.2.2-LMT-K-718-01-0019)

M. Dagys 2018–2022

Investigation of K. lactis mutations conferring enhanced secretion phenotype 
and generation of yeast strains for supersecretion of recombinant proteins 
(No. S-MIP-17-88)

A. Gedvilaitė 2017–2020

Modern technologies to resolve a complex structure of tumor (No. S-MIP-17/54) S. Jarmalaitė 2017–2020

Molecular mechanisms of adaptation of low-temperature phages to the mesophilic 
host (No. P-MIP-19-259 )

L. Kalinienė 2019–2022

Designing of the patient-specific, heterogeneous lung cancer cell ex vivo 
model system for drug efficiency prediction in personalized oncotherapy 
(No. 01.2.2-LMT-K-718-01-0072)

A. Kalvelytė 2018–2022

Handles for selective manipulations of biosynthetic proteins (No. S-MIP-17-57) S. Klimašauskas 2017–2020

Single molecule TOP-Seq – an innovative technological platorm for 
early non-invasive diagnostics of cancer and other epigenetic disorders 
(No. 09.3.3-LMT-K-712-01-0041)

E. Kriukienė 2018–2022

A technology for single-cell analysis of genomic DNA modification. Neuroblastoma 
epigenetic heterogeneity (No. S-MIP-17-58)

E. Kriukienė 2017–2020

Analysis of immunological, genetic, epigenetic factors in the etiopathogenesis of 
autoimmune arthritis (No. S-MIP-17-12)

R. Kubiliūtė 2017–2020

The search for new bacterial collagen-like proteins, their heterologous expression 
and characterization (No. 09.3.3-LMT-K-712-02-0092)

N. Kuisienė 2017–2019

Discovery of novel bioactive microbial compounds in the unique environment: an 
investigation of the diversity, prevalence and expression (No. MIP-17-21)

N. Kuisienė 2017–2022

Surface nano-structures for mechanistic studies of DNA – protein interaction at the 
single-molecule level (No. S-MIP-17-59)

E. Manakova 2017–2020

A system of restful Web services for protein remote homology search in real time 
and protein modeling (No. 01.2.2-LMT-K-718-01-0028)

M. Margelevičius 2018–2022

The mechanism of inhibitor recognition by carbonic anhydrases – towards anticancer 
therapy (No. S-MIP-17-87)

D. Matulis 2017–2020

Microfluidic technologies for single-cell geno- and phenotyping research 
(No. 09.3.3-LMT-K-712-01-0056)

L. Mažutis 2018–2021

Prodrug-Enzyme selection system (No. 31V-59/(1.78)SU-1687) R. Meškys 2019–2020

The role of epigenetic oscillations in predicting biological age (No. S- MIP-19-192) A. Petronis 2019–2022

The prevalence and distribution of virulence factors among subgroups of vaginal 
bacteria Gardnerella vaginalis (No. S-MIP-17-49)

M. Plečkaitytė 2017–2020
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Development of non-invasive method platform for early diagnostics and prognosis 
of acute pancreatitis (No. 01.2.2-LMT-K-718-01-0025)

J. Razumienė 2018–2022

Biodiversity and ecological pecularities of aphid species (Hemiptera: Adelgidae, 
Lachnidae) inhabiting coniferous host plants In Central Europe (No. P-MIP-17-365)

R. Rakauskas 2017–2020

Adaptation mechanism in Class 2 CRISPR-Cas systems (No. S-MIP-19-305) G. Sasnauskas 2019–2022

The role of atmospheric nitrogen fixation in the largest eutroficated European 
lagoon (No. P-MIP-17-126)

R. Stanislauskienė 2017–2020

Molecular mechanisms of new bacterial antiviral systems 
(No. 09.3.3-LMT-K-712-01-0126)

V. Šikšnys 2018–2022

Bacteriophage control of nitrogen cycling in cyanobacteria: from cells to community 
(No. P-MIP-17-6)

E. Šimoliūnas 2017–2019

Research and practical applications of a type I-F CRISPR-Cas system 
(No. S-MIP-17-47)

G. Tamulaitienė 2017–2020

Quantitative detection of phospholipid membrane damage by pore-forming toxin 
(No. P-MIP-19-394)

G. Valinčius 2019–2020

Computational study of evolutionary relationships, genomic distribution, structural 
and functional properties of DNA polymerases (No. 09.3.3-LMT-K-712-01-0080)

Č. Venclovas 2018–2022

Analysis and prediction of structural features of proteins and protein complexes 
using interatomic contact areas and evolutionary information (No. S-MIP-17-60)

Č. Venclovas 2017–2020

Analysis of 5`-capped RNAs and its modulating proteins in E. coli and probiotic lactic 
acid bacteria (No. S- MIP-19-217)

G. Vilkaitis 2019–2022

Sequencing center of DNA double stranded breaks (No. 01.2.2-CPVA-K-703-02-0010). M. Zaremba 2018–2021

Structural and functional studies of prokaryotic argonaute proteins (No. S-MIP-17-61) M. Zaremba 2017–2020

Development of labeled antibodies for in vitro diagnosis of allergies  
(No. TPP-03-031)

A. Žvirblienė 2019-2020

New technologies for development of recombinant allergens 
(No. 01.2.2-LMT-K-718-01-0008)

G. Žvirblis 2018–2022
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Doctoral Theses 2019

Graduate School

The aim of the Graduate School of the Life Sciences Center is to promote innovative graduate education in the life sciences at 
Vilnius University. Graduate School offers centralized services for both PhD students and PhD Committees enabling individual PhD 
programs to focus on the education of the graduate students within the respective research fields such as biology, biophysics, ecol-
ogy and environmental sciences, zoology, biochemistry and biotechnology. 

