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Unsatisfactory clinical efficacy is a major reason for failure
of clinical trials in oncology. In case of targeted therapeutic
agents high attrition rates could be attributed to the lack of a
strong link between protein targets and etiology of disease.
As a result, selection of the right protein target remains a major challenge in rational drug development programs. Our
analysis indicates that available list of protein targets for identification of specific anticancer small molecules is limited by a
small overlap between druggable genome and disease modifying genes. Rational options are further reduced by the lack
of clarity over a dominant oncogenic event and driver loss of
function mutations in tumor suppressors, which are functionally undruggable.
All these limitations could be potentially overcome by utilizing
a concept of synthetic lethality (SL). SL interaction occurs between two genes, when the perturbation of either gene alone
is viable, but the perturbation of both genes simultaneously
results in the loss of viability. Inhibiting the product of a gene
that is SL with a cancer mutation should lead to a unique vulnerability in the cancer, that can be predicted using genetic
markers. Given high mutation burden in cancer cells, number
of SL interactions is several orders of magnitude higher than
the list of druggable cancer oncogenes.
SL platform developed at Selvita is a workflow of bioinformatic tools, reliable preclinical models, small molecule screening
and development methods, integrated in order to develop
novel drugs in oncology. We will demonstrate how genome
scale functional interrogation using CRISPR screens, across
cancer subtypes is correlated with NGS data to unravel novel
SL pairs. We will also present how SL could by confirmed by a
pairwise association with patients survival data. Further to this
we will provide examples of validated isogenic cell lines developed at Selvita, which are major cellular models for screening
SL compounds. Successful application of the strategy identified compounds showing differential cytotoxicity, that could
be predicted using genetic markers supporting patients stratification for the potential drugs.
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Cardiovascular diseases (CVDs), including atherosclerosis,
are globally the leading cause of death. Atherosclerosis is a
chronic inflammatory disease of the blood vessels, characterized by atherosclerotic lesion formation. Early onset of atherosclerosis is represented by recruitment of blood leukocytes
to the injured vascular endothelium and altered contractility of
Vascular Smooth Muscle Cells (VSMC) modulated by multiple
inflammatory mediators. These include the pro-inflammatory
cytokines Interferon (IFN)α and IFNγ and the Pattern Recognition Receptor (PRR) Toll-like receptor 4 (TLR4). Together,
they trigger activation of Signal Transducer and Activator of
Transcription (STAT)s. Especially STAT1, STAT2 and STAT3,
in combination with Nuclear Factor kappa B (NF-kB) and different Interferon Regulatory Factors (IRFs), orchestrate a platform for cross-talk between IFNs and TLR4 in vascular and
immune cells. This results in an increased pro-inflammatory
phenotype and leads to amplified pro-atherogenic responses
in the vasculature.
To understand the mechanism of cross-talk between IFNs
and TLR4 in more detail, we performed a comprehensive genome-wide transcriptome analysis (RNA-seq) combined with
STAT1 and p65 recruitment analysis (ChIP-seq) of mouse primary VSMC, MΦ and DC in response to IFNα, IFNγ and/or
LPS. IFNα and IFNγ pre-treatment resulted in STAT1 recruitment to GAS and ISRE sites, which correlated with increased
histone acetylation and PolII assembly. Local chromatin
modifications facilitated subsequent binding of LPS-induced
p65 to closely spaced binding sites in a STAT1-dependent
manner. Thus, cross-talk was dependent on epigenetically
directed STAT1-p65 co-binding to GAS-NFKB or ISRE-NFKB
composite sites, resulting in robust transcriptional activation
of pro-inflammatory and pro-atherogenic genes.
Using comparative in silico docking of multiple STAT-SH2
models on multi-million compound libraries, we identified the
novel multi-STAT inhibitor, C01L_F03. This compound targets
the SH2 domain of STAT1, STAT2, and STAT3 with the same
affinity and simultaneously blocks their activity and expression
of multiple STAT-target genes in HMECs in response to IFNα.
The same in silico and in vitro multi-STAT inhibiting capacity
was shown for STATTIC and STX-0119. Moreover, C01L_F03,
STATTIC and STX-0119 were also able to affect genome-wide
interactions between IFNγ and TLR4 by commonly inhibiting
pro-inflammatory and pro-atherogenic gene expression directed by cooperative involvement of STATs with IRFs and/
or NF-κB. Moreover, we observed that multi-STAT inhibitors
could be used to inhibit IFNγ+LPS-induced HMECs migration, leukocyte adhesion to ECs as well as impairment of mesenteric artery contractility. Currently, this multi-STAT inhibitory
approach is further tested in an experimental atherosclerosis
ApoEKO mouse model, as a novel treatment strategy of CVDs.
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Interferon regulatory factors (IRFs) are a family of nine homologous proteins that regulate the transcription of interferons
(IFNs) and IFN-induced gene expression. IRFs have a multi-domain structure, with the N-terminal part acting as a DNA
binding domain (DBD) that recognizes a DNA-binding motif
similar to the IFN-stimulated response element (ISRE). The
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C-terminal part contains the IRF-association domain (IAD),
with which they can self-associate, bind to IRF family members or interact with other transcription factors. This complex
formation is crucial for DNA binding and commencing of target-gene expression in numerous essential signaling cascades. Thus, abnormalities of IRFs regulatory functions have
been confirmed to play a key role in development of disease
including cardiovascular diseases (CVD).
Detailed knowledge of IRFs structure and activating mechanisms predisposes IRFs as potential targets for inhibition in
therapeutic. Until now, no direct IRF inhibitory compounds
were described. For this reason, we generated 3D structure
models for IRF1, 2 and 8 DBDs, presented in two distinct
conformations essential to the function of IRFs. Namely, nonDNA-bound cytoplasmic conformations known as apo-forms,
and DNA-bound nuclear conformations or holo-forms. Moreover, we developed a five-step comparative virtual screening
tool, Comparative Approach for Virtual Screening (CAVS) that
combines comparative in silico docking to the IRF-DBD with in
vitro validation of IRF inhibition. Subsequently, we utilized this
in silico screening method to identify potential IRF1- and IRF8DBD specific inhibitors, as well as pan-IRF inhibitors targeting
multiple IRFs simultaneously.
Accordingly, we generated a list of potential IRF1-, IRF8- specific and pan-IRF inhibitory compounds. In vitro validation of the
top pan-IRF candidate inhibitors identified two most promising
candidates: pI18_11 and pI18_13. Both compounds showed a
concentration-dependent (10-50 µM) suppression of IRF1-target gene expression after IFNɣ treatment, with equal potency.
Surprisingly, pI18_11 and pI18_13 differed in their effect on
IFNɣ-induced IRF1 expression, with only pI18_13 displaying
an inhibitory effect. This suggests that both compounds act
through different inhibitory mechanisms. We plan to further
characterize the action mode of these promising pan-IRF inhibitors and also test them in different biological assays, such as
vascular cell proliferation, migration and adhesion.
Together, successful targeting of IRF-DBDs using small-molecule inhibitors provides a promising therapeutic tool for the
treatment of IRF-dependent disorders. Thus, further search,
characterization and optimization of pan-IRF inhibitors with
high potency and excellent bioavailability could be used as a
promising approach to combat CVD.

differentiation and proliferation). Methods: Evening primrose
extract (EPE) was obtained in way of continuous alcoholic
extraction procedure using Soxhlet apparatus. The qualitative
and quantitative polyphenol content in EPE was determined
using liquid chromatography-mass spectrometry technique
(microLC-Q TOF-MS). To evaluate the anticancer activity of
EPE three MPM cell types (NCI-H28, MSTO-H211 and JU77)
were used. The effectiveness of EPE in inhibition of cancer
cells viability was determined using crystal violet staining
method. Apoptosis in MPM cells was analyzed using flow cytometry. To determine the influence of EPE on TS expression
at mRNA and protein level the quantitative gene expression
analysis using Real-Time PCR and immunoblotting was performed, respectively. Results: microLC-MS analyses revealed
variability of polyphenolic compounds in the extract from
the defatted seeds of Oenothera paradoxa including gallic
acid, catechin, epicatechin, epicatechin gallate, ellagic acid,
quercetin, caffeic acid, penta-O-galloyl-β-D-glucose (PGG),
and methyl gallate. At molecular level this polyphenol-rich
EPE significantly decreased TS expression at both mRNA and
protein level. Moreover, EPE decreased the viability of MPM
cells in time- and dose-dependent manner leading to apoptosis of tested tumor cells. Conclusion: This study put the
new light on the potential application of plant-derived extracts
from Oenothera paradoxa in the MPM therapy. EPE induced
apoptosis of MPM cells and significantly decreased TS level.
Further studies are necessary to explain the exact mechanism
considering pro-oxidative activity and modification of the key
metabolic enzymes, including thymidylate synthase.
This study was created as a result of the research project no
2015/19/N/NZ3/01497 financed from the funds of the National
Science Centre, Poland.
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Effect of evening primrose extract on the thymidylate synthase in the aspect of its anticancer properties in malignant pleural mesothelioma treatment.

Introduction. Helicobacter pylori is an etiological agent of
chronic gastritis, duodenal ulcers and gastric cancer. Colonization of gastric epithelial cells is mediated by numerous H.
pylori adhesins and the host mucins, including mucin 5- (MUC5AC). Prevention of H. pylori colonization as well as stimulation of the host immune cells may control the infection. The
BCG mycobacteria are known to posses the immunomodulatory activity. We asked whether these vaccine mycobacteria
given to guinea pig primary gastric epithelial cells prevent the
adhesion of H. pylori in vitro.
Aim. To examine the MUC5AC production and H. pylori adhesion to primary gastric epithelial cells of Caviae porcellus in vitro
in the presence or absence of BCG-Onko mycobacteria.
Material and Methods. Primary gastric epithelial cells were isolated from gastric tissue of Cavia porcellus and propagated for
24 h in the culture medium alone or with H. pylori antigens: glycine acid extract (GE), 10 μg/ml; cytotoxin-associated gene A
(CagA) protein, 1 μl/ml; UreA urease subunit, 5 μg/ml; H. pylori
or Escherichia coli lipopolysaccharide (LPS) 25 ng/ml or with
live H. pylori CCUG17874 reference strain (2h, 2×107 CFU/
ml). Before or after treatment the cells were exposed for 2h
to BCG-Onko (2h, 1×108 CFU/ml) (Biomed, Lublin, Poland).
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Introduction: Evening primrose (Oenothera paradoxa) defatted seeds, obtained after edible oil pressing procedure, contain polyphenolic compounds which reveal potential beneficial
health effects, including anticancer activity. Recent studies
confirm that polyphenols present in extracts from Oenothera
sp. induce apoptosis, inhibit cancer cells viability and metastasis. Malignant pleural mesothelioma (MPM) is aggressive
tumor of pleura, being insensitive to conventional anticancer
treatment. In the light of the ‘bio trend’ in searching natural
supplementation strategies in cancer treatment, the purpose
of this study was to investigate the anticancer properties of
polyphenol-rich extract obtained from postindustrial Oentohera paradoxa seeds in MPM cells with a particular insight
into thymidylate synthase (TS) expression profile (the key
enzyme in DNA synthesis, cell cycle progress, cancer cells
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Cells were stained with anti-MUC5AC antibody and FITC conjugation secondary antibody to assess MUC5AC production.
To asses H. pylori adhesion cells were stained with anti-H. pylori antibody FITC, whereas adhesion of BCG was evaluated
by LIVE/ DEAD BacLight™ staining (Thermo Scientific, USA).
Fluorescence intensity was measured using a multifunctional
Victor 2 reader (Wallac, Oy, Turku, Finland), and then imaged in
a confocal microscope (Leica TCS SPE).
Results. H. pylori antigens upregulated the production of
MUC5AC. BCG-Onko alone did not stimulate MUC5AC
production and inhibited the ability of epithelial cells to produce mucin in response to H. pylori components. Moreover,
BCG-Onko significantly inhibited the adhesion of H. pylori to
gastric epithelial cells.
Conclusion. BCG-Onko by downregulation of mucin production and competitive adhesion diminished the binding of H.
pylori to gastric epithelial cells. Further study using in vivo
Cavia porcellus model is necessary to show the potential of
BCG-Onko mycobacteria in preventing the gastric colonization by H. pylori.
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Schizophrenia is a chronic, serious, complex neuropsychiatric disease that, according to reports from WHO in 2018, has
already affected over 24 million people around the world. S
chizophrenia associated with symptoms of depression is diagnosed more and more often. Data show that as many as
40% of people suffering from schizophrenia have an episode
of severe depression during a certain period of their life. Recent research shows tha t serotonin 5 HT 1A receptors play
an extremely important role in the treatment of schizophrenia,
because the increase in density of these receptors has been
observed in patients suffering from chronic schizophrenia. Detailed pharmacological research publi shed relatively recently in
the Behavioral Brain Research and PLoS One journals characterized the 5 HT 7 receptor as a potential pharmacological target in the treatment of schizophrenia, especially with symptoms
of depression. The inspiration to conduct this research was the
currently popular drug Brexpiprazole, which is a leader in the
rankings of the mos t commonly prescribed drugs in the pharmacotherapy of schizophrenia and major depressive disorder.
As part of the research N hexyl 1 benzo[b]thiophen 4 ylpiperazine ligands have been synthesized, which in their terminal part
contain a various pharmacophore moiety . These ligands were
obtained on the basis of a new method of synthesis in the field
of microwave radiation, which is part of the “Green Chemistry”
trend. For all the new structural analogues obtained, an in vitro
tests were carried out to determine their affinity to wards serotonin 5 HT 1A /5 HT 7 receptor s , which is the key point of uptake
of ligands affecting the CNS potential candidates for drugs in
treatment of schizophrenia and depression
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To successfully move drugs from bench to bedside, a
high-quality and reproducible animal models used both in
drug discovery and development phase are required to provide assurance that drug targets are valid. Patient derived
xenografts (PDXs) are established directly from patient tissues and grown in immunodeficient mice. PDXs recapitulate
cellular and molecular heterogeneity of the donor tumors and
constitute a valuable tool for predicting therapeutic responses on new drugs and basic science research. At Maria Sklodowska-Curie Institute – Oncology Center in Warsaw through
the interdepartmental collaboration, we launched the first in
Poland PDX platform for scientific and commercial use.
Our breeding unit, with capacity to maintain ~2000 immunodeficient animals in individually ventilated cages, houses
NU/J, NSG/J and NSG-SGM3/J mouse strains. The experimental unit provides the expertise: PDX tumor engraftments
and measurements, drugs administration, in-experimental
blood sampling, clinical observation and control of well-being,
necropsy, histopathology. Additionally, we currently develop a
CRISPR-CAS9 mediated genetic models of immunocompromised mice on CBA/W- Lyst wab strain background.
The currently available PDX models include: colorectal (35),
stomach (2), bladder (5), lung (1) and ovarian (7) cancer along
with leiomyosarcoma (1), melanoma (3) and acute myeloid leukemia (AML, 10). All established PDXs are subjected either to
histopathological examination or flow cytometric analysis (AML
models). Upon several mouse-to mouse passages, growing
tumors and leukemic cells are biobanked, molecularly and genetically characterized and considered ready for experiments.
We will present our PDX platform and results on own basic
research utilizing xenografts models as well as the data from
preclinical studies with new anti-cancer drugs.
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Melanoma is less common than some other types of skin cancer, but it is considered the most aggressive because it can
grow and spread. Current drugs are insufficiently selective,
resulting in a wide range of side effects against the normal
cells 1. There is an urgent need to evaluate more selective
compounds as potential agents for the treatment of melanoma. Antimicrobial peptides are important molecules to innate
immunity in organisms from insects to humans and play a key
role in host defense against invading pathogens. Such peptides are considering a promising alternative, they have a high
oncolytic effect and limited or non-toxic effect in host cells 2.
In this research, we evaluated the cytotoxicity of the peptide
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ΔM4 in the human melanoma cell line A375 and non-malignant HaCaT cells using the MTT colorimetric method. The
results showed that ΔM4 dose-dependently inhibited the cell
proliferation of human melanoma cells (IC50= 19.31 μM)
and had differential activity in the non-malignant cells (IC50=
104.7 μM). Afterthat, cell morphological alterations and apoptotic cells were studied by staining the treated cells with
DiOC6/ PI and analyzing them with flow cytometry. Cells treated with ΔM4 had a minor relative size and increased intracellular granularity as compared untreated controls. Exposure to
ΔM4 induced a slight and no significant change in mitochondrial membrane potential, on the other hand, the treatment
induced a distinctive increase of PI fluorescence, indicative
of permeabilization of the cytoplasmic membrane associated
with cell death. We further examined the effects of ΔM4 on
cell cycle, which revealed that the ΔM4 induced cell accumulation in S phase along with the appearance of a population
of hyperploid cells, this result could be associated with DNA
damage and replication stress response.
Finally, detection of DNA damage at the level of the individual eukaryotic cell was observed by commet assay. This result could be associated with replication stress response. In
conclusion, our findings showed that synthetic peptide ΔM4
has antiproliferative effects on human melanoma cells in vitro.
ΔM4 exerts an anticancer activity by causing cell membrane
disruption and inducing cell cycle arrest. Further exploration
of the potential use of ΔM4 may be helpful to considered an
anticancer drug.
Acknowledgments: COLCIENCIAS Research Grant
111574455015 (716-2016).
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cells and growth kinetics. At the end of experiment bone marrow and spleens were also tested by flow cytometry to establish leukaemia burden.
Cell line derived xenograft (CDX) models were very variable in
their characteristics such as tissue infiltration, onset kinetics
and eventually in overall survival of animals. MOLM-13 CDX
was the most aggressive, with a tumour burden reaching over
60% of all bone marrow cells 14 days after inoculation, whereas in MOLM-16 CDX frequency of human cells in the bone
marrow was at the level of around 1%, 4 weeks post-injection. The highest invasion into major organs was observed for
MV4-11 Luc CDX model, whereas low frequency of human
cells was detected in the systemic blood or bone marrow of
mice. Patient derived xenografts (PDXs) had longer latency to
develop detectable disease in mice compared to CDXs. Leukaemia cells were first identified in blood samples two weeks
after inoculation in the first model and not until six weeks in a
bone marrow in the second model. In both PDXs frequency
of human cells in the bone marrow reached over 80% at the
termination point.
Disseminated CDX models despite their limitations provide
feasible disease models for initial preclinical testing. PDX
models better reflect primary disease, however are difficult to
establish and highly variable, depending on the donor characteristics. Overall both types of xenografts are complementary
tools in performing preclinical screenings and testing of novel
drug candidates.
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δ-tocotrienol and bixin are the main responsible for the
anti-stress activity of an achiote extract
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Development of AML disseminated models in mice to support drug discovery.
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Introduction. Achiote is a shrub native to tropical America appreciated as a pigment source. The most abundant of them
is bixin, representing 90% of the pigment content. Besides,
achiote is the main known source of δ-tocotrienol. Bixin and
δ-tocotrienol have been reported as antioxidants. Antioxidant
compounds could help organisms to extend healthspan and
lifespan, preventing or delaying oxidative damage through direct or indirect regulation of the redox state.
Methodology. The achiote extract was obtained by probe sonication using isopropyl acetate. The extract had bixin and δ-tocotrienol contents of 30% and 10% w/w respectively, being the
main bioactive compounds in achiote. The extract effects on
stress resistance were tested. Additionally, pure bixin (30 µg/
ml) and δ-tocotrienol (10 µg/ml) were tested individually and
mixed. The achiote extract was also tested in the nematode
mutants eat-2, age-1, hsf-1, skn-1, and daf-16 to explore the
responsible mechanisms by its effects.
Results and Discussion. The achiote extract showed protect the
nematodes against oxidative, thermal and UV stress, principally
at 100 and 170 μg/ml. The effects on stress resistance obtained
by δ-tocotrienol and by the mixture bixin/δ-tocotrienol were similar to those obtained by 100 μg/ml of the extract, pointing to
these two compounds as the main responsible for the bioactivity of the achiote extract. Protective effects against thermal
and oxidative stress were maintained in the eat-2 mutant, which
indicates that such effects are not given by caloric restriction.
Different types of stress have been related to increased ROS
production; as both bixin and δ-tocotrienol have antioxidant ca-
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Acute myeloid leukaemia (AML) is the second most common
malignant haematopoietic disorder in adults. This aggressive
cancer can be initially treated using chemotherapy, sometimes along with targeted agents and stem cells transplants.
Despite a recent progress in diagnosis and treatment, majority of patients eventually relapse and die. There is a great need
to develop new therapies as well as corresponding models for
testing them. Unfortunately, vast majority of novel drug candidates fail in clinical trials, primarily due to lack of efficacy. Novel preclinical AML models with a high translational potential
may help to reduce inacceptable attrition rate.
The purpose of this study was to establish disseminated murine AML models that could reflect complexity, kinetics and
localization of AML for in vivo drug testing.
The immunodeficient mice were inoculated with five different
human AML cell lines or two types of patient derived cells.
Blood samples were collected and analysed in the time
course of the study to determine levels of circulating human
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pacity, they could act either directly by ROS neutralization or
indirectly by promoting survival responses. The achiote extract
protected the mutants against oxidative stress but not against
thermal stress (excluding eat-2) indicating that although the responses against both types of stress have some common intermediaries, the mechanisms responsible for conferring resistance to each type of stress due to the administration of achiote
extract can act by independent pathways.
Conclusion. The achiote extract was able to increase the resistance to different types of stress in C. elegans N2 strain.
These effects were due to bixin and δ-tocotrienol acting in
synergism and not a result of caloric restriction. In the mutants, the extract was able to increase resistance only against
oxidative stress but not against thermal stress. These results
point to a dual mechanism of antioxidant activity; direct scavenge or neutralization of ROS and indirectly by activation of
anti-stress pathways.

protein synthesis was not required for HDAC inhibitor-mediated gene suppression, indicating that disruption of HDAC
function at gene promoters is responsible for the observed
effects. Importantly, HDAC inhibitors also suppressed P. gingivalis-induced expression of inflammatory genes in GFs from
PD patients, demonstrating that cells extracted from the inflamed tissue remain sensitive to the anti-inflammatory effects
of HDACi.
Collectively, these results identify manipulation of EZH2 and
HDAC expression a potential new mechanism utilized by P.
gingivalis to modulate the host immune responses, and suggest that therapies targeting HDAC activity may be therapeutically beneficial in PD. Future work will be aimed at delineating the consequences of inhibiting EZH2-mediated H3K27
trimethylation in GFs.
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Chimeric Hepatitis B/Hepatitis C virus like particles as a
potential bivalent vaccine against viral hepatitis.
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Epigenetic modifications of histones as new therapeutic
targets in periodontal disease

Grzyb Katarzyna
Hepatitis C virus (HCV) infection affects an estimated 70 million people worldwide. An HCV vaccine, however, still remains
an elusive goal. The major obstacle in the development of a
protective immunity against HCV is the high genetic diversity
of the virus, manifesting primarily in the sequence of HCV envelope glycoproteins El and E2. El and E2 glycoproteins form
heterodimer which plays an important role in the virus- host
interaction and is the main target for the neutralizing antibodies. In regard to E1E2 extreme variability, the ideal prophylactic vaccine should induce strong humoral response from the
neutralizing antibodies against the highly conserved epitopes
accessible on the surface of the HCV E1E2 glycoproteins.
One method to elicit immunogenic response against single
epitope is to expose it on the surface of the virus-like particles (VLPs). One of the best known protein assembling into
2 VLPs is hepatitis B virus small surface antigen (SHBsAg),
widely used as a commercial prophylactic vaccine against
hepatitis B virus. In this study we developed a panel of chimeric HCV_sHBsAg particles in which four highly conserved
HCV glycoprotein E2 epitopes were inserted individually and/
or in combinations into the hydrophilic loop of sHBsAg. The
expression of chimeric particles was performed in the Leishmania tarentolae expression system, which has the potential
to produce high-yields of proteins with the mammalian-like
N-glycosylation pattern. Chimeric proteins were next purified
using ultracentrifugation and the particles assembly was confirmed using direct transmission electron microscopy. After
immunization of mice we confirmed that the mouse sera were
able to recognize not only the synthetic peptides covering
HCV E2 epitopes, but also yeast-derived sHBsAg. Moreover,
we assessed the cross-reactivity and neutralizing antibody
response against different HCV genotypes. In our study we
proved that sHBsAg-based VLPs are able to successfully
present several HCV-derived regions and to elicit strong and
specific anti-HCV antibody response. Although more evaluation of those constructs is still needed, this approach may
prove useful in the development of a rationally designed
prophylactic vaccine against both HCV and HBV.
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Periodontal disease (PD) is a chronic inflammatory disease of
the periodontium, leading to bone resorption and tooth loss,
and the anaerobic bacterium Porphyromo¬nas gingivalis
plays a key role in PD pathogenesis. Sustained inflammation is
regulated by epigenetic changes in gene expression, among
which reversible histone acetylation and methylation play a
significant role. Surprisingly, little is known about epigenetic
regulation in PD, and histone modifications by acetylation and
methylation might be one of the processes dysregulated by
persistent presence of cytokines and/or bacteria. Here, we
characterized the influence of P. gingivalis and inflammatory
cytokines on the expression of proteins that regulate histone
acetylation and methylation in primary human gingival fibroblasts (GFs), and analyzed the anti-inflammatory potential of
targeting these proteins with small molecule inhibitors.
The H3K27 methyltransferase EZH2 was upregulated in GFs
stimulated with TNF or IL-1β, or infected with P. gingivalis. Increased EZH2 expression upon cytokine stimulation was also
confirmed at the protein level. P. gingivalis infection and cytokine stimulation also caused an upregulation of several histone deacetylase (HDAC) genes, including HDAC1, 2, 6 and
9, which was accompanied by increased global HDAC activity. These observations suggested that P. gingivalis is capable of manipulating the function of key enzymes that regulate
epigenetic histone marks, raising the possibility that targeting HDAC and/or EZH2 activity could ameliorate pathological
activation of gingival cells. Indeed, inhibition of HDACs with
the small molecule inhibitors SAHA and ITF2357 significantly
reduced TNF- and P. gingivalis-inducible expression and/or
production of a cluster of inflammatory mediators in healthy
donor GFs (IL1B, CCL2, CCL5, CXCL10, COX2 and MMP3)
without affecting cell viability. In contrast, P. gingivalis internalization and intracellular survival remained unaffected by HDAC
inhibitors. Activation of mitogen-activated protein kinases and
NFκB signaling was unaffected by HDAC inhibition, and new
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Mechanisms of the attenuation of angiotensin II-induced
cardiac hypertrophy by pharmacological inhibition of
sphingosine kinase 1

Mycelial cultures of edible mushrooms as a source of
potentially bioavailable phenolic compounds and bioelements

Ewelina Józefczuk1; Ryszard Nosalski2; Blessy Saju2; Eva
Crespo2; Szczepaniak Piotr1; Tomasz Jan Guzik2; Mateusz
Siedliński1
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2
Department of Medical Physics and Biophysics, Faculty of
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BACKGROUND
Sphingosine-1-phosphate (S1P), produced by sphingosine
kinases (Sphks), is a well-known regulator of cardiovascular
function and developement of hypertension in response to
angiotensin II (AngII). Sphks through their divergent actions in
the cardiac pathobiology, may be an important pharmacological target in prevention of cardiac hypertrophy.
PURPOSE
The goal of this study was to investigate the mechanisms of
the effects of pharmacological inhibition of Sphk1 on cardiac
hypertrophy associated with Ang II-induced hypertension.
METHODS
Male 12-week old C57BL/6J mice underwent either Sham
or AngII (490 ng/min/kg s.c.) treatment for 2 weeks, using a
surgically implanted osmotic minipump. Animals from AngII
group received either placebo or PF-543, a selective Sphk1
inhibitor, injections i.p. at a 10 mg/kg dose every two days
(n=5 for each group). To examine changes in left ventricular
transcriptome profile within hypertensive groups (treated vs.
non-treated with PF-543) RNA-Seq analysis was performed.
Additionally, expression of mRNA and protein was examined
by real-time PCR and Western blot.
RESULTS
AngII infusion resulted in a cardiac hypertrophy, as compared
to Sham group, while PF-543 treatment significantly reduced
cardiac hypertrophy in hypertensive mice (Heart to body
weight ratio: 5.6±0.1 mg/g for Sham, 6.5±0.1 mg/g for AngII, 5.9±0.2 mg/g for AngII+PF-543 groups, p<0.05). RNASeq and subsequent pathway analyses revealed that PF-543
downregulated actin filament binding, tumor necrosis factor
(TNF) superfamily cytokine production and extracellular matrix organization (ECM) processes in hypertensive animals.
Although histological analysis of heart sections showed no
significant effects of PF-543 on cardiac fibrosis in hypertension, PF-543 treatment reduced mRNA expression of genes
accompanying cardiac hypertrophy such as fibronectin 1,
TGFβ1, Tnfα, Ctgf, Tnfrsf11b and fetal genes natriuretic
peptide B or myosin heavy chain 7 in hypertensive animals.
Moreover, western blot analysis demonstrated significant induction in ERK1/2, Stat3 and PKC phosphorylation, as well as
upregulation of S1P receptor S1pr1, Rock1 and actin (Acta2,
Actb) proteins in cardiac tissue of AngII as compared to Sham
animals, while PF-543 treatment prevented these changes in
hypertensive animals.
CONCLUSIONS
This study suggests that pharmacological inhibition of Sphk1
protects against AngII-induced cardiac hypertrophy. Therefore, it may represent a promising target for harnessing residual cardiovascular risk in hypertension.

Agaricus bisporus (white button mushroom), Cantharellus cibarius (chanterelle) and Lentinula edodes (shiitake) are popular edible mushrooms species, because of their dietary and
therapeutic importance. Their mycelial cultures have many
medicinal properties e.g. anti-inflammatory, immunostimulatory, antidepressant, antioxidant and even anti-cancer. Due
to the healing properties of edible mushrooms and their in
vitro cultures, it is very important to assess the content of bioelements and phenolic compounds bioavailable for human
body. Thereby, the aim of the work was to combine the natural
antioxidant activity of the mushroom material and the effect
obtained through biotechnology methods, caused by addition
of zinc salt, selenitriglycerides, and L-phenylalanine to mushroom media, as well as a mixture of these substances. The
aim was also to determine the content of phenolic compounds
and bioelements after extraction into artificial digestive juices
from obtained mushroom material. The experimental mycelial
cultures were run on a properly enriched liquid Oddoux media,
and after 21 days they were separated from it and after drying
they were subjected to the extraction process. Determination
of the content of phenolic compounds in methanol extracts
was performed using HPLC method with the DAD detector.
The bioelements content were determined by TXRF method.
A satisfactory biomass increase was obtained for each of the
substrates. However, the most effective mycelium growth was
observed for the Lentinula edodes species enriched with zinc
hydrogen aspartate (8 g/L medium). The presence of protocatechuic acid (<0.01–12.09 mg/100 g dry weight), p-hydroxybenzoic acid (<0.01–243.61 mg/100 g dry weight), gallic
acid (<0.01–6.14 mg/100 g dry weight), and L-phenylalanine
(<0.01–1493.68 mg/100 g dry weight) has been confirmed.
Certain amounts of phenolic compounds have also been determined in extracts obtained into artificial digestive juices.
In artificial digestive juices, bioelements such as e.g. K, Cr,
Cu, Mn, Fe, Zn, Se were also determined. For most of bioelements, higher amounts were determined in artificial gastric
juice than artificial intestinal juice. It has been proven that the
addition of phenolic acids synthesis pathway precursor and
bioelement salts is important for their final content and their
potential bioavailability. In addition, it has been shown that
mycelium obtained under biotechnological conditions may
be a material supplementing deficiencies of bioelements and
phenolic compounds for the human body.
Sources of funding: Projects for Young Scientists no. K/
DSC/005361, N42/DBS/000052; National Science Centre, Poland 2017/25/N/NZ7/00554
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deficiency is associated with potent S-nitrosation of proteins,
which, on the one hand provides protection by NOX4 inhibition, but on the other hand drives premature senescence of
ECs. Lack of Nrf2 results in significant changes in the cell proteome and disturbs protein homeostasis generating protein
aggregates. Depletion of cytoplasmatic Nrf2 leads to overabundance of Keap1, what results in abundant S-nitrosation,
protein aggregation and onset of EC senescence. Analogous
mechanisms are observed in response to Keap1-dependent
Nrf2 activators or during physiological ageing, when Nrf2 level
decreases enforcing redundancy of free Keap1.
Up to date, the only mechanism of action for Nrf2 has been
attributed to transactivation of gene expression. However, our
data implies an overlooked role of Nrf2 as a protein sequestering Keap1. Moreover, we unveil that unrestrained Keap1 is
a negative regulator of endothelial phenotype. Thus, targeting
Keap1 to liberate Nrf2 can result in detrimental effects for the
cells. Approaches that deplete Keap1 or provide a trap for
Keap1 seem to be more beneficial.
Funding: This work was supported by National Science Center
grant SONATA BIS No. 2016/22/E/NZ3/00405 and the Ministry
of Science and Higher Education grant IUVENTUS PLUS No.
0138/IP1/2015/73.

Computer-aided insights into structure-activity relationship of novel hexyl arylpiperazines based on phthalimide,
isatin and saccharin scaffold
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Anna Drabczyk1; Grzegorz Satałab2
Cracow University of Technology, Department of Chemical
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and Technology, 24 Warszawska St. 31-155 Cracow, Poland
2
Department of Medicinal Chemist, Institute of Pharmacology
Polish Academy of Science, 12 Smetna St., 31-343 Cracow,
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The current treatment of central nervous system diseases including depression, schizophrenia or Parkinson’s disease
is not fully effective. Common available drugs exhibit a lot of
side effects and 30% of patients do not respond to treatment.
Therefore, the need for further research into antidepressants is
justified. Long chain arylpiperazines are widely screened compounds that exhibit affinity to serotonin and dopamine receptors. In our previous research we shed some light that elongation of alkyl chain may be responsible for increase of activity to
D2 and 5-HT receptors. In our consideration phthalimide, isatin
and saccharin moieties of LCAPs as promising scaffolds has
been chosen. In the first stage of our research, molecular modelling and molecular dynamic to establish bioactive conformations of designed ligands has been applied. Then compounds
using solvent free microwave supported procedure has been
synthetized. Crude products were purified via appropriated
methods and converted into HCl salt and subjected to in vitro radioligand binding. All obtained ligands exhibit high activity
below 90nM to 5-HT1A and moderate activity below 383nM to
D2. Saccharin scaffold was the most active toward D2, 5HT1A,
5-HT6 and 5-HT7. During molecular modelling and molecular
dynamic we established the best active poses. For all ligands
CNS MPO parameter has been developed.

P1.15
LifeGel – innovative technology for 3D cell cultures
Marcin Krzykawski1
Real Research Sp. z o.o.

1

Real Research specializes in innovative solutions in biotechnology. LifeGel is first product with which company revolutionize cell cultures. It is the first protein hydrogel on the market
with a protein structure that is 100% free of growth factors,
while maintaining high repeatability between production lots.
These features provide a high economic profit that manifests
itself in greater research efficiency, as well as maintaining high
repeatability of conducted experiments. The main benefit of
LifeGel is to obtain culturing conditions that are convertible
to physiological/in vivo conditions, which is guaranted by the
purity of the product and its protein structure. LifeGel is highly repetitive and has a defined structure (similar to synthetic
scaffolds with a chemically defined structure), and also has
a protein structure resembling the environment in which cells
live (similar to gels made from tumor tissues). The main application of LifeGel is attributed to biotechnology and pharmaceuticals companies introducing drugs for preclinical studies.
LifeGel is also used in scientific units that use cells for their research. LifeGel is the perfect solution for anyone who wants to
get conditions similar to in vivo without using model animals.

P1.14
Targeting Keap1 in ageing endothelium – is it a friend or
a foe?
Aleksandra Kopacz1; Damian Kloska1; Bartosz Proniewski2;
Dominik Cysewski3; Nicolas Personnic3; Jozef Dulak3; Alicja
Jozkowicz3; Anna Grochot-Przeczek3
Department of Medical Biotechnology, Faculty of Biochemistry
Biophysics and Biotechnology, Jagiellonian University, Poland
2
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3
Mass Spectrometry Laboratory, Institute of Biochemistry and
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P1.16
Antitumor activity of OAT compounds in a multimodeling
study

Nrf2 is a transcription factor, a master regulator mediating
adaptive response to cellular stress. Under basal conditions
Nrf2 is present in the cytoplasm where it associates with
Keap1, the repressor of its transcriptional activity. One of the
mainstreams of current therapeutic approaches relies on the
activation Nrf2 through Keap1 modification. Its beneficial role
has been studied in respect to many disorders, including cancer and vascular dysfunction. Our previous results indicate
that Nrf2-deficient endothelial cells are highly dysfunctional
and undergo premature ageing.
We aimed to elucidate the molecular mechanism underlying
the dysfunction of Nrf2-deficient endothelial cells, reaching
out beyond Nrf2 transcriptional activity and verify the impact
of known Keap1-dependent Nrf2 activators in the process.
Although Nrf2 is considered as a key regulator of redox status,
its depletion in ECs does not cause oxidative damage. Nrf2

Katarzyna Laskowska-Kaszub1; Mykola Zdioruk1; Joanna
Wojsiat1; Anna Mietelska-Porowska1; Sylwia Olejniczak2;
Stanisław Pikul2; Jakub Golab3; Urszula Wojda1 Katarzyna
Laskowska-Kaszub
1
Laboratory of Preclinical Testing of Higher Standards, Nencki
Institute of Experimental Biology, Polish Academy of Science,
Warsaw, Poland
1
Laboratory of Preclinical Testing of Higher Standards, Nencki
Institute of Experimental Biology, Polish Academy of Science,
Warsaw, Poland
2
OncoArendi Therapeutics, Warsaw, Poland
3
OncoArendi Therapeutics, Warsaw, Poland; Department of
Immunology, Medical University of Warsaw, Poland
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A number of anti-mitotic drugs induce tumor cell death through
interaction with tubulin, but most of them are natural products
that have complex chemical structure and poor pharmacological properties. Therefore, identification of more effective
microtubule-targeting cytotoxic compounds is particularly important. In this study we investigated cytotoxicity of a newly
synthesized, low molecular weight compound OAT-449, with
a relatively simple chemical structure. We found that OAT449 strongly inhibits polymerization of purified tubulin in vitro
and also disrupts microtubule formation in HT-29 (colorectal
adenocarcinoma) cells in flow cytometry assay. In addition,
OAT-449 treatment caused cell cycle arrest at G2/M phase,
increased level of phosphorylated mitosis-related histone H3
proteins and mitotic catastrophe in HT-29 cells. Moreover, we
compared cytotoxicity of OAT-449 to Vincristine in 8 different
cancer cell lines: HT-29, HepG2 (hepatocellular carcinoma),
DU145 (prostate carcinoma), Panc-1 (epithelioid carcinoma),
SKOV3 (ovary adenocarcinoma), A549 (lung carcinoma),
MCF7 (breast adenocarcinoma) and SK-N-MC (neuroepithelioma). This multimodeling study revealed that OAT-449 induces cell death in different cancer cell lines with IC50 values
ranging from 6 to 22 nM. Comparing to Vincristine, OAT-447
showed increased cytotoxicity in Panc-1 and A549 cells. Taken together, these findings indicate that OAT-449, already in
low concentration, targets microtubules in different types of
cancer cells what results in mitotic catastrophe and cell death.
This research was supported by the National Centre for Research and Development (NCBR) grant POIG.01.03.01-14094/12.

Molecular mechanisms of peripheral neuropathy induced
by bortezomib and lenalidomide: novel evidence for the
miRNA – mRNA interaction involvement.
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Edyta Paczkowska1; Christian Andreas Schmidt2; Bogusław
Machaliński3
Department of General Pathology, Pomeranian Medical University, Szczecin, Poland.
2
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Hospital Greifswald, Ernst-Moritz-Arndt University, Greifswald,
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3
Department of General Pathology, Pomeranian Medical University, Szczecin, Poland.
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Peripheral neuropathy is one of the main side-effects of novel
therapeutics used in multiple myeloma. Molecular mechanisms
underlying development and progression of drug-induced peripheral neuropathy are still not fully elucidated. In the present
study we examined changes in global gene and miRNA expression and analysed the identified miRNA-mRNA interactions
after bortezomib and lenalidomide exposure in human neuroblastoma cells to define pathways affected by these agents
in neural cells. Cell viability assays were performed to assess
cytotoxicity of both tested drugs. Global gene and miRNA expression profiles of neuroblastoma cells after 24-hours incubation with bortezomib and lenalidomide were determined using
genome-wide RNA and miRNA microarray technology. Obtained results were then confirmed by qRT-PCR and Western
blot. Further bioinformatical analysis was performed to identify affected biological processes and pathways. Lenalidomide
exerted much lower cytotoxicity than bortezomib. 719 genes
and 28 miRNAs were downregulated and 319 genes and 61
miRNAs were upregulated in neuroblastoma cells treated with
bortezomib, whereas only 18 genes and 9 miRNAs were downregulated and 22 genes and 25 miRNAs were upregulated after lenalidomide exposure. Possible interactions between dysregulated miRNA/mRNA, which may induce neurotoxicity after
bortezomib, affect neurogenesis, cellular calcium transport and
neuron death. Bortezomib might exert toxic effects on neural
cells and regulate miRNA-mRNA interactions influencing vital
cellular functions, which could be a mechanism underlying
bortezomib-induced peripheral neuropathy. Lenalidomide exposure does not significantly affect mRNA-miRNA interactions
in neuroblastoma cells, however may indirectly affect other
cells and pathways responsible for peripheral neuropathy. Further studies on the role of specific miRNA-mRNA interactions
are needed to elucidate mechanisms of bortezomib and lenalidomide neurotoxicity.

P1.17
Application of human mesenchymal stem cell for repairing
of damaged human aortic endothelial cell
Wen-Chien Lee1
Department of Chemical Engineering, Systems Biology and
Tissue Engineering Research Center, National Chung Cheng
University, Minhsiung 621, Taiwan
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Human mesenchymal stem cells (hMSCs) isolated from bone
marrow and several different connective tissues have a capacity to differentiate into cells of the mesodermal lineage,
as well as neuronal cells in vitro. The capability of hMSCs for
repairing and regenerating damaged human tissues has also
been demonstrated, suggesting the potential of hMSCs as a
therapeutic agent for regenerative medicine. In this study, the
exosomes secreted from bone marrow-derived hMSCs were
tested for the repair of damaged human aortic endothelial
cells (HAECs). Three different exosomes preparations: (1)
exosomes of hMSCs, (2) hMSCs exosomes transduced with
plasmid DNA (pEGFP-C1), and (3) exosomes secreted by
pEGFP-C1 transfected hMSCs were separately incubated with
HAECs, which had been induced to apoptosis using L-form
homocysteine (L-Hcy). The treatment of HAECs with L-Hcy
for 18 h reduced the cell viability to 53.6% ±11% in 48 h. Incubation with these three preparations of hMSCs-derived exosomes could all effectively repair the damaged HAECs. After
24 h the cell viability of HAECs treated with the first exosome
preparation increased up to 99.9% ± 3.6%. When the second
and third exosome preparations were used, the cell viabilities
could reach 94.8% ± 11.1% and 100.2% ± 5%, respectively.
L-Hcy caused the cell death of HAECs, while the incubation
with hMSCs exosomes could rescue the cells being in apoptosis. Results also suggested that either exosomes transduced with plasmid DNA or exosomes from hMSCs transfected
with plasmid DNA could both repair the damaged cells and
deliver the specific gene into cells.

P1.19
Oncolytic and Biophysical Evaluation of the Synthetic Peptide ΔM4 as a Potential Agent in the Treatment of the Skin
Cancer
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Antimicrobial peptides (AMPs) constitute a natural defense of
most living organisms against invading pathogens. Broad biological activity of these molecules as bactericidal, antifungal
and in the last decade as anticancer agents has been demonstrated 1. Among the most promising characteristics of AMPs
is that they exert a mechanism disrupting the cell membrane
and they are able to kill cancer cells at concentrations lower
in comparison with non-malignant cells 2. Therefore, there is
a great interest of studying the anticancer properties of novel peptides, and understanding their interaction with the lipid
components of cell membranes.
In this research, oncolytic and cytotoxic activity of the synthetic peptide ΔM4 was determined on squamous carcinoma
cells (ATCC CRL-1555) and epidermal cells (HaCat), respectively. The results showed a selectivity of ΔM4 for the malignant cells, presenting a MIC 4 times less in comparison with
the epidermal non-malignant cells (IC50 = 26.3µM). Disruption of cell membrane leading to the cell death is the most frequently proposed mechanism for AMPs. Based on the ability
of these molecules to selectively interact with malignant membranes, flow cytometry experiments with Anexin V and Sytox
Green were performed. The results showed that increasing
concentrations of ΔM4 preferentially induced the translocation
of phosphatidylserine on squamous carcinoma cells. Sytox
Green experiments revealed that exposition of cells to ΔM4
induced a more selective permeabilization of the malignant
membranes in comparison with the non-tumoral cells, in a
concentration-dependent manner. Finally, to investigate how
the peptide ΔM4 interacts with lipids, two multi-component
lipid systems mimicking the normal and cancer membranes
were used. These were DPPC/SM/DPPE 4.35:4.35:1 (w/w)
and DPPC/SM/DPPE/DPPS/ 4.35:4.35:1:0.3 (w/w), respectively. Using differential scanning calorimetry (DSC) thermograms representative for model membranes of normal and
cancer cells were registered. ΔM4 induced a higher destabilizing effect on the thermotropic properties of lipids in the
cancer system. In particular, a shift of lipid phase transition
was observed towards higher temperatures in a concentration-dependent manner.
Biological and biophysical characterization of a new therapeutic agent is fundamental to understand the potential use
of such compound for the treatment of skin cancer. The techniques used in this research suggest the selective activity of
ΔM4 for malignant cells.
Acknowledgements:
COLCIENCIAS
Research
Grant
111574455015 (716-2016) and the Jagiellonian University
Fund K/ZDS/008227
References
1. Wang, G. Antimicrobial Peptides: Discovery, Design and
Novel Therapeutic Straegies; CAB International: London,
2010.
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Comparison of in vitro efficiency to the in silico prediction
of obtaining genetic modifications using the CRISPR/Cas9
system for xenotransplantation purposes
Natalia Mazurkiewicz1; Magdalena Hryhorowicz1; Ryszard
Słomski1

sessment of the efficiency of DNA hydrolysis by the bioinformatically selected gRNA that connects with Cas9. Differences
between predicted in silico and the actual in vitro and in vivo
gRNA cutting efficiency are random and only their experimental verification can be reliable. So far, three generations of the
CRISPR/Cas9 system have been created.
The aim of the work is to obtain the genetic constructs to introduce the modifications into the porcine genome with the
CRISPR/Cas9 system to obtain the transgenic pig which will
be useful in the xenotransplantation research. The creation of
these constructs was based on the bioinformatic analysis. In
addition, the effectiveness of different genetic constructions
in the first, second and third generation CRISPR/Cas9 system
was carried out.
Three plasmids in three generations of the CRISPR/Cas9 system were used: MLM3636 (Plasmid #43860), pX330-U6-Chimeric_BB-CBh-hSpCas9 (Plasmid #42230), pSpCas9(BB)-2A-Puro (PX459) V2.0 (Plasmid #62988). Their preparation
took place on the basis of standard molecular cloning. Verification of plasmids took place by means of nucleofection and
PCR on the obtained genetic material. The analysis of the results was carried out using the results after sequencing in the
TIDE program available online.
Designed gRNA targeting the porcine Rosa26 locus obtained
good cutting performance (80.3%) and will be used in microinjection. Designed gRNA targeting the porcine ASGR1 gene
has achieved poor cutting performance (13.8%) and will not
be used in microinjections. Next gRNA will be tested.
The third generation CRISPR / Cas9 system gives better results for the same gRNA compared to the first generation system.
P1.21
Micromycetes from the genus aspergillus – producers of
proteinases with human hemostasis proteins activitysystem
Alexander Osmolovskiy1; Elizaveta Rukavitsyna1; Anastasia
Orekhova2; Svetlana Timorshina1
1
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M.V. Lomonosov Moscow State University
University of Rome “Sapienza”

With the help of specific chromogenic peptide substrates
of proteins of the hemostasis system, the ability of different
strains from Aspergillus genus of micromycetes has been
studied to secrete proteinases from the direct and activator
activity to human hemostasis proenzymes. It was revealed
that this process can be related to the closely relatedness of
Aspergillus species. Proteinases of A. flavus 1, A. ochraceus
L-1 and A. oryzae k1 possessed plasmin-like, thrombin-like
and insignificant urokinase activity. For the first time there was
shown activator activity of X factor and protein C by proteinases of the micromycetes. Moreover, the highest activator activity to X factor had the extracellular proteinases of A. flavus 1
and A.ochraceus L-1, and the activator protein C activity - proteinase A. ochraceus L-1 and A. oryzae k1. Proteinase, produced by A. ochraceus L-1 has more activity toward protein C,
factor X and fibrin with compare with other aspergilli.

Department of Biochemistry and Biotechnology, Poznan University of Life Sciences

1

The CRISPR/Cas9 system allows you to cut a specific sequence and repair it according to two schemes: non-homologous end joining – NHEJ and homology-directed repair. Despite many advantages, the CRISPR/Cas9 system also has its
limitations. One of the main problems turned out to be the as-
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Correction of bahavioral deficits and reduction of inflammation under the influence of genistein in R6/1 mice: comprehensive research on a new therapeutic approach in
Huntington disease
Pierzynowska Karolina
Huntington disease (HD) is one of genetic neurodegenerative
disorders. It is caused by a mutation in the IT15 gene which
consists of expansion of the CAG triplet. This expansion causes appearance of a long stretch of glutamine residues (polyQ
region) in the amino acid sequence of the huntingtin protein.
Mutant huntingtin forms aggregates which accumulate in
cells, causing their dysfunctions. One of the most promising
strategy for treatment of HD is stimulation of mutant huntingtin degradation, particularly by the autophagy process. Genistein, one of natural isoflavones, can induce the autophagy
process, is able to cross the blood-brain-barrier, and has
been demonstrated to be safe in a long term use in animals
and humans. Our previous studies on cellular models of HD,
including those performed with patient-derived cells, indicated that genistein can induce efficient removal of mutant huntingtin aggregates. Therefore, the next step of our research
was a preclinical study which is a prerequisite for experimental
therapy, and putative clinical trials. The aim of this work was
to test effects of genistein in the mouse model of HD, with
special focus on behavioral tests and inflammation markers.
The genetically modified mouse model R6/1, expressing the
1st exon of the human IT15 gene with 115-150 CAG repeats
was employed. Behavioral tests and blood analyses were
performed at the first day of genistein/water (probe/control)
administration, and then repeated every 45 days. Behavioral
tests (assays for estimation of anxiety, motoric activity, memory, frequency of various movements) and blood analyses indicated that genistein was able to significantly correct behavior and reduce inflammation in R6/1 mice just after 45 days.
Moreover, after 90 days of genistein treatment, R6/1 mice
were undistinguishable from control (healthy) animals, in both
behavioral testes and 2 biochemical parameters. In summary,
experimental therapy of HD with the use of genistein in the
R6/1 mouse model indicated high efficacy of this isoflavone,
strongly suggesting that this isoflavone can be considered as
a potential drug for this disease.
P1.23

the STAT pTyr-SH2 yielded a variety of small molecules including STATTIC.
We developed a pipeline approach combining in silico docking of STAT-SH2 models with in vitro STAT inhibitor validation.
Additionally we investigated known STAT3 inhibitor- STATTIC
in terms of its potency and specificity. Our approach allowed
us to classify STATTIC as a new type of multi-STAT inhibitorwhich targets the SH2 domain of STAT1, 2 and 3 with equal
affinity. Next, we docked STATTIC to the DBD domain of IRF1
and saw that it fitted in the selected binding cavity although
with a lower binding affinity as compared to STATs. This could
reflect the presence of STAT-independent effects and predict
the possible presence of STAT-dependent and –independent
inhibitory mechanisms. Further, STATTIC was validated in vitro
at the protein level in human microvascular endothelial cells
(HMECs). Consequently, at various concentrations it inhibited
IFN-induced phosphorylation of STAT1, 2 and 3. In a second
set of experiments, we tested the genome-wide effect of this
compound on gene expression in response to treatment with
IFNγ+LPS in HMECs. Microarray data analysis in combination with promotor prediction studies allowed us to determine
that STATTIC inhibits not only STAT dependent expression of
pro-inflammatory and pro-atherogenic genes but also may influence other inflammatory pathways dependent on IRF and
NF-κB proteins.
Using the STAT-SH2 docking approach, we postulate that
many of the known STAT3 inhibitors claimed to be specific
should belong to the group of pan-STAT inhibitors like STATTIC. Moreover, some of these compounds may also display
STAT independent inhibitory effects.
Therefore, further understanding the STATTIC pan-STAT inhibition mode and its STAT independent potential towards IRF1
and NF-κB could provide great promise for its development as
a potent treatment strategy. Likewise, the further testing and
optimizing of more potent additionally available non-specific
known STAT3 inhibitors, with similar pan-STAT and STAT-independent characteristics, may be an encouraging avenue for
new clinical benefits.
P1.24
Macromolecular crowding effects on enzymatic activity.
The case of the hepatitis C virus NS3/4A protease.
Agnieszka Popielec1; Paweł Kowalski1; Monika Wojciechowska1; Joanna Trylska1
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Cardiovascular diseases (CVDs) including atherosclerosis are
currently the leading cause of death in developed countries.
Key factors contributing to onset and progression of this disease include the pro-inflammatory cytokines: Interferon (IFN)
α and IFNγ and Toll-like receptor 4 (TLR4). They activate members of the Signal Transducer and Activator of Transcription
(STAT) family. Especially STAT1, STAT2 and STAT3 together
with NF-κB and different IRFs were shown to coordinate the
interplay between damaged vessels and host immunity and
control atherosclerosis directed by multiple inflammatory
stimuli. Searches for STAT inhibitory compounds, exploring

It is well known that biological intra- and extra-cellular fluid
media have significant total concentrations of various molecules. The internal cellular volume can be occupied up to
30% by macromolecules and small compounds with the
concentration reaching 300 g/L. Thus this medium should
be rather called crowded than clear and diluted. This stands
in opposition to the traditional laboratory practice where the
biochemical reactions are studied in dilute buffer solutions.
As a consequence very little is known about the effects of
macromolecular crowding on the enzymatic reactions. However, it has been proved that crowding restricts the physical
space available to molecules (the so-called excluded volume
effect) and in turn affects many cellular processes such as
the diffusion of molecules, their folding and internal dynamics, inter- and intra-molecular interactions and protein-ligand
association pathways. Here we deepen the knowledge of the
crowding phenomenon using as an example the enzymatic
reaction of NS3/4A protease, which is the main therapeutic
target in hepatitis C (Hepatitis C Virus - HCV) therapy.
The HCV virus is responsible for the chronic disease of up to
185 million patients around the world. The NS3/4A protease
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is essential for viral polyprotein cleavage and HCV multiplication; the proper functioning of this enzyme determines the
development of the virus in the host organism. Until now, research into the NS3/4A enzymatic reaction has been carried
out under simplified conditions, however, for the development
of effective therapy, it is necessary to understand if and how
the cellular environment influences the course of the enzymatic reaction. It is also crucial to understand how the crowded media affect the efficiency of the inhibitors targeting the
NS3/4A enzyme.
In this study, we use synthetic crowders (PEG 600, PEG 6000,
Ficoll 400) at concentrations mimicking the internal cell crowding (50, 100, 200 mg/ml). We study the kinetic parameters (Km,
Vmax) of the NS3/4A proteolysis of the substrate by following
the increase in fluorescence of the product. The obtained results indicate that the crowding agents have an indisputable
impact on the Vmax of the reaction. What is more, the nature
of selected crowder might modulate this effect, from slowing
down the reaction even to increase of its maximum velocity.
This shows how important it is to recognize the real environment of the targeted reaction and transferring the in-vitro studies from simple buffered to the conditions close to real.
P1.25
Biotechnological methods of enrichment of natural phosphatidylcholine with ferulic and 3,4-dimethoxy cinnamic
acids
Magdalena Rychlicka1; Natalia Niezgoda1; Anna Gliszczyńska1
Department of Chemistry, Wroclaw University of Environmental and Life Science, Wroclaw, Poland
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Hydroxy and methoxy derivatives of cinnamic acid are a widespread group of non-nutritive compounds found in foods with
possess strong antioxidant potential and resulting from this
other pro-health properties like anticancer, antidiabetic, antimicrobial or anti-inflammatory activity. In addition, recent studies
show that these compounds are also characterized by high
preventive and therapeutic potential in terms of diseases of the
nervous system, such as Alzheimer’s disease or Parkinson’s,
which main cause of development is the degradation of neurons. Unfortunately, due to very poor solubility of cinnamic acid
derivatives in both hydrophilic and hydrophobic environment
it’s practical use in the pharmaceutical and food industry is limited. Improvement physical and chemical properties of hydroxy
and methoxy cinnamic acids and increase of their therapeutic
potential can be achieved by combining them with the second
biologically active molecule – phosphatidylcholine.
Therefore, presented researches are based on the comparison of the developed and optimized methods of one-step enzymatic synthesis of structured phosphatidylcholine (PC) enriched with two biological active natural acids like ferulic acid
(FA) and 3,4-dimethoxycinnamic acid (3,4DMCA). Presented
results show that proposed methods can extend usage of
mentioned acids in the food industry as safe for health biomolecules that can act as food preservatives and nutraceuticals with health-promoting effect. In proposed methods five
different immobilized lipases were evaluated as biocatalysts,
and further effects of acyl residue donors, organic solvent,
molar ratio of substrates and enzyme loading on the process
of obtaining phospholipid preparations with high content of
FA and 3,4DMCAwere studied.

P1.26
Deregulated apoptosis of neutrophils as a potential mechnism underlying the pathobiology of periodontitis
Maja Sochalska1; Maja Sochalska1; Jan Potempa1; Magdalena Stanczyk1; Maria Uzarowska1
Jagiellonian University, Department of Microbiology, Faculty
of Biochemistry, Biophyisics and Biotechnology

1

The pathogenesis of the periodontal disease is associated
with over-reactive host inflammatory response to periodonal
pathogen Porphyromonas gingivalis [1]. Current literature implicates hyper-reactive neutrophils as the main immune cell
type responsible for the tissue damage and disease progression [2]. Despite the clear involvement of anti-apoptotic Bcl-2
family proteins in control of neutrophil apoptosis, the failure to
properly regulate the cell survival and function in the context
of periodontitis remains unclear.
Therefore, prolonged survival of neutrophils induced by periodontal pathogens through increased expression of pro-survival proteins belonging to the Bcl-2 family may represent a
novel mechanism strongly contributing to the development of
periodontitis [3].
The establishment of new prognostic and/or therapeutic
markers for periodontal disease will bring considerable benefits for public health and for the quality of life of patients. Our
most recent results will be presented.
References:
[1] Guentsch, A., M. Puklo, P. M. Preshaw, E. Glockmann, W.
Pfister, J. Potempa and S. Eick (2009). “Neutrophils in chronic and aggressive periodontitis in interaction with Porphyromonas gingivalis and Aggregatibacter actinomycetemcomitans.” J Periodontal Res 44(3): 368-377.
[2] Scott, D. A. and J. Krauss (2012). “Neutrophils in periodontal inflammation.” Front Oral Biol 15: 56-83.
[3] Sochalska, M. and J. Potempa (2017). “Manipulation of
Neutrophils by Porphyromonas gingivalis in the Development
of Periodontitis.” Front Cell Infect Microbiol 7: 197.
P1.27
Discovering the function of dystrophin and utrophin in cell
signaling and its role in Duchenne muscular dystrophy
pathogenesis
Alicja Starosta1; Jeffrey S. Chamberlain2; Patryk Konieczny1
Department of Integrative Genomics, Institute of Anthropology, Adam Mickiewicz University in Poznań, Uniwersytetu
Poznańskiego 6, 61-614 Poznań, Poland
2
Departments of Neurology, Biochemistry and Medicine, University of Washington School of Medicine, Seattle, WA 98109,
USA; Senator Paul D. Wellstone Muscular Dystrophy Specialized Research Center, Seattle, WA 98109, USA
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Duchenne muscular dystrophy (DMD) is an X chromosome-linked disease caused by a lack of functional dystrophin. DMD affects 1/3500 boys. The most evident feature of
DMD is the progressive musculature disability underlined by
loss of myofibers. With time, the extent of muscle fiber loss is
so vast that the patients are forced to use a wheelchair and
respiratory system aid to sustain breathing. As of today, the
disease is incurable and leads to early premature death. In
the past, DMD research focused mostly on structural properties of dystrophin and its paralog, utrophin, a protein able to
partially compensate for the dystrophin loss. However, more
recent data indicate that apart from their roles in stabilizing
myofibers against the contraction-induced injury, dystrophin
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and utrophin, forming a multimeric glycoprotein complex,
serve as important components in signal transmission pathways and crosstalk between various cell types. Interestingly,
different types of tissues, cells, and even specialized structures within cells possess different expression profiles of various isoforms of dystrophin and utrophin. Hence, specifically
tailored therapies for myofibers based on forced expression of
truncated dystrophin could lead to unintended side-effects in
the case of inadequate protein isoform match. For this reason,
detailed exploration of space- and time-restricted expression
and function of various isoforms during cell differentiation and
the presence of other dystrophin-related phenotypes in cells
other than myofibers is an essential basis for the effective and
safe implementation of therapeutic approaches. In the present study, we established various DMD muscle regeneration
models based on the C2C12 mouse myoblast cell line, single-fiber derived satellite cell cultures, and notexin-induced
in vivo regeneration of muscle in mice to attribute expression
of dystrophin and utrophin to particular activities of signaling
pathways and biological phenomena, such as proliferation,
growth, differentiation, fusion, and survival. Our preliminary
data indicate that dystrophin and utrophin serve as important
components in signaling pathways that pertain to protein synthesis and cell survival. Besides addressing the basic question regarding the specificity of dystrophin and utrophin in cell
signaling, the knowledge acquired from our study could be
used to broaden therapeutic repertoire against DMD, for example, in signaling-based adjuvant approaches.
P1.28
VGVAPG peptide activate authophagy in mouse cortical
astrocyte and human neuroblastona (SH-SY5Y) cell line
Konrad A. Szychowski1; Klaudia Dachowska1; Jakub Tobiasz1;
Jan Gmiński1
Department of Public Health, Dietetics and Lifestyle Disorders, Faculty of Medicine, University of Information Technology and Management in Rzeszow, Sucharskiego 2, Rzeszow
35-225, Poland
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Autophagy is the natural, regulated mechanism of the cell that
disassembles unnecessary or dysfunctional components. It
allows the orderly degradation and recycling of cellular components. Autophagy degrades damaged organelles, cell
membranes and proteins, and electing against autophagy is
thought to be one of the main reasons for the accumulation
of damaged cells and aging. Degradation products of elastin,
elastin-derived peptides (EDPs) are detectable in cerebrospinal fluid and its number increasing during aging. VGVAPG
peptide is conservatively present in elastin and EDPs. Therefore, the aim of this research was to investigate the impact
of VGVAPG peptide on authophagy markers in human neuroblastoma (SH-SY5Y) cell line and mouse astrocyte in vitro.
SH-SY5Y cell line was obtained from the American Type Culture Collection (ATCC, distributor: LGC Standards, Łomianki, Poland). The cultures of cortical astrocytes were prepared
from Swiss mouse embryos on 17/18 days of gestation. The
cells were cultured in phenol red-free DMEM/F12 medium
supplemented with 10 % FBS and were exposed to 10, 50 nM
and 1 µM VGVAPG peptide for 6 and 24 h. Moreover, siRNA
gene silencing technique was applied. Afterwards, mRNA was
collected and gene expression was measured by qPCR method Moreover, caspases activities were measured. The results
showed that after 6 and 24 h of exposure to VGVAPG peptide
increase expression of autophagy markers in both studied cell
types. However, the molecular mechanisms observed in astrocytes and SH-SY5Y are completely different and lead to opposite effects. Due to preliminary character of our data more
research underlying mechanism of VGVAPG peptide action in
nervous system is needed.

Supported by University of Information Technology and Management in Rzeszow (DS. 503-07-01-08).
P1.29
Possible link between Helicobacter pylori CagA /TNF-α receptor and inflammatory response due to molecular mimicry
Agata Tomaszewska1; Maciej Chyb1; Weronika Gonciarz1;
Magdalena Chmiela1
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and Infectious Biology, Institute of Microbiology, Biotechnology and Immunology, Faculty of Biology and Environmental
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Introduction. Coronary heart diseases (CHD) is associated
with chronic inflammation and atherosclerosis The hypothesis
of autoimmune origin of CHD has been suggested. Chronic
Helicobacter pylori infection may initiate autoimmune reactions due to molecular mimicry between H. pylori and hosts
compounds.
Aim. To compare the level of antibodies against synthetic peptide (P1) mimicking the sequence of human tumor necrosis
factor (TNF) receptor corresponding to the sequence of H.
pylori cytotoxin-associated gene A (CagA) protein in the sera
of patients with CHD and healthy donors (HD), uninfected or
infected with H. pylori.
Material and methods. Serum samples from: CHD patients
(43) or HD (16) infected with H. pylori CagA+ strain, CHD
patients (12) or HD (16) infected with H. pylori CagA- strain
and uninfected HD (16) were used. Anti-CagA and anti-P1 or
P2 (control sequence) IgG were detected by the ELISA in the
sera of patients with CHD or HD, infected or uninfected with H.
pylori. The H. pylori status was confirmed by 13C urea breath
test and serology. Anti-P1 IgG induction by H. pylori was verified by the adsorption of sera with heat inactivated H. pylori
and by immunization of Caviae porcellus with these bacteria.
Results. Anti-P1 antibodies were detected in patients with
CHD infected with H. pylori CagA+ strain but not with CagAstrains or uninfected individuals. No antibodies were raised
against P2 in any group. Adsorbing patients sera positive for
anti-P1 antibodies with heat inactivated H. pylori significantly
reduced cross-reactivity to P1. Anti-P1 antibodies were detected in Caviae porcellus infected experimentally with H. pylori (7 and 28 days post infection).
Conclusions. During H. pylori infection autoantibodies of IgG
class to common sequence of H. pylori CagA and TNF-α receptor are produced. Such antibodies in vivo may potentially
modulate the inflammatory response raised via TNF-α signaling pathway.
P1.30
Delivery of peptide nucleic acids into bacterial cells by
vitamin B12 and future applications of their conjugations
in antibacterial therapy
Monika Wojciechowska1; Marcin Równicki1,2; Aleksandra
Wierzba3; Dorota Gryko3; Joanna Trylska1
1Centre of New Technologies, University of Warsaw, Banacha
2C, 02-097 Warsaw, Poland
2College of Inter-Faculty Individual Studies in Mathematics
and Natural Sciences, University of Warsaw, Banacha 2C, 02097 Warsaw, Poland
3Institute of Organic Chemistry, Polish Academy of Sciences,
Kasprzaka 44/52, 01-224 Warsaw, Poland
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The application of short oligomers of peptide nucleic acids
(PNAs) can be an attractive therapeutic strategy to treat bacterial infections. PNA is a synthetic, neutral mimic of DNA lacking the sugar-phosphate backbone. Applications of PNAs are
limited by their low uptake by bacterial cells. The hydrophobic
nature of cell membranes protects cells from unwanted molecules, including different bioactive molecules such as PNA
oligomers. So in order for PNAs to act effectively in bacterial cells we have to provide for their efficient delivery. One of
the most promising approaches is the extension of the PNA
structure through the covalent linkage with cell penetrating
peptides (CPPs).
In this study, we explore a new carrier of the PNA into bacterial cells. Vitamin B12 has been recognized as an efficient
transporter of proteins, anticancer drugs and radioisotopes to
eukaryotic cells. We have hypothesized that vitamin B12 will
be an effective transporter of PNA to bacterial cells. We have
conjugated PNA with vitamin B12 and we tested the influence
of the length and composition of linkers between the segments of the conjugates on the efficiency of their uptake by
bacteria. Herein we report the ability of vitamin B12 to deliver
long PNA oligomers to Gram- bacterial cells. High delivery efficiency, maintenance of the PNA biological activity and ease
of preparation of the conjugates, make this vector a universal
delivery system for this class of nucleic acid analogues.
Acknowledgements: This work was supported by National Science Centre Poland (Symfonia DEC-2014/12/W/ST5/00589 to
MW, MR, AJW, DG, JT and Preludium 2017/25/N/ NZ1/01578
to MR).
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A new sonochemical method for the synthesis of tricyclic
antipsychotic drugs
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Anna K. Drabczyk1; Przemysław Jodłowski
Faculty of Chemical Engineering and Technology, Institute
of Organic Chemistry and Technology, Cracow University of
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Tricyclic anti-psychotic drugs constitute an important group
of drugs in the pharmacotherapy of mental diseases, including schizophrenia since the 1950s, enabling a significant reduction of hospitalization time and increasing the comfort of
treatment. Commonly used tricyclic antipsychotics include
Olanzapine and Quetiapine. These substances have antipsychotic, anti-manic and mood stabilizing effects. Their exact
mechanism of action is unknown, but undoubtedly the activity
profile should be associated with blocking of dopamine (D2)
and serotonin 5-HT2 receptors.
The described methods of obtaining Olanzapine consist of
N-alkylation reaction of Demethylolanzapine using dimethyl
sulfate, in the presence of sodium hydroxide as basic agent,
methanol or a mixture of methanol and dichloromethane
as solvent. Other reactions in the patent literature describe
N-alkylation of Demethylolanzapine using methyl iodide in tetrahydrofuran as solvent in the presence of basic factors such
as triethylamine, t-BuONa, NaOH, NaH. A method of obtaining Olanzapine by N-methylation of demethylolanzapine under solvent-free conditions in the presence of microwave radiation is also known. One of the most common methods for
the synthesis of Quetiapine is the reaction of Norquetiapine
hydrochloride and 2-(2-chloroethoxy)ethanol in the presence
Na2CO3, NaI, tetra-n-butylammonium bromide (TBAB) carried out in a solvent such as toluene, butan-1-ol or dimethylformamide (DMF). Quetiapine synthesis methods in water
and in 1-methyl-pyrrolidin-2-one and toluene are also known.
The subject of this poster is a new sonochemical method for

the synthesis of the abovementioned bioactive substances
(Olanzapine, Quetiapine) by N-alkylation of Demethylolanzapine with methyl iodide or Norquetiapine with 2-(2-chloroethoxy)ethanol. Reactions were carried out in the presence
of solvents such as DMF, acetonitrile (ACN) or water, and the
presence of basic agents (mainly K2CO3) and phase transfer
catalysts (TBAB). Olanzapine was obtained in a 70-90% yield
in less than 20 minutes and Quetiapine in a 63-71% yield, in
less than 3 hours. The developed method allows to significantly reduce the reaction time.
P1.32
Venlafaxine affects expression of APEX1, OGG1 and EXOG
in amygdala in the chronic mild stress model of depression.
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More and more research indicate the importance of mitochondria and DNA damage in the course of depression. Depressed
patients are characterized by impairment of mitochondria
is related to enhancement of the apoptosis occurrence, decreased ability of mtDNA damage repair and increased oxidative stress that leads to enlargement of DNA lesions. The
aim of study was to examine changes of genes expression
level in amygdala in chronic mild stress (CMS) model of depression and after treatment with venlafaxine – antidepressant
which is a serotonin-norepinephrine reuptake inhibitor (SNRI).
The common denominator linking chosen genes i.e. APEX1,
OGG1, POLG, NEIL1, MUTYH, ENDOG and EXOG is an association with mtDNA base excision repair. In the experiment
we divided 24 Wistar rats into 3 groups (n=6): controls, rats
with induced CMS administered intraperitoneally with saline
in dose 1mL/kg, and CMS rats treated with venlafaxine in
dose 10 mg/kg, intraperitoneally. All the animals were divided
into groups due to observed sucrose intakes after initial two
weeks of the stress regime, what should have induced CMS.
In subsequent five weeks they were receiving daily administration of saline or venlafaxine. Then, the rats were decapitated and RNA was isolated from amygdala. We used TaqMan
probes and 2-ΔCt method to establish gene expression level,
the 18S rRNA served as a reference gene. Statistical analysis was performed by one-way ANOVA and Tukey’s post-hoc
test. Obtained results demonstrate that administration of venlafaxine significantly decreased expression of the APEX1 and
EXOG genes in comparison to both controls (p < 0.001) and
stressed group administered with saline (p = 0.010), while
in stressed group with saline it was lower than in controls (p
< 0.001). The expression of OGG1 was also decreased in
stressed and venlafaxine-treated groups compared to controls (p = 0.002 and p = 0.009, respectively). Interestingly,
the expression of NEIL1 was significantly decreased only in
stressed group in comparison to control (p = 0.015). To conclude, venlafaxine treatment has an impact on expression
level of APEX1, OGG1 and EXOG in CMS model of depression. The results suggest a relation between antidepressant
drug action and the brain expression of genes responsible for
maintenance of integrity of nuclear and mitochondrial DNA.
This study was supported by the financing from a scientific
research grant from the National Science Centre of Poland
(UMO-2015/19/BNZ7/00410) and Medical University of Lodz,
Poland (502-03/6-086-01/502-64-104).
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Antibacterial properties of post-plasma solutions against
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Dickeya spp. and Pectobacterium spp. cause blackleg and
soft rot on various plant species including vegetables. Their
economic impact on potato production was estimated to
reach 250 million euro. Still no effective measures for their
control have been implemented. Recently, scientific interest
focused on exploitation of different plasma sources. Low-thermal plasmas can be used to generate ‘plasma-activated liquids’ (PALs), meaning that by subjection of a distinct liquid to
the action of the discharge, the properties of the plasma-treated solution change. Due to achievement of high concentrations of reactive oxygen and nitrogen species such as NOx,
NH, H2O2, O2, O, and OH, in PALs, these solutions might be
applied for eradication of bacterial cells.
Here, we designed a novel method for eradication of Dickeya
and Pectobacterium spp. strains that relies on direct current
atmospheric pressure glow discharge (dc-APGD)-activated
liquids.
Reaction discharge system generating stable dc-APGD was
applied for the synthesis of PALs containing 0.1%, 0.3% and
0.5% solutions of NaCl, KNO3, MgSO4, NH4NO3 and K3PO4.
Complete eradication of P. parmentieri, P. atrosepticum was
observed after application of 25% and 50% post-plasma solutions containing 0.1% NaCl, 0.1% KNO3, 0.1% MgSO4 and
0.1% NH4NO3. D. solani turned out to be more resistant to
this treatment as only 50% concentration of the above-mentioned post-plasma solutions was able to inhibit the growth of
this bacterium. Notably, plasma-activated solutions kept their
antibacterial properties for at least 3 months.
Concerning the effects of post-plasma solutions on plants,
application of 0.1% MgSO4, 0.1% NH4NO3 and 0.1% NaCl
was shown to promote early growth of the shoots of lettuce,
cress, cabbage, tomato and carrot.
Mineral salts-based solutions activated by dc-APGD might be
regarded as a promising antibacterial agent to be potentially
applied as an efficient, eco-friendly and cost-effective disinfectant for eradication of pectinolytic bacteria from the affected plant material.
L2.2
When size does matter: mutation breeding brought more
nutritionally valuable amaranth grains
Veronika Lancíková1; Michal Záhorský1; Zdenka Gálová2; Andrea Hricová1

Amaranth (Amaranthus spp.) is a re-discovered ancient pseudocereal originally used in native cuisine of Peru, Guatemala and Mexico. Nevertheless, this ancient gran has been revived and adopted to Western diet in the past two decades.
Amaranth possess several important attributes, however its
nutritional value appears to be the most interesting. Mainly,
high content of starch and gluten-free proteins makes the amaranth a suitable crop to cover nutrient requirements in developing countries, and an appropriate choice for individuals
suffering from celiac disease. Thus, an increasing trend in research is focusing on its use in the formulation of high quality,
healthy gluten-free products.
In the presented study, content of amylose, amylopectin and
total starch were analyzed in grains of new Slovak amaranth
variety “Pribina”. “Pribina” variety was generated by mutation
breeding, an approach based on γ-radiation mutagenesis.
This approach was employed to improve yield-associated
characteristics such as grain weight and grain size in the grain
amaranth genotype of A. cruentus L. Ficha. Apart of yield-associated traits, “Pribina” grains show also improved overall
nutritional quality coefficient.
Generally, the biochemical analysis showed significantly higher starch content in grains of new variety and small alterations
in amylose/amylopectin ratio in comparison to control genotype Ficha. The results were supported by expression analysis
of essential genes involved in starch biosynthesis pathway.
Various levels of upregulation were observed for investigated
genes in “Pribina” grains compared to non-irradiated control
genotype. The data implied that the starch accumulation in
amaranth grain determines its weight and size. Nonetheless
obtained results allow the hypothesis to be tested and verified
in the future work.
Polysaccharides are the major compound of amaranth grain,
and starch is the main constituent of this fraction. The increase of starch content makes grains of variety “Pribina”
more nutritionally valuable and suitable for food production.
Thus, the induced mutagenesis represents a powerful tool in
crop breeding programs, and can assist in obtaining the new
genotypes and varieties with desirable traits.
Acknowledgment: The work was supported by European
Community project no. 26220220180: Building Research
Centre “Agrobiotech” and COST CA18101: Sourdough biotechnology network towards novel, healthier and sustainable
food and bioprocesses.
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Analysis of sex proportion disturbances factors in selected
Rumex species
Barbara Pawełek1; Grzegorz Góralski1; Dagmara Kwolek1
Zakład Cytologii i Embriologii Roślin, Instytut Boraniki, Wydział Biologii UJ
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Heteromorphic sex chromosomes are very rare in plants (there
are only about 30 species known so far). Different groups of
angiosperms have evolved their chromosomes independently from each other and might have transformed from simple
(XX/XY) to polymorphic systems, which are characterized by
larger number of sex chromosomes (for instance XX/XY1Y2).
We have yet to research those in great detail, despite how
much we can potentially learn from them in regard to creation,
evolution and transformation of sex chromosomes; possibly
expanding the scope beyond plants.
Presented research focuses on three species of sorrels:

15

Rumex acetosa L., R. thyrsiflorus Fingerh. and R. acetosella L.
Common sorrel (R. acetosa) and thyrse sorrel (R. thyrsiflorus)
are closely related to each other. Both show female bias and
prefer similar habitats (humid and sunny meadows). They
are morphologically similar, and it is believed they can crossbreed in natural conditions. Both common and thyrse sorrel
have polymorphic sex chromosomes (XX/XY1Y2) and X:A sex
determination (ratio of X chromosomes to autosomes). Their
sex ratios have been studied within species grown in natural habitats and compared to those pollinated in controlled
environment. In addition, hybrids of R. acetosa x R. thyrsiflorus were created in laboratory and seeds from individual
maternal plants were obtained and examined using molecular
methods, including the extraction of the DNA, PCR and gel
electrophoresis. In all cases, dominance of female seeds was
observed. Furthermore, plants growing in natural populations
in different densities were counted and no correlation of sex
proportion to density was observed.
The third examined subject, sheep’s sorrel (R. acetosella), has
simple sex chromosome system (XX/XY) with sex determination based on presence (or lack of) of active chromosome Y.
This species manifests multiple degrees of ploidy, which is
2n = 14, 28, 42 and 56, with most commonly 2n = 28 and
42. Contrary to R. acetosa and R. thyrsiflorus, various studies
report either no sex imbalance or dominance of male individuals. However, due to lack of molecular markers, surveys are
limited to specimens undergoing florescence. We are currently trying to identify male-specific DNA sequence which would
allow us to study plants in earlier stages of development.
By comparing the male and female plant disproportions between R. acetosa and R. thyrsiflorus against R. acetosella, we
can understand the evolution of these trends and perhaps
discover the factors of sex bias phenomena.
L2.4
New plant breeding techniques and GMO legislation – approaches, solutions and policy making
Tomasz Zimny1; Dennis Eriksson2
Swedish University of Agricultural Sciences, Institute of Law
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2
Swedish University of Agricultural Sciences

1

The CJEU judgment in the case C-528/16 left a large portion of the scientific community unsure, as to whether various advanced breeding techniques (NBTs), e. g. SDN- or
ODM-based targeted mutagenesis, are suitable for the development of marketable cultivars. The court decided that
“only organisms obtained by means of techniques/methods
of mutagenesis, which have conventionally been used in a
number of applications and have a long safety record are excluded from the scope of Directive 2001/18/EC on the deliberate release of GMOs to the environment”. With a very strict
authorisation process, delays and unwillingness of many EU
member states to allow for cultivation of GMOs, development
of plants regulated as “GMOs” seems neither economically
nor politically viable in the EU.
Even before the judgment was passed, there were several approaches to the interpretation and scope of the GMO legislation proposed, including an opt-in mechanism, where countries
would be allowed to declare that they wish to have a particular
GMO grown on their territory, various interpretations of the legal definition of GMO, etc. After the judgment, the discussion
became more heated, with many stakeholders proposing different approaches to solving the problem of providing European breeders with access to modern breeding technologies
and also with different interpretations of the judgment. These
proposals include different interpretations of the scope of the

legislation, changes in the definition of GMO, changes in the
scope of exclusions to the aforementioned directive, as well as
a wholesale change of the GMO authorisation system from a
process-based one to a product-based one.
In the presentation I present various approaches to the question of admissibility of products of some of the NBTs and analyse them from the point of view of their legal admissibility,
practical feasibility and outlooks for their adoption. So far it
seems that a narrow interpretation of the GMO definition – one
that would allow for exclusion of plants where no foreign DNA
is present seems to be an approach that would be the easiest
to adopt. However, the requirements of legal certainty seem to
recommend various changes in the legislation itself. The practical possibility of introducing such changes depends on the
political will to enact them and to synchronise them also with
provisions of non-EU countries. This renders more far-reaching proposals less probable candidates for adoption in the
nearest future.

POSTERS
P2.1
CRISPR/Cas9 constructs evaluation for PHS-specific loci
in Triticale
Michalski Krzysztof
Although Triticale is becoming an agriculturally important crop,
little is known about its genetic regulation of seed dormancy.
Site-specific mutagenesis gives opportunity to directly modify
yield-related traits of polyploid cereals. Pre-harvest sprouting
(PHS) is a complex phenomenon regulated i.a. by the level of
abscisic acid (ABA). Homologs encoding ABA 8′- hydroxylase
(ABA8′OH) have been reported in wheat (Chono et al. 2013)
and Triticale (Fidler et al. 2018).
2 Other seed dormancy-related pathway is integrated by
DELAY OF GERMINATION1 (DOG1) and several modifying
genes, such as PDF1. Loss of function mutant pdf1 that exhibits enhanced seed dormancy phenotype was described in
Arabidopsis (Miatton, 2012), suggesting PDF1 is a negative
regulator of seed dormancy. We intend to modify PHS-susceptibility in Triticale by targeting ABA8’OH and PDF1 by
CRISPR/Cas9 method.
CRISPR/Cas9 system has been proved to be the most efficient tool for genome editing in plants. Nevertheless, construct evaluation prior to stable transformation is crucial for
successful mutagenesis and minimizing time-consuming
work, eliminating constructs of poor activity or high off-target
activity.
To determine whether designed CRISPRs are active in plant
cells, synthetic targets based on Triticale PDF1 and ABA8’OH
genomic DNA were cloned into pNB1 construct causing a
YFP frameshift (Budhagatapalli et al. 2016). Plasmids carrying CRISPRs, target-YFP construct and mCHERRY (pNB2) as
internal control marker were co-delivered into barley leaves
via particle bombardment. YFP- and mCherry-emitting cells
allowed to estimate activity of designed CRISPRs based on
yellow to red cells ratio. All tested CRISPR constructs were
able to induce mutations in targeted sequences based on the
transient expression system data.
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Macronutrients in grass plants and its effect on seed yield
Grzegorz Żurek1; Kamil Prokopiuk1; Danuta Martyniak1; Eugeniusz Paszkowski2; Urszula Woźna – Pawlak3; Maciej Jurkowski4
Instytut Hodowli i Aklimatyzacji Roślin, Państwowy Instytut
Badawczy, Radzików, 05-870 Błonie
2
DANKO Hodowla Roślin sp. z o.o., 64 – 000 Kościan
3
Poznańska Hodowla Roślin, sp. z o.o., 63 – 004 Tulce
4
Małopolska Hodowla Roślin, sp. z o.o., 30 – 002 Kraków
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Relations between macronutrients contents (N, P, K, Mg and
Ca) in plants and seed yield were examined during two-years
field studies located in four locations in Poland. Fifteen grass
genotypes from three fescue species: tall fescue (Festuca
arundinacea Schreb.), meadow fescue (F. pratensis Huds.)
and red fescue (F. rubra L.) were used, including commercial
varieties, breeding lines and ecotypes. Despite of phenological observations (heading and flowering start dates), biometrical measurements (plant height, leaf dimension, number of
generative stems etc.) seed yield of single panicle (SI), seed
yield of plant (SY) and seed yield from plot (SP) were measured. Also, chlorophyll contents index was measured at the
onset of heading phase and after that, some (ca. 5 – 10 )
plants per genotype were harvested and prepared for chemical analysis. Contents of macronutrients (i.e. N total, P, K, Mg
and Ca) were determined in plants at the full development
phase (after seed set but before seed maturity).
Species of relatively high macronutrients contents was meadow fescue, with significantly higher contents of N, P and Ca
among other tested species. Contents of Mg was the highest
in case of tall fescue.
Seed yield of single panicle (SI) was positively correlated with
N and K contents in red and meadow fescue, but not in case
of tall fescue. Positive correlations between SI and K contents
were associated with negative and significant correlations between SY and SP for red and meadow fescue. This is most
probably the result of negative correlation between SI and SY
and SP.
Results of multiple linear egression performed on 18 parameters measured (incl. macronutrients contents) were different in
case of each tested species. Macronutrients were not among
the significant predictors of SI (exc. Ca in case of tall fescue).
Quite different relation were calculated for SY where P was
significant predictor for tall fescue, and N and Mg – for red
fescue.
Conclusions: the chemical composition of plants plays a very
important role in shaping the plant and its basic life functions.
Also seed yields depends on the content of macronutrients,
however mentioned relation is not the same in case of different Festuca species.