The Graduate School focuses on increasing the visibility and attractiveness of PhD programs world-wide in order to reach those 
undergraduates, who consider doing a PhD in the life sciences.  

For more detailed information, please refer to 
http://www.gmc.vu.lt/en/graduate-school 
Admission contact: gmc@gmc.vu.lt

Name Topic Supervisor

M. Gasiūnienė Regulation of the functioning and epigenetic mechanisms of amniotic 
fluid-derived stem cells

R. Navakauskienė

S. Činčiūtė Effects of sex and handedness on the hemodynamic response obtained in 
the human prefrontal cortex

O. Rukšėnas

J. Jakubovska Modified pyrimidine nucleotides for the synthesis of oligonucleotides R. Meškys

A. Gricajeva Search and analysis of novel bacterial lipolytic enzymes L. Kalėdienė

A. Kalnaitytė The photostability and phototoxicity studies of biocompatible nanoparticles 
in model biosystems

S. Bagdonas

E. Kukcinavičiūtė The response of chemoresistant human colorectal cancer cells HCT116 to 
cytotoxic treatment

A. Sasnauskienė

A. Mikalkėnas Application of modified nucleotides for biosynthesis of nucleic 
acids

S. Serva

A. Osipenko Development of new methods for small RNA labelling G. Vilkaitis

V. Petkevičius The investigation of pyridine ring attacking oxygenases R. Meškys

D. Ratautas Nanostructured bioelectrocatalytic systems based on oxidoreductases L. Tetianec

J. Skerniškytė Molecular mechanisms of Acinetobacter baumannii pathogenesis E. Sužiedėlienė

D. Stravinskienė Development of monoclonal and recombinant antibodies against carbonic 
anhydrases

A. Žvirblienė

A. Voicikas Investigation of the dependence of brain auditory steady – state responses 
on stimulation type

I. Griškova-Bulanova

M. Zilnytė Characterization of pore-forming toxin vaginolysin from Gardnerella 
vaginalis

A. Žvirblienė

R. Žilionis Defining cell populations and their conservation between human and 
mouse in airway epithelium and lung cancer by single cell RNA sequencing

L. Mažutis
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The VU Life Sciences Center (LSC) offers 14 different bachelor’s 
and master’s study programs. For international students interested 
in studying life sciences, the LSC offers six international master’s 
study programs. 

Biochemistry
The LSC master’s program in Biochemistry provides students 

with in-depth knowledge of biochemistry and related sciences as 
well as with practical research skills. A holder of a master’s degree 
in biochemistry knows and is able to apply modern methods and 
technologies of experimental biochemistry and related sciences in 
vivo, in vitro and in silico. The holder of this degree will also be 
able to integrate knowledge from different sciences and work in 
the interdisciplinary areas. 

For more detailed information regarding the program, please, 
refer to https://www.vu.lt/en/studies/master-studies/56-studies/
studies/4593-biochemistry
Academic contact: Prof. Edita Sužiedėlienė. 
Email: edita.suziedeliene@gf.vu.lt
Admission contact: admissions@cr.vu.lt

Biophysics
A holder of a master’s degree in biophysics has good know-

ledge of the general principles of operation and pathology in live 
systems, the capabilities and limitations of modern biophysical 
methods, principles of data analysis and planning of scientific in-
vestigation. 

For more detailed information regarding the program, please, 
refer to https://www.vu.lt/en/studies/master-studies/56-studies/
studies/4594-biophysics
Academic contact: Prof. Aidas Alaburda. 
Email: aidas.alaburda@gf.vu.lt
Admission contact: admissions@cr.vu.lt

Genetics
The VU LSC master’s program in genetics will provide students 

with in-depth theoretical knowledge and good practical research 
skills in molecular, human, plant genetics or the genetics of mi-
croorganisms, gene engineering, cytogenetics, genotoxicology and 
gene informatics. A holder of a master’s degree in genetics is able 
to carry out independent research projects, apply different modern 
research methods and has a good understanding of frontline issues 
and unsolved problems in genetics.