LECTURES
L3.1
Biopolymers-based composites: synthesis, characterization and application in tissue engineering
Patrycja Domalik-Pyzik1; Martyna Hunger1; Karolina Kosowska1; Jan Chłopek1
AGH University of Science and Technology, Faculty of Materials Science and Ceramics, Depertment of Biomaterials and
Composites, Kraków, Poland

1

The growing level of environmental awareness was one of the
reasons for recent increase of biopolymers popularity in many
applications, including those for biomedical purposes. Apart
from being eco-friendly, naturally-derived materials have also
other advantages that favor their use over synthetic materials.
The main features of biopolymers include their abundance,
biocompatibility and unique properties. Chitosan (CS), derivative of chitin found in exoskeletons of crustaceans, fungi,
and insects, is known for its antibacterial, antifungal, mucoadhesive, analgesic, and hemostatic properties, as well as its
structural similarity to glycosaminoglycans (GAGs). Hyaluronic acid (HA) is an important component of the extracellular
matrix (ECM); as a biomaterial it is non-toxic, non-immunogenic, and non-inflammatory, and similarly to CS, biodegradable, biocompatible and very versatile. Both HA and CS, can
be used as building blocks to further create blends and biocomposites for specific applications. We have designed, synthesized, and characterized variety of chitosan and hyaluronic
acid based systems for use in tissue engineering. Our studies show that careful selection of the solvents, crosslinking
agents, and modifying phases allows to obtain materials of
desired properties, and reduce the use of toxic components.
This research was funded by the National Center for Research and Development, Poland (BioMiStem grant No.
STRATEGMED3/303570/7/NCBR/2017).
L3.2
Assessment of Mussel-Inspired Carrageenan Hydrogels
Ercan Hatice
INTRODUCTION. A tissue adhesive can be described as a
glue, a patch, a sealent or a hemostatic agent, facilitating
wound healing, holding tissues together, preventing formation
of blood clots or fluid/air leakages [1,2]. The term bioadhesion can be defined as the adherence of natural or synthetic
materials to biological surfaces [3]. One of the main classes
of bioadhesives is inspired by naturally-occurring adhesive
proteins produced by mussels. Mussels can strongly adhere
to structures under wet conditions in virtue of the presence
of catechol containing amino acid, L-3,4-dihydroxyphenylalanine (L-DOPA) [4]. Carrageenans (CRG) are naturally-occurring sulphated polysaccharides. Strong water absorption and
favorable physiochemical properties make CRG a promising
candidate for applications, such as tissue engineering, regenerative medicine and drug delivery [5]. In this study, our aim
was to develop a mussel-inspired tissue adhesive by modification of CRG with dopamine.
METHODS. Dopamine was grafted onto CRG via EDC/NHS
coupling chemistry. CRG (2%) was solubilized in distilled water at 55-60 oC. EDC and NHS were added into the solution
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under constant stirring. After then dopamine hydrochloride
dissolved in distilled water was added dropwise. The obtained dopamine-conjugated carrageenan (CRG-D) solution
was lyophilized. FTIR and UV-vis analyses were performed
to assess dopamine conjugation to carrageenan. The structural stability was evaluated via in vitro degradation studies.
The hemocompatibility test was performed to assess whether
CRG-D was blood compatible. Cytotoxic effect of CRG-D was
evaluated using the MTT assay on cultured cells.
RESULTS. FTIR analyses pointed out the conjugation of dopamine to carrageenan. The spectrum of CRG-D had peaks specific to dopamine. UV-vis findings demonstrated an enhanced
absorption between 250-280 nm indicating the succesful incorporation of dopamine to CRG. In vitro hemocompatibility
test showed that CRG-D was practically non-hemolytic. Biodegradation test showed that the biomaterial was structurally stable in aqueous conditions. MTT assay revealed that
CRG-D did not have significant toxic effects on cultured cells.
CONCLUSION. Our preliminary findings demonstrated that
CRG-D, via its catechol functional groups and biocompatible
properties could be further evaluated as a potential tissue adhesive.
REFERENCES.
L3.3
Thermal stability of cellulose nanocrystals – the influence
of manufacturing conditions and surface modification
Agnieszka Leszczyńska1; Paulina Radzik1; Ewa Szefer1;
Krzysztof Pielichowski1
Cracow University of Technology

1

Cellulose nanocrystals (CNCs) have recently emerged as a
new class of versatile building blocks delivered from renewable feedstock. High thermal stability and specific surface
properties are required for manufacturing of polymer/CNC nanocomposites. In this work, the surface esterification of CNC
with succinic anhydride (SA) was studied in a wide range of
molar ratios, temperatures and times of reaction in order to
find optimal conditions in terms of surface substitution degree
along with thermal stability. A critical extent of surface esterification was found below which only slight decrease of the
initial temperature of degradation was observed in pyrolytic
and oxidative atmosphere. Significant reduction of CNC thermal stability was observed only for the longest time of reaction
(240 min) and the highest molar ratio of SA:OH (10:1). Moreover, the influence of conventional heating mode vs. microwave
heating as well as drying conditions were studied. The changes in chemical constitution of nanoparticles as well as specific
surface of the obtained CNC aerogel showed clear influence
on the nanomaterials thermal stability while the changes in the
crystalline index of CNC did not show correlation with thermal
stability. [1] Kargarzadeh Marcos Mariano Deepu Gopakumar
Ishak Ahmad Sabu Thomas Alain Dufresne Jin Huang Ning
Lin H, Kargarzadeh H, Ahmad ÁI, Ahmad I, Mariano M, Gopakumar Á Thomas DS (2018) Advances in cellulose nanomaterials. Springer Netherlands. [2] A. Leszczyńska, P. Radzik,
E. Szefer, M. Mičušík, M. Omastová, K. Pielichowski (2019)
Surface Modification of Cellulose Nanocrystals with Succinic
Anhydride, Polymers, 11, 866; doi:10.3390/polym11050866.
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Bacterial Amyloids for the Remote Release of Tumor-Targeted Protein Drugs
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Bacterial inclusion bodies (IBs) are amyloidal protein deposits usually observed in recombinant bacteria during protein
production processes 1. They are composed by an intricate
mixture of functional and non-functional forms of the recombinant protein 2, that assemble as mechanically stable sub-micron particles with a porous architecture. The combination of
mechanical stability, functionality and size in between micro
and nano scales have allowed the identification of interesting
applications of IBs in material sciences, biotechnology and biomedicine 3. Upon local administration in tumor tissues, IBs
remain stable and functional, but they slowly release functional
protein that shows a potent biological local effect on the tumor
4. When IBs are built by tumor-targeted proteins that self-assemble as functional nanoparticles, IBs become a source of
tumor targeted nanoscale oligomers 5 that are slowly released
from injection site, delivered to the blood stream, and finally
accumulating in remote target tissues 6,7,8. Upon subcutaneous implantation, IBs formed by oligomeric, CXCR4-targeted
recombinant toxins slowly deliver cytotoxic nanoparticles that
selectively destroy tumoral tissue in a mouse model of human,
CXCR4+ colorectal cancer. These results instruct how IBs can
be engineered to mimic the functioning of secretory granules
from the endocrine system to generate smart materials for the
targeted, highly precise nanomedicine of cancer.
1 de Marco, A. et al. Bacterial inclusion bodies are industrially
exploitable amyloids. FEMS microbiology reviews 43, 53–72,
(2018).
2 Gonzalez-Montalban, N., Garcia-Fruitos, E. & Villaverde, A.
Recombinant protein solubility - does more mean better? Nature biotechnology 25, 718-720, (2007).
3 Rinas, U. et al. Bacterial Inclusion Bodies: Discovering Their
Better Half. Trends in biochemical sciences 42, 726-737,
(2017).
4 Cespedes, M. V. et al. Bacterial mimetics of endocrine secretory granules as immobilized in vivo depots for functional
protein drugs. Scientific reports 6, 35765, (2016).
5 Pesarrodona, M. et al. Conformational and functional variants of CD44-targeted protein nanoparticles bio-produced in
bacteria. Biofabrication 8, 025001, (2016).
6 Unzueta, U. et al. Engineering tumor cell targeting in nanoscale amyloidal materials. Nanotechnology 28, 015102, (2017).
7 Seras-Franzoso J. et al. Cellular uptake and intracellular fate
of protein releasing bacterial amyloids in mammalian cells.
Soft Matter 12, 3451-3460, (2016).
8 Unzueta, U. et al. Release of targeted protein nanoparticles
from functional bacterial amyloids: A death star-like approach.
Journal of controlled release, 279, 29-39, (2018).
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P3.1
Peptide hybrid scaffolds with proregenerative properties.
Dzierżyńska Maria
Regenerative medicine and tissue engineering contribute to
the medical sector specializing in the search for methods of
mending and/or replacement of the damaged tissue. The
simplified idea of combining three elements of the tissue engineering triad are scaffolds, which links the architecture of
extracellular matrix, active substances functioning as signaling factors and cells suspended in them. The tissue engineering exhibits high demand on such materials. For this reason
we have designed peptide hybrid scaffolds which consist of
self-organizing, enzymatic and biologically active fragments.
These kind of hybrids are constructed to capture and combine
the potential benefits of each individual fragment. As a self-organizing sequence, a fibrylogenic and gel forming peptides
were chosen. Peptides exhibiting pro-regenerative potential
included: GHK, KGHK and RDKVYR. Self-organizing peptides
were separated from biologically active peptides by the insertion of elastase specific sequence. This procedure was used
to obtain constructs, which would release pro-regenerative
peptide fragments from the scaffold, when exposed to the enzyme occurring in the wound. Along with many physical and
chemical properties (e.g. stabilities, AFM, SEM, TEM), as well
as the biological studies (cytotoxicity, proliferation of dermal
cells and the immunogenicity), some in vivo (mice) studies
were performed.
P3.2
Effect of ECM stiffness on human cardiac fibroblast morphology and function
Sandra González Lana ; Sara Oliván ; Hennie Heida ; Rosa
Monge4; Carlos Sánchez Somolinos5; Begoña López6; Aránzazu González6; Ignacio Ochoa2
1

2

3
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Heart failure (HF) is one of the main causes of mortality and
hospitalization in Western countries. According to the American Heart Association the prevalence of heart failure (HF) will
increase 46% from 2012 to 2030, resulting in more than eight
million people with HF. Those data, coupled to the fact that HF
patients present a poor prognosis with more than 50% dying

within 5 years after diagnosis, turns the HF into a major unmet clinical need. Cardiac fibrosis is a hallmark of heart failure
and is associated with a scarring process characterized by
the degenerationcollagen deposition and remodelling of the
extracellular matrix (ECM). Cardiac fibroblasts (CF), constituting more than 50% of the cells of the entire heart, are responsible for homeostasis and remodelling of the ECM. Moreover,
they transmit and distribute the mechanical forces and mediate electrical conduction. Thus, CF play an important role in
preserving the integrity of the matrix network, and are directly
involved in the HF progression through the excessive production and deposition of extracellular matrix proteins (ECM),
mainly type I collagen fibers. This ECM proteins accumulation
leads to an increase in myocardial stiffness and changes in
theimpacting on organ architecture and function with a progressive heart failurecontributing to HF development and progression. Those structural changes have a direct impact in the
mechanical properties of the tissue and the entire organ. The
literature reports that the heart in a healthy state has an elastic
modulus around 10-15 KPa whereas in the fibrotic state it can
bend or even be 10 times greater, being between 20 and 100
Kpa. As it has been previously described that cell morphology and functions depend strongly on substrate stiffness, we
have studied in this work the effect that mechanics exerts on
freshly isolated human CF and the comparison between bi-dimensional and three-dimensional cell culture on materials
with myocardium properties of stiffness and elastic modulus
in physiological and pathological conditions.
P3.3
Three-dimensional graphene-loaded microfibers/hydrogel
scaffolds for tissue engineering
Karolina Kosowska1; Karolina Kosowska1; Patrycja Domalik-Pyzik1; Jan Chłopek1
AGH University of Science and Technology, Faculty of Materials Science and Ceramics
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A hydrogel can be defined as a three-dimensional, polymeric
network able to absorb a large amount of water. This allows,
to some extent, to imitate the natural environment of the cells
- the extracellular matrix (ECM). However, mimicking the multi-level architecture of ECM is still a challenge in tissue engineering. Bearing in mind that the material that has contact
with the tissue has to be biocompatible, we have chosen chitosan (CS) as a matrix material for the composite scaffolds.
Commonly used crosslinkers for CS such as glutaraldehyde
can be toxic. Therefore, in our work, we used only biocompatible, environmentally safe materials: sodium tripolyphosphate (TPP), tannic acid (TAc) and various forms of graphene
(GO, rGO). Thanks to the novel, freezing-gelling method, we
were able to obtain unique hydrogels with gradient properties. However, graphene-loaded hydrogels still showed unsatisfactory mechanical properties. In the next stage of the
research, we introduced biodegradable polylactide (PLA)
microfibers modified with bioactive particles (hydroxyapatite,
HAp) to the hydrogel matrix. The fibers were fabricated by an
advanced electrospinning method, which allowed to control
their orientation and microstructure. In this way, we have obtained three-dimensional, multi-scale scaffolds with improved
mechanical properties. Compared to gradient graphene-loaded hydrogels, hybrid microfibers/hydrogels scaffolds more
closely imitate the scale and complex architecture of a natural
extracellular matrix.
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P3.4
The optimization of the quantitative and qualitative composition of multiple emulsions for biomedical applications
Magdalena Malinowska1; Małgorzata Miastkowska1; Elwira
Lasoń1; Grzegorz Kurowski1
Cracow University of Technology

1

Multiple emulsions (double emulsions) are complex polydisperse systems. They are widely spread in a number of applications especially cosmetic and pharmaceutic preparations.
The systems, as modern forms of skin-care preparations, are
characterized by many advantages like the ability to control the
rate at which the active ingredients are released, the possibility
of concurrent introduction of incompatible substances into the
formulation, increased stability of active ingredients, protecting
them against external factors (oxidation, hydrolysis). What is
more, multiple emulsions allow masking the intense, unpleasant taste and smell of the substance and they enable prolonging the moisturizing effect of cosmetic preparations [1].
The systems thermodynamic unstable systems. However,
they are characterized by kinetic stability [2].
The aim of the research is to determine the factors significantly affecting the stability, rheological properties and the sensory
characteristics of multiple emulsions intended for skin care
and regeneration.
The scope of the research included the preparation of multiple
w/o/w and o/w/o emulsions with the addition of various emulsifiers type and concentrations. The physicochemical properties of the preparations as well as their rheological properties
were determined. The emulsions stability and droplet sizes of
the dispersed phase were also measured.
Microscopic analysis confirmed the three-phase nature of the
emulsions, six w/o/w type emulsions and five o/w/o type emulsions were prepared.
The study of the significance of the influence of selected factors on the emulsions stability was made. The evaluation was
conducted using a complete randomized static program. The
influence of emulsifier type on selected resultant factors (average value of diaphragm membrane diameters and emulsion
viscosity value at chosen shear rate) was assessed using
Fisher - Sedecon statistics.
The obtained results indicate that the type of emulsifier of the
external phase significantly influences the properties of multiple emulsions such as viscosity and droplet size of the membrane phase.
An optimal composition for modern form of multiple emulsion
was determined. Moreover, an optimum viscosity range and
maximum value of the average diameter of the droplets of the
disperse phase for obtaining stable emulsion systems were
described.
[1] Agrawal et al., International Journal of Advances in Pharmaceutics, Volume 4, Issue 6, 2320–4923, 2015
[2] Khadem & Sheibat-Othman, Chemical Engineering Journal, Volume 366, 587-597, 2019
P3.5
Evaluation of the biosafety and bioavailability of the dendrimer – neurotrophin-4 complex for potential use in retinal degenerative diseases – in vitro study
Dorota Rogińska1; Maria Dąbkowska2; Anna Sobuś1; Zofia Litwińska1; Karolina Łuczkowska1; Bogusław Machaliński1
Department of General Pathology, Pomeranian Medical University in Szczecin, Poland
2
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Background: Neurotrophin-4 is a growth factor mainly found
in nervous tissue that promotes neuronal proliferation and survival. Within the retina NT-4 plays a role in the development
and maintenance of dopaminergic cells and its expression
increases after retinal ganglion cells injury, what highlights its
function in neuroprotection and neuroregeneration. The therapeutic applications of neurotrophin-4 in neurodegenerative
ocular diseases have already been proposed, nevertheless
NT-4 instability and low bioavailability in biological medium are
a challenge for establishing an effective treatment protocol.
Nanoscale scaffolds offer new drug administration possibilities, providing a sustainable and long-term source of carried
proteins. In this study, we tested cytotoxicity of the 6th generation of poly(amidoamine) (PAMAM) dendrimers on the human
retinal pigment epithelium cells in vitro for potential use in retinal degenerative disorders.
Methods: The human retinal pigment epithelial cells ARPE-19
were treated with different doses of PAMAM–NT-4 complex or
PAMAM and NT-4 alone. After incubation the toxicity of tested
agents was assessed using Alamar Blue cell viability reagent
and lactate dehydrogenase assay. Moreover, proliferation
(PCNA, phospho-histone H3) and apoptosis markers (Bax,
Bcl-2, active caspase 3, TUNEL) were evaluated at the gene
(qRT-PCR) and / or protein level (confocal microscopy).
Results: The selected doses of PAMAM–NT-4 complex or
PAMAM and NT-4 alone did not considerably affect the viability of the cells or exert cytotoxic effect on the human retinal
pigment epithelial cells in vitro. Analysis of apoptosis indicators showed similar results. Interestingly, in the PAMAM–NT-4
treated cells the expression of PCNA and phospho-histone
H3 were upregulated compared to all other studied groups
Conclusions: We have established that PAMAM–NT-4 complex at the selected doses did not exert cytotoxic or apoptotic
effects on the human retinal pigment epithelial cells in vitro.
Furthermore, based on the increased expression of proliferation indicators in ARPE-19 cells treated with PAMAM–NT-4
complex compared to NT-4 alone, we conclude that dendrimer scaffold enhanced the bioavailability of the neurotrophin-4
by extending its half-life. Therefore, PAMAM dendrimers may
be safely used for encapsulation and transport of neurotrophin-4 into the intraocular space in potential treatment of retinal degenerative disorders.
P3.6
UAMME of Bidens tripartite as a rich source of chlorogenic acid
Elzbieta Sikora1; Karolina Sliwa1; Agnieszka Niewiadomska1;
Jan Ogonowski1
1

Cracow University of Technology

Chlorogenic acid is the caffeic acid ester (3,4-dihydroxycinnamic acid) and (-)-quinic acid (1,3,4,5-tetrahydroxycyclohexanecarboxylic acid). The biopolyphenol is known mainly for
its good antioxidant properties but also exhibits protective effects against photo-aging caused by UV radiation and shows
antibacterial activity [1-4]. It is found in high concentrations
in green coffee beans, hawthorn, blueberries, raw potatoes,
artichokes or eggplants. Among other also Bidens tripartite
could be a source of the actives.
In the work the ultrasonic assistance micelle-mediated extraction method (UAMME) was used as a method of selective
isolation of chlorogenic acid from the Bidens tripartite. The
nonionic surfactants from the polyethylene glycol ethers of fatty alcohols, differ in alkyl chain length were applied. Brij LT12
(C12-C13 Pareth-12), Tomadol 25-12 (C12-C15 Pareth-12)
and Brij CS12 (Ceteateth-12) were used.
The physicochemical properties of the surfactants such the
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surface tension of 1% surfactant solutions, their critical micellar concentration (CMC), cloud points and the hydrophilic/
lipophilic balance factor (HLB) were studied.
The dried herb (3g) were exhaustively extracted with 200 cm3
of 1% aqueous solution of the surfactants. The extraction process was carried out in an ultrasonic bath (50Hz, 300W), for
30 min., at 25oC. The total polyphenols content in the samples was analysed with the Folin-Ciocalteau (FC) method. A
composition of the obtained extracts was analyzed by HPLC
method. Antioxidant properties of the extracts were studied by
DPPH (1,1-diphenyl-2-picrylhydrazyl) scavenging assay.
The obtained results showed that UAMME could be applied
as a tool to obtain the chlorogenic acid rich extracts. The surfactant structure influences the extracts compositions. With
the increase of alkyl chain length the concentration of the
chlorogenic acid in the extracts increase was observed.
References:
[1]. Gil, M., Wianowska, D. Chlorogenic acids – their properties,
occurrence and analysis, Annales UMCS. 1, 61-104 (2017)
[2]. Hwang, S.J., et al. Anti-inflammatory effects of chlorogenic acid in lipopolysaccharide-stimulated RAW 264.7 cells. Inflamm. Res. 63, 81-90(2014).
[3]. Cha, J.W. The Polyphenol Chlorogenic Acid Attenuates
UVB-mediated Oxidative Stress in Human HaCaT Keratinocytes. Biomol. Ther. 22, 136-142 (2014).
[4]. Suárez-Quiroz, M.L., et al. Antibacterial Activity and Antifungal and Anti-Mycotoxigenic Activities Against Aspergillus flavus
and A. ochraceus of Green Coffee Chlorogenic Acids and Dodecyl Chlorogenates. J. Food Safety 33, 360-368 (2013).
P3.7
The release of copper tripeptide-1 from different kind of
vehicles
Sikora Elżbieta1; Michał Dymek1
Faculty of Chemical Engineering and Technology, Cracow
University of Technology 24 Warszawska St., Kraków 31-155,
Poland
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Peptides are an example of new active substances currently
applied in cosmetic products. Depend on their activity they
are classified as signal peptides, carrier peptides, neurotransmitter inhibitor peptides, and enzyme inhibitor peptides.
Among others Copper tripeptide-1 (CT-1) deserves particular
attention. It shows protective and regenerating properties on
the skin and hair, stimulating wound healing, regaining elasticity of flaccid skin and skin photodamage.
The key to obtain the effective cosmetic product, apart from
an active substance used, is well designed base formulation
(the vehicle of the actives). In this study the influence of the
cosmetic formula on the copper tripeptide-1 release was investigated.
An O/W emulsion, hyaluronic hydrogel and liposome dispersions containing CT-1 (0.1 w/w%) were prepared. Physicochemical properties of the formulations (stability, rheological
properties, pH, droplets size) were investigated. The studies of
the peptide release were performed at the 32°C, using Spectra/Por Standard Regenerated Cellulose (RC) membrane. The
concentration of CT-1 in the receptor solution (i.e. PBS with
pH=7,4) was analyzed by UV-vis spectrophotometer, using
cuprizone, as copper ions complexation factor. Various kinetic models (zero and first order, Higuchi, Korsmeyer-Peppas)
were used to describe the CT-1 release profiles.
The obtained results confirm that the kind of vesicle influence
the CT-1 release. The formulation containing hyaluronic acid
as a thickening agent was characterized by higher CT-1 release in comparison to the emulsion (34.21 and 17.14 w/v%,
respectively). The highest release ratio was observed for li-

posome dispersion (75.65 w/v%). In all the cases, a good fit
of release profiles was obtained using the Higuchi model, that
indicated the protein release process is limited by the diffusion through the carrier.
P3.8
Amplification-expression technology for construction of
concatemeric DNA and proteins for novel biomaterials, biomedical and industrial applications.
Żebrowska Joanna
A DNA fragment amplification/expression technology for production of new generation biomaterials for scientific, industrial
and biomedical applications is described. The technology enables the formation of artificial Open Reading Frames (ORFs)
encoding concatemeric RNAs and proteins. It recruits Type
IIS SapI restriction endonuclease (REase) for an assembling
of DNA fragments in an ordered head-to-tail-orientation. The
technology employs vector-enzymatic system, dedicated to
the expression of newly formed, concatemeric ORFs from
strong promoters. Four vector series were constructed to suit
specialised needs. As a proof of concept, a model amplification of a 7-amino acids (aa) epitope from S protein of HBV
virus was performed, resulting in 500 copies of the epitope
coding DNA segment, consecutively linked and expressed
in Escherichia coli (E. coli). Furthermore, a peptide with potential pro-regenerative properties (derived from angiopoietin-related growth factor) was designed. Its aa sequence was
back-translated, codon usage optimised and synthesized as
a continuous ORF 10-mer. The 10-mer was cloned into the
amplification vector, enabling the N-terminal fusion and multiplication of the encoded protein with MalE signal sequence.
The obtained genes were expressed, and the 2 proteins were
purified. Conclusively, we show that the proteins are neither
cytotoxic nor immunogenic and they have a very low allergic
potential.
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Glioblastoma multiforme (GBM) constitutes the most frequent
and the most lethal tumor of central nervous system (CNS),
with the median overall survival around 14.6 months and the
5-year survival rate about 5%. High invasiveness, aggressiveness and infiltration into healthy brain tissue are the cause of
rapid growth and fast recurrence of the tumor. These characteristics are correlated with the presence of the glioblastoma
stem cells (GSCs) within the tumor mass. Despite complex
treatment protocol, including resection, radio- and chemotherapy, GBM still remains the great challenge for today is
medicine. Therefore, characterization of tumor tissue and insight into its heterogeneity is imperative to understand complex GBM biology and improve methods of treatment.
Extensive studies concerning molecular basis of GBM have
recently shed a light on the new class of non-coding RNAs,
known as circRNA and suggested their potential regulatory
role in tumorigenesis. Based on the RNA sequencing data,
we have selected 3 circRNA candidates which were the most
abundantly overexpressed, thus considered “onco-circRNA”:
ARAP2, CLIP2 and VCAN. Gene expression analyses performed in our laboratory confirmed their overexpression in
GBM specimens. To explore their function in GBM, we have
performed various functional analyses in commercially available glioblastoma cell lines: U118 and U138, upon circRNA
knock-down using RNAi technology. Our findings suggest
decreased migration potential of glioblastoma cells, with the
most effective migration potential decline upon VCAN knockdown. Moreover, we observed altered cell cycle progression
after circRNA silencing. In the light of such promising data, as
a future perspective, we are going to perform functional analyses of selected circRNAs in patient-derived three-dimensional
model called neurospheres, which more closely reflects the
environment of GBM in vivo, than adherent cell lines.

complex and multi-step mechanisms involving cell/cell and
cell/extracellular matrix interactions. These processes allow
individual tumor cells to migrate and invade the surrounding
brain even after surgical resection, leading to the failure of current therapeutic modalities. The composition of ECM is altered
between healthy and neoplasm tissues, therefore manipulation of its component may affects the carcinogenic processes. One of the mechanisms regulating the expression level of
proteins transcripts is RNA interference based on microRNA.
These molecules at the posttranscriptional level degrade or
inhibit translation of the target mRNA. In this way they can take
an active part in the regulation of tumor microenvironment.
We analyzed the effect of miR-218 on the ECM proteins in
glioblastoma multiforme (GBM). Previous studies have shown
that in GBM the expression level of that miRNA is reduced
compared to normal tissue. Our studies were carried out on
the GBM cell line supplemented by mimic miR-218. We observed the reduction in expression level of tenascin-C (TN-C)
and syndecan-2 (SDC-2) alike on mRNA and protein levels. In
vitro assays revealed that miR-218 acts as regulator not only
on RNA level but significantly changes cells mechanical properties such as adhesion. Measurements of morphological and
mechanical properties of cells conducted with use of atomic
force microscopy revealed that cell adhesion is raised after
miR-218 treatment. Analysis of cytoskeleton organization provides molecular evidence for F-actin reorganization that can
explain adhesion changes within treated cells.
The results clearly show that miR-218 has a significant effect
on glioma cells and their surrounding matrix.
L4.3

L4.2

Intracellular bombs triggered by antisense Peptide Nucleic Acids. Artificial activation of E. coli toxin-antitoxin systems as an antibacterial strategy

miR-218 impacts the extracellular matrix (ECM) rearrangements and biomechanical properties of the GBM cells

Marcin Równicki1; Tomasz Pieńko2; Jakub Czarnecki3; Monika
Kolanowska4; Dariusz Bartosik5; Joanna Trylska4

Katarzyna Rolle1; Małgorzata Grabowska2; Konrad Kuczynski2,3; Monika Piwecka4; Alicja Rabiasz5; Dariusz Wawrzyniak2;
Joanna Zemła6; Małgorzata Lekka6

College of Inter-Faculty Individual Studies in Mathematics
and Natural Sciences, University of Warsaw, Warsaw, Poland
2
Department of Drug Chemistry, Faculty of Pharmacy with the
Laboratory Medicine Division, Medical University of Warsaw,
Warsaw, Poland
3
Unit of Bacterial Genome Plasticity, Department of Genomes
and Genetics, Pasteur Institute, Paris, France
4
Centre of New Technologies, University of Warsaw, Warsaw,
Poland
5
Department of Bacterial Genetics, Institute of Microbiology,
Faculty of Biology, University of Warsaw, Warsaw, Poland

Institute of Bioorganic Chemistry Polish Academy of Sciences, Poznan, Poland
2
Institute of Bioorganic Chemistry; Polish Academy of Sciences; Z. Noskowskiego str. 12/14 61-704 Poznań
3
NanoBioMedical Centre; Adam Mickiewicz University; Umultowska str. 85 61-614 Poznań
4
Max-Delbrück-Centrum für Molekulare Medizin; RobertRössle-Straße 10, 13125 Berlin
5
Institute of Human Genetics, Polish Academy of Sciences;
Strzeszyńska str. 32, 60-479 Poznań
6
Institute of Nuclear Physics, Polish Academy of Sciences;
Radzikowskiego str. 152, 31-342 Kraków

1

According to the Paget’s „seed and soil hypothesis” from 1889
„metastasis is not due to chance events, but rather that some
tumor cells (the “seed”) grew preferentially in the microenvironment of select organs (the “soil”) and that metastases resulted
only when the appropriate seed was implanted in its suitable
soil”. Paget’s assertion that the microenvironment plays a critical role in regulating the growth and metastasis is supported
now by several experimental studies. The extracellular matrix
(ECM) with its components that comprises the tumor stroma
is in that context the tumor “soil” that provides vital cues that
control cell phenotype and enable the tumor to thrive.
Glioma cell invasion, which is one of the predominant pathophysiological events in high-grade gliomas, consists of detachment, migration and invasion and is regulated by the
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Background: The search for new nontraditional targets is a
high priority in antibiotic design today. Numerous bacteria
contain an ‘intracellular bomb,’ a deadly mechanism that can
be used against them. The use of this mechanism – the toxins
of the bacterial toxin-antitoxin (TA) genes seems a promising
strategy. In this study, we have investigated artificial activation of E. coli TA mazEF and hipBA using antisense peptide
nucleic acid (PNA) oligomers. We tested three strategies: 1)
inhibition of translation of the antitoxin (maze, hipB) 2) interfering with thymine metabolic pathway by targeting thymidylate
synthase gene (thyA) and mimicking the action of the HipA
toxin by silencing the gltX gene encoding its cellular target
glutamyl-tRNA synthase.
Materials/methods: Based on predicted secondary structures of targeted mRNAs (mazE, hipB, thyA, gltX) we selected
specific regions as targets for antisense inhibition by complementary PNAs. We synthesized four PNA sequences with
the cell penetrating peptide (KFF)3K to assure the delivery
of PNA through bacterial cell wall (anti-mazE, anti-hipB, an-
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ti-thyA, anti-gltX). To evaluate the antimicrobial effectiveness
of such PNAs we determined the minimal inhibitory concentration (MIC) for bacterial cultures of E. coli O157:H7 and
β-lactamase producing strain ATCC 35218. By performing
quantitative reverse transcript (qRT)-PCR we examined the
decay of targeted mRNA after treatment with PNAs at different concentrations. Additionally, we checked synergistic
interactions between (KFF)3K-PNAs and selected antibiotics
(sulfamethoxazole, trimethoprim) determining the fractional
inhibitory concentrations (FIC). To examine the off-target activity, we designed scrambled PNAs, which shared the same
base composition with sequence-specific PNAs but exhibited
a randomized sequence. Finally, we assessed the cytotoxicity
of the PNAs to human embryonic kidney-293 cells (HEK-293).
Results: We found that the designed (KFF)3K-PNAs caused
concentration-dependent growth inhibition of E. coli with the
MIC values in the range 1-16 µM. The scrambled PNAs had
no effect on bacterial growth confirming the sequence specificity. qRT-PCR showed that the antisense (KFF)3K-PNAs
suppressed the expression of targeted mRNA in a dose-dependent manner. We also detected antimicrobial synergy of
(KFF)3K-PNA anti-thyA and trimethoprim impeding folic acid
metabolism pathway.
Conclusions: Our findings suggest that both, mazEF and hipBA toxin-antitoxin systems are potent and sensitive targets for
antisense PNAs to inhibit E. coli growth. We confirmed that
this approach can be further used to develop novel inhibitors
of bacterial growth based on synthetic activators of toxin – antitoxin systems such as antisense oligonucleotides.

POSTERS
P4.1
The function of two plasma microRNAs identified as potential biomarkers of early stage Alzheimer’s disease
Katarzyna Laskowska-Kaszub1; Siranjeevi Nagaraj1; Aleksandra Fesiuk1; Urszula Wojda1
Laboratory of Preclinical Testing of Higher Standard, Nencki
Institute of Experimental Biology of Polish Academy of Sciences, Warsaw, Poland
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Alzheimer’s disease (AD) is the most common age-related
dementia. One of the major challenges in the AD field is deciphering in peripheral tissues the molecular signatures, characteristic of early stages of the disease in patients with mild
cognitive impairment due to AD (MCI-AD). Using qRT-PCR we
evaluated microRNA (miRNA) profiles in blood plasma collected from 15 MCI-AD patients, whose neuropsychological
diagnoses were confirmed by cerebrospinal fluid (CSF) biomarkers, 20 AD patients and 15 non-demented, age-matched
individuals (CTR). In the first screening 179 plasma miRNAs
were compared between AD and CTR, and between MCI-AD
and CTR. 23 differentially expressed miRNAs reported earlier
as AD biomarker candidates in blood were confirmed in the
current study and 26 novel differential miRNAs between AD
and CTR were detected. The potential of these 15 miRNAs
to be used as biomarkers was further verified in independent
AD, MCI-AD and CTR groups. Finally, 6 miRNAs (3 novel in AD
context and 3 reported) were selected as the most promising
biomarker candidates differentiating early AD from controls
with the highest fold changes (from 1.32 to 14.72), consistent significance, specificities from 0.78 to 1 and sensitivities
from 0.75 to 1), (patent pending, PCT/IB2016/052440; doi:
10.18632/oncotarget.15109.). The miRNA panel is promising
for diagnostics of early AD. The TargetScan, MirTarBase and
KEGG database analysis indicated putative protein targets of
the differential miRNAs involved in key cell processes such

as cell cycle and apoptosis. Based on these predictions we
established functional analysis of 2 miRNAs of our panel (hsamiR-200a-3p and has-miR-30b-5p), and we found their role in
the regulating of key proteins of AD pathogenesis (βsecretase
and presenilin) and in cell proliferation.
This research was supported by the Polish National Science
Centre grant OPUS 2018/29/B/NZ7/02757.
P4.2
MiRNAs and angiogenesis-regulating factors in plasma of
CML patients before and after TKI treatment initiation
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Introduction: The differences of an angiogenic potential between clinical phases of chronic myeloid leukemia (CML),
point at the significance of neovascularisation in CML pathogenesis. Tyrosine kinase inhibitors (TKI), possessing antiangiogenic properties and microRNAs (miRNAs), implicated in
governing angiogenesis, both seem vital in this process. In
this study, we aimed to investigate how TKI treatment affects
angiogenesis-related miRNAs expression and angiogenic
factors concentration in plasma of CML patients.
Materials and Methods: Peripheral blood plasma samples
were obtained from CML patients at the diagnosis (n=23) and
during TKI treatment (n=12). Quantitative assessment of the
expression of miRNA-126-3p, miRNA-150-5p and miRNA-213p was performed with qRT-PCR. Concentrations of selected
angiogenic factors in plasma (Angiogenin, bFGF, Endostatin,
aFGF, PDGF-AA, PIGF, Thrombospondin-2, VEGF-D, Angiopoietin-1, VEGF) were assessed using multiplex fluorescent
bead-based immunoassays (Luminex Corporation).
Results: MiRNA-150-5p and miRNA-21-3p expression was evidently higher in the treatment group (p=0,001 and p=0,03,
respectively). PDGF-AA concentration in newly diagnosed patients with CML was higher than in already treated patients
(942,84 pg/ml vs 512,5 pg/ml, p=0,02), similarly to VEGF
(262,82 pg/ml vs 27 pg/ml, p=0,03).
Conclusions: TKI treatment affects miRNAs expression and
angiogenic factors concentration in plasma of CML patients.
MiRNAs could serve as biomarkers in monitoring CML progression and drug response, however, their exact role in
CML-related angiogenesis remains to be further elucidated.
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Innovative mixture of beneficial microorganisms, developed to protect potato tubers against soft rot in storage
Czajkowski Robert1; Dorota Krzyżanowska1; Tomasz Maciąg1;
Joanna Siwińska1; Marta Krychowiak-Maśnicka1; Sylwia Jafra
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Potato (Solanum tuberosum L.) is the fourth, after rice, maize
and wheat, most important crop worldwide. Diseases caused
by pectinolytic bacteria: blackleg and soft rot are crucial factors causing losses in production of potato tubers. Until now,
no effective methods have been developed to protect potato
against pectinolytic bacteria. The aim of this study was to develop an innovative product – a mixture of antagonistic bacteria
against pectinolytic bacteria applied on potato tubers under
storage conditions. Compositions (mixtures) containing and a
specially developed protocol allowing to evaluate the efficiency
of tuber protection were developed. The antagonistic bacteria
were tested as compositions containing up to 5 strains each.
Five antagonist strains showing the best protective effect: S.
plymuthica A294, E. amnigenus A167, R. aquatilis H145, S.
rubidaea H440 and S. rubidaea H469 were selected for the
development of a new mixture, named ‘The Great Five’. The
application of an innovative mixture on potato tubers infected
with pectinolytic bacteria reduced average range of symptoms
by 46% (p = 0.0016). The use of the developed, innovative
mixture of antagonistic bacteria will allow to control pectinolytic
bacteria causing diseases of potato and other agricultural and
ornamental plants under storage and transport conditions.
L5.2
Reverse-transcription loop-mediated isothermal amplification as an innovative tool for the detection of RNA-pathogens infecting potato plants
Krzysztof Treder1; Mateusz Mielczarek1; Anna Pawłowska1;
Agata Kaczmarek1; Izabela Jadach-Żebrowska1
Plant Breeding and Acclimatization Institute – National Research Institute, Bonin Research Center, Laboratory of Molecular Diagnostics and Biochemistry
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Over the past two decades, researchers developed many
methods for isothermal amplification of nucleic acids with
high potential for use in the diagnosis of viral, bacterial, and
fungal pathogens. Among these techniques, the loop-mediated isothermal amplification of nucleic acids (LAMP) is the
most promising due to high sensitivity, specificity, and speed.
In combination with reverse transcription as an RT-LAMP assay, it facilitates sensitive detection of RNA pathogens, which
constitute viroids and most plant viruses. The potato crop is
infected by many RNA viruses and by the potato spindle tuber
viroid (PSTVd), a quarantine pathogen. The most important viral diseases are caused by potato virus Y (PVY), potato leafroll
virus (PLRV), potato virus A (PVA), potato virus X (PVX), potato
virus M (PVM) and potato virus S (PVS). This work reviews
the RT-LAMP assays developed and/or tested by our group to
detect these potato pathogens.
This study was supported financially by the National Centre
for Research and Development, Poland, project FITOEXPORT,
no. Gospostrateg1/385957/5/NCBR/2018.

Microshoot and callus cultures of Schisandra henryi as a
source of phenolic acids – compounds of high importance
in pharmacy and cosmetology
Jafernik Karolina1
Chair and Department of Pharmaceutical Botany, Jagiellonian University, Collegium Medicum
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Schisandra chinensis (Turcz.) Baill. it’s pharmacopoeial plant
in European Union. Schisandrae chinensis fructus, shows
e.g. adaptogenic, hepatoprotective and antioxidant activity
[1]. Biological properties of this plant are attributed mainly to
dibenzocyclooctadiene lignans, but the latest studies report a
significant role of phenolic compounds [2].
The object of our study was another, endemic species from
Schisandraceae family – Schisandra henryi C.B Clarke. S. henryi has not been fully researched yet, but some available studies show similarity of its biological activity with S. chinensis [1].
The aim of the study was the analysis of phenolic acids in
extracts of microshoot and callus agar in vitro cultures, as well
as leaves of parent plant, using the DAD-HPLC method [3].
The microshoot cultures were maintained on six variants of
Murashige and Skoog (MS) medium [4], differing in concentrations of the plant growth regulators: BA – 6-benzyladenine,
IBA – indole-3-butyric acid and GA3 – gibberellic acid in the
range from 0 to 3 mg/l. The callus cultures were cultivated on
one MS medium variant containing 1mg/l BA and 1mg/l IBA.
The cultures were maintained for 30 days growth periods, under constant artificial white light (3 series).
In the tested methanolic extracts of biomasses from in vitro
cultures the presence of seven phenolic acids out of twenty-four tested was confirmed: caffeic, caftaric, chlorogenic,
gallic, neochlorogenic, syringic and vanillic acids. Amounts
of compounds varied from 0.10 to 472.82mg/100gDW, and
were dependent on culture type and MS medium variants
(higher amounts were detected in microshoot extracts). The
highest total content (840.89mg/100gDW) was obtained in the
extracts from biomass of the microshoots cultivated on MS
medium variant containing 1mg/l BA, 1mg/l IBA and 0.25mg/l
GA3. The main compounds were: neochlorogenic acid (max.
472.82 mg/100 g DW, MS medium with 1 mg/l BA, 1 mg/l IBA
and 0.25mg/l GA3) and caftaric acid (max. 370.81mg/100gDW, MS medium with 0.5mg/l BA and 2mg/l IBA). In the leaf
extracts the presence of five phenolic acids was confirmed:
caffeic, caftaric, chlorogenic, gallic and neochlorogenic acids.
Their lower total amount (127.20mg/100gDW) was detected
for extracts of leaves harvested in September. This amount
was 6.61-times higher than in microshoot extracts.
Acknowledgment
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P5.2
Development of multiplex real-time RT-PCR for simultaneous detection of potato viruses and potato tuber spindle
viroid in potato seed tubers
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Due to the vegetative propagation, the potato crop is vulnerable to many viruses and a quarantine pathogen, the potato
spindle tuber viroid (PSTVd). The most important viral diseases are caused by Potato virus Y (PVY), Potato leafroll virus
(PLRV), followed by Potato virus A (PVA) and Potato virus X
(PVX), and to a lesser extent by Potato virus M (PVM) and
Potato virus S (PVS). The pathogens may cause no or mild
symptoms, amplify through several generations of seed tubers and produce significant yield loss. Therefore, effective
control requires sensitive and reliable detection methods.
Many diagnostic protocols using polymerase chain reaction
such as reverse transcription PCR (RT-PCR) and real-time
reverse transcription PCR (real-time RT-PCR) are currently
available for uniplex or multiplex detection, but none facilitates
simultaneous detection of PVA, M, S, X, Y, PLRV and PSTVd.
This work aims to develop a multiplex real-time RT-PCR targeting all these pathogens from one tuber sample. Since there
is no amplifying equipment with 7-detection channels, each
RNA sample will be amplified in two separate reactions (one
triplex and one quadruplex). The most promising procedure
will be optimized for efficient detection of investigated pathogens in extracts from potato tubers. The current progress of
this work will be presented on the poster.
This study was supported financially by the National Centre
for Research and Development, Poland, project FITOEXPORT,
no. Gospostrateg1/385957/5/NCBR/2018.
P5.3
Colorimetric detection of potato virus Y by Loop-mediated isothermal amplification of nucleic acids (LAMP) as an
example of a development point-of-care test for potato viruses.
Mateusz Mielczarek1; Anna Pawłowska1; Agata Kaczmarek1;
Krzysztof Treder1
Plant Breeding and Acclimatization Institute – National Research Institute, Bonin Research Center
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To develop field tests for detection of potato virus Y, we investigated the colorimetric RT-LAMP, in which virus detection
involves visual observation of the color change of the reaction for samples from virus-infected plants. Among tested
dyes, only the hydroxy naphthalene blue (HNB) specifically
changed color in the presence of PVY virus.
Field detection requires a fast sample preparation. We have
shown that virus Y can be detected in the sap without RNA
isolation through fluorescent real-time RT-LAMP. However, for
the colorimetric RT-LAMP with HNB dye, the addition of even
heavily diluted juice induced a change in color for both samples from diseased and healthy plants.
Therefore, we tested several organic solvents, among which
chloroform proved useful. After extraction of the juices with
this reagent, we have observed a PVY-specific color change
in the LAMP reaction. Summarizing, we have shown that it is
possible to visually detect PVY using a colorimetric RT-LAMP

test with HNB dye without RNA isolation from the tested samples. The sensitivity of visual detection was the same as with
the fluorescence RT-LAMP test.
This study was supported financially by the Ministry of Agriculture and Rural Development, Poland, project no. 58: “Development of sensitive methods for detection of most important
potato viruses” (4-3-00-7-01).
P5.4
Detection of the crucial potato viruses in different potato
tissues by immunological and molecular methods
Anna Pawłowska1; Mateusz Mielczarek1
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In this work, different approaches for potato virus detection
were investigated, including direct tuber testing by DAS-ELISA and Cocktail-ELISA as well as by molecular methods such
as RT-LAMP and RT-qPCR. The commonly used assay - the
grow-out test was a reference for all tested methods. The
compliance of virus detection in sprouts with the grow-out
test was confirmed. The cocktail test was more effective than
DAS-ELISA. More samples tested positive for PVM directly in
tubers than in the grow-out test. The RT-qPCR test was more
effective in the evaluation of the leaf, sprouts, and tuber infestation than RT-LAMP and DAS-ELISA. The detection from
leaves by RT-qPCR proved to be the most effective way of
testing plants for PVY.
This study was supported financially by the Ministry of Agriculture and Rural Development, Poland, project no. 58: “Development of sensitive methods for detection of most important
potato viruses” (4-3-00-7-01).
P5.5
Defective interfering RNAs associated with Tomato black
ring virus genome as a potential tools to protect plant
against the virus
Aleksandra Zarzyńska-Nowak1; Beata Hasiów-Jaroszewska1;
Daria Budzyńska1; Julia Minicka1
Institute of Plant Protection-National Research Institute
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Tomato black ring virus (TBRV), a member of the Nepovirus
genus (subgroup B) in the family Secoviridae, is a serious
plant pathogen distributed worldwide. It infects several economically important crops (such as tomato, potato, cucumber, zucchini) as well as ornamental and woody plants. The
TBRV bipartite genome consists of two polyadenylated single-stranded positive-sense RNA molecules. Moreover, the
genomic RNAs of some TBRV isolates might be accompanied
by subviral particles such as defective interfering RNAs (DI
RNAs) and satellite RNAs (satRNAs). Formation of DI RNAs
was observed during prolonged passages of TBRV isolates
originated from different hosts in Chenopodium quinoa and
tobacco plants. DI RNAs of about 500 nt derived by a single
deletion in the RNA1 molecule. Two different types of DI RNA
associated with TBRV isolates were identified; one containing
a part of the 5’ untranslated region (UTR), segment located in
the 5’ region of the open reading frame and a portion of the
3’ UTR of RNA1 and second consisted of short fragment of 5’
UTR, a portion of the C-terminal end of the RNA dependent
RNA polymerase and the entire 3’ UTR. It has been shown
that presence of DI RNAs has significant impact on viral rep-
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lication, accumulation and symptoms observed on infected
plants. Additional RNA molecules interfere with parental virus
replication and the plants infected with TBRV+DI RNAs displayed less severe symptoms compared to those infected
with TBRV-DI RNAs. Moreover, the dynamics of accumulation
were different on each host, affected in different manner by
the presence of DI RNAs and this effect were host-dependent. The next step is to obtain the DI RNA sequence-based
constructs in order to analyze their effect on TBRV replication
in different hosts and environmental conditions. The infectious
clones of TBRV isolates originated from different hosts and
TBRV infectious clones fused with GFP have been already
constructed. The knowledge about interaction and competition between DI RNAs and the helper virus is required to make
a step toward new, innovative strategies to protect plants
against viruses.

elled PAH lung. Blood-derived endothelial cells from PAH patients displayed abnormal alignment and proliferation under
flow, compared with healthy controls. The results obtained in
this study show that endothelial responses in the pulmonary
artery-on-a chip differ from those observed in endothelial
cells cultured in static conditions and may provide data more
closely mimicking cell responses seen in vivo.
Conclusion:
The pulmonary artery-on-a-chip displays arteriole-like features
and can recapitulate aspects of vascular dysfunction in PAH,
and therefore can serve as a tool for modelling changes seen
in the disease. This approach is a step towards development
of a novel precision medicine platform for patients with PAH
and other cardiovascular diseases.