For more detailed information regarding the program, please, 
refer to https://www.vu.lt/en/studies/master-studies/56-studies/
studies/4595-genetics
Academic contact: Prof. Juozas Lazutka. 
Email: juozas.lazutka@gf.vu.lt
Admission contact: admissions@cr.vu.lt

International Study Programs

Molecular Biology
A holder of a master’s degree in molecular biology has deep 

knowledge in the cell structure and function of organisms of all 
domains of life at the molecular level, uses molecular biology 
methods to investigate cells and their components, applies them in 
research and practical work in life science-associated areas, inde-
pendently identifies and solves molecular biology-related problems 
and their complexity in biotechnology, biomedicine, biopharmacy 
and environmental safety.

For more detailed information regarding the program, please, refer 
to https://www.vu.lt/en/mokslas/56-studies/studies/4596-molecu-
lar-biology
Academic contact: Prof. Edita Sužiedėlienė. Email: edita.su-
ziedeliene@gf.vu.lt
Admission contact: admissions@cr.vu.lt

Molecular Biotechnology
The aim of this program is to train professionals who would like 

to experience of what studying a doctorate might be, whilst at the 
same time allowing to earn a highly valuable master’s level quali-
fication for a career in industry. The uniqueness of the program is a 
study based on individual interdisciplinary specialization according 
to student’s interest through projects in laboratories as well as indi-
vidual contact hours (mentoring). 

The graduate of this program will be able to plan and conduct a 
research project, understand and construct the methodology, ana-
lyse and present the results to the scientific community and society; 
effectively co-operate with scientists, engineers and managers; 
contribute to interdisciplinary teams in solving complex tasks. 

For more detailed information regarding the program, please, 
refer to https://www.vu.lt/en/studies/master-studies/56-studies/
studies/4597-molecular-biotechnology
Academic contact: Dr. Inga Matijošytė. 
Email: inga.matijosyte@bti.vu.lt
Admission contact: admissions@cr.vu.lt

Neurobiology
The LSC master’s program in neurobiology will provide students 

with knowledge and practical skills in the areas of the neurosciences, 
such as electrophysiology, behaviour and psychophysiology. A holder 
of a master’s degree in neurobiology will be able to apply modern 
experimental methods for investigating the nervous system and its 
interaction with other bodily systems, to independently solve neuro-
biology-related problems and their complexity in the context of mod-
ern life sciences and to work within interdisciplinary areas as well as 
integrate knowledge from different scientific fields.

For more detailed information regarding the program, please, 
refer to https://www.vu.lt/en/studijos/studentams/studiju-baigi-
mas/56-studies/studies/4598-neurobiology 

Academic contact: prof. Osvaldas Rukšėnas. Email: osvaldas.
ruksenas@gf.vu.lt

Admission contact: admissions@cr.vu.lt
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International Awards 

L’Oréal Foundation and  
UNESCO International Rising  
Talents 2019 Award 

On February 11th, 2019, the L’Oréal Foundation and UNESCO 
for Women in Science programme announced the International 
Rising Talents – 15 most promising women scientists, among 
them was Dr. Urtė Neniškytė, a neuroscientist at Vilnius Univer-
sity’s Life Sciences Center (VU LSC). Dr. Urtė Neniškytė is also 
2017-year winner of the L’Oréal-UNESCO for Women in Science 
fellowship.

Dr. Urtė Neniškytė studies how brains develop in early 
childhood (from 6 months to 6 years old), with reference to 
anomalies that can lead to serious mental illnesses. She is currently  
exploring why excessive synapses (connections between 
neurons) sometimes remain, rather than being removed or 
“pruned” for optimum efficiency. 

L’Oréal-UNESCO Baltic For Women  
in Science fellowship 

In 2019, Milda Alksnė, a doctoral student at VU Life Sciences 
Center, was awarded the prestigious L’Oreal-UNESCO Baltic For 
Women in Science fellowship. Her research area is regenerative 
medicine, namely bone tissue engineering using 3D printing 
technology. Development of artificial tissues as a part of regen-
erative medicine is an interdisciplinary area of science, linking 
biomedical, technological sciences and engineering. It is one of 
the most exciting and rapidly growing areas in biomedical en-
gineering, Scientists around the world face a major challenge 
in creating artificial bone tissue - the newly constructed tissue 
does not undergo angiogenesis processes, i.e. does not form a 
vascular network, which is vital for tissue function. The main 
goal of Milda Alksnė’s Grant project is to create composite 3D 
printing scaffolds that promote not only bone formation but 
also angiogenesis.

Dr. Urtė Neniškytė (in the middle)

Dr. Urtė Neniškytė 

Dr. Milda Alksnė (in the middle)
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Somerfeld-Ziskind Research Award  

Dr. Aurelijus Burokas has been awarded the Somerfeld-Ziskind Award, which is granted annually by the US Society for Biological 
Psychiatry to recognize outstanding research investigations in biological psychiatry. Dr. A. Burokas studies the role of the microbi-
ota-gut-brain axis in a variety of psychological processes and neuropsychiatric disorders. 

Dr. Aurelijus Burokas (on the right)

Winners of Gold Medal in  
International Genetically 
Engineered Machine (iGEM)  
Competition in 2019

In 2019, a team of students from Vilnius University won the 
gold medal at prestigious Synthetic Biology competition iGEM 
(International Genetically Engineered Machine) in Boston, MA, 
USA, and was nominated among the best teams in four cat-
egories: best foundational advance, best presentation, best 
new composite part and best Wiki page.