Session 6 Organoids and organs on chips

Surface functionalization to control biomimetic mechanical environment in COP based microfluidic devices.
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L6.1
Investigating Pulmonary Arterial Hypertension using the
pulmonary artery-on-a-chip
Alexander Ainscough1
1
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Introduction:
Pulmonary arterial hypertension (PAH) is a debilitating and
incurable disease characterised by progressive thickening of
small intrapulmonary arteries, which restricts blood oxygenation. Inhibition of endothelial bone morphogenetic protein receptor 2 (BMPR2) contributes to vascular remodelling in PAH.
Currently, much of the information on vascular pathology in
PAH is derived from histological analyses of lung tissues and
does not allow for real-time monitoring of cell responses. To
address these challenges we designed a polydimethylsiloxane (PDMS)-based microfluidic model of the pulmonary vascular wall, where human pulmonary artery endothelial cells
(HPAEC) and human pulmonary artery smooth muscle cells
(HPASMC) are co-cultured under physiological haemodynamic conditions in chambers corresponding to the size of
the human peripheral lung arterioles affected by the disease.
Methods:
The pulmonary artery-on-a-chip is produced using a combination of photolithography, aminosilane functionalisation of
400nm nanoporous PET membranes and primary cell culture. Primary HPAEC were transfected using adenoviruses
containing short hairpin RNA against BMPR2. Blood-derived
endothelial cells were obtained from healthy controls and PAH
patients. Permeability measurements were conducted using
40kDa FITC-Dextran perfused over the endothelial layer. Proliferation was assessed through fluorescent EdU immunostaining, visualised under confocal microscopy and analysed
in ImageJ.
Results & Discussion:
HPAEC exhibited preferential alignment to the direction of
shear stress, whilst HPASMC exhibited perpendicular alignment to the direction of flow, resembling the orientation of arterial cells in vivo. Endothelial cells grown in the chip under
physiological flow conditions showed significantly enhanced
barrier function compared with the cells grown in static conditions and showed an increased sensitivity to stimulation
with thrombin. Endothelial BMPR2 knockdown reduced endothelial cell adaptation to flow, and increased proliferation of
HPASMCs, reflective of vascular changes seen in the remod-
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Cell culture systems are essential and necessary tools for basic and applied investigation studies. However, in traditional
cell culture protocols cells not always resemble the pathophysiological in vivo behavior when they are seeded on bi-dimensional coated-surfaces. The conventional, flat and static,
culture dish does not consider most of the factors involved in
physiological conditions such as chemical gradients or physical stimuli. Physiologically, cells in the body are immersed and
surrounded by a three-dimensional (3D) architecture with different biochemical and mechanical properties depending on
the cellular type and tissue. It has been previously described
that 3D culture provides enhanced interactions not only with
neighboring cells but also with extracellular matrix (ECM), mirroring cell motility, proliferation, migration and morphology in
vivo. Trying to mimic that three-dimensional microenvironment
of the in vivo ECM, several 3D culture systems have been developed. Multicellular spheroids and hydrogel formed by ECM
proteins have been some of the most used method because
of its simplicity and versatility. Although those methods can be
very useful, they can hardly control the environmental conditions and also the cellular distribution. Those characteristics
can be achieved coupling those methods with microfluidic
chips. Cells are known to exert forces to their environment and
they can induce hydrogel contraction depending on cell type,
cell concentration and time. This event can ruin the structural
design of the microfluidic chips creating an obstacle to assays with high cell concentration or/and long time periods.
On the other hand, shear stress is a crucial mechanical stimuli
of many cell types as vascular endothelial or epithelial cells
from blood vessels, kidney or lung. Those mechanical forces can be resembled in vitro using, again, microfluidic devices. However, cell adhesion forces are strongly dependent on
shear stress and substrate coating.
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In this work we propose a pre-coating treatment of cyclo-olefin polymer (COP) based microfluidic devices to form stronger
bonds with extracellular matrix proteins for a better development of microfluidic assays in order to counteract hydrogels
cell collapse and cell detachment to microchannel.
L6.3
Modeling of endothelial (dys)function in maturity onset
diabetes of the young using human induced pluripotent
stem cells
Neli Kachamakova-Trojanowska1; Jacek Stepniewski2; Jozef
Dulak2
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Maturity onset diabetes of the young (MODY) is an autosomal dominant monogenic diabetic disease typically affecting
individuals before the age of 25 and closely resembling type
2 diabetes. The most common form of the disease is caused
by mutation in hepatocyte nuclear factor 1A (HNF1A) gene.
Patients with HNF1A-MODY were associated with abnormalities in endothelial function, microvascular complications like
retinopathy, and increased risk factor for cardiovascular diseases. However, up to date there is no clear relation between
mutation in HNF1A gene and endothelial dysfunction. As the
clinical phenotype of HNF1A-MODY diabetes varies considerably in the patients, we generated isogenic induced pluripotent stem cells (iPSCs) lines using CRISPR/Cas9. Derived
lines had confirmed monoalellic or biallelic mutations, leading
to frame shift and occurrence of premature stop codon in HNF1A gene. Subsequently, control iPSCs and HNF1A clones
(sgHNF1A) were differentiated toward endothelial cells (ECs)
and different markers/functions were compared. The created
isogenic iPSCs lines had similar expression of pluripotency
markers like OCT4, TRA-1-60, NANOG and SSEA-4. Differentiated cells (iPS-ECs) from all cell lines showed 90-100%
expression of CD31 (PECAM1), Tie-2 and VE-cadherin. The
expression pattern of other ECs markers like phospho-eNOS,
angiopoietin 1 and 2, was also similar. Functionally, iPS-ECs
from all lines had similar angiogenic response in tube-like
formation assay. In response to pro-inflammatory cytokine
(TNFa) iPS-EC increased the expression of ICAM-1 independently of HNF1A mutation introduced. Additionally, sgHNF1A ECs, showed higher level of permeabilization in response
to TNFa, assessed by FITC-dextran assay. Moreover, iPS-ECs
with biallelic mutation in HNF1A had higher IL-8 production in
basic conditions and lower in response to pro-inflammatory
cytokine as compared to control cells. Summarizing, mutation
of HNF1A in iPS-derived ECs leads to diminished IL-8 production in response to TNF- together with increased permeability as compared to the control isogenic cells.
The work was supported by Opus grant from NCN 2016/23/B/
NZ1/01804.
L6.4

Glioblastoma multiforme (GBM) is the most aggressive primary brain tumour. Current treatment, consisting of a surgical
removal of the tumour, followed by radio- and chemotherapy
with temozolomide, has very low efficacy. This occurs due to a
complex and heterogeneous microenvironment of the tumour
and high levels of therapy resistance development. Beside
this, the presence of blood brain barrier and the lack of an adequate preclinical model make development of new therapies
a difficult challenge.
The tumour microenvironment has an important role in tumour
progression and survival, not only the non-cancerous-cell
types but also the different gradients present in the tumour.
On the other hand, cancer cells in vivo are significantly different from cells grown in traditional 2D in vitro cell culture.
Taking into account these facts, it is really important to develop novel biomimetic in vitro models that could mimic physiological characteristics of the disease, in order to obtain a
significant improvement in GBM treatment.
Hypoxia is one of the most important characteristics of GBM,
responsible for higher proliferation rates of tumour cells,
higher invasiveness, survival autophagy pathways activation
and treatment failure. Our group has developed thermoplastic-based, oxygen-impermeable microfluidic device. We have
been able to create a 3D cell culture system within the device
and to reproduce some of the important characteristics of this
tumour, demonstrating the key role of the oxygen concentration in the tumour progression. Within our chips, we are able
to mimic different metabolic areas and also the necrotic area
of the tumour. This allows us to better mimic the disease in
vitro, to investigate the mechanisms of disease progression
and processes responsible for the therapy resistance development.
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Human cardiomyocytes (CMs) can be derived from induced
pluripotent stem cells (iPSCs) and such hiPSC-CM are already used in drug screening and have potential to be used
in cell therapy (i.e remuscularization of infarcted myocardium). Human heart, however, reaches full maturity by the age
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of approximately 20 years, whereas hiPSC-CMs are used as
early as after 20 days of differentiation. Importantly, maturation of cardiomyocytes start shortly after birth and is linked
with a switch from anaerobic glycolysis to more energetically efficient beta-oxidation of fatty acids. More efficient energy
production is associated with higher reactive oxygen species
(ROS) production which has been reported to be responsible
for cell cycle withdrawal and binucleation of the cardiomyocytes in murine model. In the adult human heart the percentage of binucleated cardiomyocytes is 25-60%, whereas in the
hiPSC-CMs the majority of cells are mononucleated. Additionally, hiPSC-CMs in their morphology and electrophysiological
properties resemble fetal-like CMs. Thus, deeper understanding of hiPSC-CM biology and maturation is needed to unveil
their potential. Recently we have shown that heme oxygenase-1 (HO-1) is crucial for murine cardiomyocyte differentiation (Stepniewski et al, IUBMB Life, 2018), therefore the aim of
this study was to assess its role in maturation of hiPSC-CM.
In the first step, we generated HO-1-deficient hiPSCs using
CRISPR/Cas9 method. Cardiomyocytes derived from HO-1
KO hiPSCs demonstrated less mature phenotype, basing on
shortened action potential (patch-clamp analysis) and lower
expression of ion channels: potassium KCNH2 and KCNQ,
calcium CACNA and sodium SCN6A. What is important, pharmacological induction of HO-1 by cobalt protoporphyrin IX
(CoPP) reversed this effect in WT hiPSC-CM and resulted in a
prolonged action potential. In the next step, we tried to the role
of HO-1 in binucleation. To mimic 3D structure of the heart, we
have formed 3D cardiac spheroids and cultured them for 60
days. ImageStream analysis did not reveal any changes in the
percentage of binucleated cardiomyocytes in WT and HO-1
KO spheroids. Also, there were no changes in binucleation
compared to monolayer culture. These results suggest that
spatially patterned culture is not enough to promote binucleation of the hiPSC-CMs.
A better understanding of the process of maturation of fetal-like hiPSC-CMs is crucial for their application in i.e. drug
screening. It has been reported that hiPSC-CMs subjected
to partial maturation respond differently to tested drugs. Our
studies revealed potential role of HO-1 in the maturation of
hiPSC-CMs.
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Lignin monomers and short-chain oligomers, as well as purified
cellulose and hemicellulose fractions, represent extremely valuable chemicals for green chemistry applications, including biofuel production, polymers manufacturing and pharmaceutical
applications. Currently, no method is available that would offer
a means to achieve an efficient, industrially feasible process for
the fractionation of lignocellulose into such interesting intermediates. This research is targeting the controlled lignin extraction
and depolymerization from agricultural residues (e.g. wheat

straw, corn stover) through catalytic hydrogenolysis and hydrogenation during the “solvolysis” process, which yields lignin
oligomers and phenolic monomers (guaiacyl, syringyl and coumaryl alcohol derivatives). The influence of operating conditions
on delignification, lignin depolymerization and carbohydrate
retention has been investigated. Catalysts based on transition
metals (e.g. Ni) have been studied with the goal of replacing
the more expensive precious metal catalysts employed in the
current research. In parallel, the possibility of eliminating the hydrogen gas used in the process, by substituting it with hydrogen donor solvents, has been inspected. Furthermore, as a less
costly alternative to catalytic processes, the ability of different
reducing agents to enhance the stabilization of lignin moieties
has been assessed. The intermediates produced within the process (including the lignin oil and the carbohydrate fraction) have
been characterized to assess its performance, as well as to
evaluate the most favorable routes for further transformation and
valorization of the obtained products. Process optimization has
been performed aimed at reducing the process severity, while
maximizing the yield of lignin mono/oligomers and recovered
carbohydrates, thus targeting future industrial implementation.
L7.2
Halophyte based aquaponic system for a biorefinery
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Halophytes are some of the most productive molecular factories found in nature and their use has been described since
medieval times. Halophytes were used for medicinal purposes e.g., species like Salicornia europaea, Crithmum maritimum etc. Recently, halophytes have gained renewed interest
as crops of the future. Soil salinity has been reported as a major factor to farm land degradation and halophytes have been
suggested as a viable commercial alternative to conventional
high input crops.
At the same time, processing of lignocellulosic biomass into
fermentable sugars requires high input in the form of heat
and clean/process water. The technology for 2nd generation
production has been developed over the last 20 years and it
is ready for industrial implementation. However, progress on
implementation is slow. Now, research focus has shifted to
co-production of value added products (e.g. from lignin, by
using GMO, and microbial catalysts) to add to the feasibility of
the processes using biorefinery concepts, or to new types of
more complex biomasses including aquatic biomasses such
as seaweed and terrestrial halophytes from coastlines. These
biomasses produces a wide range of secondary metabolites,
which represent a value-added fraction and hold the potential
to increase biorefinery feasibility.
Adapting to the changing environment, an aquaponic system
was developed where halophyte biomass would be grown
along side fish for the co-production of nutraceuticals and bioenergy. Phytochemicals such as strong antioxidants, flavonoids, antimicrobials, anti-inflammatory, and even anti-cancer
compounds were extracted from the biomass as the first step
in the process. This fraction represents a value-added fraction
which can be sold to e.g: cosmetic industry, pharmaceutical
industry, oil/gas and chemical industry (as antimicrobials), or
as functional food for humans or animals. The extractives-free
(fiber) part of the biomass was found to have a favorable
composition of carbohydrates, very suitable for animal feed
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(dietary fibers) or production of biofuels or platform chemicals by fermentation. Compared to other lignocellulose biomasses (such as wheat straw and corn stover) it was found
that the halophyte lignocellulose (fiber fraction) contained low
amounts of lignin and residual salt and hence was very easy
to fractionate (needed much lower processing heat and no
catalysts). Halophytes were found to be very interesting crops
with great potential as biorefinery feedstock, and due to their
bio-remediation and bio-reclamation capabilities, they could
have great relevance in combination with European industries
such as aquaculture (fish production) and industrial wastewater treatment.
L7.3
Applying circular bioeconomy principles to a Green Biorefinery at pilot/demo plant scale

fermentation using more resilient and adaptive enrichment
cultures, maintained under non-sterile and low-cost process
conditions is an interesting alternative. However, high complexity of the microbial consortia and limited understanding of
microbial interactions result in challenges related to process
control and often-encountered low selectivity of the target
product.
To this end, our study focused on thorough characterization
and design of strategies for the enrichment of mixed microbial consortia with high potential for conversion of syngas into
ethanol or methane. Batch enrichment experiments were designed with a set of conditions favoring either the production
of ethanol or the conversion of syngas into biomethane. We
have subsequently investigated the effect of selected operational conditions on both the productivity and the evolution
of the microbial communities. We have also performed thermodynamic analysis of the network of biochemical reactions
carried out by syngas-converting microbial consortia.

Carmen Hsieh; Morten Ambye-Jensen
Fresh green biomass is high in protein and cellulose while
low in lignin, making it a good feedstock for the extraction of
higher value bio-compounds. As part of the Centre for Circular Bioeconomy, the Centre for Biorefinery Technologies (CBT)
at Aarhus University has been working on the fractionation
of grasses and legumes at a pilot/demonstration scale. The
process consists of macerating fresh biomass and loading
it into a screw press, where it is separated into a fiber and a
juice fraction. The fiber fraction can be used as ruminant feed,
ensiled, or made into bioethanol after extracting the sugars via
a pretreatment, enzymatic hydrolysis, and fermentation step.
Using hydrothermal pretreatment and a commercial cellulase
enzyme mix, 90% of the sugars can be recovered, mainly in
the form of glucose. The juice fraction is heated to precipitate
the proteins, where it then passes through a decanter and two
fractions are collected: a leaf protein concentrate (LPC), and
brown juice. The LPC fraction can be used as a protein supplement for monogastric animal feed, while the brown juice,
which is high in sugars and nutrients, can be used as a feedstock for anaerobic digestion, among other things. On a pilot
scale, daily biomass input can reach 10 tons, with an output of
up to 50 kg protein concentrate per hour. Our plans for expansion to demonstration-size scale increases our input capacity
to 10 tons per hour, with the ability to integrate direct steam injection for protein precipitation, and in-line membrane filtration
for upconcentrating brown juice. By utilizing all of the different
fractions obtained from green biomass, CBT has developed a
circular bioeconomy process where waste is minimalized and
resource use is optimized.
L7.4
Syngas-fermenting microbial consortia for bioethanol and
biomethane production – characterization and design of
enrichment strategies
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Enterobacter sp. LU1 was isolated from goat rumen and recognized as efficient succinic acid producer. Here, we present
first complete genome sequence of this wild strain and report
its basic genetic features with a biotechnological perspective.
MinIONTM single-molecule nanopore sequencer supported
by Illumina MiSeq platform yielded a circular 4,169,537-bp
chromosome with a GC content of 55% with one plasmid of
466,898-bp in size. Basic genome features of strain LU1 and
other strains belonging to Enterobacteriaceae family were
set together and compared. In silico analysis on metabolic
pathways, growth, carbon and nitrogen transport/utilization
have been performed. Genes related to antibiotic resistance,
bacteriocin production were identified and many insertion sequences (ISs) as well as tandem repeats (TRs) were found.
Finally, comparative analysis of genome content with other
succinic acid producers were performed. Genome analysis
confirmed the great potential of strain LU1 as efficient platform
for production of various chemicals.
This study was financially supported by the National Science
Centre, Poland, within the Preludium 13 programme [Grant
Number UMO-2017/25/N/NZ9/01736].

Mateusz Łężyk; Antonio Grimalt-Alemany; Lene Lange; Ioannis V. Skiadas; Hariklia N. Gavala
Conversion of lignocellulosic biomass via combined gasification and fermentation has been gaining a lot of interest in the
last decade. In this process, biomass is first converted into
carbon monoxide (CO) and hydrogen (H2)-rich synthesis gas
(syngas) via gasification, and subsequently fermented to biofuels and/or biochemicals. Some of the advantages include
large, flexible feedstock potential, relatively high efficiency of
substrate’s energy capture and tolerance towards inhibitors
and contamination of the process. While in the past, syngas
fermentation has been studied typically using pure cultures,

29

Session 8 Microbial biotechnology
and nanotechnology
LECTURES
L8.1
Effects of graphene oxide on secondary metabolism of
streptomycetes and pseudomonads
Adrian Augustyniak1,2; Krzysztof
Trukawka3; Paweł Nawrotek4

Cendrowski3;

Martyna

Department of Immunology, Microbiology and Physiological Chemistry, West Pomeranian University of Technology,
Szczecin
2
Building Materials and Construction Chemistry, Technische
Universitaet Berlin
3
Nanomaterials Physicochemistry Department, West Pomeranian University of Technology, Szczecin
4
Department of Immunology, Microbiology and Physiological Chemistry, West Pomeranian University of Technology,
Szczecin
1

Nanomaterials are used in microbiology mostly as antimicrobials. Although their toxicity seems to be well studied, their
impact on bacterial secondary metabolism still needs to be
better described. Recent studies show that oxidative stress
caused by nanomaterials can be transformed in bacterial cells
to increase the production of adenosine triphosphate (ATP).
Studying the activity of sublethal doses of nanomaterials on
microorganisms in terms of the activation (or inhibition) of secondary metabolism can be a source of novel developments in
the field of secondary metabolites production.
The aim of this study was the evaluation of the influence of
graphene oxide on the production secondary metabolites in
bacteria from genera Pseudomonas and Streptomyces.
In total, 10 bacterial strains were cultured with graphene oxide
and graphene oxide functionalised with cobalt nanoparticles.
Physiological parameters, metabolic activity (respiration),
secretion of pigments, and antagonistic behaviour were examined. Study was performed with spectrophotometry, flow
cytometry, liquid chromatography and mass spectrometry.
Graphene oxide affected physiology and secondary metabolism of studied bacteria. In pseudomonads, particularly the
production of pyocyanin was highly upregulated. In streptomycetes nanomaterial changed the pattern of antagonistic
behaviour against reference microorganisms. This finding
indicates that the presence of nanostructures can change
the production of antimicrobial compound in streptomycetes.
Furthermore, in one streptomycete graphene oxide functionalised with cobalt nanoparticles induced a secretion an antifungal agent in the liquid culture. Gathered evidence shows that
nanomaterials could be potentially used as stimulants in the
production of secondary metabolites.
L8.2
Metabolic engineering of Yarrowia lipolytica for production of attractive lipophilic compounds
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Yarrowia lipolytica is oleaginous yeast of great interest due
to availability of genetic engineering tools, which permits production of “tailor-made” lipids by engineered yeast cells. In

our work, several types of lipophilic compounds have been
produced by recombinant Y. lipolytica. Acetyl diacylglycerols are unique group of storage lipids, which contain acetate
on the sn-3 position instead of long-chain fatty acid. These
unique storage lipids were found in several plant and animal
species, e. g. Euonymus sp., Cervus nippon, Eurosta solidaginis. Acetyl diacylglycerols are formed from diacylglycerols by the action of diacylglycerol acetyltransferase. Laboratory strains Po1d and JMY1877 (Δdga1, Δdga2, Δlro1,
Δare1) were transformed with EeDAcT gene from Euonymus
europaeus. TLC analysis of lipids has shown, that new lipid
structure was formed in EeDAcT overexpressing strains YL33
(Po1d-pTEF-EeDAcT) and YL35 (JMY1877-pTEF-EeDAcT).
Strain YL33 produced more acTAGs (18%), than strain YL35
(9%). Another industrially attractive compound is erucic acid.
Erucic acid is an omega-9 monounsaturated very long chain
fatty acid usually found in plants from Brassicaceae family.
Erucic acid could be converted into surfactants, lubricants,
emollients etc. It is synthesized in maturating plant seeds
through enzymatic activity of elongase complex. Elongases
in plants are formed by four separate proteins, thus resembling type II fatty acid synthase complex. The first step in fatty
acid elongation is catalyzed by β-ketoacyl-CoA synthase, the
condensing enzyme, which delivers substrate specificity and
limits the amount of elongated fatty acids produced by the
elongase complex. β-ketoacyl-CoA synthase in plants is harbored on FATTY ACID ELONGATION (FAE1) protein, which
is encoded by FAE1 gene. In this study, FAE1 from Thlaspi
arvense was overexpressed in Y. lipolytica mutant strain possessing fad2 deletion. This led to accumulation of almost 10%
of erucic acid in yeast cells.
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Cardiovascular diseases, including atherosclerosis, are globally the leading cause of death. Key factors contributing to onset and progression of atherosclerosis include pro-inflammatory cytokines like Interferons (IFN) and Pattern Recognition
Receptor Toll-like receptors. Together, they trigger activation
of Signal Transducer and Activator of Transcription (STAT)s,
which have been recognized as potential modulators of inflammation in immune and vascular cells.
STATTIC was identified as a Signal Transducer and Activator
of Transcription (STAT)3 inhibitor. Several studies have shown
that STATTIC successfully inhibits the activation, dimerization, nuclear translocation of STAT3, and increase apoptosis
in STAT3-dependent cancer cell lines. Previous work of our
group has shown both in silico and in vitro that STATTIC is
not STAT3 specific and has a multi-STAT inhibiting capacity.
Furthermore, treatment of endothelial cells (EC) with STATTIC
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led to genome-wide inhibition of pro-atherogenic gene expression and inhibited migration, leukocyte adhesion to ECs
and impairment of mesenteric artery contractility under inflammatory conditions.
A Challenge for therapeutical multi-STAT inhibition strategies
is that STATs have systemic functions and STATTIC is cytotoxic in high concentrations and prolonged exposure. unguided
inhibition of STATs might give rise to adverse effects. Generation of functional iron-oxide nanoparticles (MNP) which can be
guided by magnets and loaded with approximately 200 STATTIC molecules per MNP, enables a more precise and efficient
way of inhibiting STATs in atherosclerotic plaques and avoid
potential side effects and toxicity.
Chemically synthesized MNP coupled with TEMPO spin labels
were able to enter cells as revealed by EPR spectroscopy. Coupled with fluorescein and/or STATTIC, the MNPs were tested
on HMEC cells in culture at different concentrations and time
intervals. In a concentration range from 1-150 µg/ml incubated
for 24-48h, the particles did not show any toxicity, and were
shown to enter the cell as observed by confocal fluorescent
microscopy. Moreover, STATTIC coupled MNP particles in a
concentration of 50-150 µg/ml, of which about 5% was found
to enter the cells, were able to mediate complete inhibition
of IFNα-induced STAT1 phosphorylation without toxicity. This
was more efficient than the partial effect of STATTIC alone, at
a concentration of 1 µM. Under similar conditions, we were
also able to observe inhibition of the known STAT-target genes
IFIT2, OAS2 and CXCL10. These results stress the advantage
of STATTIC-MNP therapeutic strategies. Our future work will focus on STATTIC-MNP treatment in mouse models of vascular
remodeling and plaque formation as a local “vascular-specific”
targeted approach of multi-STAT inhibition in CVD.
L8.4
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Poly(ethylene terephthalate) hydrolase (PETase) from Ideonella
sakaiensis exhibits an ability to degrade poly(ethylene terephthalate) (PET), and is thus regarded as a potential tool to solve
the issue of polyester plastic pollution. We showed that the rate
of PETase-catalyzed PET hydrolysis could be enhanced in the
presence of hydrophobins. Hydrophobins represent a class
of small cysteine rich fungal proteins have unusual high surface-activity that can spontaneously self-assemble at various
hydrophobic-hydrophilic interfaces, forming surface layers that
are able to reverse the hydropathy of surfaces. In this work, a
novel class I hydrophobin named rolA from Aspergillus oryzae
was expressed in Escherichia coli. The rolA gene was cloned
into pET-24a expression plasmid at the NdeI and SalI restriction sites and then transformed into E. coli SoluBL21 strain for
the production of recombinant hydrophobin. Most of the recombinant rolA was produced as insoluble protein, however,
refolding and purification could be achieved using immobilized
metal affinity chromatography (IMAC). Native rolA was also extracted from the mycelium pellet collected from a fermentation
culture of Aspergillus oryzae. SDS-PAGE analysis of the isolated rolA showed the presence of 12 kDa polypeptide. Filament
or fibril-like structures of hydrophobin rolA were imaged using
Atomic Force Microscopy (AFM) on mica surfaces. The surface
tension of water was significantly decreased with the addition
of rolA. Recombinant (PETase) from Ideonella sakaiensis was
also successfully expressed in E. coli as a soluble protein with
molecular weight approximately 30 kDa. Both the recombinant

and native hydrophobin rolA could enhance the PET-hydrolysis in the presence of recombinant PETase. It is speculated
that the wetting effect of rolA acts on PET surface converts
PET to become hydrophilic and leads PETase easier to contact and attack the surface. Here we also investigated whether
the PET-hydrolyzing activity of recombinant PETase would be
further enhanced by fusion to recombinant hydrophobin rolA.
The data further suggest that this likely involves binding of the
hydrophobin to the PETase and changes in the conformation of
its active center.
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Nowadays, genetic transformation is powerful tool for development of transgenic plants in order to obtain crops with
higher level of resistance to diseases, herbicides and abiotic
stress. Although, several transformation methods like Agrobacterium-mediated approach, electrofusion or microparticle bombardment are used, researchers have to tackle with
many limitations, among which the most important are low
transformation efficiencies, cells damage, narrow host-range
and multilayer cell wall barrier. Therefore, the potential of gene
delivery into plant systems aided by surface modified nanomaterials may be helpful. Nanomaterials possess a number
of advantages. Primarily, nanosize of these particles enable
the delivery of DNA and biological cargoes into cells without strong mechanical aid that may result in a higher rate of
viable cells. Moreover, in this approach gene expression is
transient and foreign DNA is not integrated into host genome.
Nonetheless, capabilities of this approach for application
in plant transformation still remain undetermined. The aim
of our research was to develop a method of carrot genetic
transformation mediated by carbon and gold nanoparticles
conjugated with DNA. For this purpose, at first we prepared
nanomaterials. PEI-capped Au nanoparticles were obtained
at room temperature using poly(ethylenimine) (PEI), which is
a cationic polymer and reductant of initial compound in this
procedure – hydrogen tetrachloroaurate (HAuCl4). The size of
particles was controlled by the amount of added PEI. In this
way, we received nanoparticles characterized by three different diameters – 10, 20 and 40 nm. We also used -COOH functionalized Single Walled Carbon Nanotubes (SWCNT) which
were surface modified with PEI to carry positive charge. These
nanoparticles were coated with DNA and used for transformation of protoplasts isolated from 3-week-old carrot seedlings.
In order to estimate the transformation effectiveness, we used
35S-eGFP-NOS plasmid containing the green fluorescent protein as a reporter gene.
The financial support of the National Science Centre, Poland
(2016/21/B/NZ9/01054) and the Mendel University Grant Agency, the Czech Republic (AF-IGA2019-IP040) is acknowledged.
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Methods of genetic engineering have a wide range of applications in unicellular algae to achieve goal of sustainable development and play a key role in the range of processes in
the agricultural, food and pharmaceutical industries. However,
the cell wall represents significant barrier limiting the delivery
of exogenous biomolecules and genetic material to algae.
Currently utilized methods are characteristic by low efficiency
and cellular damage. Nanoparticles, as a carriers of genetic material, represent a promising alternative to the conventional methods. This is mainly due to the ability to traverse
through the cell membrane and the extensive possibilities of
optimization of physico-chemical properties for conjugation
with molecular cargo. Moreover, presence of the transgene
is transient and thus promising for employment in genome
editing systems without integration of the host genome. Here
we present recent development of a technology for transport
of genetic material into unicellular algae via surface-modified carbon and gold nanoparticles. For this study we used
two strains of Chlamydomonas reinhardtii (CC-125 and SAG
83.81). As a nanocarriers we employed -COOH functionalized Single Walled Carbon Nanotubes (SWCNT), which were
further modified by polyethylenimine (PEI) to carry positive
charge. We have also prepared PEI-capped gold nanoparticles of different sizes (10, 20 and 40 nm) by reduction of
HAuCl4 mediated by PEI itself. The two types of nanoparticles
were tested for capability to internalize genetic material. For
this purpose we utilized pbr9-mcherry-cr and pOpt2-mVenusBle plasmids which were electrostatically grafted to the surface of the particles. The efficiency of molecular cargo delivery
was evaluated using confocal microscopy and RT-qPCR.
The financial support of the Mendel University Grant Agency,
the Czech Republic (AF-IGA2019-IP040) is acknowledged.
P8.3

involved in arsenic resistance and oxidation of As(III) to As(V).
pSinA may transfer to the various bacteria in which is functional (leads to the acquisition of the As(III)-oxidizing ability by
new host cells).
The aim of this study was the investigation of the influence
of soil bioaugmentation with Ensifer (Sinorhizobium) sp. M14
on the activity and structure of the microbial community as
well as the verification of the influence of such changes on
the plants growth and arsenic-phytoremediation efficiency.
All experiments were performed with the use of natural arsenic-contaminated soil (Zloty Stok, Poland) and alfalfa plants
(Medicago sativa L.), which are known from the ability to arsenic accumulation.
Analysis of the microbial community structure showed, that
the composition of microorganisms in the soil (with/without
of M14) has been significantly changed in time. For example, among Proteobacteria type, a significant number of sequences has been classified as Alphaproteobacteria class
(containing the Rhizobiales order), whose percentage share
increased during the experiment (from 28% to 42%). In the
same time percentage share of Betaproteobacteria was decreased (from 48% to 30%).
Biochemical analysis in soil showed, that the presence of M14
was contributed to the improvement of the quality of the soil. In
the bioaugmented soil, the quantity of heterotrophic, cellulolytic, denitrifying and nitrifying bacteria was one or two orders
magnitude higher than in control variant (without inoculation).
Moreover, in the presence of M14 increased concentration of
dehydrogenases and cellulases was reported.
Changes in microbial community structure and improvement
of biochemical parameters under the influence of soil bioaugmentation with M14 were contributed to the increasing of the
fresh mass of plants (about 35%) and the increasing of the
arsenic phytoremediation efficiency (about 21%).
Based on the obtained results, we conclude that application
of AOB may play an important role in the plants growth promotion and increasing of the efficiency of the phytoremediation of arsenic-contaminated soils.
P8.4
Detoxification of selected N-heterocyclic compounds by
the soil fungus Trichoderma citrinoviride
Felczak Aleksandra1; Marta Nowak1; Katarzyna Lisowska1
Department of Industrial Microbiology and Biotechnology,
University of Lodz, Poland
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(Phyto)remediation of arsenic contaminated soil using arsenite-oxidizing bacteria.
Klaudia Debiec-Andrzejewska1; Tomasz Krucon1; Maria Dabrowska2; Katarzyna Piatkowska1; Lukasz Drewniak1
1Laboratory of Environmental Pollution Analysis, Faculty of Biology, University of Warsaw
2Department of Microbial Genetics, Institute of Microbiology,
Faculty of Biology, University of Warsaw
The arsenic-phytoremediation efficiency depends on many
factors including the composition and activity of the indigenous microflora in soils. Phytoremediation may be enhanced
by the activity of various groups of microorganisms, e.g arsenic oxidizing bacteria (AOB). AOB are able to oxidation of
arsenites to arsenates and contribute to the decreasing of arsenic toxicity in soil.
The good example of arsenite-oxidizer is Ensifer (Sinorhizobium) sp. M14, which show high activity in a wide range of
environmental conditions. M14 carries conjugative plasmid
pSinA with arsenic metabolism genes which encode proteins

N-heterocyclic compounds, such as quinolone or carbazole,
are a large class of substances wherein at least one carbon
atom in the molecule backbone is replaced by nitrogen. The
mentioned compounds are constituents of coal tar and creosote and their high amounts are released into environment
during the processing of raw material. Additionally, quinoline,
carbazole and their derivatives are utilized in the manufacture
of dyes, reagents, food additives and also in pharmaceutical and chemical industry. Widespread use of N-heterocyclic
compounds, their good solubility, high mobility, persistence
and toxicity cause that they are classified as recalcitrant pollutants. Therefore, it is extremely important to look for new,
effective and ecofriendly methods for the elimination of N-heterocyclic compounds.
The aim of the presented study was to determine the ability of
the soil fungus Trichoderma citrinoviride to detoxify quinoline,
carbazole and their derivatives (3-bromocarbazole and enrofloxacin). Quantitative and qualitative analyses of the N-heterocyclic compounds were done using gas chromatography–
mass spectrometry and liquid chromatography–tandem mass
spectrometry. Toxicity of the N-heterocyclic compounds and
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obtained post-culture liquids was determined using Artoxkit M.
The performed analyses revealed that Trichoderma citrinoviride was able to degrade all tested compounds. The elimination efficiency was high and reached the range of 50%-90%
depending on the initial concentration and the compound
used. The metabolites of
the N-heterocyclic compounds were also identified. The analysis of post-culture liquids of Trichoderma citrinoviride with the
selected N-heterocyclic compounds showed that the samples
exhibited lower toxicity than abiotic controls.
P8.5
Application of leaf litter from a pocket park for fungal laccase production
Aleksandra Góralczyk-Bińkowska1; Andrzej Długoński2; Jerzy
Długoński1
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The presented research is a part of interdisciplinary work on
the revitalization of Plac Komuny Paryskiej urban pocket park
located in downtown city of Łódź (Central Poland). This green
space, is localized within the internal Green Belt (Green Circle of Tradition and Culture), and thus it is an important point
on the city’s recreation and tourist trails. The planned city’s
revitalization (understood as a long-term process aimed at improving the social and natural properties of Lodz city center),
preceded microbiological studies, might help to build a ‘city’s
greening repair kit’ that will make such places healthier, and at
the same time, adapted to the needs of citizens and tourists
by proper protection from negative effects living in overcrowded cities.
Leaf litter collected in autumn in the urban pocket park and
often applied for compost manufacture or energy production
in biogas station was used by us a substrate for laccase production. In this study we demonstrated a higher low-cost production of Myrothecium sp. laccase on leaf litter compared
with the enzyme synthesis on the media prepared from grass
hay and rapeseed oil cake, which had been described earlier
by others.
Briefly, leaf litter extracts were inoculated with preculture of
Myrothecium sp. (a filamentous fungus isolated from green
space of Łódź Metropolitan Area) and supplemented with 1
mM CuSO4 for laccase induction and then incubated on a
rotary shaker (120 rpm) at 28°C for 5 days. Laccase activity was determined every 24 hours of cultivation. Additionally,
protein concentration, dry mass and pH of culture were estimated. Among all tested media the highest laccase activity
(3330 U/L) was obtained after 96 hours of cultivation in growth
medium based on the leaf litter and was definitely higher than
in media based on grass hay and rapeseed press cake. The
obtained results might be useful for bio-waste disposal and
park revitalizations.
This study was supported by the National Science Centre of
Poland, project no. UMO 2017/27/N/NZ9/02160.

P8.6
Application of Myrothecium sp. laccase for the elimination
of industrial dyes
Aleksandra Góralczyk-Bińkowska1; Anna Jasińska1; Jerzy
Długoński1
1
Department of Industrial Microbiology and Biotechnology,
Faculty of Biology and Environmental Protection, University of
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A number of physical and chemical methods are used to remove dyes from industrial wastewater worldwide. However,
these processes are often expensive and can cause the formation of dangerous by-products. For this reason, more and
more often environmentally friendly biological methods that
use the metabolic potential of microorganisms or are based
on enzymes isolated from these organisms are being selected. The high biodegradation potential was developed first of
all by microorganisms that occur in unfavorable environments,
especially those contaminated with xenobiotics.
The aim of this study was to estimate laccase application in
the decolorization of azo, anthraquinone and indigoid dyes.
Extracellular proteins were isolated from a Myrothecium sp.
culture using ammonium sulphate precipitation (to 80% of saturation), dialyzed and concentrated by ultrafiltration (Amicon
ultra 15, Merck-Milipore). Partially purified laccase was used
to decolorize industrial dyes at a concentration of 50 mg/L.
The pH values of the environment in the range of 2.2-10.6 and
the impact of mediators were also tested.
The obtained results showed that the extracellular enzymes
of the tested fungus are capable of eliminating the tested
compounds. The highest activity was observed in the case
of Indigo Carmine. The efficiency of the process was significantly increased in the presence of both synthetic and natural
mediators.
This study was supported by the National Science Centre of
Poland, project no. UMO 2017/27/N/NZ9/02160.
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The use of new, previously unused lignocellulose raw materials subjected to new pretreatment methods requires the
determination of basic process parameters enabling a high
degree of bioconversion of sugars to ethanol. Therefore,
we evaluated the best media previously selected (with high
glucose concentration and low concentrations of inhibitors)
which was obtained using microwave pretreatment (300 W,
54 PSI, 15 minutes) in the alcoholic fermentation process. The
influence of various yeast doses (2, 10 and 20 g/L) and maize
stillage concentration (70, 140, 210 g/L) on the course of the
alcoholic fermentation process was analyzed. The effect of
yeast dose (2, 10 and 20 g/L of medium) on the rate of glucose assimilation during fermentation was not demonstrated,
since glucose was completely used in the first 24 h of the
process. The increase in glucose concentration in the fermentation medium was linear only when the raw material content
in the substrate was 70 and 140 g/L. The obtained results
indicate that it is impossible to achieve a high efficiency of
cellulose hydrolysis using very high concentration of lignocellulosic biomass. We also observed a lack of linearity between
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the increase in the concentration of lignocellulose degradation by-products and the amount of raw material used. The
initial concentration of acetic acid, which is a hemicellulose
degradation product, ranged from 0.60 to 1.50 g/L of the fermentation medium, depending on the amount of maize stillage. Even smaller differences were observed in the initial HMF
concentration: maximum 0.25 g/L for the raw material amount
of 70 g/L and 140 g/L. The effect of yeast dose on the rate
of glucose assimilation during fermentation was not demonstrated, since glucose was completely used in the first 24 h of
the process. With the increase in the yeast dose, the rate of
galactose metabolization increased in subsequent hours of
fermentation. The efficiency of the distillery yeast strain used
to metabolize 5-hydroxymethylfurfural was confirmed. The obtained results confirm the possibility of using microwave pretreatment under properly selected process conditions for the
production of cellulosic ethanol from maize stillage. However,
the use of cellulosic media for the production of bioethanol
must be preceded by an analysis of the impact of selected
process parameters on the fermentation process.
This study was supported by the Polish Minister of Science
and Higher Education, under the program “Regional Initiative
of Excellence” in 2019 - 2022 (Grant No. 008/RID/2018/19).

nous microorganism population: 1.04×105 cfu/mL of bacteria
in effluent A, and 1.64×107 cfu/mL of bacteria and 2.88×105
cfu/mL of yeasts in B.
During 7-day incubation of effluent B under extensive aeration conditions, autochthonous bacteria and yeasts were able
to increase their population density to 1.6×108 cfu/mL and
4.0×107 cfu/mL, respectively. These microorganisms proved
capable of reducing the phosphorus content and COD level
by 71% and 79%, respectively.
Indigenous bacteria occurring in effluent A could not proliferate. Their number increased (up to 1.0×108 cfu/mL) only
upon cultivation in the optimal SNB medium. These autochthons were densified 10-times and applied again to treat effluent A. 14-day incubation resulted in a 50% decrease of the P
content and 83% of COD.
It is finally concluded that autochthonous microorganisms occurring in hydrogen fermentation digester supernatants have
potential to reduce the level of contaminants and appear as
very promising and challenging research objects in bioremediation studies.
P8.9
Comparison of acetyl diacylglycerols from Euonymus europaeus and recombinant Yarrowia lipolytica