The competition took place in Boston, USA, on October 31– 
November 4. Undergraduate Vilnius-Lithuania iGEM team in-
cluded 14 students of Vilnius University (VU), the majority of 
them studying at VU Life Sciences Center. This team presented 
project “Colight” – a multi-level collection of optogenetic tools 
for modular bacteria control. Members of the iGEM team: Urtė  
Andriušaitytė  Saulius Beconis, Gytis Druteika, Denis Baronas, 
Justina Vaičiukynaitė, Justas Stonkus, Valentas Brasas, Modestas 
Gudauskas, Barbora Vasiliauskaitė, Elzbieta Mickūnaitytė, Rūta 
Matulevičiūtė, Andrius Bušma, Roberta Statkevičiūtė, Povilas 
Šėporaitis

IGEM is the largest and most prestigious international Syn-
thetic Biology Competition, with more than 300 teams from 
universities around the world, including such prestigious uni-

(from the left) S. Beconis, G. Druteika, D. Baronas, J. Vaičiukynaitė, 
J. Stonkus, V. Brasas, M. Gudauskas, B. Vasiliauskaitė, E. Mickūnaitytė, 
R.Matulevičiūtė, A. Bušma, R. Statkevičiūtė, P. Šėporaitis

versities as MIT, Harvard University, Oxford University, Imperial 
College, Yale University and others.

Vilnius iGEM team participates in the iGEM competition since 
2015. In 2015, 2016 and 2018 Lithuanians won Gold medals. In 
2017, Vilnius-Lithuania iGEM team won the Grand Prize of iGEM 
competition.
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Dr. Česlovas Venclovas Attained  
Distinguished Professor Status

In 2019, Dr. Česlovas Venclovas attained the status of Distin-
guished Professor of Vilnius University.  

Dr. Česlovas Venclovas works in the field of computational 
biology and bioinformatics. He strengthens Lithuania’s prestige 
in this field and has a clear international visibility of scientific 
publications and high-level project activities. Mr. Venclovas 
leads PhD and postdoctoral fellows.

The special status of a Distinguished Professor was approved 
by the Vilnius University Senate in 2017. This status is given to 
the VU scientists who demonstrate outstanding, internationally 
and nationally recognized achievements, who help to improve 
a specific field of science or study areas and who develop their 
own “schools” in their research fields. The status is also an ac-
knowledgment as their activities benefit not only the University 
but Lithuania as well.

National Awards

Distinguished professor Česlovas Venclovas

Professor Emeritus Status  
for Eugenijus Butkus

In 2019, Prof. Eugenijus Butkus was awarded this prestigious 
and honorary title for his exceptional contribution to academic 
leadership and his achievements.   

Prof. Dr.  Eugenijus Butkus
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Rector’s Award for Science 

For significant achievements in science in 2019 four researchers of the Life Sciences Center, Prof. Rolandas Meškys, Prof. Artūras 
Petronis, Prof. Česlovas Venclovas and Dr. Rapolas Žilionis received Rector’s Award for Science.

Distinguished professor Rolandas Meškys Prof. Artūras Petronis

Distinguished professor Česlovas Venclovas Dr. Rapolas Žilionis 
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The Cross of the Order  
of the Lithuanian Grand  
Duke Gediminas

On July 6, H.E. Dalia Grybauskaitė, President of the Republic 
of Lithuania, on the Occasion of the Statehood Day awarded 

Dr. Urtė Neniškytė and Dalia Grybauskaitė, President  
of the Republic of Lithuania

the state orders and medals to honour the citizens of Lithuania 
and foreign nationals in recognition of their outstanding perfor-
mance and merits to the Republic of Lithuania and the promo-
tion of Lithuania’s name in the world. Dr. Urtė Neniškytė and 
Prof. Sonata Jarmalaitė were awarded the Knight’s Cross of the 
Lithuanian Grand Duke Gediminas for their merits to Lithuania. 

Dr. Sonata Jarmalaitė and Dalia Grybauskaitė, President  
of the Republic of Lithuania

The Best Doctoral Thesis

President of Lithuania Gitanas Nausėda granted awards to 
Miglė Kazlauskienė and Justina Kazokaitė for the best doctoral 
theses defended in 2018. The purpose of this award is to dis-

tinguish an outstanding doctoral thesis and to motivate young 
doctoral students to carry out research of the highest quality 
and importance to society. This competition is one of the most 
important events in the academic community. 

Dr. Miglė Kazlauskienė (on the right) with Gitanas Nausėda, President of 
the Republic of Lithuania

Dr. Justina Kazokaitė with Gitanas Nausėda, President  
of the Republic of Lithuania
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INFOBALT Personal Scholarship

In 2019, a young scientist Milda Alksnė was awarded 
 INFOBALT personal scholarship. 

The INFOBALT, an association of information and communi-
cation technology (ICT) companies, has established this schol-
arship to support top-level research in the field of Information 
and Communication Technologies (ICT) and intensive use of ICT 
in research in other subject areas by young researchers, as well 
as to promote closer cooperation between Lithuanian science 
and business communities. Dr. Milda Alksnė

2019 Young Scientists’ and Doctoral Students’ Awards

The Young Scientist and Doctoral Student Competition is organized every year by the Lithuanian Academy of Sciences. In 2019, 
Dr. Giedrė Valiulienė won the Young Scientists’ Award, and Jevgenija Jakubovska was granted Doctoral Students’ Award. 

Dr. Giedrė Valiulienė Dr. Jevgenija Jakubovska
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Scientific Events

The COINS 

The COINS is the 15th international conference of life sci-
ences that has been organized by the students of the Life 
Sciences Center. Annually organized event gathers not only 
students and scholars but various scientists working in the 
field of life sciences. 

During the conference, participants discuss and share their 
scientific results, learn about scientific innovations and meet 

key experts in the fields of Biotechnology, Genetics, Biophy-
sics, Biochemistry and Ecology. COINS opens up opportunities 
for bachelor and master degree-seeking students and PhD 
students of the Life Sciences Center to present their research 
results and benefit from the experience of internationally 
known researchers.

Two Nobel Prize winners – American and British neuro-
scientist Prof. John O’Keefe and Israeli crystallographer Prof. 
Ada Yonath – gave lectures at the COINS 2019.
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Thermo Fisher Scientific Science Day

The annual event Science Day, organized by the Life Sciences 
Center’s industrial partner ‘Thermo Fisher Scientific’ and the Life 
Sciences Center, was held on October 9 at the Life Sciences Cen-
ter. Researchers and students from various Lithuanian research 
and study institutions had the opportunity to see a broad selec-
tion of products used in life sciences, discuss new technologies 
with representatives from ‘Thermo Fisher Scientific’ as well as 
participate in seminars given by the LSC researchers. 
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Opening of New Academic Year 
(Renovatio Studiorum)

On the fi rst autumn day, the celebration ceremony of the 
new study year traditionally brought together the large com-
munity of the VU LSC.

Festive events at the VU LSC began in the morning and conti-
nued throughout the day. As the new academic year begins, tra-
ditions are being followed: all the students, both academic and 
administrative staff of VU LSC observed the solemn raising of the 

Community Events 

Orientation Week 

The fi rst week of September is dedicated for the introduc-
tion and is called Orientation Week, which is designed to assist 
a new student to settle into university life at VU LSC.

Orientation Week is a unique series of events introducing 
new students to our mentors, coordinators or academic ad-
visors, students’ life. With help of VU LSC mentors, the freshers’ 
introduction is informative, fun, and defi nitely unforgettable.  

Vilnius University fl ag and participated in the traditional parade 
of the Vilnius University students, professors, lecturers and 
alumni starting from the Seimas (Parliament) of the Republic of 
Lithuania marching down the main street of Vilnius, Gediminas 
avenue, heading towards the central historical building of Vilnius 
University. The fi nal part of the traditional Renovatio Studiorum 
for VU LSC students took place in the main VU LSC courtyard. 
Everyone was welcome to join the festive celebration. Some of 
its most anticipated parts were a greeting speech by the VU LSC 
Director, Dr. Gintaras  Valinčius, discussion and a concert.
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International Microorganism Day 

On the 17th of September, researchers of the Life Sciences 
Center and members of the Lithuanian Microbiological So-
ciety together with partners from the National Public Health 
Surveillance Laboratory, the Nature Research Centre and the 
Lithuanian Centre of Non-formal Youth Education organized the 
First International Microorganism Day in Lithuania. This event 
aims at raising awareness among the society on the essential 
role of microorganisms in our everyday life, as well as their 
biotechnological potential. Interactive exhibitions, seminars 
were given by LSC scientists during this day. In the interactive 
exhibition area, there was an opportunity to see and to smell 
the microorganisms and their aromatic products, to acquire 
knowledge of cultivating different groups of microorganisms 
as well as of applying them in biotechnology, biomedicine and 
food industry. A special lecture was given about the structure of 

viruses and their research. More than a thousand participants 
of all age groups came to this event and had a possibility to 
discover and explore the world of microorganisms. 

Mobile Bioclass

The Mobile Bioclass is a mobile laboratory in Lithuania. 
It aims at promoting biosciences among school children and 
inspiring them to pursue careers in sciences. During the Bio-
class, pupils get a chance to become scientists, work with 
real scientific instruments, familiarize themselves with up-to-
date methods used in modern molecular biology and conduct 
hands-on experiments related to DNR in their classrooms. 

The Mobile Bioclass is a joint project of the company Thermo 
Fisher Scientific Baltics and Vilnius University, which has been 
carried out since 2011. During 2019, the Mobile Bioclass visited 
over 100 schools in 70 cities of Lithuania. 