P8.8
Autochthonous bacteria and non-conventional yeasts for
treatment of anaerobic sludge digester supernatants generated upon thermophilic and mesophilic hydrogen fermentation of sugar beetroot pulp
Małgorzata Hałat-Łaś1; Sebastian Borowski2; Paweł Kaszycki1
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2
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Dark fermentation of organic biomass (agricultural, agro-industrial or organic municipal waste) is a promising technology
for producing renewable biohydrogen. It is a complex process
carried out by diverse groups of bacteria acting in consortia.
Depending on the bioprocess temperature, microorganisms
can be divided into mesophilic (bioreactor temperature maintained within 36-38°C) and thermophilic (65-80°C). It is well
known that thermophilic bacteria are able to produce biohydrogen with a larger yield, whereas the mesophilic ones can
carry out this process faster.
In spite of the unquestionable potential of dark fermentation,
there are some limitations of this technology, namely, relatively low yield, need for microbial community enrichment,
necessity for proper maintenance of bioreactor operational
parameters and, finally, bioprocess inhibition by the metabolic intermediates and the end-product. Toxicity of digester
supernatants appear as particularly important issue bringing
severe environmental risk. In Polish regulations, the fermentation by-products are classified as wastes and have to be
neutralized.
The aim of this study was to analyze main parameters of effluents generated during mesophilic and thermophilic (respective effluents A and B) dark fermentation processes of sugar
beetroot pulp, and to propose efficient tools for microbiological purification of digester supernatants with the use of autochthonous bacteria and yeasts.
Both effluents revealed high level of chemical oxygen demand
(COD= 41 760 and 43 200 mgO2/L for A and B, respectively) and had inorganic phosphorus (PO43—P) content of 1152
and 70 mg/L, respectively). The use of selective media revealed that the tested liquors contained diverse autochtho-
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European spindle (Euonymus europaeus) is a flowering plant
from Celastraceae family native to many European countries.
It is a deciduous shrub or a small tree producing seeds with
high oil content. The oil is composed mainly of 3-acetyl-1,2-diacylglycerols (acTAG), special storage molecules found in
many plants from Celastraceae family. AcTAGs are interesting lipid molecules from industrial point of view due to their
special physical properties, especially lower viscosity than
common triacylglycerols (TAG). Thus, acTAGs could be used
for direct application as a biofuel without prior derivatization.
These molecules could be used as emulsifiers, lubricants and
plasticizers, as well.
In this study, diacylglycerol acetyltransferase gene from European spindle was successfully expressed in Yarrowia lipolytica and subsequently the composition of oils produced by European spindle and recombinant Y. lipolytica were compared.
While natural spindle seed oil contains majority of acTAGs
(50-60%), oil produced by yeasts consisted of only 18% of
AcTAGs but was richer in TAGs (30-40%). Fatty acid composition of oils differed as well. Both oils contain oleic acid as
the major fatty acid, 50% in yeast oil and 60% in plant oil.
European spindle oil contains linoleic (17%) and alpha-linolenic acids (9%), while yeast oil has only linoleic acid (13%).
Composition of fatty acids in TAGs and AcTAGs in Yarrowia
lipolytica and European spindle is very similar. The most striking difference is in the index of unsaturation where plant oil is
more unsaturated than yeast oil. While index of unsaturation
in AcTAGs and in TAGs of European spindle is 1,14 and 0,85,
respectively, index of unsaturation in yeast’s AcTAGs (0,67) is
only slightly higher than TAGs (0,63).
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This study evaluates the potential of a phenol resistant new
bacterial strain, isolated from the activated sludge, to degrade
clofibric acid (CLA), a xenobiotic molecule, which has shown
a high persistence in the aquatic environment, with an estimated environmental residence time of 21 years. Laboratory
batch experiments were conducted in basal minimal medium
(MMB) under aerobic conditions and at different initial pollutant concentrations ranging from 0.25 to 2 mg.L-1, in the
presence or in the absence of a secondary carbon source.
The stirring rate, pH and temperature were fixed to 150 rpm,
7.3 and 37°C, respectively. Samples were taken regularly for 7
days to determine the evolution of bacterial growth, pH of the
medium, consumption of carbon co-substrates and the residual pollutant concentration. Experimental results showed that
the pollutant biodegradation rate is strongly influenced by its
initial concentration and by the presence of a carbon co-substrate. An excellent removal yield was obtained confirming the
biodegradation ability of the selected bacterial strain.
P8.11
Assessment of toxicity during biodegradation of selected
endocrine disruptors
Tomasz Janicki1; Jerzy Długoński1; Mariusz Krupiński1
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Microbiological degradation of xenobiotics often leads to the
formation of intermediates characterized by higher toxicity
than the parent substrate. Therefore, it is necessary to monitor
the toxicity changes during the biodegradation processes in
order to determine the potential risk involved in their application in the bioremediation of polluted areas. Biological tests
using as bioindicators various organisms belonging to all
trophic levels constitute an alternative to chemical analyses.
Ecotoxicology assays provide full representation of threats
resulting not only from the presence of individual pollutants
in the tested samples but also from the potential interactions
among the particular contaminants.
A special group of contaminants is represented by compounds affecting the function of the endocrine system. Due
to their endocrine properties, these xenobiotics belong to the
group of EDCs (endorine disrupting compounds). An important group of these chemicals are compounds with a phenolic
structure. They are currently used in different industries especially in personal care products and household chemicals

and it has been proved that exposure to these xenobiotics is
connected with a high risk of undesirable metabolic changes.
In our previous works we showed that the nonligninolytic fungal strain IM 833 is capable of effective degradation of selected endocrine disruptors with the phenolic structure. Moreover,
ecotoxicity biotests using two invertebrates Artemia fransciscana and Daphnia magna as a bioindicators demonstrated
that elimination of these xenobiotics was accompanied by detoxification of the culture medium.
For reliable assessment of toxicity changes during biodegradation processes several ecotoxicity biotests have been used
including species representing every trophic levels of food
chain: algae, plants, bacteria and crustaceans. These biotests have a comprehensive application due to the different
sensitivity of various organisms to potential toxicants. The obtained results indicated that the toxicity of the fungal cultures
decreased during the degradation of the tested EDCs. The
study also pointed out that intermediates formed during these
processes possess lower toxicity than parent compounds.
P8.12
Practical review of molecular methods for differentiation
and identification of bacteria belong to L. casei group at
genus, species and strain level.
Piotr Jarocki1; Elwira Komoń-Janczara1; Agnieszka Glibowska1; Michał Dworniczak1; Oleksandr Kholiavskyi1
1
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The genus Lactobacillus include among others Lactobacillus
casei, Lactobacillus paracasei and Lactobacillus rhamnosus
species that are collectively treated as a Lactobacillus casei
group. Many studies have proved that some strains belonging
to this group may induce positive effects on the bodies of men
and livestock. It is commonly believed that the Lactobacillus
casei group bacteria stabilize gut microflora, inhibit the development of pathogenic microorganisms, eliminate or minimize symptoms of lactose intolerance, prevent or alleviate the
course of bacterial, viral and post-antibiotic diarrheas as well
as normalize disorders of gut peristalsis.
The isolation of novel strains and their throughout characteristics in terms of health-promoting traits allows introducing innovative, competitive probiotic preparations onto the market with
an ever increasing applicatory potential. During the isolation it
is very crucial considering the problem of multiple isolation of
the same strain. Such a phenomenon may significantly affect
the cost-effectiveness and labor-consumption of the conducted isolation and selection of new bacterial strains. This negative
phenomenon may be minimized through the use of methods
that allow for rapid differentiation of the isolates. Especially interesting in this case seem the methods that enable discriminating the isolated bacteria at the strain level.
In this paper we present a practical overview of molecular
methods for identification and differentiation of L. casei bacteria at the genus, species and strain level. Among the tested
procedures were genus- and species-specific PCR, multiplex-PCR, Real-Time HRM, RFLP-PCR, rep-PCR, RAPD-PCR,
AFLP-PCR and proteomic methods such as MALDI-TOF MS
typing and SDS-PAGE fingerprinting. We hope that the presented results will allow for an easy selection of an appropriate procedure depending on the experiment conducted and
the equipment capabilities of a specific laboratory.
This work was financially supported by grant Nr UMO2016/23/D/NZ9/02661 from National Science Centre, Poland.
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Bioethanol production from wheat and rye stillages after
microwave-assisted pretreatment.
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Aim of the study was to determine the suitability of microwave
pretreatment in various conditions (different pressure and exposure time) in the process of cellulosic ethanol production
from waste rye and wheat distillery stillage. This study clearly confirms the effectiveness of microwave pretreatment in
the degradation of lignocellulose present in the biomass of
wheat and rye stillage. However, achieving a high efficiency
of cellulose hydrolysis while maintaining a low concentration
of fermentation inhibitors requires optimization of process
parameters. Initial sugar concentrations in rye stillage hydrolysates were higher than those in hydrolysates from wheat
stillage by 7 g/L for glucose, 17 g/L for galactose/xylose and
12 g/L for arabinose. A lower concentration of by-products in
the media after pretreatment in 300 W, 54 PSI, 15 min. (relative to variant after pretreatment in 300 W, 152 PSI, 10 min.
without detoxification) had a direct influence on the course
of the alcoholic fermentation process. In wheat hydrolysates
(300 W, 54 PSI, 15 min.), the ethanol concentration increased
to ca.15 g/L within 24 hours, further increase was only about
0.80 g/L. In turn, in rye hydrolysates (300 W, 54 PSI, 15 min.),
a gradual increase in ethanol concentration to ca. 19 g/L was
observed during 48 hours. The bioconversion occurs mainly
in the first two days (48 h) of fermentation, while in the final
phase of the process only the fermentation of galactose was
observed. It was observed that the pressure increasing during the pretreatment to 152 PSI stimulated the formation of
significantly higher amounts of by-products that limited yeast
fermentation activity. For example, in wheat media with elevated HMF concentration (4.83±0.03 g/L), without detoxification,
the glucose assimilation rate dropped to about 8 g/L within
72 hours of fermentation. This tendency was also observed
during the fermentation of rye hydrolysates (300 W, 152 PSI,
10 min.) without detoxification, with a HMF concentration of
4.02±0.13 g/L. It has been shown that the optimization of pretreatment parameters in terms of maximizing the amount of
released sugars and minimizing the formation of inhibitors is
more effective than subsequent detoxification, which does not
provide equally high final ethanol concentration and requires
the implementation of a special process operation, and generates additional costs.
This study was supported by the Polish Minister of Science
and Higher Education, under the program “Regional Initiative
of Excellence” in 2019 - 2022 (Grant No. 008/RID/2018/19).
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Biosurfactants obtained during microbiological synthesis by
strains of the genus Bacillus are an alternative to synthetic
surface-active compounds because of their lower toxicity,
good resistance to extreme pH values, temperature or salinity and especially an increased biodegradability. However,

an obstacle to the commercialization and widespread use of
biosurfactants, except high prices of substrates’ ingredients,
is low efficiency of microbial biosynthesis. Therefore, effective screening of strains is an opportunity to obtain a new
producer but on the other hand it can be a new surfactant.
Thus, the aim of this work was to develop an effective and low
cost selection of Bacillus subtilis native strains for the ability to produce compounds primarily reducing surface tension
(ST). The isolation material was a food product originating
from Japan- natto, based on soybeans subjected to prior fermentation by Bacillus subtilis natto strains. First, the ability of
isolated strains to produce haemolysis on blood sheep agar
plates indicating a probable biosynthesis of biosurfactants. 45
strains showing clear-off zones at the level of ≥ 3 mm around
individual colonies were selected. The obtained pure cultures
were used for the synthesize of biosurfactants as a result of
shaking cultivation (70 rpm) in a Cooper’s medium for 120
h and at 37˚C. The ability to biosynthesis of biosurfactants
was assessed on the basis of the degree of surface tension
reduction (ST) of the medium during cultivation. The ST measurement was performed by the du Nouy ring method using
the PI-MT1M tensiometer. 19 strains reducing the ST of the
medium at the level of ≤ 40 mM/m were selected. The strains
BS15, BS19, BS21, BS25, BS35, BS36 reduced this parameter by as much as 50% and its value after the end of the
cultivation was close to 30 mN /m, which proves their potential for the production of biosurfactants. The use of screening methods enabled effective selection of strains capable of
producing compounds with surface active properties, however, among nearly 38% of selected strains using a blood
agar test, the ST medium decreased during the cultivation
at just ≤30%. Thus, this confirms that the ability to produce
hemolysis zones cannot be the only determinant of the production of biosurfactants by the Bacillus subtilis natto strains.
This study was supported by the Polish Minister of Science
and Higher Education, under the program “Regional Initiative
of Excellence” in 2019 - 2022 (Grant No. 008/RID/2018/19).
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Surfactin is a surface active lipopeptide, classified as the
most effective biosurfactants. The main producer of surfactin are strains of the genus Bacillus sp., especially Bacillus
subtilis. Microbial biosynthesis of surfactin allows obtaining
a mixture of isoforms, which largely determines the surface
properties of this compound, is related with the composition
of the culture medium and the producer. The aim of this work
was to verify the potential of newly isolated strains of Bacillus
subtilis natto for the biosynthesis of surfactin isoforms based
on their ability to reduce surface tension (ST) of the medium
during submerged culture (SmF). 21 strains with ST reduction
of culture medium at the level of ≥ 32% were used for the
analysis. ST was measured by the du Nouy method using a
tensiometer (PI-MT1M). The concentration of surfactin and its
isoforms in the medium after biomass removing was determined using high performance liquid chromatography (liquid
chromatograph Agilent Technologies model 1220 with diode
detector, separation conditions: Poroshell 120 EC-C18 column, mobile phase 80:20 acetonitrile: 3.8 mM trifluoroacetic
acid, flow 1 ml/min, detection 205 nm). The quantification was

36

made on the basis of peak area using the external standard
method (ESTD), which was a methanolic solution of surfactin
obtained from Bacillus subtilis (Sigma-Aldrich). The analysis
was preceded by extraction of surfactin using affinity chromatography with the SPE system. All analyzed strains produced
surfactin, of which 80% of them synthesized 6 major isoforms,
with a different percentage share in total concentration. Positive correlations (p <0.5) between the % reduction of ST and
the concentration of surfactin (r = 0.44) and its isoforms (r =
0.37- 0.51) indicate that this parameter is a determinant of the
production of this compound. The role of individual surfactin
analogues is not identical in the determination of its surfactant
properties. Strains, among others BS42, BS45, were also able
to reduce the ST of the substrate at a level of ≤ 45% despite
the biosynthesis of only three of the six isoforms. Among the
tested strains BS15 showed reductions in ST in the culture
at 52.77 ± 0.404 % and the biosynthesis of surfactin at the
highest concentration (> 30 μg/mg biomass). Thus, BS15 is
a promising material for further research into the optimization
of surfactin production.
This study was supported by the Polish Minister of Science
and Higher Education, under the program “Regional Initiative
of Excellence” in 2019 - 2022 (Grant No. 008/RID/2018/19).
P8.16
Biotechnological production of fumaric acid based on
co-utilization strategy of crude glycerol and glucose-fructose syrup
Elwira Komoń-Janczara1
University of Life Sciences in Lublin, Faculty of Food Science
and Biotechnology, Department of Biotechnology, Microbiology and Human Nutrition
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Production of fumaric acid by microbiological synthesis using fungi belonging to the genus Rhizopus is an alternative to
methods based on chemical transformations. The research
was aimed at improving the method of cultivation of the above
mentioned fungi both in terms of improving productivity and
efficiency, as well as lowering the costs of the biosynthesis
process by using cheap substrates with the character of
by-products of other technologies, such as food and petrochemical industry. The basis for the strategy was to divide the
process into two typical phases: biomass growth and production phase, without the need to conduct typical preculture. An
innovative element of the proposed culture method was the
use of waste glycerol as a carbon source to obtain the fungal
biomass of a selected strain of Rhizopus oryzae R-45. As a
result of this procedure the growth of the hyphae was slowed
down, which allowed to receive an appropriate form of biomass - fluffy pellets with a diameter of about 2 - 3 mm spread
in dispersed mycelium. Thanks to the supplementation of the
growing medium with ammonium sulphate, high productivity
was achieved, while a supplementation of potassium nitrate
(0.2 g/l) during the saccharide addition process maintained
the biomass viability to 400h (fed batch). The highest concentration of fumaric acid, 93.31 g/l, was obtained by applying
the culture strategy proposed in this paper. The process was
characterized by average final productivity (0.39 g/lxh), but
the partial productivity after the sequential introduction of glucose and fructose syrup as a co-substrate reached 0.77 g/lxh.
During the development of the final medium composition, the
addition of potassium nitrate, which seemed to have a positive effect on the productivity of fungal biomass in shaken cultures, was taken into account. Analysis of the results showed
a stimulating effect of potassium nitrate in the concentration of
0.2 g/l on the final concentration of fumaric acid in postculture
broth, which reached 50.79 g/l. These results were compared

with those obtained from culture without KNO3 supplementation, in which the concentration of fumaric acid was about
20% lower
P8.17
An endophytic wheat’s isolates produce metabolites that
have a positive effect on the physiology of wheat
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Endophytic bacteria favorably affect the growth and development of plants because facilitate the uptake of nutrients. They
can also synthesize some phytohormones, e.g. auxins, cytokinins and gibberellins, ad among them the most important
is auxin, i.e. indole-3-acetic acid (IAA), which regulates plant
development by initiating, dividing and enlarging cells. IAA
can be produced by endophytes and stimulates the formation
of root hairs and lateral roots, increases the amount of polysaccharides produced and facilitates bacterial colonization
process. The aim of the study was to determine the ability
for IAA synthesis according to pathway dependent on tryptophan, by endophytic bacteria, isolated from roots, leaves and
coleoptiles of two winter wheat varieties: Triticum aestivum L.
(cv. Hondia) and Triticum spelta L. (cv. Rokosz). The microorganisms were breeding on a liquid medium (pH 7.5) with the
addition of tryptophan (1 g/l) at 30°C in the dark. To estimate
the production of IAA, the samples were centrifuged and the
supernatant were transferred to glass test tubes. The method
of Gordon and Weber (1951) was applied. Additionally, presence of IAA was confirmed by electrospray ionization-tandem
mass spectrometry in the positive ion multiple reaction monitoring. Separation was achieved on C18 silica based column
with mobile phase composed of water/methanol contained
0.1% formic acid. For detection, the transitions 176.1 > 130.0
(quantifier) and 176.1 > 103.0 (qualifier) were monitored.
Qualitative and quantitative analysis of IAA were carried out
after: 24, 48, 72, 96, 120 and 144 hours of endophytic bacteria
culturing. Endophytic bacteria demonstrated different ability
to IAA synthesis depending on the wheat species, the host
organism and the time of breeding. Among all of 36 analyzed
endophytic strains, IAA was synthesized by 21 (constitutive
and inducible synthesis). However, 6 strains derived from
leaves, 1 originated from roots of Triticum aestivum L. (cv.
Hondia), and 1 obtained from the coleoptiles of Triticum spelta
L. (cv. Rokosz) were characterized by the constitutive synthesis of IAA. The most effective biosynthesis of IAA (108.26 μg/
ml) was recorded for the endophytic strain isolated from the
leaves of T. aestivum L. (cv. Hondia) after 144 hours of breeding. In contrary, the smallest IAA synthesis (9.52 - 16.69 μg/
ml) was observed for isolates originating from the roots of T.
spelta L. (cv. Rokosz).

37

P8.18
Characteristic of antifreeze proteins produced by psychrophilic yeast from Glaciozyma martini species
Edyta Majewska1; Aneta Białkowska1
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The development of transplantology has led to the search for
ways to extend the life of cells, tissues, organs as well as protect them from the harmful effects of the freezing process. The
use of chemical substances for cryoprotection is associated
with the possibility of damage to the biological material, which
is why attention has been paid to natural materials such as
peptides or proteins. Research is currently being conducted
on proteins derived from psychrophilic organisms that allow
them to survive under harsh temperature conditions (0-4° C).
Antifreeze proteins (AFP) are designed to increase the thermal
hysteresis of water and the inhibition of ice recrystallization.
The collection of microorganisms of the Institute of Technical
Biochemistry of the Lodz University of Technology includes
many strains originating from areas where the temperature
seasonally or constantly does not exceed 5°C. After culturing
in 4°C on a medium containing glucose, bactopeptone, yeast
extract and sodium chloride, the yeast from Glaciozyma martini species were indicated as the producer of these proteins.
The protein was purified by means of ice affinity chromatography. The apparatus used in the laboratory was created by
hand. After obtaining a homogeneous formulation, a test for
thermal hysteresis activity was performed using a differential
scanning calorimeter (DSC).
After the above tests, the yeast of Glaciozyma martini proved
to be the producer of these proteins. They synthesize a secreted, glycosylated protein with a mass of ~ 27kDa with thermal hysteresis activity. Recent studies aim to isolate the AFP
protein gene from total RNA for subsequent expression in the
yeast expression system.

dration of monosugars. They are, among others 5-hydroxymethylfurfural (HMF), furfural and levulinic acid, which inhibit S.
cerevisiae yeast fermentation activity. Therefore, it is important
to optimize the process parameters of the pretreatment technique used, so as to minimize the risk of these compounds.
The aim of the conducted research was to assess the possibility of using brewing thresher as a potential raw material for
the production of second generation bioethanol using barothermic pretreatment in an acidic environment. In addition, using the variable process parameters of the used raw material
pre-treatment technique (temperature: 121°C, 131°C; time:
30, 60 minutes, H2SO4 concentration: 1%, 2% v/v) optimal
process conditions were determined, guaranteeing a high degree of cellulose degradation in enzymatic hydrolysis with low
concentration of fermentation inhibitors. The assessment of
the degree of degradation of polysaccharide fractions and the
concentration of by-products of pretreatment was performed
by high-performance liquid chromatography (Agilent Technologies®, model 1260, equipped with a refractometric detector (RID)). The highest glucose concentration after 24 hours
enzymatic hydrolysis (343.93±1.02 mg/g DW) was obtained
for the 30-minute pretreated variant at 121°C in the presence
of 2% v/v H2SO4. However, the process conditions used resulted in the formation of HMF (5.18±0.45 mg/g DW). For the
variant in which a lower concentration of acid (1% v/v H2SO4)
and analogous temperature and time conditions were used,
a high glucose concentration (340.76±2.79 mg/g DW) was
obtained with the absence of fermentation inhibitors.
This study was supported by the Polish Minister of Science
and Higher Education, under the program „Regional Initiative
of Excellence” in 2019 – 2022 (Grant No. 006/RID/2018/19).
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In the last two decades obtaining biofuels from renewable
sources has become more and more popular an example
lignocellulosic biomass. However, the presence of a biodegradable lignin fraction in the structure of the raw material
significantly impedes the enzymatic hydrolysis process of
polysaccharides which are present in its composition. This is
a troublesome aspect of using this type of biomass because
this step is critical to the efficiency of the alcoholic fermentation
process. Therefore, to ensure a sufficiently high degree of cellulose degradation, the so-called pretreatment is performed
to increases the susceptibility of lignocellulosic biomass to
enzymatic hydrolysis. This effect is obtained by partial delignification and reduction of crystalline areas in the cellulose
structure. However, it should be emphasized that the physicochemical conditions prevailing during the pretreatment may
lead to the formation of by-products resulting from the dehy-

Kazimierz Wielki University, Faculty of Natural Science, Institute of Experimental Biology, Department of Biotechnology, K.
J. Poniatowskiego 12, 85-671 Bydgoszcz, Poland

1

The key to the efficiency of production of the second generation of ethyl alcohol is the appropriate selection of process
parameters during pretreatment of the raw material and enzymatic hydrolysis depending on the type of lignocellulose
substrate used.
The aim of the research was to assess the suitability of barothermal pretreatment of brewing threshers used as a raw
material for the production of bioethanol. The process was
carried out in an acidic environment using various mineral
acids, while optimizing the process parameters of enzymatic hydrolysis of the raw material, guaranteeing a high degree
of degradation of cellulose. In the first stage of the research,
pretreatment of the brewer’s spent grain was carried out with
the participation of 2% w/v biomass under constant temperature conditions (121°C) and exposure time (30 minutes) using
three types of inorganic acids (H2SO4, H3PO4 and HCl) at
a concentration of 1% v/v. The obtained samples were then
subjected to 24h enzymatic hydrolysis, carried out at 50°C,
with the use of Laminex Super 3D 10 FPU. Based on the results of the high performance liquid chromatography analysis,
a variant was chosen to ensure a high degree of degradation of cellulose with a low concentration of alcohol fermentation inhibitors (HMF, furfural, levulinic acid). In the second
phase of the tests, the samples with variable biomass load
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(2, 4 and 6% w/v), after the pretreatment, were subjected to
enzymatic hydrolysis using three variants of the concentration
of the enzyme preparation (10, 15 and 20 FPU). Barothermic
pretreatment of the brewing spent grain in the 1% v/v H2SO4
environment ensures a high degree of degradation of cellulose during enzymatic hydrolysis (glucose 333.55±3.23 mg/g
DW), without leading to the formation of fermentation inhibitors in the form of HMF, furfural and levulinic acid. However,
no correlation was observed between the increase in biomass
concentration and the amount of glucose released during
enzymatic hydrolysis. Also, increasing the concentration of
cellulolytic enzymes did not significantly affect the degree of
cellulose degradation. Hydrolysis using 10 FPU enzymatic
preparation, carried out for samples at a concentration of 2%
w/v biomass, allows to obtain glucose in the medium at the
level of 335.96±2.74 mg/g DW.
This study was supported by the Polish Minister of Science
and Higher Education, under the program „Regional Initiative
of Excellence” in 2019 – 2022 (Grant No. 006/RID/2018/19).
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Use of dilute sulfuric acid pretreatment of distillery stillage
in the production of cellulosic ethanol.
Dawid Mikulski1; Grzegorz Kłosowski2
1
2
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Aim of study was to examine suitability of distillery stillage of
various origins subjected to dilute sulfuric acidic pretreatment
for production of cellulosic ethanol. Optimal conditions for
dilute acid pretreatment of: rye and wheat distillery stillage
121°C, 0.2 M H2SO4, 60 minutes; maize stillage 131°C, 0.2 M
H2SO4, 60 minutes. The highest glucose concentration (about
78 g/L) and the lowest concentration of arabinose (about 4
g/L) were found in media made of maize stillage. The highest
concentrations of xylose/galactose (about 50 g/L), and arabinose (about 27 g/L) were observed in the media obtained
from rye stillage. Analysis of the fermentation of cellulose media made of stillage showed that the effect of medium detoxification with activated carbon on the rate of the bioconversion
of sugars to ethanol depended on the stillage type. In rye media, detoxification accelerated the early fermentation phase,
and full attenuation associated with glucose assimilation was
observed after 48 h of the process. In wheat media, full attenuation was observed only after 24 hours. There was no positive effect of detoxification on the rate of glucose assimilation.
In contrast to rye and wheat media, the media made of maize
stillage and not detoxified were not fully attenuated (concentration of glucose 44.24 ± 3.76 g/L after 72 h of fermentation).
The detoxification allowed for total glucose assimilation after
48 h of fermentation. The use of distillery stillage as a source
of lignocellulosic biomass can be basis for augmenting the
technologies using classical starchy materials with the stage
of second-generation bioethanol production, thus improving
the degree of bioconversion of raw materials. However, due
to the properties of lignocellulosic biomass, optimization of
the process parameters at all stages (pretreatment, enzymatic hydrolysis and alcoholic fermentation) is a prerequisite to
success.
This study was supported by the Polish Minister of Science
and Higher Education, under the program “Regional Initiative
of Excellence” in 2019-2022 (Grant No. 008/RID/2018/19).
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Aim of the study was to determine the suitability of microwave
pretreatment in various conditions (different pressure, exposure time, power of the microwave generator) in the process
of cellulose hydrolysis. The highest glucose concentrations
above 104 mg/g of stillage DW were obtained after microwave-assisted pretreatment for the following variants: 300 W,
54 PSI, 15 min; 600 W, 54 PSI, 20 min and 1200 W, 93 PSI, 10
min. It is worth noting, however, that the highest glucose concentration obtained as a result of enzymatic hydrolysis of cellulose and the highest yield of the whole process (271.2±3.2
mg/g of DW and 75.8±0.9%, respectively) were obtained only
for variant 300 W, 54 PSI, 15 min. For microwave-assisted pretreatment with a pressure of 152 PSI, the glucose concentration dropped (decrease by ca. 25 mg/g of DW). Further enzymatic hydrolysis of the biomass so prepared, which lasted for
24 h, was characterized by a lower yield of up to ca. 30%. The
higher the pressure, the lower the concentration of galactose/
xylose and arabinose observed. The use of the pretreatment
variant 300 W, 54 PSI, 15 min ensuring the highest efficiency
of cellulose hydrolysis after 24 h of the process allows also to
obtain a high concentration of galactose/xylose (about 110
mg/g of DW), and arabinose (about 16 mg/g of DW). In all
experimental variants, a significant effect of the increasing
pressure on the concentration of the by-products analysed
was observed. The use of 300 W magnetron power at 152 PSI
generated an increased concentration of by-products, but still
at a similar level as the concentrations of these compounds at
1200 W. The increase in the concentration of by-products in the
variants using the 300 W magnetron power should therefore
be associated with the extended biomass heating time necessary to achieve the target pressure of 152 PSI compared to
the use of 1200 W power. In the variant 300 W, 54 PSI, 15 min
characterized by one of the highest glucose concentrations
after the pretreatment and the highest total yield of cellulose
hydrolysis, a relatively low concentration of by-products was
observed. This prompts the recommendation of the following
microwave-assisted pretreatment parameters in the cellulosic
ethanol production from maize stillage.
This study was supported by the Polish Minister of Science
and Higher Education, under the program “Regional Initiative
of Excellence” in 2019-2022 (Grant No. 008/RID/2018/19).
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2,4-D is a selective herbicide that kills dicots (but not grasses)
by mimicking the growth hormone auxin, which causes uncontrolled growth and eventually death in susceptible plants.
The half-life of 2,4-D in the environment is relatively short,
averaging 10 days in soils and less than ten days in water,
but can be significantly longer in cold, dry soils, or where the
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appropriate microbial community is not present to facilitate
degradation. In soils 2,4-D is degraded primarily by microorganisms. Trichoderma is a genus of the most prevalent fungi,
which is present in all soils. Several strains of Trichoderma
have been developed as biocontrol agents against fungal
diseases of plants. They are also naturally resistant to many
toxic compounds such as fungicides, pesticides and phenols.
Among them T. harzianum is able to adapting to changing
environmental conditions, through changes in the structure of
the cell membrane.
2,4-D is a lipophilic compound, which can disturb cell membranes homeostasis. Phospholipids are an important component of the cell membrane, which affect flexibility, fluidity and
permeability. They maintain and restore the proper activity of
receptors and proteins bound to membranes. The presence
of a toxic compound in the environment could cause changes
in the composition and permeability of the cellular membrane,
affecting disruption of the normal functioning of the microorganism. Therefore the aim of the study was to investigate the
effect of herbicide on the permeability of the T. harzianum cell
membrane and phospholipid profile.
Except that no significant changes in the composition of
phospholipids were noted, penetrability studies have shown
that the permeability of the cell membrane was changed. It
was noted that the selected strain was accustomed to the
presence of the pesticide after 3 days of culture.
This study was supported by the National Science Centre, Poland (Project No. 2015/19/B/NZ9/00167).
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The overuse and inappropriate usage of antibiotics lead to increasing bacterial resistance. Consequently, this fact requires
us to discover new ways to fight the pathogens. Precluding
translation of an essential bacterial protein that would lead to
bacterial growth inhibition could help solve the problem. RNA
enzymes, called ribozymes, have this capability by recognizing and cleaving a specific mRNA sequence. Successful effect of ribozymes activity was proved inter alia in antiviral and
anticancer therapies. Therefore, the aim of our study was to
find a ribozyme that would efficiently cleave an essential bacterial mRNA fragment.
We have chosen a hammerhead ribozyme, which is the smallest natural ribozyme. During the transesterification reaction,
this ribozyme cleaves another specific RNA sequence (cleavage in trans). Thus, we designed the hammerhead ribozyme
to target the mRNA of a well-studied Escherichia coli K-12
MG1655 strain. The chosen mRNA sequence encodes the
acyl carrier protein (acpP) that is crucial in the pathway of fatty
acid biosynthesis.
In experiments we have used synthetic RNA oligonucleotides

to prove binding of the designed ribozyme to the mRNA-acpP
fragment. By the use of isothermal titration calorimetry, we
found that a tight binding complex in a 1:1 ratio is formed.
Molecular simulations confirmed the sequence-specific binding. We also observed successful and efficient cleavage of
the mRNA target sequence on polyacrylamide gels. Hence,
we plan to test the designed hammerhead ribozyme in bacterial cells.
P8.25
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Personal Care Products (PCPs) such as shampoos, toothpastes, soaps, perfumes and cleaning products are used in
large quantities in everyday life. Cosmetics and detergents
require protection in the form of additives against the growth
of microorganisms. The most commonly used preservatives
include compounds from the isothiazolinone group. PCPs are
intended for external use and are not subjected to metabolic
changes within the human body , which allows their penetration into the natural environment in an unchanged form. The
presence of isothiazolinones in the environment is particularly
harmful because of their toxic and mutagenic character. Due
to their antimicrobial properties, these compounds negatively
affect the active sludge organisms, thus disturbing the proper
functioning of sewage treatment plants. Microbial degradation of isothiazolinones can be an alternative to a more expensive physico-chemical method of xenobiotics elimination from
environment.
The aim of this study was to evaluate the ability of filamentous
fungi to eliminate two preservatives from the isothiazolinone
group.
Qualitative and quantitative analysis of tested compounds
elimination by a lignolitic filamentous fungus strain was performed using liquid chromatography and mass spectrometry
(QTRAP 4500 LC-MS/MS).
The obtained results indicate a high potential of the tested filamentous fungus to eliminate all the tested compounds from
its growth medium with 100% efficiency. The compounds’ metabolites were also identified.
P8.26
Occurrence and ecological risk of preservatives present
in personal care products
Marta Nowak1; Katarzyna Zawadzka1; Katarzyna Lisowska1
Department of Industrial Microbiology and Biotechnology,
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The development of civilization and the intensification of human economic activity is the reason for the increase in the
synthesis of new organic chemical products, which in large
quantities get into the natural environment. Xenobiotics introduced into the environment cause negative side effects such
as contamination of groundwater, surface water and soil, resulting in disruption of ecosystems function. The wide range
of products that are within the interest of researchers, includes
Personal Care Products (PCPs) and household chemistry. Active ingredients of PCPs, such as biocides, fragrances, surfactants and UV filters are currently a concern due to their
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ubiquity in the environment, pseudo-persistence and potential
ecotoxicity. PCPs are most often intended for external use, thus
they get directly to the sewage treatment plants, not subject to
previous metabolic changes. Excessive penetration of PCPs
into the environment may contribute to the accumulation of
these xenobiotics in the soil, they can then enter groundwater,
surface waters or be absorbed by plants and crops and enter food chains. Although the current concentrations of these
compounds are relatively low, their continuous supply leads
to long-term exposure of many organisms. Accumulation of
PCPs in soil is also a serious threat to the functioning of the
soil ecosystem, especially to soil organisms. Despite the fact
that some of the negative effects and ecotoxic potential of
these xenobiotics on various organisms have been demonstrated, there is not enough literature data focusing on the
toxicity of their metabolites.
The aim of this study was to determine environmental concentrations of the tested compounds and evaluate their ecotoxicity.
Water and soil samples were taken from areas that may have
been exposed to contamination with compounds from the
PCPs group. In the next step, the samples were extracted and
analyzed with the use of LC-MS/MS. Toxicity of the tested preservatives was evaluated with the use of toxicity tests: Artoxkit
and Daphtoxkit. Moreover, the fungal cultures were carried out
in a Lobos medium supplemented with 1% of glucose and
the xenobiotics, to examine the effect of preservatives on the
growth of soil microorganisms.
The obtained results indicate a high level of pollution of the
natural environment by preservatives. The soil microflora has
the ability to grow in the presence of the tested compounds.
In addition, it was found that the test substances are toxic to
aquatic organisms.
P8.27
Determination of destruxins in Metarhizium sp. by liquid
chromatography – mass spectrometry technique
Monika Nowak1; Sylwia Różalska1
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Entomopathogenic fungi of the genus Metarhizium are often
used as an alternative to chemical plant protection products,
i.e. insecticides to combat insects attacking crops. These fungi have numerous adaptations to perform this function. They
secrete extracellular proteolytic, chitinolitic and lipolytic enzymes, as well as low molecular weight compounds having a
broad spectrum of insect pathogenicity. The main product of
Metarhizium secondary metabolism are destruxins. They are
cyclodepsipeptides having in their structure α-hydroxy acid
and five amino acid residues, divided into seven main groups,
i.e. A, B, C, D, E, Ed and F. In view of various combination of
amino acids destruxins have subscripts from X1 to X5 and
also demethylation in amino acids at position 4 is marked by
the Desm prefix. About 40 types of destruxins have been discovered so far, of which the most popular and most involved in
pathogenesis are destruxins A, B and E. Most often, destruxins are determined by genetic methods, liquid chromatography – mass spectrometry (LC-MS/MS) is used sporadically.
The aim of our research was to determine the destruxins in
six Metarhizium strains, i.e. (M. robertsii IM6519, M. robertsii
IM2358, M. robertsii ARSEF727, M. anisopliae ARSEF7487,
M. brunneum ARSEF2107, M. globosum ARSEF2596). Based
on MRM pairs for 19 types of destruxins described in the literature, retention times were determined for them and a method
for their quantification was created. For destruxins A and B

a quantification method was created based on a calibration
curve at the concentration range of 2.5 - 100 ng mL-1, while
the levels of the rest of destruxins were determined based on
chromatographic peak areas.
In all strains, 19 types of destruxins were determined, while in
M. globosum their level was the lowest (0.002 mg L-1 for dtx
A and 0.004 mg L-1 and dtx B), therefore it was excluded from
further analysis. The highest concentrations of destruxins A
and B were for strains M. robertsii IM6519 and M. brunneum
(about 45 – 50 mg L-1 for destruxin A and about 25 mg L-1
for destruxin B), while the lowest for 727 (0.025 mg L-1 for
destruxin A and 0.013 mg L-1 for destruxin B). Also the strains
specific destruxins profiles were determined.
The developed LC-MS/MS method for the determination of
destruxins is very effective and allows to establish their level
in Metarhizium sp.
This work was supported by the National Science Center in
Krakow (Poland) [grant number UMO-2016/23/B/NZ9/00840].
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Circular economy of palm oil mills can be achieved by turning
the wastes into valuable products. Organic fertilizer (compost)
is one of promising options as it substitutes chemical fertilizer consumed by the oil palm plantations. Composts in this
study were produced from the palm pressed fiber and decanter cake. Ash from the boiler furnace was used to adjust
the pH to 7.0 and various sources of wastewater were used to
moist the composting materials. The inoculum for composting obtained from the Land Development Department, known
as Super LDD-1, was applied in this study. Enzyme activities
were determined to indicate the composting activity. Carbon
to nitrogen (C/N) ratios and N, P K contents of the composts
were analyzed and evaluated to meet the Standard criteria.
The compost quality was tested by cultivating the water spinach (Impomoea aquatic Forsk.) for 28 days and evaluated by
analysis of total chlorophyll, chlorophyll A and chlorophyll B.
Improvement of the compost quality was investigated by adding inoculum so called Super LDD-3 for 7 days. Results indicated that Supper LDD-3 inoculum could prevent damping off
of kale seeding (Pythium alphanidermatum) upto 71%. The
experiment was scaled up to a pile of 1,000 kg to study the
effect of different aeration methods. It showed that the open
air-fed static pile yielded the best results in comparison to the
covered air-fed static pile and the conventional (10- days)
turning pile. Based on palm oil mills of 15 ton/h capacity,
waste materials (palm pressed fiber and decanter cake) of
1,200 kg/h could be used for the compost production. For a
process of 1-ton waste materials, the net revenue is USD 80
per batch and the pay-back period is 18 months. Production
of compost from the waste materials not only mitigates the
environmental problem in the palm oil mill but also generates
revenue to the mill as well.
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Post-fermentation sludge liquid: environmental risk and a
novel treatment method based on the sequential use of
microalgae and activated sludge

Antibacterial activity of chitosan-metal oxide films
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Paweł Jedynak2; Jan Burczyk3; Paweł Kaszycki1
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Anaerobic digestion is an efficient way for waste management
accompanied
1

by energy recovery (biogas production). Nonetheless, digester supernatant generated in that process contains high concentrations of nitrogen and phosphorus compounds. These
biogenic substances cause increase of oxygen demand and
lead to eutrophication in aquatic ecosystems. High levels of
biogenic substances may be toxic to soil and water microorganisms. It may also negatively affect activated sludges of biological wastewater treatment plants (WWTPs), especially by
decomposing floc structures, inhibiting microfauna and decreasing bacterial population. Therefore, removal of biogenes
from effluents has become a core problem since conventional
treatment technologies are not optimized enough to fully eliminate the risk of excessive nitrogen and phosphorus presence.
In recent years, in many installations advanced wastewater
purification technologies have been introduced, which involve
enhanced removal of nutrients. In this respect, microscopic
green algae have focused much interest due to their capability of assimilating biogenic elements, especially ammonium,
discharged into domestic and industrial wastewaters.
The aims of the work were (1) to estimate toxicity of post-fermentation liquid against environmental bacteria and activated
sludges, and (2) evaluate application potential
of microalgae for treatment of the tested digester supernatant. Post-fermentation liquid with a high ammonium content
(NH4+ = 1227,6 mg/l) was generated upon biomethanization
of sewage sludge. The samples were obtained from a municipal WWTP. Both bacterial monocultures and consortia were
tested for their tolerance towards the sludge liquor by monitoring cell survivability. Activated sludge samples were collected
from aeration chambers of wastewater treatment plants. Floc
structures were observed microscopically.
The studied effluent was found toxic for a soil isolate Pseudomonas sp. as well as for complex biocenoses of soil bacteria and the activated sludge. It was particularly detrimental for Zooglea, that is bacteria responsible for forming floc
structures, and, accordingly, caused severe destruction of activated sludge flocs. Upon incubation with a microalgae consortium consisting of ammonia-tolerant species, the digester
supernatant, was no longer toxic
and could be subjected to further biological treatment with
the activated sludge. However, the efficiency of ammonium
removal by microalgae was only 15%, which suggests some
different detoxification mechanism.
It is concluded that post-fermentation liquids are toxic to bacteria and lead
to disruption of activated sludge flocs. These negative effects
may be suppressed
by pre-treatment with selected microalgae. The sequential
use of microalgae and activated sludge can be implemented
in WWTPs as an efficient method for wastewater purification.

Natalia Wrońska1; Marta Nowak1; El Kadib Abdelkrim2;
Katarzyna Lisowska1
Department of Industrial Microbiology and Biotechnology,
University of Lodz, Poland
2
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University of Fes (UEMF), Morocco
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Due to intensive technological development, the demand for
natural materials with unique physical, chemical and biological properties, which are fully biodegradable, non-toxic and
do not pose a threat to humans is increasing.
Chitosan is a polymer which, through the presence of functional groups, can be subjected to various modifications in
order to obtain desirable biological activity.
The aim of this study was to investigate the antibacterial properties of modified chitosan nanocomposites, and the relationship
between the chemical structure (containing mineral components) of these compounds and their antimicrobial activity.
The study involved the examination of modified chitosan nanocomposites with a different content of mineral components
(ZnO, Ti2O3) and determined the antibacterial activity towards
reference strains of Gram positive and Gram negative bacteria.
Our results showed that the addition of ZnO, Ti2O3 improved
the physicochemical properties of chitosan films and thereby
increased their mechanical and thermal stability, as well as antimicrobial activity as compared to unmodified chitosan.
The research indicates a potential use of chitosan modified
with selected compounds (ZnO, Ti2O3) in the future as alternatives to the currently used materials.
Acknowledgement
The study was founded by the National Science Centre, Poland, no. 2017/25/B/NZ9/02900.
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(Bio)reclaim of metals from effluents from hydrometallurgical urban mining of E-wastes
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Abstract: Large amount and vast variety of electronic and electrical wastes(E-wastes), which contains substantial amount
of metals, are produced ubiquitously every year around the
world. Urban mining has been put forward as a circular economic strategy for recycling and recovery of metals, using hydrometallurgical approaches. Subsequently, with the application of acids, for instance, sulfuric acids, acidic effluents which
contain high concentration of metals (e.g. Cu2+, Zn2+, and
Mn2+) and anions (e.g. Cl- and SO42-) need to be properly
managed. The main objective of this study is to develop a
(bio)process to reclaim metals from sulfate-rich effluents from
hydrometallurgical urban mining of E-wastes with low price
but high efficiency.
In this study, an effluent produced during sulfuric acid–based
hydrometallurgical recycling of spent alkaline batteries was
treated as an example. A biogenic ammonia, obtained by
urea degrading bacteria, was explored to increase the pH of
raw effluent from 0.5 to 5 as the pre-treatment to. Synthetic reagents (NaOH, Na2CO3 and NH3(aq)) were also tested
for the pre-treatment to make a comparison. The pre-treated
effluents were processed further for the biological treatment
by sulfate-reducing bacteria(SRB). In this stage, sulfate was
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almost completely transformed to sulfide ions by SRB. The
generated sulfide ions immediately bind with metals and were
precipitated out from the effluent as metal sulfide salts. During
the sulfate-reducing bio-process, alkalinity was generated,
leading to a further pH increase (up to ~7.3). After the whole
treatment, the acidity and sulfate concentration in the effluent
was significantly decreased, whereas metals were reclaimed
from the liquid phase.
P8.32
Enhancement of antimicrobial activity by co-administration of titanium oxide nanoparticles and chosen antibiotics
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Nanomaterials are defined as the macromolecules, particles
or natural/synthetic materials containing particles, which possess one or more external dimension sizes in the range 1 nm
– 100 nm. Titanium oxide nanoparticles are widely used in the
cosmetics, metallurgical and paper industries. They are also
used in photocatalysis and production of foods packing material and printing inks.
The studies of titanium oxide nanoparticles for biomedical application and their antibacterial activity have been extensively
carried out. Literature data on the antimicrobial synergy of titanium oxide nanoparticles and antibiotics are still limited.
The aim of the study was to evaluate the antimicrobial activity
of titanium oxide nanoparticles and antibiotics alone as well
as their synergistic activity.
The antimicrobial potential of titanium oxide nanoparticles
and antibiotics was studied by the microdilution method in
Mueller-Hinton broth according to the Clinical and Laboratory
Standards Institute (CLSI) guidelines. Antimicrobial potential
of titanium oxide nanoparticles and the chosen antibiotic was
evaluated against Gram-positive and Gram-negative bacteria
as well as yeast.
The minimal inhibitory concentration (MIC) of titanium oxide
nanoparticles and tested antibiotics was determined. The obtained results indicate that co-administration of the chosen
antibiotics and titanium oxide nanoparticles enhances the antimicrobial activity of the antibiotic. The addition of titanium oxide nanoparticles allowed obtaining better bactericidal effects
of lower doses of antibiotics.
P8.33

were washed with water, dried and stored at room temperature. These needles were comminuted and passed through
a sieve of 1 mm. The size reduced biomass was pretreated
with oxalic acid for disrupting the lignocellulosic structure of
biomass. Response surface methodology was used for optimizing the pretreatment process. The pretreated biomass
was filtered and divided into solid and liquid fractions. The
liquid fraction was substituted as a sugar source in place of
glucose in MRS (de Man, Rogosa and Sharpe) media for cultivation of Lactobacillus paracasei. The fermented broth served
as the source of lactic acid and probiotic biomass. The strain
of Lactobacillus paracasei was one of our laboratory strains
possessing probiotic characters. The liquid fraction after pretreatment contained 20 g/l reducing sugar which was converted to 12 g/l of lactic acid. The solid fraction was hydrolyzed
using cellulase and pectinase enzymes to provide reducing
sugar yield of 10 g/l. This fraction was used for the production
of ethanol using yeast strains Saccharomyces cerevisiae and
Pichia stipitis. The ethanol yield after 24 hours of fermentation
came out to be 4.5 g/l which amounts to 88% conversion
efficiency. The biomass fraction left after ethanol fermentation
was used for the production of carbon quantum dots. Sulphuric acid and microwaves were used for generating carbon
quantum dots. The biomass after pretreatment and nascent
biomass was also used. All the biomass samples produced
fluorescent carbon dots when viewed under UV light. These
carbon dots were uptaken by bacterial cells and thus can be
used for live cell staining. Thus, we were able to develop a
lab scale biorefinery approach in which pine needle biomass
has been successfully used for the production of lactic acid,
ethanol, carbon quantum dots, and probiotic biomass. The
production of all these materials can be carried out simultaneously and different streams obtained from pretreatment of
biomass can be used for their production.