 

National Science Festival Spaceship Earth

Life Sciences Centre researchers  take an active part in the 
European research festival “European Night of the Research-
ers” – an annual scientific event held all over Europe aiming to 
increase awareness, especially among young people, about the 
role and impact of research. The LSC laboratories were opened 
during the day for the society on the occasion of this scientific 
event. The Museum of Zoology was one of the most attractive 
places for visitors of all ages. 
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Children’s University 

During the first week of June Children’s University took place 
at the VU LSC. More than 500 schoolchildren of the age from 8 
to 14 years participated in lectures, interactive workshops and 

Training Course on Biotechnology 
for Secondary School Children
European Biotech Week 

On September 26–27, the Life Sciences Center (LSC) of Vil-
nius University opened its doors to about 80 science-oriented 
secondary school children for a two-days training course. Dur-
ing the first day, children had an opportunity to perform ex-
periments and personally experience the process of scientific 
experiment and daily life in the research laboratory. On the 
second day, they attended lectures and visited different labor-

atories of the LSC, meeting with professors and young re-
searchers who answered their questions about opportunities 
and challenges of research. 

Training Course on Biotechnology for Secondary School 
Children was an event of European Biotech Week 2019. The 
European Biotech Week established itself as a week of cele-
brations of science and biotech. From September 23 to 29, 
eighteen European countries witnessed over 140 biotech-fo-
cused activities and events that educated, engaged and excited 
local communities all across the continent. More information 
about this week: http://www.biotechweek.org/.

quizzes, which aim to support children’s understanding about 
the world of nature and discover science. Children enjoyed a 
wide range of information and fun science facts.  

In 2019, VU celebrated its 440th birthday and the Children’s 
University was a gift for our society.
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Exibitions

Exhibition Stories of Structures visualized the real structures 
of proteins and their complexes of bacterial antiviral systems for 
the society. Structures were determined by the Protein-Nucleic 
Acid Interaction Research Unit of VU LSC or in cooperation with 
research groups of Prof. Matthias Bochtler and Nobel laureate, 
VU Honorary Doctor Prof. Robert Huber. The exhibition author 
is Dr. Giedrė Tamulaitienė, who looked at protein structures 
from the artistic perspective and presented her interpretations 
“Spring”. Crystal structures of Paveiksiulo aprasas: Restriction en-
donuclease BfiI and its domain complex with DNA. PDB ID 2C1L, 
3ZI5 (Gražulis et al, 2005; Golovenko et al, 2014).

Exhibition Transformation invited visitors to view delicate 
drawings of nature, animals, birds and insects by a molecular 
biologist Monika Jasnauskaitė, who since childhood has been 
fascinated by nature. Her works expertly combine aesthetic 
beauty of nature elements with scientific accuracy. While study-

ing at VU, she discovered scientific illustration and illustrated 
her first scientific article in European Journal of Pharmacology 
in 2017. It showed that illustration remains an important means 
of recording the natural world. She is creating her drawings by 
using coloured and graphite pencil.
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Invited Speakers

Speaker Institution Title

John O’Keefe
2014 Nobel Prize in Physiology 
or Medicine 

University College London, UK The Hippocampal Cognitive Map Theory, an Update

Ada Yonath
2009 Nobel Prize in Chemistry 

Weizmann Institute of Science,  
Israel

 Next Generation Antibiotics (Video lecture)

Anders Liljas Lund University, Sweden Nobel Prizes on Atoms, Ions and Molecules

Anne Kahru National Institute of Chemical Physics 
and Biophysics, Estonia

Development of Cost-efficient (eco)Toxicological 
Toolbox for Novel Materials

Christiane Jockwitz COINS Heinrich-Heine-University, Germany Normal Aging in Population-based Imaging Cohorts

Dale Wigley Imperial College London, UK Structures and Mechanisms of the Human Ino80 
Complex

Dariusz Dziga Jagiellonian University, Poland Toxic Cyanobacteria - Their Interaction with 
Heterotrophic Microorganisms and Response to 
Stressful Factors

Guoliang Xu Institute of Biochemistry and Cell 
Biology, Shanghai, China

DNA Modifications in Eukaryotic Development and 
Adaptation

Henrik Semb COINS University of Copenhagen, Denmark Pluripotent Stem Cells: Ready for Clinical Applications 
in Diabetes?

Jan H. J. Hoeijmakers COINS Erasmus University Medical Centre,  
The Netherlands

The Impact of DNA Damage, Transcription Stress and 
Nutrition on Aging

Jörg Vogel Helmholtz Institute for RNA-based 
Infection Research, Germany

An RNA-centric Approach to Understanding and 
Modulating the Microbiome

Michal Hocek Charles University, Czech Republic Modified Nucleotides as Building Blocks for 
Polymerase Synthesis of Functionalized Nucleic Acids 
for Applications in Diagnostics and Chemical Biology

Gunnar Houen Statens Serum Institut, Denmark The Role of Epstein Barr Virus in Multiple Sclerosis 
and Autoimmune Connective Tissue Diseases

Mourad Elhabiri Universite de Strasburg, France Physyco-chemical Investigations of Redox Active 
Molecular Switches and Antiparasitic Drugs

Penny Beuning Northeastern University, USA Moving in the Right Circles: Dynamics of Processivity 
Clamp Proteins Influence Myriad DNA Transactions!

Ramūnas Stepanauskas Bigelow Laboratory for Ocean Sciences, 
Single Cell Genomics Centre, USA

Million Organisms in a Drop of Water

Roshan Sharma New York Genome Centre, USA Mathematical Analysis of Single Cell Data

Sergei Grudinin INRIA Grenoble, France Novel Algorithms for Rapid Modelling and 
Analysis of Flexibility and Symmetry in Biological 
Macromolecules

Toni Cathomen Medical Centre, University of Freiburg, 
Germany 

Therapeutic Genome Editing in the Age of CRISPR-
Cas

Trevor Forsyth Institut Laue-Langevin, Keele 
University, UK

Neutrons Scattering for Integrated Structural Biology

Xiaodong Zhang Imperial College London, UK Structures and Mechanisms of Transcription Initiation 
and Its Regulation
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List of Patents

GRANTED US PATENTS

1.  New s-adenosyl-L-methionine analogues with extended 
activated groups for transfer by methyltransferases (US 
8822146 B2)

2.  Process for the production of monoclonal antibodies using 
chimeric VLPS (US7919314 B2)

3. 5-Aryl-4(5-substituted 2,4-dihydraxyphenyl)-1,2,3-
thiadiazoles as    inhibitors of HSP90 chaperone and the 
intermediates for production thereof (US8314132 B2)

4. Conversion of alpha-hydroxyalkylated residues in 
biomolecules using methyltransferases (US8889352 B2)

5.  Derivatization of biomolecules by covalent coupling of 
non-cofactor compounds using methyltransferases (US 
8822146 B2)

6.  Nucleic acid production and sequence analysis (US9347093 
B2)

7.  Analysis of methylation sites (US9347093 B2)*
8.  Fluorinated benzenesulfonamides as inhibitors of carbonic 

anhydrase (US9725467 B2)
9.  RNA-directed DNA cleavage by the CAS9-CRRNA complex 

(US 9637739 B2)
10.  Programmable RNA shredding by the type III-A CRISPR-Cas 

system of Streptococcus thermophilus (US10385336 B2). 
11.  System and method for a biomimetic fluid processing 

US10343163B2)

GRANTED EU PATENTS

1.  5-Aryl-4(5-substituted 2,4-dihydraxyphenyl)-1,2,3-
thiadiazoles as    inhibitors of HSP90 chaperone and the 
intermediates for production thereof (EP2268626B1)

2.  New s-adenosyl-L-methionine analogues with extended 
activated groups for transfer by methyltransferases 
(EP1874790B1)

3.  Benzimidazo [1,2-C][1,2,3] thiadiazol-7-sulfonamides as 
inhibitors of carbonic anhydrase and the intermediates for 
production thereof (EP2054420B1)

4.  Derivatization of biomolecules by covalent coupling 
of non-cofactor compounds using methyltransferases 
(EP2414528B1)

5.  Conversion of alpha-hydroxyalkylated residues in 
biomolecules using methyltransferases (EP2414527B1)

6.  Nucleic acid production and sequence analysis (M-tag-
Primer) (EP2776575B1)

7.  Production of selenoproteins EP3019194 (B1)
8.  Fluorinated benzenesulfonamides as inhibitors of carbonic 

anhydrase (EP2914583B1)

9.  RNA-directed DNA cleavage by the Cas9-crRNA complex. 
(EP2828386B1)

10.  Programmable RNA Shredding by the Type III-A CRISPR-Cas 
System of Streptococcus thermophilus (EP3189140 B1)

PATENT APPLICATIONS

1.  System and method for a biomimetic fluid processing 
(US20150336095A1; EP2941642A1; CA2896997A1; Nr. 
CN105308452A1)*

2.  System and method for synthesis of DNA particles and use 
thereof (US20190002943A1) 

3.  Systems and methods for barcoding nucleic acids* 
US2018304222 (A1) US2015298091 (A1)   US2018071705 (A1)  

4.  Analysis of methylation sites (EP2594651A1)* 
5.  RNA-directed DNA cleavage by the Cas9-crRNA complex 

(US2018187195 (A1) CA2867849 (A1)   EA201491728 (A1)   
HK1206392 (A1)   US2015045546 (A1)   US2015050699 (A1)   
US2015240261 (A1)   US2015291961 (A1)   WO2013142578 (A1)  