Session 9 Recent advances in RNA
interference technology and the use
of nucleic acid-based tools
LECTURES
L9.1
Application of an anti-PCNA aptamer for inhibition of PCNA-dependent human DNA replicative polymerases
E. Kowalska1; F. Bartnicki1; R. Fujisawa2; P. Bonarek3; P. Hermanowicz1; T. Tsurimoto2; K. Muszynska1; and W. Strzalka1
Department of Plant Biotechnology, Faculty of Biochemistry,
Biophysics and Biotechnology, Jagiellonian University, Gronostajowa 7, Krakow 30-387, Poland.
2
Department of Biology, Faculty of Science, Kyushu University,
744 Motooka, Nishi-ku, Fukuoka 819-0395, Japan.
3
Department of Physical Biochemistry, Faculty of Biochemistry, Biophysics and Biotechnology, Jagiellonian University,
Gronostajowa 7, Krakow 30-387, Poland.
4
Laboratory of Photobiology, Malopolska Centre of Biotechnology, Jagiellonian University, Gronostajowa 7A, Krakow 30387, Poland

1

Production of value added materials from pine needle biomass using biorefinery approach
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Lignocellulosic biomass is the most abundant material on the
planet which is generally considered as waste. Conversion
of this material into high-value chemicals is highly desirable.
In the present study, pine needle biomass was used for the
production of lactic acid, ethanol, probiotic biomass, and nanomaterial carbon quantum dots. Pine needles are inflammable because of their open resin ducts and are a source of
forest fires in the lower Himalayan regions during summers.
Pine needles collected from the forest area near the university

The proliferating cell nuclear antigen (PCNA) is one of the key
proteins of Eukaryotes involved in DNA replication, repair, and
cell cycle control. It was suggested to be a potential non-oncogenic target for anti-cancer therapy. Therefore, the aim of
this study was to identify DNA-based inhibitor which could
block interactions of PCNA with its protein partners leading to
DNA replication arrest. Using the SELEX method, we select-
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ed an anti-PCNA DNA aptamer. The dissociation constant of
the anti-PCNA aptamer/PCNA complex was in the range of
2-5 μM. Electrophoretic mobility shift assay revealed that the
anti-PCNA aptamer did not inhibit the binding between PCNA
and DNA polymerase δ or ε but rather formed a complex
with those proteins. Moreover, the DNA polymerase assay
demonstrated strong inhibition of human DNA polymerase δ
or ε activity in the presence of both, PCNA and the anti-PCNA aptamer. Our studies revealed that the observed inhibition
resulted from a competition between the anti-PCNA aptamer
and primer-template DNA for binding to the PCNA/DNA polymerase δ or ε complex. Based on these results, a model of
inhibition of DNA replication by the anti-PCNA aptamer /PCNA
complex was proposed.

block its processing by Dicer or alter pre-miRNA cleavage
pattern. If the latter occurs, accumulating RNA fragments may
potentially cause inadvertent effects, and therefore should not
be overlooked in the analysis of the knockdown phenotype.
This work was supported by the European Union Regional
Development Fund within the PARENT-BRIDGE Programme
of Foundation for Polish Science – grant Pomost/2011-3/5,
by Polish Ministry of Science and Higher Education under
the KNOW program and through the National Science Center
grant 2016/22/E/NZ1/00422.

Session 10 Gene and cell therapies
LECTURES

L9.2
Short oligonucleotides as precursor-specific regulators of
microRNA maturation
Natalia Koralewska1; Eloina Corradi2; Marek C. Milewski1;
Marie-Laure Baudet2; Marek Figlerowicz1,3; Anna Kurzynska-Kokorniak1
Institute of Bioorganic Chemistry Polish Academy of Sciences, Poznan, Poland
2
CIBIO – Department of Cellular, Computational and Integrative Biology, University of Trento, Povo (Trento), Italy
3
Institute of Computing Science, Poznan University of Technology, Poznan, Poland
1

MicroRNAs (miRNAs) represent an evolutionary conserved
class of small, ~22 nucleotides (nt)-long non-coding RNAs
that function in post-transcriptional regulation of gene expression. They act as specificity determinants that guide RNA-induced silencing complexes to complementary RNA molecules. Computational search for conserved miRNA target
sites in human genome revealed that ~60% of protein-coding
transcripts are potentially targeted by miRNAs, and each miRNA might regulate up to hundreds of mRNAs. These predictions have been further corroborated by a number of studies
implicating miRNAs in a wide range of biological processes,
including cell cycle control and apoptosis. Accordingly, alterations in miRNA expression have been linked to the onset and
progression of various pathological conditions, e.g. developmental disorders and cancer.
Despite the wide interest in the biological roles of miRNA,
the number of known miRNAs remains in stark contrast to
the number of functionally characterized miRNAs. Two most
common oligonucleotide-based knockdown strategies used
in miRNA functional studies include: targeting miRNA precursors to impair miRNA biogenesis (antisense oligonucleotides),
and sequestration of mature miRNAs to block their functioning
(e.g. anti-miRs, miRNA sponges). Although great advances
regarding oligonucleotides design and chemistry have been
made over the years, off-target effects remain major hurdle
associated with all oligonucleotide-based techniques.
The biogenesis of animal miRNAs is a multistep process involving sequential cleavage of miRNA precursor molecules
by ribonuclease III enzymes: nuclear Drosha and cytoplasmic
Dicer. In our studies we use human and Xenopus laevis model systems to investigate whether short (<15 nt) oligonucleotides complementary to the apical region of precursor miRNA
(pre-miRNA) can inhibit pre-miRNA processing by Dicer. We
focus not only on the changes in the miRNA level but we analyze also other fragments generated from pre-miRNA upon
addition of tested oligonucleotides. Collected data show that
the approach we propose leads to efficient and precursor-specific inhibition of miRNA maturation. The obtained results also
indicate that oligonucleotides targeting pre-miRNA may either
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Hematopoietic stem cells (HSCs) have the ability to differentiate into specialized blood cells and to reconstitute their own
population at the same time, what makes them the key component of the hematopoietic tree. Functional tests revealed
that within the HSC pool there are subpopulations with different reconstitution potential and lineage contribution. However, till date their separation was limited by imperfect purification methods. Here, we describe a novel surface marker,
neogenin-1 (NEO1), that discriminates distinct balanced and
lineage-primed HSCs.
We show that a surface receptor NEO1 is expressed exclusively in HSCs among hematopoietic bone marrow cells, though
not all long-term Hoxb5+ HSCs show its expression, what divides them into NEO1- and NEO1+ HSCs. While both NEO1and NEO1+ HSCs are able to reconstitute blood, NEO1+
have limited potential of long-term reconstitution. NEO1+
HSCs proliferate faster, with more cells in G2S phase, at the
expense of shortened G1 phase, and increase their numbers
with age. At the same time, they have distorted blood production balance, with higher myeloid lineage output and impaired
production of lymphocytes as proved in serial bone marrow
transplants and co-transplant model. Moreover, NEO1- HSCs
give rise to new NEO1- and NEO1+ cells after transplantation, while generation of NEO1- HSCs from NEO1+ HSCs is
very rare. Hence, suggests balanced long-term NEO1- HSCs
reside at the top of hematopoietic hierarchy.
Our studies not only describe a novel surface marker NEO1
but also show the importance of proper purification of HSCs
for subsequent studies. The use of NEO1 and Hoxb5-mCherry
mice simplifies isolation of balanced HSCs. Given that NEO1
expression in HSCs is evolutionary conserved our findings
may be translated into the clinical applications.

1
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Cardiac miRNA-122 level varies between mouse strains
and among human individuals and determines therapeutic
potential of miRNA-regulated AAV9 vectors

New tools for gene therapy for progeria and muscle-related rare disorders
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Successful gene therapy relies on the efficient, tissue-targeted expression of the chosen therapeutic gene. In vivo, high
transduction efficiency and stable expression with very limited
immune response can be achieved through utilisation of adeno-associated vectors (AAV) as a delivery system. In case
of the heart, the most effective is AAV serotype 9 (AAV9), but
it is not fully specific, as transgene expression occurs also
in the liver and skeletal muscles. In order to increase the
selectivity of the vector and restrict expression to a chosen
tissue, a specific miRNA target sites (TS) can be incorporated into the 3′ untranslated region (3’UTR) of the transgene.
It was previously demonstrated that efficient AAV9-mediated
transgene expression in the heart can be achieved via application of vectors regulated concomitantly by miRNA-122 and
miRNA-206. These miRNAs were shown to be very abundant
in the liver and skeletal muscles, respectively. In our studies,
we aimed to obtain therapeutic AAV vectors that can be applied in the treatment of myocardial infarction. For this purpose, we have generated AAV9 vectors with miRNA-122 and
miRNA-206 target sequences localised in the 3’UTR of heme
oxygenase-1 (HO-1) transgene (AAV9-HO1-miRTS) to enable
its heart-specific expression. We have successfully validated
the functionality of this vector in vitro, in murine cell lines corresponding to tissues targeted by AAV9 i.e. cardiomyocytes
(HL-1), hepatocytes (AML12) and myoblasts differentiated to
myotubes (C2C12). In the next step, we have evaluated the
distribution of transgene expression in vivo in HO-1 KO mice
of mixed C57Bl/6xFVB genetic background injected intravenously with 5×10^11 viral particles of AAV9-HO1-miRTS.
Surprisingly, although we have detected AAV genomes in the
hearts of these animals, we did not observe HO-1 expression.
Our further analysis revealed that even though miRNA-122
was earlier described as liver-specific, it is also present in the
heart of C57Bl/6xFVB mice as well as other various commonly
used mouse strains, for example C57Bl/6J, FVB or DBA, but
not in BALB/c strain. To further establish how these results reflect the situation in humans, we checked miRNA-122 level in
heart biopsies collected from patients suffering from various
cardiomyopathies undergoing heart transplantation surgery. It
turned out that high level of miRNA-122 could be detected in
the majority of clinical heart samples. Such outcome clearly
indicates that therapeutic utilisation of such regulation strategy needs to consider interindividual variability.
Supported by SONATA BIS grant 2014/14/E/NZ1/00139 form
the National Science Centre.
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A gene therapy is a promising strategy to cure rare disorders
and it has been possible to efficiently treat many muscle-related disorders in mice model systems for almost 20 years.
Unfortunately, simple scaling up of successful gene therapy
strategies to humans seems to be a difficult task. There have
been many different reasons for that which may additionally
by various disease mechanisms and particular gene therapy
strategy used for treatment.
One of the substantial limitation in muscle-related gene therapy is among others the need for very efficient and specific
regulatory sequences ensuring specific and robust expression in skeletal and cardiac muscles. Therefore our laboratory
focused on development such regulatory elements suitable to
be used in virus-mediated gene therapy of muscle-targeted
therapies. Since the promoter is compatible with Pol 2 system
it can be used to drive the expression of not only proteins but
also regulatory RNA, including micro RNAs as well. The latter
seems to be a promising stategy for HGPS progeria treatment.
We developed a novel muscle hybrid (MH) promoter that is
highly active in both skeletal and cardiac muscle cells. It has
an easily exchangeable modular structure, including an intronic module that highly enhances the expression of the gene
driven by it. In myoblasts, myotubes and cardiomyocytes, the
MH promoter gives stable expression as well as higher activity and protein levels than the standard CMV and desmin
gene promoters or the previously developed synthetic or
MCK-based promoters. Combined with AAV2/9-mediated delivery, the MH promoter also provides a high in vivo expression
level in the skeletal muscles and heart after both intramuscular and systemic delivery. It is much more efficient than the
desmin-encoding gene promoter, and it maintains the same
specificity. This novel promoter has potential in gene therapy
in muscle cells. It can provide stable transgene expression,
ensuring high levels of therapeutic protein, and limited side effects thanks to its specificity. This constitutes an improvement
in the efficiency of genetic disease therapy.
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Myocardial infarction (MI) presents a particular challenge for
pharmacotherapy as none of the available treatment options
provide remuscularization of damaged myocardium. Thus,
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cell therapies are extensively tested to restore proper electromechanical activity of heart. Survival of delivered cells,
however, is limited due to unfavourable conditions in infarcted cardiac tissue. Additionally, adipose-derived stromal cells
(ADSC), frequently used in pre-clinical and clinical studies
do not differentiate into cardiomyocytes which further limits
their regenerative potential. Human induced pluripotent stem
cells-derived cardiomyocytes (hiPSC-CM), on the other hand,
may provide suitable cell source for remuscularization of
damaged myocardium. Therefore, the aim of this study was
to compare therapeutic effect of ADSC and hiPSC-CM overexpressing proangiogenic (SDF-1α) as well as anti-inflammatory [heme oxygenase-1 (HO-1)] factors in murine and swine
model of MI.
ADSC were transduced with lentiviral vectors enabling overexpression of GFP, luciferase and either HO-1 or SDF-1α, sorted
based on GFP expression and further expanded for in vivo
delivery. The same vectors were used to transduce hiPSCs
upon which GFP-positive cells were sorted and differentiated
into cardiomyocytes using small molecules modulating WNT
pathway. Firstly, genetically modified ADSC were administered (5x105) immediately after MI induction in athymice Nude
mice. Performed analysis, however, indicated no therapeutic
effect of cell delivery and no ADSC retention in the myocardium. Thus in the next step, similar experiment was performed
in the more receptive NOD/SCID strain, however, pronounced
mortality of animals (7 out of 10) was observed upon delivery
of control ADSC-GFP-Luciferase cells. In contrast, administration of genetically-modified hiPSC-CM provided pronounced
enhancement of left ventricular ejection fraction 6 weeks after
MI and their presence in murine tissue was confirmed using
bioluminescence detection and immunofluorescent analysis.
Nonetheless, no further therapeutic effect was observed in
HO-1 and SDF-1α overexpressing cells.
In pigs, MI was induced by temporary occlusion of LAD with
balloon catheter. Subsequently, after 2 weeks, either 8x106 of
ADSC or 5x107 hiPSC-CM were administered intracoronary
using NOGA system. Importantly, it was not possible to provide more ADSC due to replicative senescence of these cells.
Echocardiographic analysis four weeks upon cells delivery
revealed no therapeutic effect of ADSC and small, but significant improvement of left ventricular ejection fraction after
hiPSC-CM.
Performed experiments demonstrated that hiPSC-CM provide
better option for cell therapy of MI than ADSC which neither
retain in myocardium upon delivery nor improve heart function. Further studies are needed to find optimal cell number of
hiPSC-CM providing the best treatment outcome.
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Duchenne muscular dystrophy (DMD) is an X-linked genetic
disease caused by mutations in gene encoding dystrophin
– component of dystrophin-associated glycoprotein complex
present in muscle cells, maintaining a structural function in
stabilizing the sarcolemma. Lack of this protein leads to progressive muscle weakness followed by respiratory failure and
cardiomyopathy, which is a major cause of death of DMD patients. To investigate the molecular mechanisms underlying
the cardiomyopathy the patient-specific induced pluripotent
stem cells (hiPSC) and hiPSC-derived cardiomyocytes are
used as the models for in vitro studies. In our studies, we
utilize hiPSCs lines derived from fibroblasts of two patients
with DMD. Moreover, for more reliable and efficient modeling
and to exclude the influence of genetic background, we established DMD isogenic cell lines by deletion of exon 50 in
DMD gene in control hiPSCs using CRISPR/Cas9 strategy.
Preliminary patch-clamp experiments evaluating differences
in electrophysiology of control and DMD hiPSC-CMs demonstrated abnormalities in electrophysiological activity, and thus
the activity of various ion channels in DMD cardiomyocytes. It
includes a faster restoration of resting potential in DMD cardiomyocytes indicating on more active calcium-dependent
potassium channels. Moreover, the analysis showed a longer
duration of hyperpolarization in DMD cardiomyocytes, whereas voltage clamp analysis revealed that a positive current is
increased in these cells in comparison to their control counterparts and both parameters indicate an impaired activity of
potassium and calcium channels. Gene expression analysis, as well as the intracellular calcium oscillations measurements confirmed disturbed calcium signaling resulting from
increased mRNA expression of CACNA1a gene encoding calcium channels. In conclusion, the successful introduction of
isogenic lines differing only at locus of interest allows a more
precise study of the effects of the mutation. In cardiomyocytes
obtained from both isogenic lines and patients, differences in
the electrophysiological activity of cardiomyocytes were observed, and therefore in the subsequent studies, more precise
determination of the types of ion channels responsible for the
observed changes was planned.
Supported by the MAESTRO grant No: 2018/30/A/NZ3/00412
from the National Science Centre (JD).

*equally contributed as the first author
Duchenne muscular dystrophy (DMD), lethal neuromuscular
disorder caused by mutations in dystrophin-encoding gene,
is strongly linked to inflammation. Our previous study demonstrated that heme oxygenase-1 (HO-1), an anti-inflammatory
enzyme, is elevated in muscles isolated from mdx mice and
DMD patients, and HO-1 inhibition aggravates DMD pathology. Thus, pharmacological induction of HO-1 may represent
a novel approach for DMD therapy. The effect of HO-1 overexpression on human muscle progenitor cells differentiation
and regenerative potential, however, has not been thoroughly
investigated while human induced pluripotent stem cells (hiPSCs) which efficiently differentiate into skeletal muscle cells
can be used to address this issue.
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Therefore the aim of this study was to assess the effect of
cobalt protoporphyrin IX (CoPPIX, a potent inducer of HO-1)
treatment on the progression of DMD in mdx mice and to evaluate differentiation capability of hiPSCs overexpressing HO-1
as well as their regenerative potential upon injection into damaged muscle of NOD/SCID mice.
To investigate the effect of CoPPIX-induced HO-1 overexpression in the progression of DMD, mdx mice were intraperitoneally injected with CoPPIX and subsequently animals were
subjected to an exhaustion treadmill test to assess muscle
functionality. CoPPIX treatment did not affect exercises capacity and this observation was validated by histological and
biochemical analysis showing a similar level of inflammatory cells infiltration and fibrosis in treated and control mice. In
summary, induction of HO-1 by application of CoPPIX does
not attenuate the progression of DMD.
To investigate the effect of HO-1 on human myogenesis control and HO-1-overexpressing hiPSCs were subjected to myogenic differentiation. Both cell lines could be differentiated
into muscle satellite cells, myoblasts and had an ability to fuse
into myotubes. Elevated HO-1, however, decreased cell fusion ability and expression of MyoD, MyoG, Pax7 and microRNA -1, 133a/b, -206. Control and HO-1-overexpressing hiPSC-derived myoblasts injected into the cardiotoxin damaged
muscles of NOD/SCID mice did not integrate with the tissue.
However, there were significant changes in the muscle regeneration upon administration of cells with high HO-1 level.
To sum up, our research shows, that HO-1 inhibits differentiation in cell culture in vitro and after cell injection in vivo. These
results, as well as the importance of HO-1 in normal muscle
recovery, indicate that appropriate regulation of HO-1 expression may be the right strategy, but the use of the method for
therapeutic purposes requires further investigation.
Supported by National Science Center (NCN) grant MAESTRO (2012/06/A/NZ1/00004)
P10.3
Development of new HGPS cellular model and evaluation
of genetic drugs efficiency for HGPS therapy.
Volha Dzianisava1; Katarzyna Piekarowicz1; Magdalena Machowska1; Ryszard Rzepecki1
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Hutchinson-Gilford progeria syndrome (HGPS) is a rare genetic disease belonging to laminopathies, caused by a point
mutation in the LMNA gene. The de novo mutation activates
cryptic donor splice site and leads to deletion in lamin A
mRNA, therefore a shorter version of prelamin A, called progerin, is synthesized. In contrast to lamin A, farnesylated
C-terminal end of progerin is not cleaved in the nucleus but
remains attached to the nuclear envelope. The permanent
anchorage of progerin to the nuclear membrane disarrange
the nuclear lamina structure and functions, leading, among
others, to changes in nuclear shape, abnormal chromatin organization, gene expression, and signaling.
Until now all available strategies to treat HGPS aimed at decreasing the progerin level, inhibiting progerin farnesylation,
or both. We decided to develop HGPS gene therapy based on
progerin expression silencing at the mRNA level. A new HGPS
cellular model was designed by us to allow fast and easy genetic drug screening and estimation of their effect at the transcript and protein level. HeLa cell line was stably transduced
with retroviruses encoding GFP, GFP-lamin A or GFP-progerin
to allow analyses of living cells fluorescence intensity using a
variety of methods, as well as for typical biochemical analyses
on harvested cells.

siRNA sequences recognizing the joint of exon 11 and 12 in
progerin mRNA were designed and tested using our cellular
model. siRNAs specificity was analyzed by measuring GFP
fluorescence intensity with flow cytometry and protein level
with western blotting. Based on obtained results we chose
siRNAs that were able to sufficiently decrease GFP-progerin
protein level, but not GFP-lamin A level. Developed HeLa sublines were also used to analyze drugs, such as sulforaphane,
lonafarnib, all-trans retinoic acid, and rapamycin, in order to
further examine synergism of selected siRNAs and drugs.
Selected siRNAs will be tested in HGPS patient fibroblasts
alone, as well as in combination with drugs. Best siRNA sequences will be cloned into the plasmid and expressed as
miRNA under the RNA polymerase II promoter in the HeLa cell
lines and HGPS patient fibroblasts. Finally, we will produce
AAVs with the sequence coding for the chosen siRNA and test
it in a mouse HGPS model.
The research is supported by grant ERA-NET-E-RARE-3/III/
TREATHGPS/10/2018 from the Polish Agency NCBR.
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Satellite cells are stem cells responsible for regeneration of
skeletal muscles which makes for their role in various disorders like Duchenne muscular dystrophy. To date, signaling
pathways regulating their differentiation and quiescence as
well as how their dysfunctions are associated with maladies
are not fully recognized. Induced pluripotent stem cells (iPSCs) technology combined with CRISPR/Cas9 gene editing
method provide a platform for efficient generation of various
cell types with altered genome to study mechanisms of stem
cells differentiation and disease modelling. Nevertheless, to
study satellite cells with this approach, one should be able
to visualize them and efficiently isolate them during differentiation process. This might prove difficult due to their scarcity
and the heterogeneity of their surface markers. To facilitate
the isolation process we have obtained and characterized a
hiPSCs line with GFP expression interlinked with satellite cells’
PAX7 marker. In order to do that, we harnessed the homology directed repair (HDR) induced by Cas9-mediated double
strand DNA cleavage and introduction of a DNA construct with
~600 bp homology arms flanking the GFP sequence preceded by the P2A peptide. At first we designed a gRNA sequence
which directed Cas9 nuclease at the end of PAX7 gene’s exon
8. With use of pSpCas9 plasmid, nucleofection and surveyor
assay we determined which sequence were of best efficiency.
To introduce the GFP sequence, aforementioned HDR-inducing construct was designed, assembled with use of molecular
cloning methods and later nucleofected together with pSpCas9 plasmid into hiPSC line generated from peripheral blood
mononuclear cells using non-integrating Sendai vectors. The
cells were clonally selected and genotyped using PCR to find
clones with correct GFP sequence introduction, differentiated
to satellite cells and observed for green fluorescence. Therefore, we report successful introduction of GFP sequence into
PAX7’s locus in a hiPSC line which can be therefore easily
distinguished and isolated from other cell types. The cells
obtained by us could facilitate the research on satellite cells’
differentiation regulation and the role of its dysfunctions in disorders as well as that focused on finding a targeted or cellbased therapy for them.
Supported by MAESTRO grant No: 2012/06/A/NZ1/0004 from
National Science Center.
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Genome instability and depletion of cardiac progenitor
and resident cells in Duchenne muscular dystrophy

Slow divisions of murine melanoma cells mark the population with melanoma initiating cells properties

Šárka Jelínková1; Franck Aimond2; Amanda Finan-Marchi2;
Valerie Scheuermann2; Petr Fojtík1; Yvonne Sleiman2; Gilles
Carnac2; Alain Lacampagne2; Petr Dvorak3; Albano Meli2,3;
Vladimir Rotrekl1

Anna Kusienicka1; Karolina Bukowska-Strakova1; Maciej Cieśla1; Witold Nowak1; Iwona Bronisz-Budzyńska1; Agnieszka
Seretny1; Monika Żukowska1; Jan Wolnik1; Józef Dulak1; Alicja
Józkowicz1

Department of Biology Faculty of Medicine Masaryk University and ICRC International Clinical Research Center St.Anne‘s
University Hospital Brno
2
PhyMedExp University of Montpellier INSERM U1046 – CNRS
UMR9214
Amanda Finan-Marchi PhyMedExp University of Montpellier
INSERM U1046 – CNRS UMR9214
3
Department of Biology Faculty of Medicine Masaryk University

1

1

Duchenne muscular dystrophy (DMD) and Becker muscular
dystrophy (BMD) are genetic conditions characterized by the
lack of functional dystrophin. The progressive muscular pathology has devastating effect on the quality and lifespan of
male patients. Majority of the DMD patients develops cardiac
muscle fibrosis and dilated cardiomyopathy eventually leading to heart failure and premature death.
Although molecular mechanisms leading to the DMD cardiomyocyte (CM) death were described during the recent decades, the link between dystrophin deficiency and delayed
onset of cardiomyopathy is still unclear. Nevertheless, recent
evidence suggests potential involvement of cardiac resident
cells (CRC).
We have previously shown that DMD patient specific human
pluripotent stem cells (hPSC) show increased DNA damage
and genome instability caused by deregulated NO synthase
leading to increased oxidative stress. We hypothesized that
similar DNA damage in CRC could lead to their depletion in
the heart and contribute to the progression of dilated cardiomyopathy that affects DMD and BMD patients
We thus used DMD patient derived hPSC and differentiated them into early cardiac progenitors (CP) (Nkx2.5+) that
showed significantly increased DNA lesions. Furthermore, the
DMD Nkx2.5+ cells show increased proliferation, but lower cardiomyocyte formation compared to wild type (WT) cells pointing to cardiac maturation impairment of DMD Nkx2.5+ cells.
We also used mdx mouse model lacking dystrophin, to investigate the CRCs depletion in the organ with aging and its
mechanism. We observed dramatic increase in CRC population (c-kit+ cells) in young adult (2-3 months) mdx mice
hearts followed by steep decrease in mature mdx adult (5-6
months) mice, contrary to WT mouse hearts, in which the
CRC population in both young and mature hearts is stable.
The CRC depletion in mdx animal hearts is associated with
elevated nuclear DNA damage.
Based on these results, we conclude that dystrophin deficiency leads to elevated proliferation of CRCs. We suggest that
elevated proliferation together with NOS induced-ROS mediated-genomic instability leads to CRCs depletion and subsequently to limited regenerative/homeostasis capacity of the
myocardium. In contrast to mere CM damage, this chain of
events could explain the delayed onset of cardiac symptoms
in DMD and BMD patients.
Ministry of Education, Youth, and Sports of the Czech Republic (7AMB13FR011, LQ1605 LQ1601), European Regional Development Fund - ENOCH (No. CZ.02.1.01/0.0/0.0/16_019/00
00868), Grant Agency of Masaryk University, Faculty of Medicine (no. MUNI/A/1087/2018), French Muscular Dystrophy
Association (AFM; 20225), PHC Barrande (35662WG) and
the “Institut National pour la Santé et la Recherche Médicale”
(INSERM).

Department of Medical Biotechnology, Faculty of Biochemistry,
Biophysics and Biotechnology, Jagiellonian University, Krakow
Melanoma is a highly aggressive skin cancer, resistant to
chemo- and radiotherapies. The recently identified label-retaining melanoma cells have some features of cancer stem
cells (CSC), are highly invasive and disseminate from primary
tumor mass at early stage. However, there is growing body of
evidence showing that melanoma may not follow the canonical CSC hierarchy and that changes in xenotransplantation
assays seem to have higher influence on tumorigenic potential of melanoma than CSC phenotype. Therefore our aim was
to characterize slowly cycling cells in murine melanoma cell
line B16-F10 and check their tumorigenic potential in syngenic serial transplantation assay.
In earlier experiments we showed that none of the proposed
surface markers can discriminate CSC in murine melanoma cell line. Here, using PKH26 dye retaining technique we
distinguished small subpopulation of dye retaining cells and
characterized these cells in vitro and in vivo. Both PKH26-positive cells and PKH26-negative cells were able to re-establish
the heterogeneity of parental population and gave rise both
to PKH26-negative and PKH26-positive fractions. However,
only progeny of PKH26-positive cells displayed increased
resistance to doxorubicin and decreased expression of melanogenesis genes: Trp2 and Gp100. In vitro assays showed
that slowly cycling PKH26-positive cells are less clonogenic than PKH26-negative cells. Accordingly, in vitro extreme
limiting dilution assay (ELDA) revealed that PKH26-positive
population display smaller fraction of clone forming cells
than PKH26-negative population. This phenomenon was
even more pronounced in secondary ELDA. Importantly, in
vivo, in syngenic transplantation assay only slowly cycling
PKH26-positive cells were able to form tumors from as little as 10 transplanted cells. Moreover, when inoculated in
serial transplantation to secondary and tertiary recipients,
PKH26-positive cells maintained their tumorigenic potential
what confirms their self-renewal capacity.
To sum up, slowly cycling cells in murine melanoma display
enhanced tumorigenic potential in vivo in syngenic transplantation assay, indicating their important role in tumor maintenance.
Such potential cannot be detected in routine in vitro assays.
P10.7
Human induced pluripotent stem cells differentiated to endothelial cells as a tool for studying the role of angiogenesis in Duchenne muscular dystrophy
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Duchenne muscular dystrophy (DMD) is an X-linked recessive
disorder caused by the mutation in the dystrophin-encoding
gene, DMD. The lack of functional protein leads to the rapid
degeneration of skeletal and cardiac muscles. As dystrophin
is also present in endothelial cells, alterations in angiogenesis
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process are suggested to have a significant impact on DMD
severity. Induced pluripotent stem cells (iPSCs) and their direct
differentiation to the endothelial cells generate the possibility
to study the role of angiogenesis in the disease progression.
To better understand the pathology of DMD we generated human iPSCs from peripheral blood/fibroblasts of a healthy donor and DMD patient. Additionally, using CRISPR/Cas9 method we established isogenic cell line with deletion of exon 50 in
the DMD gene. Successfully optimized differentiation protocol
was utilized in order to obtain endothelial cells (iPSCs-ECs).
Furthermore, based on the cell-type specific markers, FACS
sorting was performed and differentiated cells were used to
assess if the alterations of angiogenesis observed in a mouse
model of the disease (mdx mice) are also reflected in human
in vitro DMD model. Decreased expression of endothelial
markers, CD31, and VE-cadherin, as well as impairment in the
angiogenic potential in tube formation assay on Matrigel of
cells devoid of dystrophin, were evident. Moreover, the level
of osteopontin, the marker of fibrosis and inflammation was
increased in the DMD iPSCs-ECs.
Further characterization of obtained cells including accurate
functional assays will help to understand the contribution of
the angiogenesis-related changes in the pathology of DMD.
Supported by grant 2016/21/B/NZ1/00293 (AL) from the National Science Centre.
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The role of miR-378a in maturation of human induced
pluripotent stem cells-derived cardiomyocytes.
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Cardiomyocytes derived from human induced pluripotent
cells (hiPSC-CM) serve as a potent tool for drug screening
and disease modelling however their immature, fetal-like phenotype limits this potential. During cardiogenesis, acquisition
adult characteristics of human cardiomyocytes may be induced by higher fatty acids availability after birth. Importantly,
this can be translated to hiPSC-CM in in vitro conditions by
application of fatty acid-rich cell culture media. Nevertheless,
pathways which drive metabolic-driven maturiation have not
been addressed enough.
miR-378a is one of the most highly expressed microRNAs in
the heart. Its expression increases with life time and in long
term hiPSC-CM culture. Of note, it is expressed only in cardiomyocytes and not in any other cells in heart. miR-378a is
involved in hypertrophic growth via regulation of IGF1R and
MAPK kinases pathways and in regulation of metabolism. Despite all of those functions, role of miR-378a in the heart has
not been well investigated so far.
hiPSC miR-378aKO were generated by CRISPR/Cas9-mediated knockout of miR-378a locus from 1st intron of PPARGC1b.
Modified cells expressed pluripotency markers (NANOG,
SALL4, SOX2, DNMT3b) and differentiated into cells of three
germ layers both in in vitro and in vivo. hiPSC miR-378aKO
differentiated into cardiomyocytes with high (>85%) efficiency, similarly to control hiPSC. Culture in medium containing
100µM palmitic acid (FAM) increased miR-378a expression
in hiPSC-CM. We also observed that hypertrophic growth is
promoted in miR-378a-deficient cardiomyocytes in media
containing either glucose (GLCM – glucose containing medium) or fatty acids (FAM) as an energy source. Titin N2B/ Titin
N2BA ratio is decreased in hiPSC-CM miR-378aKO in GLCM

and FAM. The mitochondrial content and mitochondrial membrane activity are decreased in hiPSC-CM FAM in comparison
to control.
These data show that hiPSC-CM miR-378a are less mature
than control ones, which suggests that miR-378a connects
cardiac metabolism and hypertrophic growth during maturation process.
Supported by the MAESTRO grant No: 2018/30/A/NZ3/00412
from the National Science Centre
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Duchenne muscular dystrophy (DMD), a debilitating genetic
disease caused by the lack of dystrophin is characterized by
progressive muscle weakening and degeneration. Interestingly, dystrophin is also expressed in endothelial cells (EC), suggesting that angiogenesis process might have an impact on
DMD pathology. Based on our previous studies showing the
pro-angiogenic role of heme oxygenase-1 (HO-1) we aimed
at the investigation of both angiogenesis status and the effect
of HO-1 knockout in mdx mice, the murine model of DMD.
Firstly, we showed that the level of several angiogenesis-related genes is changed in mdx mice in comparison to wild
type (WT) counterparts, with, among others, pro-angiogenic
Vegfa being strongly downregulated, as evidenced by RNA
sequencing analysis. Furthermore, we noticed that Kdr mRNA
expression is decreased in EC isolated from lungs of mdx vs.
WT mice. Concomitantly, reduced retinal angiogenesis was
observed in 6 days old mdx pups, as evinced by immunofluorescent staining of isolectin B4 suggesting impaired blood
vessels formation. Moreover, by applying proteome-based
angiogenesis array we showed that the level of pro- and anti-angiogenic proteins is significantly changed in mdx vs. WT
mice as well as in double knockout (mdx/HO-1-/-) vs. mdx
animals, implying the possible role of HO-1 in angiogenesis
alterations. Accordingly, functional studies utilizing a murine
model of hind limb ischemia (HLI) was performed and impaired neovascularization of mdx/HO-1-/- vs. mdx mice was
visible. FACS analysis of different cell population 3 days after
HLI revealed significant depletion of CD31+ ECs in mdx/HO1-/- vs. mdx animals, accompanied by a substantial decline
in a number of muscle satellite cells and severe inflammatory
cells infiltration. In conclusions, we demonstrated that angiogenesis is altered in dystrophic mice and HO-1 might be
proposed as a factor contributing to this process. Supported
by grant No. 2016/21/B/NZ1/00293 (AL) from the National Science Centre.
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The severity of Duchenne muscular dystrophy (DMD) – an incurable disease resulting in walking and breathing difficulties,
might be affected by microRNAs (miRNAs). Among them, miR378 is thought to play an important role in muscle development,
metabolism and angiogenesis; however, its role in DMD and its
murine model (mdx mice) has not been thoroughly addressed.
We demonstrated that double knockout animals (mdx/miR378-/-) were stronger than mdx mice and ran similar distance to
wild-type (WT) mice in a downhill treadmill test. Simultaneously,
markers of muscle damage and regeneration in serum: lactate
dehydrogenase and osteopontin, respectively, were markedly
decreased in mdx/miR-378-/- vs. mdx mice. This was followed
by diminished inflammation, fibrosis and reduced expression
of regenerative fibers in muscles. To shed more light on the
molecular pathways responsible for observed effects we performed the comparative transcriptome analysis on gastrocnemius muscle and liver samples. Although muscle RNA-sequencing revealed only few differentially expressed genes,
fibroblast growth factor 1 (FGF1) was among the most downregulated genes in miR-378-/- vs. WT animals. Furthermore,
stimulation of muscle satellite cells (SCs) with FGF1 normalized
differentiation of mdx/miR-378-/- SCs to the level of mdx SCs.
Even more strikingly, results from liver RNA-sequencing pointed out the significant role of metabolic changes caused by the
lack of miR-378, as pronounced differences in the expression
of genes related to e.g. lipid metabolism were noticed in mdx/
miR-378-/- vs. mdx mice. As such, we suggest that attenuated
phenotype of mdx mice lacking miR-378 is not solely driven by
muscle-specific changes, but involves modulation of systemic metabolism. Hence, the administration of pharmacological
agents influencing miR-378 level could possibly ameliorate the
severity of the disease. Supported by 2012/06/A/NZ1/0004 (JD)
and 2016/21/B/NZ1/00293 (AL) from National Science Centre.

Amyotrophic lateral sclerosis is an incurable, neurodegenerative disease with only few treatment options which prolong
survival for about few months. Despite years of intensive
research the exact cause of the disease remains unknown.
Therefore, great focus is being put on further investigation of
ALS molecular background. Micro RNAs are small, noncoding RNA fragments which act mostly as regulators of gene
expression. They have been proposed as both, markers of
various diseases and molecules that correlate with disease
progression. It has been previously proposed that miR-16-5p
may exert beneficial effects on neurological system. Studies
on animal models of Alzheimer’s disease have shown that
administration of miR-16-5p to CNS caused reduction of amyloid precursor protein. Moreover in general in ALS patients
compared to healthy controls levels of this microRNA are
decreased. MiRNA-9 in turn acts as regulator of nerve tissue
development. It is highly expressed in developing and adult
brains. In this study we assessed expression of those two
selected miRNAs in cerebrospinal fluid of ALS patients after
autologous transplantation of lineage negative cells into subarachnoid space via lumbar puncture.
MATERIAL AND METHODS
Early hematopoietic Lin- cells were isolated from twenty ALS
patients’ bone marrow and administered into the subarachnoid
space by lumbar puncture. miRNA isolation and expression
analysis was performed in the cerebrospinal fluid before cell
administration and one week after cell transplantation. Quantitative assessment of the expression of the selected miRNAs
(miR-16-5p and miR-9-5p) was performed by qRT-PCR.
RESULTS
We have observed statistically significant increase of miR-165p expression . On the 7th day post transplantation the expression was more than two-fold higher than on day 0. When
it comes to expression of miR-9-5p we have also noted an
increased expression one week after cells administration,
however this time it was not significant.
CONCLUSIONS
Obtained data suggest that administration of lineage negative
cells may have beneficial impact on the environment of CNS.
These effects could be exerted via stimulation of the expression of molecules that have been described as ones involved
in processes of neuroprotection and development of neural
cells. In our further studies we aim to investigate the role of
selected miRNAs as well as their target genes in pathogenesis of ALS.
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Stem cell research, fundamental rights and patent law –
how scientific progress influences patentability
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The patent law in Europe is characterised by a rather strict approach to the patenting of inventions involving human embryonic stem cells (hESC). The patentability of inventions based
on material obtained through the destruction of an embryo is
excluded on moral grounds. Consequently, embryo protection in patent law is stronger than in the case of some other
areas of law, including laws governing the very conduct and
financing of research. This may lead to paradoxical situations,
where a particular research protocol is admissible and positively assessed by a bioethics committee, but its effects are
deemed immoral to use and hence not patentable. This begs

50

several questions regarding the conformity of such state with
the principle of proportionality and some fundamental rights,
protection of autonomy, freedom of research etc.
In the presentation, I analyse laws governing stem cell research
in several countries, including the EU, Poland, Germany, and
the UK, as well as some seminal decisions of the European
Patent Office (e. g. G 2/06, T 1441/13, T 1808/13) and of the
Court of Justice of the European Union (C-34/10, C-364/13)
in order to examine the possibilities of conducting research
and patenting human embryonic stem cells and the processes involving them. I also compare the approaches taken by
the above mentioned authorities, and some national courts.
As it turns out, a careful interpretation of the decisions above,
leads to a conclusion that it is the necessity of the destruction
of an embryo during procurement that is the main reason for
exclusion of hESC-connected inventions from patentability.
With advancements in stem cell research, including procurement not involving the destruction of an embryo or induced
pluripotent stem cell lines (e. g. J. Yu et al., Science 2007, vol.
318, No. 5858) patenting possibilities may have broadened
thanks to scientific progress. An analysis of laws regarding
the use of embryos in various countries suggests that in some
cases, while it’s the use of embryos for scientific purposes
that’s forbidden, the laws do not prohibit research on hESC
themselves. The legal admissibility of hESC research in such
countries would then depend on the adopted definition of the
embryo.
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Fluctuations in light intensity and spectra result in episodes
of excess energy. Rapid adaptation to such dynamic changes requires coordinated communication at the cellular level
but also between leaves and roots. It was shown that miRNAs
regulate gene expression in a number of plant developmental processes and stress responses. Despite its significance,
the role of miRNAs in the light stress signaling is not sufficiently studied. To determine if the expression of miRNAs is
regulated by high light (HL) both in light-stressed shoots and
dark-grown roots we used Arabidopsis thaliana plants growing in hydroponic conditions. The physiological response in
low light acclimated plants exposed to HL stress was analyzed using chlorophyll fluorescence parameters. Additionally, we examined the expression level of several genes known
as markers of redox changes. Micro-transcriptomic analysis
of HL-triggered miRNAs expression changes confirmed that
induced response varies between both organs. This stress
signal has to be induced in the rosette and travels through
the plant to dark grown root since changes in miRNAs expression were abolished in HL-exposed root separated from
the rosette. The validation of the obtained results was carried
out using Two-tailed RT-qPCR. Moreover, chemical inhibition
of the photosynthetic electron transport by either DCMU or
DBMIB indicated that the plastoquinone pool contributes to
this regulation connecting the redox signals with HL-induced
miRNAs response. Besides that analysis of A. thaliana mutants revealed that singlet oxygen signaling pathways may affect the expression of selected miRNAs. Linking the regulation
of photosynthetic redox state and ROS signaling to miRNAs
abundance, we underpin the miRNA involvement in the nuclear-organellar crosstalk.
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Boron (B) is an essential microelement for plant function. The
range between optimum and toxic levels of boron for plant
species is narrow; therefore, boron deficiency and toxicity
have been commonly observed. Both global warming and reduced rainfall have increased the demand for underground
water, especially in the last 20 years. The high boron content of
underground water in the agricultural areas (those are mainly
arid and semi-arid) is one of the main issues for decreased
agricultural yield along with decreased rainfall in some areas.
Some plant species (Gypsohila spp., Puccinellia spp., Elymus
elongates and so on) naturally grows in the regions where the
boron content is extremely high. Several groups have conducted preliminary works on some of these species to determine boron resistance genes and to illuminate the resistance
mechanism; however, the research was limited to transcriptional and physiological analyses, and no resistance gene
has been determined. We conducted series of experiments to
isolate and characterize genes conferring resistance to boron
toxicity in European alkali grass (Puccinellia distans), a cereal
plant. It is well-adapted in soils with high boron content. Using
functional genomics approach, we identified European alkali
grass genes which confer boron resistance. Using confocal
microscopy and RT-qPCR techniques, we also investigated
the intracellular localization of the candidate proteins and direct induction of mRNA levels in response to boron stress.

L11.3
Microautophagic vesicle formation requires autophagy-related genes under starvation in plants
Shino Goto-Yamada1; Jakub Bizan1; Kenji Yamada1
Malopolska Centre of Biotechnology, Jagiellonian University,
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Autophagy is an essential system to degrade and recycle cellular components to survive under the starved condition. Autophagy is classified as macro-, micro-, and chaperone-mediated autophagy and autophagy is refers macroautophagy in
many cases. While most of the study about molecular mechanisms of the plant autophagy focus on macroautophagy, the
knowledge about microautophagy in plants is little. Previously
we reported that the application of a papain protease inhibitors E-64d and a fluorescent membrane marker FM4-64 to
plant seedlings or tobacco BY-2 cells enabled to visualize the
accumulation of vesicles and its aggregates at the border
of tonoplast, which was induced under the sucrose-starved
condition. This vesicle accumulation was arrested with several autophagy-related atg mutants. We monitored the process
after the E-64d treatment. At the early phase of the induction,
we observed the invagination of the tonoplast and cytosolic
acid granules are trapped into the tubule. FM4-64 signal is detected on the invagination site and colocalizes with tonoplast
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marker. Besides, in the later phase, FM4-64 was detected as
a number of vesicles in the vacuole, and most of the vesicles indicate higher acidity than that of the vacuole. In the atg
mutants, vesicle formation was stopped on the tonoplast and
formed abnormal rod-shaped structures. We concluded that
the starvation induces microautophagy in plant cells, which
requires ATG genes to complete the process.
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Stress in plants can be attributed to abiotic or/and biotic causes. Subsequent defence responses occur at a local level, i.e.
at the site/in the vicinity of stress, or systemically, i.e. at distant
parts of the plants. The responses related to stress induction are both rapid which includes electric signals, oxidative
burst and expression of defense-related genes or late which
consist of phenomena like callose deposition, accumulation
of proteinase inhibitors and hydrolytic enzymes. In the current study, we provide experimental data on detection and
localization of reactive oxygen species (ROS) and oxidative
stress imaging resulting from wounding/mechanical injury of
Arabidopsis leaves. It is shown that following wounding, ROS
are produced including superoxide anion radical (O2•-) and
singlet oxygen (1O2). As a consequence of ROS generation,
oxidation of biomolecules, predominantly of polyunsaturated
fatty acid (PUFA) occurs leading to the formation of intermediates product of biomolecule oxidation and electronically excited species.
The study also deals with the challenges that must be overcome during the usage of fluorescent probes in confocal laser scanning microscopy which include the short half-life of
ROS, cross-reactivity of fluorescent probes, uneven uptake of
probes by cells within tissues, dose-dependent toxicity (either
of the fluorescent compounds and/or solvent). Besides the
shortcomings, the use of fluorescent probes is demonstrated
as one of the best methods to sensitively and selectively identify the reactive species and intermediates. Since the ROS and
related redox changes modulate the signaling event, the use
of fluorescent probes is considered beneficial in understanding signaling in plants.
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Insights into The Genetic Mechanism of Selenium (Se)’s
Protective Effect in Brachypodium distachyon Plants Under Cadmium (Cd) Stress
M. Aydin Akbudak1; Sukran Yildiz1
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Rapid industrialization and excess use of inorganic fertilizers
cause accumulation of heavy metals such as lead, mercury,
arsenic and cadmium in agricultural areas worldwide. Accumulation of such metals affects not only soil fertility and ecosystem functions, but also plants and organisms consuming

them. Heavy metal contamination in soils is among the most
significant environmental issues. Research showed that selenium in low concentrations had a protective effect on plants
under heavy metals; however, the molecular mechanism of
this protective effect has not been illuminated yet. This protective mechanism could be involved in activating plant antioxidant systems or preventing cadmium uptake into plants. In
the present research, protective effect of selenium in Brachypodium distachyon under cadmium toxicity was investigated
using physiological and transcriptomic parameters. Bd-21
seeds of Brachypodium distachyon were individually grown
in 7x7 cm square-top pots containing 1/3 of perlite, sand and
peat pellets. To determine non-toxic doses of selenium and
toxic doses of cadmium, 2-month-old plants were exposed to
selenium (0.02 – 0.25 – 0.50 – 1.00 – 1.50 – 2.00 ppm) or cadmium (1 – 3 – 5 – 10 – 15 – 30 – 40 ppm). Cd and Se amounts
in both plants and soil were tested for elemental accumulation,
and MDA and H2O2 amounts were determined to evaluate
plant stress levels. The effect of cadmium toxicity and the protective effect of selenium were investigated through RNASeq.
Treatments were subjected to GO and KEGG analyses.
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Callitriche cophocarpa as a model to study on arsenic
phytobial remediation of waters
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The macrophytes of the Callitriche genus are found worldwide
in aquatic environments with extremely high contents of As
compounds. In our earlier study we proved Callitriche cophocarpa biomass has a very high sorption capacity when dried
and treated by both As(III) and As(V). The goal of this study
was to figure out what the physiological status of plants subjected to elevated As concentrations is and if the alive plants
are able to accumulate As to high contents. Moreover, we also
reported on the analysis of As-resistant bacterial symbionts
isolated from the plant material.
The plants collected from the natural stands were incubated in
solutions containing As(III)/As(V) for 7 days under semi-natural
conditions. The solutions were made of natural, filtrated (0.22
µm pore size) river water enriched with As(III) (NaAsO2) or
As(V) (NaHAsO4x7H2O) to obtain final As concentration: 5, 10,
50, 100 and 500 µM. The following analyses were performed:
(1) basic biometric parameters, (2) plants’ morphology, (3)
photosynthetic pigment contents, (4) secondary phenolic compounds, (4) As accumulation by plants and bioconcentration
factor (BCF), (5) bacterial symbionts resistant to As.
We observed a good physiological status of the plants up to
the concentration of 10 µM As(III) and 50 µM As(V). According
to HPLC analyses 10 secondary phenolic compounds were
identified in Callitriche shoots, 6 acids: chlorogenic, caffeic,
trans-p-coumaric, ferulic, sinapic, trans-cynnamic, and 4 flavonoids: rutin, hesperidin, quercetin and kaempferol. Plans
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treated by diverse As species showed similar contents of total
phenolic compounds. Although the contents of some of the
identified phenolic compounds differ significantly when compared to control. ICP-MS spectroscopy enabled to measure
As accumulation by the shoots. The highest accumulation
was found in plants treated by 50 µM of the element. In the
case of As(V), accumulation reached 1 mg/g d.w., and the
BCF was equal to 609. In the case of As(III) these values were
c.a. 2-3 times lower, 0.4 mg/g d.w. of As and BCF 220.
7 days-old Callitriche cultures treated with 500 µM of As(III)
and As(V) exhibited disintegration of plant tissue and turbidity
of growth media. Form these cultures 13 different As-resistant bacterial strains were identified. Several strains overcame
As(V) concentration in the culture medium with more than 260
mM. Bacterial symbionts which show high resistance to As,
modulate the bioremediation of this element by the macrophytes of Callitriche genus. The mechanisms of this control
still has to be elucidated.
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High production of phenolic acids in shoot cultures of Aronia melanocarpa L. cultivated in PlantForm bioreactors
Halina Ekiert1; Paweł Kubica1; Adrianna Pałka1; Agnieszka Szopa1
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Phenolic acids, derivatives of cinnamic acid, benzoic acid,
phenylacetic acid and also depsides are the plant secondary
metabolites with very important in pharmacy and cosmetology antioxidant activity.
Agar and agitated shoot cultures of A. melanocarpa established
in our laboratory produce high amounts of phenolic acids.
The aim of the present study was the establishment of shoot
cultures of this plant species in PlantForm bioreactor (temporary immersion system).
The shoot cultures were cultivated on Murashige and Skoog
medium (MS) containing 1 mg/l BAP and 1 mg/l NAA (3 series). The shoots and culture media samples were collected
after 4 and 6 weeks growth cycles. In methanolic extracts
the LC-DAD analysis of 26 phenolic acids was performed.
In the shoot extracts the presence of 11 compounds were
confirmed. The main metabolites were: 3-phenylacetic acid,
3,4-dihydroxyphenylacetic acid and one depside – isochlorogenic acid. Higher total content of metabolites was confirmed
after 4-week growth cycles – 693.29 and 365.11 mg/100g
d.w., respectively. The maximal amounts of metabolites were
as follows: 3-phenylacetic acid – 374.87 mg/100g d.w., 3,4-dihydroxyphenylacetic acid – 58.64 mg/100g d.w. and isochlorogenic acid – 77.84 mg/100g d.w., respectively. Extracts
from the culture media were found to contain no metabolites.
The established for the first time in PlantForm bioreactors
shoot cultures of Aronia melanocarpa grow satisfactory and
they could be a potential rich source of some phenolic acids
– famous antioxidants.
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Dynamics of phenolic acids production in Aronia melanocarpa L. agitated shoot cultures during the growth cycles
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Phenolic acids are one subgroup of polyphenols of plant origin
with important in pharmacy and cosmetology antioxidant activity. These compounds comprise derivatives of cinnamic acid,
benzoic acid, phenylacetic acid and also depsides.
Agar and agitated shoot cultures of A. melanocarpa established in our laboratory produce high amounts of phenolic acid.
The aim of the present study was establishment of agitated
shoot cultures and monitoring of dynamic of phenolic acids
production during 8-weeks growth cycles.
The shoot cultures (3 series) were cultivated on Murashige
and Skoog medium (MS) supplemented with 1 mg/l BAP and
1 mg/l NAA. In the methanolic extracts of shoots and culture
media samples collected at 1-weeks intervals the LC-DAD
analysis of 26 phenolic acids was performed. In the media
samples no phenolic acids was confirmed. In all shoot extracts the presence of the same 11 compounds was detected. The main metabolites were: 3-phenylacetic acid, 3,4-dihydroxyphenylacetic acid, and two depsides – isochlorogenic
acid and cryptochlorogenic acid (maximal amounts 803.28,
317.76, 380.01 and 315.25 mg/100 g d.w.). After 3 weeks of
growth cycles the total content of phenolic acids increased
gradually from 1128.25 to max. content 1237.62 mg/100g d.w.
(after 5 weeks) and later gradually decreased to 75.15 mg/100
g d.w. (after 8 weeks).
The obtained results are interesting from practical point of
view. They documented that agitated shoot cultures of A. melanocarpa could be a potential rich source of phenolic acids.
They documented also the highest production of phenolic acids after 5-weeks growth cycles.
P11.5
Proteomic changes during the development of nematode-induced syncytium on tomato roots.
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Warsaw University of the Life Sciences, Warsaw, Poland
University of Warsaw, Poland

1
2

Globodera rostochiensis is a plant pathogenic nematode,
infesting potato, tomato and other members of Solanaceae
family. It is one of the most deleterious pests of these hosts
and causes significant crop losses all over the world. G. rostochiensis belongs to the cyst nematode subfamily and during
pathogenesis it induces the formation of specialized feeding
structures called syncytia on infected roots. The complex regulation of syncytium development was studied in many species using the transcriptomic approaches. However, still little
is known about the regulation of this process at the protein
level. We aimed to define the dynamics of tomato proteome
during the course of formation of syncytium on G. rostochiensis infected roots. In this study, we used Mass Spectrometry
methods to determine alterations at the level of protein quantity and protein phosphorylation. The changes were monitored
at three stages of syncytium development. In order to obtain
a greater insight into this process, we included an analysis of
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resistant tomato lines carrying the resistance gene Hero. Several candidates were evaluated at the transcriptional level and
were selected for further studies. Our findings uncover new
levels of regulation of syncytium development, which include
alterations in protein abundance and their post-translational
modifications.
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Carrot miniature-inverted-repeat-transposable-element-derived siRNAs in response to salinity stress
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Miniature inverted-repeat transposable elements (MITEs) are
the most numerous faction of DNA transposons in plant genomes. They are small, non-autonomous, possibly mobilized
in trans by related autonomous transposable elements (TEs).
They were shown to be enriched in genic regions and to alter
expression of nearby genes under abiotic stresses. Despite
their ‘selfish’ nature, it is postulated that on the population level, TEs in general and MITEs in particular, provide additional
genome plasticity facilitating plants’ survival in adverse environmental conditions. The primary role of RNA-directed methylation (RdDM) pathway is to control repetitive DNA through
transcriptional silencing. It is triggered by 24-nt-long siRNAs
produced from TEs, and a high share of all siRNAs is derived
from MITEs.
Here, we report on MITE-derived siRNA expression levels and
its modification upon salinity stress. We examined the fraction
of 24-nt-long siRNAs, attributed them to particular MITE families using a custom carrot MITE database comprising more
than 400 consensus sequences representing families. We
quantified siRNA expression in salinity-stressed and control
plants representing two carrot accessions showing different
reaction to salinity, i.e. DH1 (a western carrot line sensitive to
salinity) and DLB-A (an Iranian landrace showing increased
tolerance against salinity). As DH1 was used to assemble the
carrot reference genome, we were able to combine gene and
MITE coordinates and perform a global analysis of gene expression changes in the context of asssociation of genes with
insertion sites of MITEs providing siRNAs, using RNAseq data
for plants growing in contrasting conditions. The siRNA and
mRNA expression data were obtained in three biological replicates for each accession/treatment combination.
Financial support of the National Science Centre, project no.
2016/21/B/NZ9/01054, Poland is acknowledged.
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The ability to introduce foreign genes or produce deletions/
modifications of existing genes will be a powerful and universal tool enabling functional and structural studies of multiple
biological aspects in the plants using stable mutant lines. The
experimental material was unicellular green alga Coccomyxa
subellipsoidea C-169, adapted to an extremely difficult Antarctic environment, its optimum growth is around 20°C. Also,

it is the first organism from the polar environment with a fully
recognized genome sequence, thus becoming an excellent
model organism to study the mechanisms of plant adaptation
to function in low temperatures. The aim of this work was to
develop an efficient and stable transformation of the C-169
nuclear genome.
The first stage of the research was the development of an appropriate method for the selection of green algae transformation mutants. For this purpose, antibiotic tests were carried
out to determine the selection marker, several antibiotics have
been tested. Finally, hygromycin B was chosen as an effective selection marker.
To increase the chance of efficient gene expression, three
plasmids were constructed and examined. First one, contained a hygromycin B resistance gene under the control of the
CaMV 35s promoter (Cauliflower mosaic virus), in the second
plasmid hygromycin B expression was ensured by regulatory
region of the small subunit gene Rubisco from Coccomyxa
subellipsoidea. The third transformation vector contained selective marker gene with codons optimized to the genus Coccomyxa sp. under the control CaMV 35s promoter.
Transformation was performed by three methods: electroporation, PEG mixture and biolistic bombardment gun. It has
been shown, that only electroporation is effective transformation method of C-169 cells.
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Aquatic species of Callitrichaceae family poses unique physiological properties for purifying waters from excessive concentrations of Cr and As. In particular, C. cophocarpa (synonim C.
polymorpha) Sendt. exhibits hiperaccumulation properties for
chromium, in both forms as Cr(III) and Cr(VI).
Callitriche was collected from unpolluted Dłubnia river (southern Poland), transferred to the laboratory, rinsed exhaustively
with tap and deionised water. Then the plants were treated for
7 days by As(III) and As(V) solutions ranging from 5 to 500 µM,
based on filtered (0.2 μm pore size) river water derived from
the natural stands. The plants were incubated in the phytotron
(BIOSELL) under 16 h, 23°C at 80 μmol m-2 s-1 light / 8 h,
18°C, darkness. After 7 days the disintegration of plant tissue
and turbidity of growth media with As(III) and As(V) solutions
of 500 µM were observed and bacteria from these media
were isolated. 10 different bacterial strains were identified –
7 strains from cultures with As(III) and 3 from cultures with
As(V). Isolation was carried by streaking and repeated subculturing till pure strains were obtained. Bacteria were identified
by analysis of the 16S ribosome subunit coding sequences,
using BLAST.
The resistance of isolated strains to following chromium compounds was tested: hexavalent chromium compounds, i.e.
potassium chromate (VI) (K2CrO4) creating ion with smaller
size, and potassium dichromate(VI) (K2Cr2O7) releasing larger ions, as well as trivalent chromium compound i.e. chromium(III) sulphate(VI) Cr2(SO4)3*18H2O. Tests were carried for
3 days, at 20˚C, on Luria Bertani agar plates supplemented
with following concentrations of Cr: 0.05, 0.10, 0.50, 1 and 2
mM. Number of grown colonies was analyzed.
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All strains were resistant to each selected Cr compound up
to concentration of 0.5 mM. The strongest toxicity presents
K2Cr2O7 in concentration of 1 mM and higher. In the case of
K2CrO4 and Cr2(SO4)3*18H2O, 9 out of 10 tested bacteria
were able to grow on medium with 1 mM of Cr(III/VI). Only
one strain was resistant to the highest 2 mM concentration of
Cr(VI) from K2CrO4 compound.
P11.9
Differentially expressed miRNAs and their targets in soybean chilling stress
Jakub Kuczyński1; Jakub Kuczyński1; Agata Tyczewska1;
Joanna Gracz1; Tomasz Twardowski1
1
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Soy is an annual legume grown for its edible bean. Exceptional nutritional value of soybean, with high protein (40%) and oil
(20%) contents, make it one of the staple crops. Political situation in EU greatly hampers the cultivation of GM crops, meanwhile extensive meat production enforces the need for substantial import of soy meal mainly from Argentina. Additionally,
in Polish climate soybean is exposed to chilling stress, which
impairs yield quality. Thus, in order to provide a sustainable
source of soybean we must turn to other solutions, namely development of a chilling resistant cultivars. We aimed to decipher
the role of miRNAs and their target genes in plant chilling stress
response, by determining the changes in their expression levels. Four soybean cultivars were employed for the comprehensive investigation of molecular basis of abiotic stress responses. Swedish cultivar Fiskeby V alongside with Polish Augusta,
were representing stress tolerant cultivars, whereas Japanese
variety Toyomusume was considered to be susceptible to chilling. Lastly, wild soybean Glycine soja was used as a reference.
Small RNAs were isolated from explants of soybean cultivated
in stress and control conditions. Harvested samples consisted of roots and leaflets from seedlings and trifoliates of plants
at vegetative growth stage (V1). Assessment of the differential
expression of miRNAs was performed using high throughput
sequencing of 72 small RNA libraries (accounting for three biological replicates). Additionally, degradome sequencing was
conducted in order to analyze the RNA degradation patterns
and confirm the activity of miRNAs.
The work is supported by a grant no. UMO-2014/15/B/
NZ9/02312 from National Science Centre, Poland and the
Ministry of Science and Higher Education of the Republic of
Poland by the KNOW program.
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Hypericum perforatum L., famous medicinal plant species,
contains among other bioactive compounds, flavonoid aglycones and also glycosides, compounds of polyphenol struc-

ture, with high antioxidant activity. Earlier studies documented,
that in vitro shoot cultures of three H. perforatum cvs (‘Elixir’,
‘Helos’ and ‘Topas’) cultured in our laboratory could be a rich
source of bioactive compounds, e.g. indole compounds, phenolic acids and flavonoids.
The aim of the present study was the establishment of agitated shoot culture of these three cultivars and evaluation of
flavonoids accumulation after 1- and 2-weeks growth cycles.
The shoot cultures of three cultivars were maintained on Murashige and Skoog (MS) medium supplemented with following
concentrations of cytokinin – 6-benzylaminopurine (BAP) and
auxin –1-naphthaleneacetic acid(NAA) [mg/l]: 0.1/0.1, 1/1,
2/2, and 3/3 (3 series). In methanolic extracts of shoots and
media samples collected after 1 and 2weeks of the growth
cycles the quantitative analysis of 32 flavonoids (16 aglycones
and 16 glycosides) using LC-DAD method was performed.
In all shoot extracts the presence of the same six compounds
was detected, three aglycones – kaemferol, luteolin and
quercetin and three glycosides – hyperoside, quercitrin and
rutoside. The main compound in all extracts was quercetin
(max. 1094.13, 1011.78, 402.88 mg/100 g D.W. for ‘Elixir’,
‘Helos’ and ‘Topas’, respectively). The higher total content
of estimated metabolites was confirmed for ‘Elixir’ cv. after
1-weeks growth cycles (1191.66 mg/100 g D.W.), for ‘Topas’
and ‘Helos’ cvs after 2-weeks growth period (1531.71and
1141.16 mg/100 g D.W.). In media extracts any flavonoids
were estimated. The best productive medium for all cultivars was MS variant containing the lowest (0.1 mg/l) tested
amounts of BAP and NAA. The estimated in all cultivars quantities of quercetin were very high. The results documented
differences in the biosynthetic potential of three Hypericum
perforatum cultivars.
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Scutellaria baicalensis (Baikal skullcap) has been used for centuries in traditional Chinese medicine. The root of the Baikal
skullcap (Scutellariae baicalensis radix) is also a recognized
raw material in European therapeutic practice. This raw material
is a rich source of specific flavonoids, especially from the group
of flavones, such as wogonin, wogonoside, baicalein and baicalin, which show a number of valuable biological activities.
The aim of the presented research was to stimulate in vitro
cultures of Scutellaria baicalensis to production and accumulation of flavonoids and phenylpropanoid glycosides.
Agitated cultures were grown on Linsmaier and Skoog medium containing 1.0 mg/l 6 benzylaminopurine (BAP) and 0.5
mg/l 1-naphthaleneacetic acid (NAA). After two weeks of the
growth cycle, methyl jasmonate was added to each flask in
such amounts as to obtain the final concentrations of 10, 50
and 100 μM. The cultures were then continued for 3 or 7 days.
HPLC analysis of extracts from the biomass of cultures
showed the presence of baicalin, chrysin, scutellarin, wogonin
and wogonoside, and verbascoside. Following the addition of
methyl jasmonate, the total amounts of the estimated flavonoids ranged from 125.2 to 310.3 mg/100 g DW after 3 days
of culture, and from 146.1 to 306.6 mg/100 g DW after 7 days.
Higher levels of flavonoids were obtained after using lower
concentrations of the elicitor.
The verbascoside content of extracts was very high. On day
3, after the administration of methyl jasmonate (10μM), it was
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1350.8 mg/100 g DW. On day 7, all the concentrations of the
elicitor resulted in verbascoside amounts above 1 g/100 g DW
(max. 1906.5 mg/100 g DW).
The increases in fresh biomass ranged from 12.7 to 14.8
times on day 3, and from 13.4 to 15.9 times 7 days after administering methyl jasmonate. The applied concentrations of
the elicitor did not inhibit the biomass growth.
The optimization of culturing conditions led to increased accumulation of specific for the Scutellaria genus flavonoids. S.
baicalensis cultures proved to be a particularly rich source of
the phenylpropanoid glycoside – verbascoside.
P11.12
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Soil salinity is currently one of the biggest problems of agricultural production. Mainly due to an inappropriate irrigation
in areas affected by drought comes to accumulation of excess salts in the soil. Salinity is a serious stress factor affecting
plant growth, and the most sensitive are seedlings. Daucus
carota subsp. sativus is an important economically and cultivated worldwide vegetable crop. Carrot storage root is rich
in sugars, vitamins and other nutrients. The most important
compound is beta-carotene that is a provitamin A, necessary
in the human diet. Carrot is also referred as a crop sensitive
to increased salt content in the soil. Response to salt stress
may depend on altered gene expression and production of
proteins involved in resistance reactions, for example heat
shock proteins (HSPs). HSPs are involved in response to heat
stress conditions but also in various abiotic stress tolerances.
According to current knowledge, genes of the early response
to salinity stress are activated about an hour after the stress
factor have act and their expression is maintained at an elevated level up to next several hours.
The purpose of presented scientific activities was to evaluate
expression level of HSP genes in carrot seedlings in term of
early response to salinity stress.
Studies were carried out on plants from a segregating population originating from cross-fertilization of salt-tolerant (DLBA)
and salt-susceptible (2874B) plants. Six weeks after germination carrot seedlings were watered with 150 mM NaCl to
induce salinity stress and with water as the control. Leaves
and roots were collected in intervals (0, 2, 4, 8 and 24 hours
after watering). Subsequently, DNA and RNA were extracted
from seedlings. Based on previous results from Genotyping-by-Sequencing of the F2 population, carrot chromosome
2 had been identified as a genomic region containing determinants of early response to salinity thus in this work 182 seedlings were genotyped for chromosome 2 variants using High
Resolution Melting method. Two candidate heat shock protein
(HSP) genes (LOC108208354, LOC108208857), localized on
chromosome 2, were selected based on the differential expression observed for DLBA plant leaves grown under salinity
stress versus control conditions. The analysis of gene expression was performed using RT-qPCR on F2 plants carrying opposing homozygous variants of chromosome 2.
The results of presented research are the starting point for
further studies on carrot tolerance to salinity and identification
of candidate genes involved in this mechanism.
Research was financed by NCN (Nr 2016/21/B/NZ9/01054).
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Two carrot varieties – salt sensitive doubled haploid line DH1
and tolerant to salinity Asian landrace DLBA – were grown in
soil with EC = 0.2 dS·m-1 for control and EC = 3 dS·m-1 for
stress induction. The RNA was isolated from leaves and roots,
separately for each variety and treatment. Samples representing three biological replicates were composed from 3-7 individual plants and sequenced with Illumina 4000. Raw reads were
trimmed to eliminate adapters and low quality sequences and
mapped to the carrot rDNA to remove rRNA fraction. Reads
were aligned to the carrot reference genome (DH1). Matrix of
counts was generated and used for the analysis of differentially
expressed genes (DEG) of DLBA in relation to DH1.
In the roots of control DLBA plants 4160 DEGs were identified, of which 51% were upregulated and 49% downregulated in comparison to DH1, while in leaves the number of
DEGs was over two-fold lower (1601 DEGs) of which 43%
were upregulated and 57% downregulated. The highest level of upregulation was observed for FER-LIKE IRON DEFICIENCY-INDUCED TRANSCRIPTION FACTOR-like, involved
in iron uptake response, both in the roots (425 fold change)
and leaves (116 fold change). In the roots of DLBA plants
exposed to salt stress 3155 DEGs were identified, 52% of
them were upregulated and 48% downregulated in comparison to DH1, while in leaves the DEGs number was almost
three times higher (8649 DEGs) of which 46% were upregulated and 54% downregulated. The most upregulated gene
in roots was metallothionein-like protein 1 (252 fold change)
involved in ion binding, which could play a role in plant detoxification under salt stress. The most downregulated gene with
415 fold change was uncharacterized non-coding RNA, which
can play a role in regulation of expression. In the leaves the
highest level of upregulation was observed in cannabidiolic
acid synthase-like 1 (1570 fold change) encoding protein with
oxidoreductase activity, while the most downregulated was a
non-specific lipid-transfer protein 1-like (4321 fold change)
which plays role in lipid transport across membrane and may
be involved in wax or cutin deposition.
The DH1 and DLBA are representatives of two different genetic pools, with the DLBA being more adapted to unfavorable
environmental condition, hence the differences observed in
expression pattern of DLBA in comparison to DH1 could bring
more understanding of mechanisms involved in salt stress tolerance in carrot.
The financial support of the National Science Centre, Poland
is acknowledged (2016/21/B/NZ9/01054).
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Role of disulfide bonds in maintaining secondary structure, ascorbate binding and activity of violaxanthin
de-epoxidase.
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One of the most important photoprotective mechanisms developed by photosynthetic organisms is the xanthophyll cycle.
Several types of this cycle have been described until now, the
most common being the violaxanthin cycle. In this cycle, under high light conditions, the di-epoxide violaxanthin (Vx) is
conversed to epoxide-free zeaxanthin (Zx) via mono-epoxide
antheraxanthin (Ax) by the enzyme violaxanthin de-epoxidase
(VDE). VDE consists of a cysteine-rich N-terminal domain, a
lipocalin-like domain and a negatively charged C-terminal domain. That the cysteines are important for the activity of VDE is
well known, but the reason is still poorly understood.
VDE was overexpresed in Origami B strain which has mutations in both thioredoxin reductase (trxB) and glutathione reductase (gor) genes, in order to enhance disulfide bond formation in the bacterial cytoplasm. Subsequently, recombinant
protein was purified under non-reducing or reducing conditions
in two-steps: by immobilized metal affinity chromatography and
FPLC with the Superdex 200 column. The secondary structure
of the protein was determined by Fourier-Transform Infrared
(FTIR) spectroscopy at pH 7.0. Activity of de-epoxidation was
monitored by HPLC as a change in concentration of violaxanthin cycle pigments. To study interactions between VDE and
ascorbate a MicroScale Thermophoresis (MST) was used.
FTIR measurements showed differences in the secondary
structure between VDE purified under non-reducing or reducing conditions. Spectrum of enzyme purified under non-reducing conditions showed a domination of β structure. Reduction
of disulfide bridges caused decrease of β-sheet structures by
about 30%. The presence of reducing conditions during purification also reduced enzymatic activity of VDE by about
20%. MST measurements showed that disulfide bridges are
not necessary for ascorbate binding by VDE.
Presented results show that reduction of disulfide bridges
induces conformational changes in the VDE protein and may
interfere with violaxanthin attachment and/or binding in the
active center of the enzyme.

Isatis tinctoria L. is an herbaceous biennial or short-lived perennial species belonging to Brassicaceae family. This ancient
medicinal and dye plant is diffused in the Middle East and
central Asia extending to the Mediterranean region. I. tinctoria
is an important source of bioactive compounds and it is utilized for its anti-inflammatory and anti-allergic properties.
The aim of the study was to establish the I. tinctoria in vitro
cultures and to optimize the condition of their growth.
To establish in vitro culture, both seeds collected from I. tinctoria growing wild in Sicily (Italy) and seeds obtained from the
Garden of Medical Plants of Pharmaceutical Faculty, UJ CM
(Kraków, Poland) were utilized.
For initialization of in vitro cultures, Murashige-Skoog (MS)
medium supplemented with several plant growth regulators
(PGRs) such as indole-3-butyric acid (IBA), 6-benzylaminopurine (BAP), α naphthaleneacetic acid (NAA) and kinetin (KIN)
was tested.
As the best for shoots formation, MS agar medium variants
with 1mg/L BAP + 0.5mg/L NAA and 2mg/L BAP + 1mg/L
NAA were chosen. Shoot cultures were maintained under
constant white LED light (ca. 4 W/m2) at 24 ± 2°C and were
passaged every two weeks. Italian origin culture grew as typical microshoot cultures, while the Polish one as shoot-differentiating callus cultures.
In order to study the effect of PGRs on growth of shoot cultures, obtained both from Italian and Polish seeds, a comparative experiment was performed using MS medium with six
growth regulator ranges: 2mg/L BAP + 1mg/L NAA, 1mg/L
BAP + 1mg/L NAA, 1mg/L BAP + 0.5mg/L NAA, 1mg/L BAP,
0.5mg/L BAP and 1mg/L NAA (5 series each).
In the Italian cultures increases in biomass ranged from 2.30
to 3.58 fold was observed and the highest value was obtained
on MS medium variant containing 1mg/L BAP + 1mg/L NAA.
On the other hand, Polish cultures achieved increases in biomass more diverse, that ranged from 1.67- to 5.48-fold and
the best growth promoting medium variant was the one supplemented with 1mg/L BAP + 1mg/L NAA. Moreover, medium
variants containing 2mg/L BAP + 1mg/L NAA and 1mg/L BAP
showed good results too.
The differences between Italian and Polish origin cultures in
type and intensity of growth were documented. The preliminary
phytochemical analysis of biomass extracts is in progress.
Acknowledgments: The authors wish to thank the Foundation
“Prof. Antonio Imbesi” for financial support.
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Preliminary characteristics of microbiota of cadmium-contaminated soils upon phytoremediation with the common
ice plant (Mesembryanthemum crystallinum)
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and growth condition
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Contamination with toxic heavy metals has become a serious
environmental risk, leading to changes of physical-chemical
and biological properties of soils. Among various soil cleanup methods, phytoremediation appears as an advantageous
and efficient solution. It is based on the application of plants
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and utilization of the plant-soil interactions for phyto-extraction, -degradation, -stimulation,-stabilization or -volatilization
of contaminants. Mesembryantemum crystallinum, the common ice plant, has been recently found as a good candidate
for phytoremediation of degraded or heavy-metal polluted
areas. It is a semihalophyte, naturally occurring in desert
lands, and reveals complex physiology enabling it to switch
between types of photosynthetic metabolism from C3 to CAM
(Crassulacean acid metabolism). This change is triggered
by stress conditions, eg. high salinity. It is assumed that a
change of the metabolism mode to CAM in the presence of
saline may stimulate natural soil microbiota in the rhizosphere
through the production of specific root exudates, enzymes,
energy-rich compounds as well as the release of oxygen. In
the case of Cd-contamination, M. crystallinum tends to protect against cadmium ion toxicity through exclusion strategy,
maintaining the lowest possible concentration of this metal in
plant tissues. Microorganisms growing in such an environment are expected to be tolerant or resistant to high Cd++
concentrations.
The main aim of the work was to isolate and characterize microorganisms populating Cd–contaminated soil upon cultivation of the common ice plant.
The plants were grown in the soil substrate administered with
variant doses of cadmium applied as CdCl2 (final Cd concentrations of 0.82 to 818 mg Cd per kg soil dry mass). 0.4
M NaCl was used as a stress factor inducing the C3-CAM
metabolic switch. Dynamics of soil microbial population was
analyzed. The results showed the presence of a high number of microorganisms of the order of 108 CFU/g soil d.w.
in soil samples. The total of 9 strains were isolated, among
which were 4 bacterial isolates from the C3 plant phase, and
4 bacterial and 1 yeast strain from the CAM variant. For all the
strains their Cd-tolerance as well as salinity-resistance were
tested. The analyses revealed that the strain isolates were
able to grow in 1 mM CdCl2 and 0.5 M NaCl. It is concluded
that among the isolated microorganisms some robust strains
with bioremediation potential can be found.
P11.17
Gliphosate resistance trait traced in genomes of maize inbred lines
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Glyphosate is an active compound of a systemic, nonselective and most widely used herbicide in the world - Roundup®.
It causes broader range of physiological alterations than
previously assumed and some plants gain higher level of resistance without the need to use genetic engineering methods. The holistic understanding of Roundup® mechanism of
action is of great importance since it has been shown that
glyphosate affects the growth of plants not only by inhibiting
EPSPS (5-enolpyruvylshikimate-3-phosphate synthase) but
also through altering several crucial physiological processes
(e.g., photosynthesis, carbon metabolism, mineral nutrition,
oxidative events).
To study the genetic variations between genomes of plants
that are naturally tolerant of and sensitive to Roundup®, we
used two Zea mays L. lines traditionally bred in Poland. To
overcome the complexity of the maize genome two sequencing technologies (Illumina and SMRT PacBio) were employed.
Corrected PacBio reads were used to identify the genome

structure variations (SV), and single nucleotide polymorphism
and insertions-deletions (indels) were revealed using Illumina
short reads.
We identified 11 thousand structural variants, 4 million SNPs
and approximately 800 thousand indels differentiating the two
genomes. Detailed analyses allowed us to identify 20 variations within the EPSPS gene, but all of them were predicted
to have moderate or unknown effects on gene expression.
Other genes of the shikimate pathway encoding bifunctional 3-dehydroquinate dehydratase/shikimate dehydrogenase
and chorismate synthase were altered by variants predicted to have a high impact on gene expression. Additionally,
high-impact variants located within the genes involved in the
active transport of glyphosate through the cell membrane encoding phosphate transporters as well as multidrug and toxic
compound extrusion have been identified.
The work is supported by a grant no. UMO-2012/06/A/
NZ9/00125 from National Science Centre, Poland.
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The derivatives of the terpenoid myxol ((3S,4E,6E,8E,10E,
12E,14E,16E,18E,20E,22E,24E)-25-[(4R)-4-hydroxy-2,6,6trimethylcyclohexen-1-yl]-2,6,10,14,19,23-hexamethylpentacosa-4,6,8,10,12,14,16,18,20,22,24-undecaene-2,3-diol) bound
with sugar moiety, occuring in various genera of cyanobacteria,
are carotenoid glycosides known as myxanthophylls.
In unicellular cyanobacterium Synechocystis sp. PCC6803,
myxol 2’-dimethyl-fucoside has been identified [1]. It is known
that in Synechocystis PCC6803, the presence of myxoxanthophyll is required for proper structure of thylakoid membranes
and cell wall [2]. It was also shown that its content in cells is
elevated in a response to both environmental and biotic stress
[3,4]. However, exact biological functions of myxoxanthophylls
in cyanobacterial cells remain to be determined.
In this study, the reactivity of purified myxol 2’-dimethylfucoside from Synechocystis PCC6803 with DPPH ( 2,2-diphenyl-1-picrylhydrazyl) has been analyzed in a model experimental system, including effects of aqueous environment. The
obtained results show that myxoxanthophyll contains oxidizable groups and it is an effective free radical scavenger. The
contribution of antioxidant activity of myxoxanthophyll to putative biotechnological applications is discussed.
[1] Takaichi et al., Plant Cell Physiol., 2005, 46(3), 497.
[2]. H. E. Mohamed et al, J. Bacteriol., 187(20), 2005, 6883
[3]. Z. Várkonyi et al, Proc. Natl. Acad. Sci. U S A., 99(4),
2002, 2410
[4]. K. Kłodawska et al, Plant Cell Physiol., 56(3), 2015, 558
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Bioaccumulation of selected macro- and microelements in
microshoot cultures of Nasturtium officinale (watercress)
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Nasturtium officinale R. Br. (Brassicaceae) (watercress) is an
aquatic, partially protected in Poland perennial plant. N. officinale herb is the valuable medicinal, cosmetic and culinary
plant raw material. It possesses scientific proven e.g. antioxidant, hepatoprotective, anticancer activities [1]. N. officinale
has also been found to be a very valuable phytoremediation
plant, which accumulate heavy metals. An important function
of that plant could be the ability to bioaccumulate elements
important for human health [2-3].
The aim of the study was to investigate the element bioaccumulation capacity by N. officinale agitated microshoot cultures. Bioaccumulation of metal ions, such as: calcium (Ca)
and magnesium (Mg) macroelements, and chromium (Cr),
copper (Cu), iron (Fe), lithium (Li), selenium (Se) and zinc (Zn)
microelements, was tested. Under the experiment, the variants of Murashige and Skoog (MS) [4] medium supplemented with different metal salts: CaCl2*6H2O, K2Cr2O7, CuSO4*5H2O, FeNaEDTA*2H2O, Li2SO4*H2O, MgSO4*7H2O,
Na2O3Se, ZnSO4*7H2O, were tested. Six sets of concentrations normalized to 1, 5, 10, 25 and 50 mg/l of each element
in the culture medium were used. The medium without metal
salts (control) was designated as a concentration equal to 0.
Microshoots were grown over 14-day growth periods under
continuous white light.
Elemental 7Li and 82Se isotopes analysis was carried out using
a Varian MS-820 inductively coupled plasma mass spectrometer (ICP-MS) coupled to a cross-flow nebulizer and a Scott
spray chamber. Other element determinations were performed
using a ContrAA 700 high-resolution continuum source atomic
absorption spectrometer (HR-CS AAS) [5].
The accumulation of elements was strongly depended on
their concentration in the medium. The content of accumulated metal ions in the biomass of N. officinale in vitro cultures
was varied and ranged from 1.24 to 498.62 mg/100gDW. The
highest bioaccumulation out of macroelements was detected
for Mg 50mg/l (246.70 mg/100gDW), and of microelements for
Cr 50mg/l (498.62mg/100gDW). The bioconcentration factor
(BCF) was also calculated [6]. BCF varied depending on the element and its concentration and ranged from 11.37 to 4467.00.
The highest BCF values were obtained for: Ca (4467.00), Mg
(1833.00) and Fe (362.90) at a concentration of 1mg/l.
References
[1] Klimek-Szczykutowicz M. et al. Fitoterapia. 2018,129:283292.
[2] Kara Y. Int. J. Environ. Sci. Technol. 2005,2:63–67
[3] Duman F. et al.. Chem. Speciat. Bioavailab. 2009,21:257–
265,
[4] Murashige and Skoog, Physiol. Plant. 1962,15:473–497.
[5] Blicharska E. et al.. Cent. Eur. J. Chem.2010,8(2):264–268.
[6] Zayed A. et al.. J. Environ. Qual.1998,27:715–721.”
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Major reason that a cure for HIV continues to elude us is that
the virus hides away in cells, forming a persistent reservoir in
which the virus is latent, and in such cells the virus is not visible to the immune system and to antiretroviral therapy. Consequently, latency persists, cannot be eliminated and represent
a major hurdle to finding a cure. With no vaccine on horizon,
several strategies are currently proposed in order to fight latent
HIV. One of them is “shock and kill” that involves induction of
latent viruses (HIV reactivation, “shock”) using chemical compounds called latency-reversing agents (LRAs) while maintaining antiretroviral therapy (“kill”) in order to prevent new spreading infection. This strategy allows latently infected cells to die
from viral cytopathic effect or host immune response. However,
there is increasing body of evidence showing that this strategy
is not efficient enough in reactivating the virus due to blocks
that are not efficiently overcome by LRAs. In this context, we
have recently identified a novel block related to limiting levels
of nuclear matrix protein (MATR3), a posttranscriptional factor
involved in HIV RNA export, that impede the efficient action of
LRAs. We propose to further characterize this novel block and
test a hypothesis that combined treatment of MATR3 with LRAs
will positively impact the efficient viral reactivation. These results
will be very important for designing new, more potent “shock”
protocols to purge the latent reservoir.
L12.2
HTCC – broad range inhibitor of coronaviral infections
Aleksandra Milewska1; Kamil Kaminski2; Justyna Ciejka2;
Katarzyna Owczarek1; Slawomir Zeglen3; Jacek Wojarski3;
Maria Nowakowska2; Krzysztof Szczubialka2; Krzysztof Pyrc1
Malopolska Centre of Biotechnology, Jagiellonian University,
Gronostajowa 7, 30–387 Krakow, Poland
2
Faculty of Chemistry, Jagiellonian University, Ingardena 3, 30060 Krakow, Poland
Justyna Ciejka Faculty of Chemistry, Jagiellonian University,
Ingardena 3, 30-060 Krakow, Poland
3
Department of Cardiac Surgery and Transplantology, Silesian
Center for Heart Diseases, Zabrze, Poland
1

To date, six human coronaviruses are known, all of which are
associated with respiratory infections in humans. With the exception of the highly pathogenic SARS (severe acute respirato-
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ry syndrome; SARS-CoV) and MERS (Middle East respiratory
syndrome; MERS-CoV) coronaviruses, human coronaviruses
(HCoV NL63, HCoV OC43, HCoV 229E, and HCoV HKU1) circulate worldwide and typically cause the common cold. In most
cases, infection with these viruses does not lead to severe disease, although acute infections in infants, the elderly, and immunocompromised patients may progress to severe disease
requiring hospitalization. Importantly, no drugs against human
coronaviruses exist, and only supportive therapy is available.
In 2013, we proposed the cationically modified chitosan derivative N-(2-hydroxypropyl)-3-trimethylammonium chitosan
chloride (HTCC) and its hydrophobically-modified derivative
(HM-HTCC) as potent inhibitors of the coronavirus strain HCoVNL63 [Milewska A, Ciejka J, Kaminski K, Karewicz A, Bielska
D, Zeglen S, et al. Novel polymeric inhibitors of HCoV-NL63.
Antiviral Res. 2013;97(2):112-21]. More recently, we showed
that HTCC inhibits interaction of a virus with its receptor and
thus blocks the entry. Further, we demonstrated that HTCC polymers with different degrees of substitution act as effective inhibitors of all low-pathogenic human coronaviruses [Milewska
A, Kaminski K, Ciejka J, Kosowicz K, Zeglen S, Wojarski J, et al.
HTCC: Broad Range Inhibitor of Coronavirus Entry. PLoS One.
2016;11(6):e0156552.].
Currently, we are developing HTCC-based inhibitor for treatment of infections caused by highly pathogenic, zoonotic coronaviruses, such as SARS-CoV and MERS-CoV.
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Human coronavirus NL63 (HCoV-NL63) is a common respiratory virus that causes moderately severe infections. Coronaviral particle consist of four structural proteins constituting the
viral envelope: E (envelope), M (membrane), S (spike), and
ORF3 and the core of the virion form by the N (nucleocapsid)
protein in a complex with the viral RNA. It is generally accepted
that the coronaviral S protein is responsible for viral interaction
with a cellular receptor. Here we showed that the M protein is
also an important player during early stages of HCoV-NL63 infection. Using coronavirus-like particles composed of M, E, N
and optionally S proteins we demonstrated that the binding to
the cell is not S protein-dependent. Furthermore, we mapped
the M protein site responsible for the interaction with cellular
heparan sulfate proteoglycans (HSPGs), facilitating viral entry
into the cell. We believe that this study broadens the understanding of HCoV NL63 biology and may also be important for
future research into vaccine or drug development.
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Japanese encephalitis virus (JEV), West Nile virus (WNV) and
Zika virus (ZikV) are mosquito-transmitted flaviviruses causing
serious human disease throughout the world. These viruses

are closely related and there have been evidences of cross
reactivity among them. These viruses share a considerable
amount of antigenic similarity. This was used as a rationale
to find common conserved epitopes which could be used for
designing a common vaccine for all the three viruses. UniProt database was used to obtain the genome polyprotein
sequences of most frequently available serotypes of ZikV,
JEV and WNV. Multiple sequence alignment using Clustal
Omega was done to find out the conserved regions. Class
I MHC and Class II MHC epitopes were predicted by NetMHC4.0 and NetMHCII2.3 servers. Epitope cluster analysis was
done to check if there is high degree of similarity between
the epitopes. Conservancy analysis was carried out to check
the degree of identity of epitopes among the polyprotein sequences. For determining CTL epitopes NetCTL1.2 server was
used. AlgPred and ToxinPred servers were used to find any
allergenic and toxin peptides among the predicted epitopes.
Population coverage analysis was also done to see if these
epitopes could prove to be immunogenic in different ethnic
groups of the world.
12 polyprotein sequences (3 for ZikV, 4 for JEV and 5 for WNV)
were obtained which upon multiple sequence alignment revealed 60 conserved regions among them. 35 Class I MHC
and 43 Class II MHC high affinity binding peptides were predicted from these 60 conserved regions. Only the strongest
binder (IC50<10nM) for each MHC allele was selected. Cluster analysis revealed that no two epitope formed a cluster
which means that each epitope is unique. Conservancy analysis at 80% threshold reduced Class I MHC epitope to 18 and
Class II MHC epitopes to 28. NetCTL server showed that only
7 Class I MHC epitopes could possibly act as CTL epitopes.
The finally selected epitopes were non-toxic and non-allergenic in nature. Population coverage analysis revealed that these
epitopes could cover 88.37% human population. The allelic
distribution of MHC genes in different ethnic groups of the
world is used in the tool for finding the immunogenic potential
of the epitopes. These epitopes were reverse translated using
human codon table and conceptually cloned into pcDNA vector to generate a DNA vaccine.