6.  Analysis of single-stranded RNA US2018251814 (A1) 
EP3271478 (A1)   WO2016148556 (A1)  

7.  Selective inhibitors of carbonic anhydrase 
US2018222856 (A1) EP3328833 (A1)   WO2017017505 (A1)

8.  Targeted RNA knockdown and knockout by Type III-A Csm 
complexes US20180105835 (A1) 

9.  Systems and methods for encapsulation and multi-step 
processing of biological samples US62863881;

10.  N 4-modified cytidine nucleotides and their use 
WO/2019/053609

Key Performance Indicators 2019

New patent applications filed in 2019 3

Total number of patents 21

US Patents Granted in 2019 2

EU Patents Granted in 2019 3

Licenses 11

*  Jointly owned patent with a foreign research organization and/
or company
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Chuo University ( Japan)
Cincinnati Children Hospital Medical Center (USA)
Colorado University (USA)
Columbia University (USA) 
Copenhagen University (Denmark) 
Drexel University (USA)
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Gdansk University (Poland) 
Haifa University (Israel) 
Hamburg University (Germany)
Harvard University (USA) 
Heidelberg University (Germany) 
Helsinki University (Finland)
Institut Pasteur (France) 
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Institute for Medical Research (Serbia)
Institute for Novel and Emerging Infectious Diseases (Germany) 
Institute of Biological Chemistry (Taiwan)
Institute of Molecular and Cell Biology (Poland)
Institute of Molecular Biology and Genetics (Ukraine) 
Institute of Molecular Genetics (Russia) 
Jagiellonian University (Poland) 
Jāzeps Vītols Latvian Academy of Music (Latvia)

Cooperation 

Justus-Liebig University Giessen (Germany) 
Kaiserslautern University (Germany) 
Karolinska Institute (Sweden) 
Kiev National Taras Shevchenko University (Ukraine) 
Kobe University ( Japan)
Korean Polar Research Institute (South Korea)
KU Leuven (Belgium)
Kyoto University ( Japan)
La Sapienza University (Italy) 
Lancaster University (UK)
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Linkoping University (Sweden) 
Lithuanian University of Health Sciences (Lithuania) 
Ljubljana University (Slovenia)
Lorraine University (France) 
Lund University (Sweden)
Maastricht University (The Netherlands)
Mackay Memorial Hospital (Taiwan) 
Malmo University (Sweden) 
Maria Curie-Sklodowska University (Poland)
Maryland University (USA) 
Max Planck Institute (Germany) 
Milan University (Italy) 
Mossakowski Medical Research Centre (Poland)
National Cancer Institute (Lithuania) 
National Center of Pathology (Lithuania) 
National Institute for Agricultural Research INRA (France)
National Institute of Biology (Slovenia)
National Institute of Biological Resources (South Korea)
National Institute of Health (USA)
National Institute of Mental Health (Czech Republic) 
Natural Resources Institute (Finland)
Nature Research Centre (Lithuania) 
National Sun Yat-sen University (Taiwan)
Nencki Institute of Experimental Biology (Poland)
Nice University (France) 
NIST Center for Neutron Research (USA) 
North Carolina University (USA) 
Northwestern University (USA) 
Norwegian University of Science and Technology (Norway)
Oslo University (Norway) 
Oxford University (UK)
Paris-Sud University (France)
Poznan University (Poland) 
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Radbound University (The Netherlands)
Republican Vilnius Psychiatric Hospital (Lithuania)
Riga Stradins University (Latvia)
RIKEN ( Japan)
Robert Koch-Institut (Germany)
Silesian University (Poland)
Stanford University (USA)
Statens Serum Institut (Denmark)
Stavanger University (Norway) 
Strasbourg University (France) 
Stuttgart University (Germany)
Swansea University (UK) 
Swiss Institute of Bioinformatics (Switzerland) 
Tallinn University of Technology (Estonia)
Tampere University (Finland) 
Tartu University (Estonia) 
Trento University (Italy)
Tromso University (Norway)
Turin University (Italy) 
Umea University (Sweden)
University of Alberta (Canada)
University of Applied Sciences and Arts Northwestern FHNW 
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University of California at Davis (USA)
University of California San Diego (USA)
University of Cape Town (South Africa)
University of Latvia (Latvia) 
University of Ostrava (Czech Republic)
University of Southern California (USA)
University of Southern Denmark (Denmark)
University of St Andrews (UK)
University of Veterinary Medicine (Germany)

University of Wollongong (Australia)
Uppsala University (Sweden)
Valparaiso University (Chile) 
Victoria University of Wellington (New Zealand) 
Vilnius Gediminas Technical University (Lithuania) 
VTT Technical Research Centre (Finland)
Weizmann Institute of Science (Israel)
Wroclaw University of Science and Technology (Poland)
Zoological Institute of the Russian Academy of Sciences 
(Russia)

INTERNATIONAL INDUSTRY COLLABORATIONS
Abcam AG (UK), ArcDia (Finland), Bayer Technology Service 
(Germany), Baxalta (Shire) (Austria), DuPont (USA), Kalon 
Biological/Clin-Tech Ltd (UK), Polypure (Norway), Ramidus 
AB (Sweden), Santa Cruz Biotechnology Inc. (USA), serYmun 
Yeast (Germany), Synthon chemicals (Germany), ThermoFisher 
Scientific (USA), Experimentica (Finland).

NATIONAL INDUSTRY COLLABORATIONS
Amilina, Baltymas, Bioanalizės sistemos, BioenergyLT, 
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LT, Profarma, ThermoFisher Scientific Baltic, 3D Creative, 
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COMPANIES FOUNDED BY LSC RESEARCHERS
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