POSTERS
P12.1
Berberine hampers influenza virus replication by inhibiting
MAPK/ERK pathway
Paweł Botwina1,2; Katarzyna Owczarek1,2; Krzysztof Szczubiałka3; Maria Nowakowska3; Krzysztof Pyrć2
Microbiology Department, Faculty of Biochemistry, Biophysics and Biotechnology, Jagiellonian University, Krakow, Poland
2
Malopolska Centre of Biotechnology, Jagiellonian University,
Krakow, Poland
3
Faculty of Chemistry, Jagiellonian University, Krakow, Poland
1

Influenza A virus is unquestionably one of the most important
human pathogens. According to WHO, it is estimated that yearly seasonal influenza causes 3 to 5 million severe cases and
300,000 to 650,000 deaths. High infectivity and variability force
researchers to constantly seek new potential anti-influenza drugs.
Berberine (BBR) is an isoquinoline alkaloid found in many
plants including Berberis vulgaris and has potent biological activity, i.e., anti-inflammatory, anticancer and antiviral properties.
Studies also indicate its good anti-influenza properties. However, despite numerous reports on the activity, the mechanism of
action against influenza virus is far from understanding, and the
results are often incompatible or even contradictory.
The aim of the research was to investigate the anti-influenza
properties of BBR and to determine the mechanism of action.
The experiments were carried out in a variety of cell lines sus-
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ceptible to seasonal H3N2 influenza infection (in vitro model)
as well as in human airway epithelium (HAE) cultures (ex vivo
model prepare with primary cells). The CPE reduction assays,
quantitative real-time PCR, confocal microscopy and whole cell
proteomic analyses were used for evaluation of the antiviral potential and mechanism of action of BBR.
Our results showed strong anti-influenza properties of BBR in
both in vitro and ex vivo models. Moreover, for the first time
we proved that berberine anti-influenza properties are a result
of inhibition of MAPK/ERK pathway which is vital in influenza
replication
Taken together, our results indicate that the effect of berberine
is cell type-dependent and is based on indirect inhibition of influenza virus replication by modulation of MAPK/ERK pathway.
To date, our results are not consistent with previously published
and shed new light on the potential use of berberine in treating
or alleviating the symptoms of influenza.
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Characterization of Zika virus-like particles for vaccine
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Zika virus (ZIKV) is a mosquito transmitted flavivirus, which
remains in the main focus of many laboratories throughout
the world in recent years. It is due to the fact that ZIKV has
been connected with several diseases including infant microcephaly, Guillain Barre Syndrome and other neurological defects. In recent years ZIKV has spread throughout Asia, Africa
and Latin America and it co-circulate with other flaviviruses
e.g. Dengue virus (DENV). Moreover, several studies have reported possible antibody dependent enhancement of DENV
infection after previous ZIKV infection. Thus, rational development of an effective vaccine is highly justified. Many types of
vaccine are being tested including live-attenuated and inactivated viruses, viral vectors carrying viral genes, DNA, mRNA,
subunit and virus-like particles (VLPs). VLPs of different flaviviruses are composed of recombinant viral proteins (prM/M
and E), organized almost identically to the native virions with
antigenic properties similar to native virions. Moreover, VLPs
do not contain genetic material, which makes them non-infectious. For many flaviviruses VLPs have been produced in
different expression system: insect, mammalian and yeast
cells. However, these systems differ in terms of culturing conditions, production efficiency, and post-translational modifications of protein. Therefore, the main aim of the study was to
evaluate ZIKV VLPs produced in different expression systems
(insect and mammalian cells) as vaccine antigens. Production
of VLPs was determined by Western blotting, dynamic light
scattering (DLS), sucrose gradient sedimentation as well as
electron microscopy. Functional and conformational analysis
of obtained VLPs was performed by enzyme-linked immunosorbent assay (ELISA) using a panel of conformational antibodies. Furthermore, comparative analysis of immunological
properties was performed using mouse model. This study
suggests that VLPs produced in various expression systems
differ in the protein composition and conformation. Moreover,
produced VLPs were immunogenic as assed by ELISA and
Western blotting, however Zika virus neutralization efficacy by
sera of immunised mice varied between types of VLPs. Although, the expression system greatly influences the antigenic and immunogenic properties, ZIKV VLPs still offer a promising approach for vaccine purposes.
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Zika virus (ZIKV) is a flavivirus that has been known since
1947, however the association between the ZIKV infection and
brain disorders was demonstrated in 2015 in Brazil. Infection
is especially dangerous during pregnancy as it may lead to
microcephaly and other neurological dysfunction in the fetus. Despite the high interest and research on ZIKV biology,
the viral determinants governing its pathogenesis are still unknown and there are no approved drugs or vaccines to combat ZIKV-related diseases. One of the nonstructural ZIKV proteins - the NS3 protease is required for the maturation of viral
proteins, which is essential for virus replication. Consequently,
the NS3 constitutes a promising drug target. While the in silico design and biochemical assays provide useful information,
a fast and reliable cellular in vitro assay is required to screen
compounds libraries. Also, many of the potential NS3 inhibitors exhibit strong activity in assays with the purified protease,
yet, they fail when tested in in vitro in the cell. Here, we used
the eukaryotic NS3 construct to verify the activity of potential NS3 inhibitors in the most natural cellular environment.
We screened a large library of compounds and observed a
significant difference in the activity of compounds against the
purified NS3 and the native protease inside the cell. Knowing
this, we believe that future drug discovery studies should rely
on in vitro cellular assays rather than biochemical tests with
the purified enzyme.
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Brown algae of the genus Dictyota as a promisng source
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Oceans cover approximately 70% of the Earth’s surface and still
remain an underexplored source of structurally diverse natural
products, displaying a wide spectrum of biological activities.
Brown algae of the family Dictyotaceae are widely distributed
in the tropical and subtropical regions of the Atlantic, Pacific
and Indian Oceans, the Sea of Japan and the Mediterranean
Sea. Species of the genus Dictyota have been the subject of
thorough chemical investigations over the last 60 years that
have afforded approximately 350 new natural products. Most
of the isolated metabolites are sesquiterpenes and diterpenes
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of normal biosynthesis featuring a wide range of carbon skeletons, frequently exhibiting antifeedant, ichthyotoxic, algicidal,
antifouling, antibacterial, antiviral, and/or cytotoxic activities.
The aim of this study was to identify and characterize the antiviral potential of secondary metabolites isolated from brown
macroalgae of the genus Dictyota collected along the Greek
coastlines.
Dictyota fasciola and Dictyota mediterranea were collected
from Plymiri bay (Rhodes island) in August 2009 and from
Agios Theodoros bay (Karpathos island) in August 2013, respectively. The algal organic extracts were subjected to a series of chromatographic separations that led to the isolation
of 21 diterpenes and 1 sesquiterpene, among which 6 were
identified as new natural products.
XTT assay was employed to test cytotoxicity of the isolated compounds on A549, Vero, Vero E6 and LLC-MK2 cells,
permissive for influenza type A virus (IAV), Zika virus (ZIKV),
herpes simplex virus 1 (HSV-1) and human coronavirus NL63
infection (HCoV-NL63), respectively. Their antiviral efficiency
was assessed with qPCR.
Cytotoxicity of the compounds differed between the cell lines
tested. For A549, Vero and Vero E6 most of the compounds
were not toxic up to 20 µg/ml, with antiviral activity at 2.5 15 µg/
ml. At 10 µg/ml IAV replication was inhibited by 1 log, ZIKV by
2 log and HSV-1 by 2-6 log. For LLC-MK2 the highest non-toxic
concentration of the compounds was 5 µg/ml and in this concentration HCoV-NL63 infection was inhibited by 1-3 log. The
compounds exhibit two distinct mechanisms of action: some
affect late stages of infection, whereas other directly affect the
virus or its interaction with cell surface.
In conclusion, terpenes isolated from D. fasciola and D. mediterranea express considerable antiviral activity, both against
RNA (IAV, ZIKV, HCoV-NL63) and DNA viruses (HSV-1). The isolated compounds show potential for future drug development.
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Herpes simplex viruses are one of the most widespread human
pathogens, estimated to infect up to 90% of world population.
Symptoms of the disease are usually limited to unsightly blisters in the oral or genital area, but the virus can also cause
ocular infections that may lead to blindness, or potentially fatal
viral encephalitis. Current treatment strategies involve the use
of nucleoside analogues, such as acyclovir and its derivatives
that are subject to limitations such as low bioavailability and
emergence of resistant strains.

The aim of this study is to develop and evaluate novel inhibitors
of HSV-1 VP24 protease, a protein essential for releasing the
scaffolding during formation of the capsids. It is hypothesized,
that effective inhibitors of this protease would hamper the infection, limiting the symptoms and spreading of the disease.
An active form of the VP24 protease was expressed in E. coli for
use in a high-throughput screening assay to assess the ability
of proposed compounds to inhibit its activity. Simultaneously,
developed compounds were subject to an in vitro test employing HSV-1 and a permissive cell line to evaluate their potency in
inhibiting viral infection and possible cytotoxicity.
Ten out of 41 tested compounds inhibited HSV-1 replication in
cell culture. Two of them demonstrated very strong antiviral activity (~4 log inhibition) while presenting no significant cytotoxicity. Both compounds were also shown to hamper the activity
of VP24 protease in a biochemical assay. Confocal imaging
revealed effective inhibition of cell-to-cell spread of the virus.
Inhibitory activity of the developed compounds was proven in
an enzymatic assay as well as in an in vitro HSV-1 infection
model. Inhibitors of viral proteases have previously shown their
potential in clinic for other pathogens, such as HIV-1 or HCV.
Combination of polymerase inhibitors with protease inhibitors
may offer a novel strategy to control herpesviral infection.
P12.6
Identification of cellular molecules involved in the feline
herpesvirus type 1 cell entry
Aleksandra Synowiec1; Magdalena Pachota1; Agnieszka
Dąbrowska1; Krzysztof Pyrć1
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Feline herpesvirus type 1 (FHV-1) is an enveloped dsDNA virus and belongs to Herpesviridae family. It is considered as
one of two main viral etiological factors of feline upper respiratory tract disease (URTD) known as ‘cat flu’. Interestingly,
it is estimated that 90% of cats are seropositive for this virus,
whereas about 80% of infected animals establish lifelong lasting latency. The most common clinical manifestation of FHV1 infections include rhinotracheitis, oral or nasal discharges,
conjunctivitis, and sneezing. While the disease itself is rarely severe, bacterial or viral superinfections pose a danger
for young or immunocompromised cats and may be fatal if
not managed appropriately. Nevertheless, the ocular herpetic disease is common, causing acute conjunctivitis, corneal
sequestration or ulceration, what may lead to permanent eye
damage and, consequently, vision loss.
The marketed vaccine reduces the severity of the disease,
however, it does not prevent the infection or shedding the virus to other, susceptible cats. While approved treatment strategies mostly focus on prevention of superinfections and supportive therapy, herpesviral infections may be also treated with
nucleoside analogs. Penciclovir (PCV) appears to be a potent
and safe inhibitor of FHV-1 replication in vitro and its prodrug
famciclovir administered to cats is reported to be a safe and
effective antiviral.
The first step of virus replication is an entry into the permissive
host cell. It is known that FHV 1 utilizes proteoglycans of heparan sulfate (HSPGs) as an adhesion molecule, but a cellular
factor that serves as a functional entry receptor remains unknown. In this study different experimental approaches have
been applied to identify the molecule(s) utilized by the virus
as functional entry receptor into the AK-D (fetal feline lung)
and CRFK (Crandell Rees feline kidney) cells. We successfully expressed truncated C-terminally His- and HA-tagged viral
glycoproteins (gB, gC, and gD) in an insect expression system. The molecular weight of the proteins was confirmed with
the Western Blot analysis, glycoproteins were purified using
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affinity chromatography. Further, to identify whether the glycoproteins interact with cellular surface molecules we incubated
cells with purified glycoproteins and investigated their cellular
localization using confocal microscopy. An attempt to identify
the cellular molecule that serves as a functional entry receptor
for FHV 1 will be approached using mass spectrometry.
Identification of functional entry receptor is essential for understanding the biology of the FHV 1 infection and design of
novel antivirals.
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constitutively expressing Cas9 and Cas12a proteins
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Despite high similarity of canine respiratory coronavirus (CRCoV), bovine coronavirus, (BCoV) and human coronavirus
OC43 (HCoV-OC43), these viruses differ in species specificity. The ability to interact with surface proteins on host cells
is among major determinants of virus species and cell tropism and for years it was believed that these three viruses
share receptor specificity utilizing sialic acids for cell surface
attachment, internalization, and entry. However, careful literature analysis shows that while they indeed utilize sialic acids
for cell surface attachment there is no solid data that these
moieties alone mediate virus entry.
Viral attachment and replication in human rectal tumor cell line
(HRT-18G) permissive for all abovementioned viruses was analyzed using confocal microscopy, flow cytometry and RT qPCR.
All three viruses were found to utilize sialic acids (SAs) for attachment to cell surface however neither enzymatic stripping
nor competition with soluble SAs affected virus entry. As SAs
removal didn’t completely inhibited viral attachment, other
compounds were examined and heparan sulfate was identified as an alternative attachment factor. SAs involvement in
attachment process were further confirmed. Reconstitution
of sialic layer rescued cell surface binding of all three viruses additionally revealing their preferences to different linkage
conformations. Further, role of human leukocyte antigen class
I, reported previously to facilitate the entry of HCoV OC43 and
HCoV HKU1, was evaluated. CRCoV and BCoV, but not HCoVOC43 appear to employ human leukocyte antigen class I as
the entry receptor. Possibility that the observed specificity of
HCoV-OC43 resulted from adaptation to cell culture was excluded with employment of clinical strain of HCoV-OC43 and
human airway epithelium cultures (HAE). Neither heparan sulfate nor human leukocyte antigen affected virus-cell interactions in HAE, however competition with soluble SAs not only
reduced viral attachment but also resulted in dose-dependent
reduction in replication, showing SAs role both in attachment
and entry process.
Taken together, we mapped the entry of the three closely related
betacoronaviruses, delineating early events during virus entry.
Collected data allows for better understanding of the virus’ biology and also enables us to develop effective entry inhibitors.

Technologies based on clustered-regularly interspaced short
palindromic repeats (CRISPR) and associated proteins enable
precise gene editing at desired location in genome. They rely
on the introduction of a short RNA and the gene coding for
a Cas9 or Cas12a protein of nucleolytic activity into host cell.
These guided by RNA proteins target DNA at site homologous
to RNA sequence and generate DNA double-strand breaks,
which are then repaired by the host mechanism leading to
DNA sequence alterations. Unlike other methods, the CRISPR
technology is relatively effective, fast and easy for application.
This tool can be used in order to improve plants tolerance to
unfavorable environmental conditions and in consequence influence on crop yield. However to achieve high performance
of genome editing it is crucial to effectively deliver nucleolytic
proteins or their genes and guide RNA (gRNA) molecules as
well as to design correct gRNAs to prevent off-target modification. Thus, the goal of this work was to develop a model system
suitable for comparison of different gRNA in cells where Cas9
or Cas12a are constitutively expressed.
For this purpose, we conducted Agrobacterium-mediated
transformation of carrot callus tissues and introduced genes
coding for Cas9 and Cas12a variants but not gRNAs. After few
months of culture on a selection medium, only well growing callus lines were chosen for further analyses. Transgenic events
were confirmed by PCR with pairs of primers specific for hygromycin resistance gene and for regions of each Cas9 or Cas12a
gene. Positively verified callus lines were subjected to RT-qPCR
to estimate Cas9 or Cas12a expression level.
In consequence, we created a unique set of callus lines with stable expression of Cas9 or Cas12a protein. These lines may serve
as a model system for genome editing after delivery of only gRNAs with sequences designed to target desired DNA sites.
Acknowledgment: The financial support of the National Science
Centre, Poland is acknowledged (2016/21/B/NZ9/01054).
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Nowadays, biofuels are desirable energy sources in the vision
of depleting non-renewable energy sources. Rumex tianschanicus x Rumex patientia is a hybrid of the English spinach
(R. patientia L.) – maternal plant and sorrel Tien Shan (R. tianschanicus A. Los.) – paternal plant. This plant is characterized
by rapid biomass growth and because of that it is used as
biofuel (pellets, briquettes), and also has many other applications due to the nutrients and vitamins content. Complete
protocol of in vitro micropropagation of hybrid sorrel has been
obtained and used during the study. Higher biomass growth
in the hybrid is observed than in the parent line. To determine
the reason, the physiological studies of the photosynthetic
apparatus of parent and hybrid plant lines and the hybrid
obtained from in vitro culture were performed during the first
year of cultivation in field conditions. The parameters of gas
exchange and the degree of hydration were analyzed. The results showed statistically significant differences between the
tested plant lines. In the case of the hybrid regenerated in vitro, the lowest gs and E, and the highest Pn and WUE were
observed, what is characteristic for plants with high biomass
growth. The analyses concerning the water content and photosynthetic pigments are in progress.
L13.3
Allelopathic effects of industrial hemp (Cannabis sativa L.)
on antioxidant enzymes activity of soybean seedlings

oxidase), enzymes of polyphenolic metabolism (phenylalanine
ammonia lyase and polyphenol oxidase) and intensity of lipid
peroxidation was measured in phosphate buffer extracts of
whole seedlings. Content of total phenolics and tannins and
antioxidant capacity was measured in extracts of soybean
seedlings with 70% methanol. Extract of hemp decreased activity of phenylalanine ammonia lyasein soybean seedlings and
also decreased content of total phenolic and antioxidant capacity. Treatments with ethanol extract of firbe hemp did not affect activities of antioxidative enzymes and did not induce lipid
peroxidation in soybean seedlings tissues.
The research presented in this article is part of projects: “Renaissance of industrial hemp in the light of current agronomical
and medicinal challenges” (No. 114-451-2126/2016-03) supported by Provincial Secretariat for Higher Education and Scientific Research, Vojvodina, Serbia and project No. TR-31022
supported by Ministry of Education, Science and Technological
Development of the Republic of Serbia.
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Polish isolate of baculovirus LdMNPV-BNP activate cover infection increasing speed of kill of susceptible forest
pest.
Łukasz Rąbalski
A new potential species of baculovirus (LdMNPV-BNP) isolated from a dead gypsy moth caterpillar was found in the
Biebrzanski National Park in Poland. Here, we examined its
biological activity, structure, genetic content and phylogeny.
The ability of this species to kill pest larvae in a relatively short
time (LT50 for 2nd instar caterpillars is approximately 9 days
for a dose of 2x107 OBs/ml) highlights the possibility for its
use as a biopesticide. Next-generation sequencing of LdMNPV-BNP revealed gene content (e.g., photolyase) that is not
present in any LdMNPV isolate sequenced to date. We found
that when larvae from USA were infected we were not able to
detect LdMNPV-BNP in its body. Polish isolate only activate
cover virus multiplication which in the end cause better usefulness as biopesticide
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Biological treatment of toxic waste effluent generated
upon hydrogen fermentation of sugar beetroot pulp with
the yeast Yarrowia lipolytica.

Fibre or industrial hemp (Cannabis sativa L.) have been cultivated for thousands of years as a fibre, seed or dual-propose
crop. Industrial hemp is currently witnessing a revival as a rich
source of secondary metabolites. Several studies showed that
hemp could be used in pest control. It has been documented
that hemp could suppress weeds, harmful nematodes and soil
pathogens and also could have allelopathic effects on some
field crops (inhibitory or stimulatory). The aim of this study was
to examine the effects of ethanol extracts of industrial hemp
on activity of antioxidative enzymes, activity of enzymes of
polyphenolic metabolism and intensity of lipid peroxidation in
seedlings of soybean (Glycine max (L.) Merr.). This survey was
also conducted in order to evaluate the allelopathic activity of
hemp extract on content of phenolic compounds and antioxidant capacity of soybean seedlings. In the experiments the
70% ethanol extracts of dried flowering buds of hemp (cv. Helena) was applied in 0.5, 1.0 and 2.0% concentration on seeds
of soybean. Ethanol solution (70%) was used as a control. Experiment was performed according to ISTA recommendations
(2017). After eight days plants were harvested and activity of
antioxidant enzymes (catalase, superoxide dismutase and per-
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Hydrogen is regarded as a pro-ecological fuel and environment-friendly energy carrier which generates much less pollution than the other sources of energy. Due to its high heating
value (120 kJ/g) and low density it is highly competitive compared to solar, wind or geothermal energies and even conventional fuels (coal, gasoline). There are several methods
of hydrogen production for industrial-scale implementation,
namely petrochemical cracking, water electrolysis and splitting, or coal-based processes. These methods, however, often require additional energy input from fossil fuels and have
many technological limitations.
Hydrogen can also be generated upon biomass degradation,
carried out with thermo-chemical and biological processes.
Microbiological bioprocess known as dark fermentation is one
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of the most efficient and economically viable way of biohydrogen production. Its greatest advantage is the possibility of using organic wastes as substrates. Nevertheless, this method
itself generates highly contaminated (mostly by phosphorus
and organic matter) post-fermentation liquid, which is environmentally hazardous when discharged without proper treatment involving detoxification, purification, and elimination of
eutrophic elements – biogens.
The aim of the study was to characterize the effluent generated upon mesophilic fermentation of sugar beetroot pulp
and to evaluate its selected parameters: content of biogens,
organic matter and microbiological toxicity. The work then focused on elaboration of effective tools for optimized microbial
treatment of the digester supernatant.
The experiments showed that post-fermentation liquid exhibited very high levels of COD (chemical oxygen demand) of
41760 mgO2/L, as well as elevated concentration of (mainly
inorganic) phosphorus (1152 mg/L); the latter being 200-times
higher than Polish legal norm (5 mg/L). Toxicity tests involving
different species of yeasts: Trichosporon sp., Saccharomyces
cerevisae, Yarrowia lipolytica, Hansenula polymorpha, and
Candida sp. proved strongly toxic properties of the effluent.
The only yeast able to survive and proliferate (population
density increased 10-times within 7 days of incubation) was
Y. lipolytica. Supernatant treatment with this yeast enabled to
reduce 73% of COD (to 11 600 mg/L) and 47% of phosphorus
content (to 739.26 mg/L). We propose that among the factors
responsible for high effluent toxicity are fatty acids or their derivatives that remain in digesters after biohydrogen production. We also conclude that Yarrowia lipolytica, an oleaginous
yeast capable of performing unique lipid and fat metabolism,
is a suitable candidate with application potential towards biological treatment of recalcitrant wastewaters, especially those
generated at conditions of mesophilic dark fermentation.
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The exact relationship between entomopathogenic fungi and
insecticides has not yet been established. The aim of our
research is determining a possibility of combining synthetic
insecticides with biopesticides and the practical use of their
co-action.
The first step involved the selection of insecticides and the
types and species of entomopathogenic fungi. For this purpose, we tested the viability of individual fungal species in the
presence of insecticides. We chose pyrethroids (λ-cyhalothrin, α-cypermethrin and deltamehrin) and entomopathogenic fungi belonging to the genus Beauveria.
In the next step, the culture extraction and determination of
insecticides content in the fungal mycelium were carried out. It
turned out that the B. bassiana strain accumulated considerable amounts of pyrethroids (λ-cyhalothrin in 71,8%, α-cypermethrin in 70,2% and deltamethrin in 99,6%) in its mycelium.
In order to determine the effect of insecticides on fungi, we
examined the activity of catalase and superoxide dismutase
in insecticide-treated fungi. We showed that the addition of
α-cypermethrin and deltamethrin induced an increase in superoxide dismutase activity of the B. bassiana strain.
The obtained results suggest that pyrethroids (even in low
concentrations) have a diverse influence on B. bassiana.
Among the tested insecticides, only λ-cyhalothrin did not
cause deleterious effects on this fungus. Therefore, further research will be conducted to reveal the relationship between B.
bassiana and λ-cyhalothrin.

1

Lamprocapnos spectabilis (bleeding heart) is valued both on
the horticultural and pharmaceutical markets. Despite its great
popularity, information on the in vitro tissue culture technology
in this species is limited. There is also little knowledge on the
application of natural plant extracts in tissue culture of ornamental plants. The aim of this study was to evaluate the utility
of plant extracts; i.e. obtained from the coconut pulp, as well
as oat, rice and sesame seeds; in micropropagation and cryopreservation of Lamprocapnos spectabilis ‘Gold Heart’ and
‘White Gold’. Modified Murashige and Skoog medium (1962)
was fortified with 10% (v/v) plant extracts for a 10-week-long
micropropagation cycle via single-node method and during a
7-day preculture in the encapsulation-vitrification cryopreservation protocol. It was found that the addition of plant extracts
did not increase the propagation ratio, although rice extract
stimulated a more abundant formation of callus in ‘White Gold’.
Sesame extract, on the other hand, suppressed the development of the explants of both cultivars analysed. The addition of
plant extracts into the preculture medium also did not increase
the survival rate of the cryopreserved explants (sesame and
oat extracts even decreased this parameter), although coconut
extract stimulated more intensive proliferation of shoots after
rewarming of samples.
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Eco-friendly form of fungicide
Małgorzata Miastkowska1; Elżbieta Sikora1; Alicja Michalczyk2; Katarzyna Figacz1
Politechnika Krakowska
Instytut Przemysłu Organicznego
Pathogenic fungi cause infections in humans, plants and animals. Among the species of fungi that can cause mycoses
of plants, the most serious threat are the representatives of
Fusarium and Alternaria [1-3]. Whereas for humans and animals, mycosis of the skin and its appendages are caused by
dermatophytes (Trichophyton, Microsporum, Epidermophyton), yeast-like fungus (Candida, Pitorosporum, Cryptococcus) and mold fungus (Aspergillus, Scopulariopsis) [4]. For
this reason the pharmaceutical, cosmetic and agrochemical
industry is still looking for active ingredients of the natural origin, showing antimicrobial activity. Apart from the active substances also a form of carriers play the most important role in
efficiency of such the products.
The aim of this work was an elaboration of new carriers forms
of fungicide formulations which could increase biological activity of the products.
The nanoemulsions containing four various essential oil (INCI:
Cinnamomum Zeylanicum Oil, Melaleuca alternifolia Leaf
Oil, Lystospermum Scoparium Oil, Thymus vulgaris oil) were

1
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obtained by using the low-energy (PIC) and the high-energy
emulsification methods (ultrasonication). The systems were
stabilized by Polysorbate80. The physicochemical properties
e.g. stability, viscosity and droplet size of the dispersed phase
were determined. Additionally the activity of prepared systems
against strains of pathogenic fungi of plants (F. culmorum, Ph.
Cactorum), dermatophytes (T. mentagrophytes M. gypseum)
and molds (S. brevicaulis, A. niger) which cause fungal infections of animals and human skin was examined. Macroemulsions and pure essential oils were used as comparative samples. Fungicidal activity was tested by the method of linear
growth of mycelium on an agar medium.
Based on the obtained results, it was found that nanoemulsions can play the role of effective carriers of essential oils
as they increase their fungicidal activity compared to pure
oils and macroemulsions. Moreover nanoemulsion systems
based on Lystospermum Scoparium Oil (manuka essential
oil) have the best activity against the studied fungal colonies.
References:
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Myrtle (Myrtus communis L.) is a medicinal plant endemic to the
Mediterranean area. It has been for its culinary properties since
antiquity. Nowadays, myrtle, especially myrtle essential oils
(EOs), may find wide application in food industry because of
their pleasant odour and antibacterial properties. EOs may suppress quorum sensing-related phenotypes in Pseudomonas
spp. Such activity improves the food quality and safety. However, despite the increasing industry and scientific interests in
these fields, there is a lack of comprehensive data on mode of
antibacterial action of myrtle essential oil against food-associated cells, and the risk connected to their consumption.
In this work, we validated in-depth the anti-bacterial properties of myrtle EOs via its ability to suppress AHL synthesis
in model Pseudomonas fluorescens strain. We investigated
the dependence between synthesis of AHL molecules, and
expression of algA, algU, and mucA genes (responsible for
exopolysaccharides production). The cytotoxicity analysis of
myrtle EO to normal human small intestine FHs 74 Int and
colon CCD 841 CoN cells was carried out.
The myrtle EO was isolated by a Clevenger apparatus. The
chemical profile of EOs was analysed by a GC-MS system.
The protocol consisting with a broth macrodiution test and
the flow cytometric analysis under double staining with a Redox-SensorTM Green reagent and propidium iodine was assayed to characterize toxic effect of myrtle EO toward Pseudomonas fluorescens strain. Anti-quorum sensing activity of
myrtle EOs was evaluated by a RP-UHPLC-ESI-MS system.
RT-qPCR technique was used to investigate the expression
of algA, algU, and mucA genes. The MTT test was applied to
assess the EO cytotoxicity to cell lines.
In the oil, 24 compounds were identified, representing 100%
of total detected constituents. The predominant compounds

were eucalyptol (34.6%), α-pinen (20.1%), and myrtenyl acetate (19.5%). The concentrations slightly below of 60 nl ml-1
did not show significant lytic impact on Pseudomonas fluorescens. However, subpopulations representing non-active
cells were approximately 45%. Tested EO suppressed the
AHL production. Only 3-oxo-C16-HSL was detected in samples. Compared with the untreated Pseudomonas fluorescens
cells, the reduction in the mRNA level of algA, algU, and mucA
was also observed (-2.5; -2.5; and -1.5 respectively). Myrtle
EOs at investigated concentration was not toxic to either cell
lines (IC50 = 340 nl ml-1; IC90 = 394 nl ml-1).
This work was supported by a grant from the National Science
Centre (no. 2016/23/D/NZ9/00028).
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The aim of the study was to present the possibility of using
mitochondrial DNA to determine the species origin of animal
traces.
The study included biological traces from unknown animal in
the form of blood spots, which were secured on the car of a
person suspected of taking part in a theft of pig.
DNA was isolated in several replication using the method specific to the DNA matrix.
DNA of sample was amplified using the PCR reaction and
starters which ware specific for mammalians. During study
were used primers
F: 5’- TGAGGACAAATATCATTCTG -3’
R: 5’- TATTATGCTTCGTTGTTTGG -3’
The resulting DNA extracts were characterized by concentrations under 25ng / μl with a purity of A260/280 from 1.7 to 2.2.
For all DNA samples, reaction products were obtained, which
then were sequenced using an ABI Prism BigDye Terminator
v1.1 Cycle Sequencing Kit and subjected to capillary electrophoresis with an automated ABI Prism 3130 sequencer (Applied Biosystems). The obtained sequences were compared
with those deposited in GenBank using BLAST.
The sequencing reaction gave consensus forward and reverse
sequences and enabled a common consensus sequence of
512 bp for the mammals primers The sequence was 99% homologous to the bovine sequence (Bos taurus).
The results allowed exclude the analysis sample as the cample coming from pig species and show the suitability of mitochondrial DNA for the analysis of forensic traces.
Key words: forensics, genetic identification, DNA sequencing
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The insects are rich in protein and can be an alternative source
of protein in animal nutrition. Feeding animals with insects
are cheaper to obtain compared to conventional breeding of
mammals and poultry or cultivation of high-protein plants, require smaller area, and reduce greenhouse gas emissions. In
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Europe, the use of such processed animal proteins is not regulated by law, mainly because no authorization methods have
been adopted. The authorization will be possible with uniform
analytical procedures allowing for determination of insects in
the feed and foods.
The best method routinely used for species identification of
mealworm is analysis of mitochondrial DNA. These methods
can used in the analysis of raw insects and foods containing
dried mealworms. The aim of this study was identification of
dry mealworms in foods for little animals.
The study used ten diferent products of food with this insects.
DNA was collected using Sherlock AX kit (A&A Biotechnology). PCR was use primers specific for mealworms and then
the presence of a species was identified based on PCR product of specific size.
The applied isolation methods allowed obtaining DNA at a
concentration exceeding 40 ng/µl and purity (A260/A280) of
1.22 – 1.75. For mtDNA amplification, the quantity and quality
of DNA was sufficient for further analysis.
Used method may be applied to raw mealworm and to its products. The method is quicly (6 hours) and repeatable in 100%
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The preliminary assessment was conducted in Laboratory of
Molecular Genetics, National Research of Animal Production.
The aim of this study was to check whether it is possible to
distinguish the llama x alpaca hybrid from alpaca and llama
using microsatellite markers. Hybrids are often difficult to distinguish phenotypically from alpacas, so it will be necessary to
use molecular genetic methods.
Hair samples were collected from fourty four alpacas, fourteen llamas and two llama x alpaca hybrids from SHAiL, zoo
in Krakow and zoo in Wroclaw. In the next step, genomic DNA
was isolated from hair using Sherlock AX A&A Biotechnology
kits, following the suggested protocols of the manufacturer.
Extracted DNA was used to optimize the multiplex PCR using
a panel of 14 basic microsatellite markers recommended by
ISAG for identification and parentage verification of alpacas
and llamas species. Extracted DNA was amplified by one
multiplex PCR, using the QIAGEN Multiplex PCR Kit and 14
fluorescently labeled primers, respectively: 6-FAM, VIC, NED
and PET. The amplified products was separated on 3130xl
Genetic Analyzer (Applied Biosystems) and genotyped using
Gene Mapper Softwere.
PCR products for all markers were obtained for all animals.
We did not observed any significant differences in alleles between the alpacas, llamas and hybrids in individual microsatellite markers. Our preliminary research allow stating that it is
not possible to distinguish hybrids from alpacas and llamas
based on microsatellite markers.

The aim of this study has been assessment the polymorphism
of 22 microsatellite markers and their usefulness for parentage
verification in pigeons. Two panels STR markers were tested
on 404 randomly selected individuals. The core panel involved
the following STR: CliµD11, CliµT43, CliµD01, PIGN57, CliµT13,
CliµD16, CliµD19, CliµT02, CliµD17, CliµD35, CliµT17, PIGN04,
PIGN15, PIGN10, PIGN26, PIGN12 and CHD marker to identify
the sex of birds. The additional panel contained: CliµD32, PG2,
PG3, PG5, PG6, PG7. Genomic DNA was extracted from feathers and buccal swabs. Extracted DNA were amplified by PCR
for the all microsatellites and CHD marker in two multiplex reaction. Primers was labelled with fluorescent dyes, respectively:
6-FAM, VIC, NED and PET. The alleles were amplified using the
QIAGEN Multiplex PCR Kit, the amplified products were separated on ABI PRISM® 3130xl Genetic Analyzer and genotyped
using GeneMapper Software (Applied Biosystems).
Based on the frequency of identified alleles in all 22 microsatellite loci we calculated average values for expected heterozygosity (He) and observed (Ho) and were determined as Ho=0.62
and He=0.67, respectively. The average polymorphism information content (PIC) were 0.62. The lowest polymorphism in
the present study was noted for the CliµD35 (PIC= 0.28 and Ho
=0.31). The highest polymorphism we observed for PIGN26
(PIC=0.9 and Ho=0.88). We estimated the cumulative probabilities of parentage exclusion, when one parent is known
(CPE1) and two parents is known (CPE2), for core panel and
for all 22 markers together. The cumulative probabilities of parentage exclusion CPE1 and CPE2 for all 22 loci were 0.9998
and 0.999999, respectively.
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Quorum sensing (QS) mechanism regulates bacterial metabolic activities via production molecules, called autoinductors. These compounds interact with cognate receptor proteins (such as LasR and PqsR), causing coordinated changes
in selected genes expression. Because Pseudomonas spp.
plays an important role in food spoilage, the identification of
basic mechanisms that disrupt QS in those bacteria is important for food industry. The most promising mechanism is competitive binding of given compounds to the receptor proteins
of the QS system.
Recent investigations have proved that Tarragon essential oil
(TEO) is a source of bioactive compounds exhibiting anti QS
activity. However, there is a lack of detailed research explaining the molecular mechanism of this process. Thus, for the
better understanding of anti QS potential of major bioactive
compounds of TEO, the detailed investigation concerning in
situ molecular docking was carried out.
The hydrodistillation in Deryng apparatus was applied for obtaining TEO. The chemical composition of TEO was analysed
by GC-MS. TEO was subjected to estimation of sublethal
concentration toward Pseudomonas psychrophila cultures by
broth dilution method. The changes in production of autoinductors were carried out by HPLC-MS/MS system. The level
of inhibition of proteolytic activity was evaluated by spectrophotometry analysis with TNBS reagent. Finally, to truly determine the anti QS potential of TEO bioactive compounds, in
situ docking studies were performed by Glide (Schrödinger,
2018) software.
A total of 19 compounds in TEO accounting 100% of total EO
were identified and quantitatively analyzed. Methyl eugenol
(24.5%) and beta phellandrene (19.3%) were the most important compounds in TEO. Sub-MIC of TEO was 75 μL/mL. The
concentrations of autoinductors, 3-oxo-C12-HSL and PQS
were reduced by TEO from 1.908 μg/mL to the value below
detection limit, and from 0.00763 to 0.00032 μg/ml, respectively. Those molecules showed docking scores to cognate
receptors of −9.750 and −7.772 kcal/mol. The docking score
of methyl eugenol and beta phellandrene to LasR was −6.145
and −5.750 kcal/mol, and to PqsR was −4.921 and −5.263
kcal/mol, respectively. The proteolytic activity of bacteria after
exposition to TEO, methyl eugenol, and beta phellandene was
reduced by 30.1%, 28.5%, and 20.6%, respectively.
Obtained results indicated that TEO and its bioactive compounds exhibit anti QS properties, and effectively influence on
Pseudomonas psychrophila physiological activities controlled
by QS system.
This work was supported by a grant from the National Science
Centre (no. 2016/23/D/NZ9/00028)
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The use of vegetable and fruit juices as environments for probiotic-type bacteria has recently become a focus of many scientific studies. So far, no such tests have been carried out with
the use of berry juices which do not contain dairy allergens,
are low in calories, rich in antioxidants, and have low glycemic
indexes, which should make such beverages valuable sources of probiotics for people with lactose intolerance, diabetes
or for vegetarians. The study of the survivability of Lactobacil-

lus strains in fruit juices was performed with intention to compose functional beverages that would combine the health promoting properties of fruits together with the beneficial effects
of lactic acid bacteria (LAB).
Three Lactobacillus strains: L. plantarum PCM 2675, L. casei
PCM 2639 and L. kefiri PCM 2501 were inoculated to crude
juices obtained from the following fruits: raspberry (Rubus
idaeus L., cv. ‘Polka’, ‘Poranna rosa’), black raspberry (Rubus
occidentalis L., cv. ‘Jewel’), honeyberry/blue honeysuckle/
haskap (Lonicera caerulea L. var. Kamtschatica Sevast., cv.
‘Vostorg’), and strawberry (Fragaria × ananassa Duch., cv.
‘Florence’). The LAB suspensions were then incubated for 7
days at 4°C and 37°C. The number of living lactobacilli remained at a high level for all the cases studied, although a
tendency for biomass decrease was observed, especially
during prolonged incubation (above 3 days) at 37°C. L. plantarum and L. casei were capable of maintaining the highest
population of the order of 105–106 CFU/ml throughout the
entire experimental period at 4°C, which is the number expected for probiotic products. The survivability of L. kefiri was
around 105–106 CFU/ml in both temperature variants but only
up to 3 days, and then it tended to decrease by two orders of
magnitude at the end of experiment. From among the tested
berry cultivars, the highest LAB survival rates were achieved
in juices of raspberries ‘Polka’ and ‘Jewel’, and of honeyberry
‘Vostorg’. The two latter cases bring unexpected results since
black raspberries and honeyberries, known to be particularly rich in phenolic compounds such as anthocyanins, should
predictably negatively influence bacterial survivability. To conclude, the better storage temperature for juice-based probiotic products was 4°C and their shelf life should be shorter
than 7 days in order to minimize unfavorable effects caused
by LAB death, probable development of adverse microorganism contaminations and possible reduction in sensory values
of the juices.
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Development in the industrial biotechnology has enabled the
improvement of the commonly used pressureless liberation of
starch (PLS) method by reducing the energy consumption accomplished by lowering the temperature of the starch hydrolysis below the temperature of starch gelatinization. The use of
enzymes capable of hydrolysis of the native starch are increasingly being used for ethanol worldwide production.
The aim of this study was to compare the effect of the dry matter content (d.m.) in the rye mashes on the efficiency of the ethanolic fermentation process using the method of simultaneous
saccharification and fermentation of native cereal starch.
The rye mashes were prepared with the activation of starch
which was carried out with acid α-amylase (derived from
Trichoderma reesei), while main hydrolysis was performed
with a preparation containing a blend of Aspergillus kawachi
α-amylase expressed in Trichoderma reesei and glucoamylase from Trichoderma reesei, that act synergistically and hydrolyze granular starch to glucose. Two variants of mashes
were prepared: (1) 25% dry mater content and (2) 28% dry
mater content. Fermentations were carried out in circadian
system 3 (at temperature of 35±1 °C).
Based on the obtained results, it can be concluded that the simultaneous saccharification and fermentation of rye mashes
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with 25% d.m. enabled to obtain the ethanol yield from 100 kg
raw material at 34.5 ± 0.6 L of absolute ethanol (A100). Fermentation of mashes with 28% d.m. allowed to obtain 36.0 ±
0.4 L A100 per 100 kg of raw material and caused statistically
significant improvement of process efficiency as compared
to fermentation of mashes with lower dry matter content. The
obtained results indicated that increasing the dry matter content in rye mashes may improve the efficiency of ethanolic
fermentation of distillery mashes.
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During alcoholic fermentation, apart from ethyl alcohol, a number of other volatile and non-volatile compounds, so-called
by-products are formed. The presence of these compounds
in the spirits causes a characteristic taste and smell, depending on the concentration in which they occur.
The subject of the research was to determine the effect of
pH (4 and 5) of sweet distillery mashes prepared from native
starch subjected to alcoholic fermentation on the content of
acetaldehyde and ethyl acetate in the obtained distillates. The
process was carried out according to the method of simultaneous saccharification and fermentation (SSF) in a 3-day system. The fermentation was preceded by starch activation step
(T=35±1 °C, 30 min, initial dextrination with use of bacterial
acid α-amylase preparation).
The acetaldehyde content in fermented mashes is extremely
important because it is responsible for the final quality of agricultural distillates. The distillates obtained after the fermentation with an initial pH of 4, were characterized by acetaldehyde
concentration at the level not exceeding 0.1 g/L of absolute
ethanol (A100), meeting the requirements of the Polish Standard (PN-A-79523: 2002 Agricultural distillate). The increase in
the initial pH of the mash (from 4 to 5) resulted in almost twice
the acetaldehyde content in the obtained distillates. Ethyl acetate, a compound with a characteristic fruity odor, was also
determined in the obtained distillates. Analogously to changes in acetaldehyde concentration, an increase in the pH of the
fermentation medium from 4 to 5 caused the increase in the
ethyl acetate content in the obtained distillates from 0.16 g/L
A100 to 0.24 g/L A100.
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Biotechnology is perceptive as an important industrial sector
in European Union (EU) economy, influencing on employment
and growth of quality of life. The basic factor conditioning the
possibility of using a scientific solution in production is the determination of ownership rights to this invention (WIPO, 2004).
Patents predate the introduction of goods and services, therefore forecasting the development of new products and innovations (Altuntas et al., 2015).
Biotechnology includes a variety of areas. The key areas most
frequently referred to: organic fine chemistry, pharmaceuticals,

food chemistry, basic materials chemistry, chemical engineering and environmental technology (Schmoch, 2008; Streltsova et al. 2018). As reported by European Patent Office - EPO
(2018) almost 55% of all patents in biotechnology were related
to pharmaceutical products, 41% to industrial processes and
only 4% to agriculture. It proofs that medical biotechnology
plays an important role in European bioeconomy.
In EU countries in 2017 there were 1322 patents granted in the
field of biotechnology. 65% of all granted patents belonged to
Germany (27%), France (17%), United Kingdom (12%) and
Netherlands (9%). As far as patents application are concerned, there is a similarity in countries which are dominant
in application. The largest number of patents was applied in
Germany (25%), France (19%) and Netherlands (12%). In 2017
in EU countries it were also 1899 patents granted in organic
fine chemistry and 1187 patents in chemical engineering. The
biggest number of patents application in EU countries were
in fields, such as organic fine chemistry, biotechnology and
pharmaceuticals (EPO Statistics, 2018).
The share of Poland in the number of applied and granted
patents in EU was insignificant (EPO, 2019). In 2017 there
were 22 patent applications in biotechnology to EPO. It was
accounted for approx. 5% of all patent application in Poland.
The number of patent applications in biotechnology field in
Poland was increased by 29% in comparison to 2016 (from
17 in 2016 to 22 in 2017). When it comes to the number of
granted patents in biotechnology by EPO, in Poland in 2017
there were 15 patents, which is 7% of all granted patents (216
all granted patents in 2017) (EPO, 2019).
The aim of the poster is to present dynamic of granted and
applied patents in biotechnology fields in EU countries in
2008-2017, with special emphasise of Poland.
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The genetic diversity of eight gooseberry cultivars (Ribes
grossularia subgenus Grossularia): ‘White Smith’, ‘Captivator’, ‘Hinnonmaki Rot’, ‘Hinsel’, ‘Invicta’, ‘Kamieniar’, ‘Pax’,
‘Resika’, of diverse origin (Finland, Poland, UK, Ukraine and
USA) was evaluated with the use of AFLP (Amplified Fragment
Length Polymorphism) fingerprinting. Plant material for analysis was taken from plants growing in gooseberry germplasm
collection of Research Institute of Horticulture in Skierniewice,
Poland. Genomic DNA for AFLP-PCR was extracted from leaf
tissue using commercial DNA isolation kits: DNeasy® Plant
Mini Kit (Qiagen) and NucleoSpin® Plant II (Macherey-Nagel).
Obtained DNA was digested with PstI and MseI restriction
endonucleases and the restriction fragments were ligated to
double-stranded adapters, specific for either the PstI or the
MseI restriction sites. Amplification of DNA fragments was
performed in two steps: preselective amplification with primers complementary to adapters sequences and selective amplification using primers with additional two nucleotides at the
3’ end. Six primers pairs were used in selective amplification:
P-AT/M-CG, P-CA/M-TG, P-CT-/M-AC, P-TA/M-GA, P-AG/M-CT
and P-TC/M-AG. Products of amplification were analysed by
separation in 6% denaturing polyacrylamide gels and silver
staining. The analyses were done in two replications. As a result, 184 AFLP-PCR products were obtained from that 54 were
polymorphic (29,3%). The number of amplified bands ranged
from 9 to 73 for P-CA/M-TG and P-AG/M-CT primers pairs, re-
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spectively. The level of polymorphism was different for each
primer pair and ranged from 8,3% for P-TC/M-AG to 45,8% for
the pair P-AT/M-CG. For diversity analysis, the binary data matrix was constructed on the basis of scoring the AFLP bands
as either present (1) or absent (0) and the Dice similarity index
(SD) between analysed cultivars was calculated. Genetic similarity between the analysed gooseberry cultivars ranged from
0,90 (‘Captivator’ vs. ‘White Smith’, ‘Captivator’ vs. ‘Invicta’,
‘Captivator’ vs. ‘Resiksa’, ‘Kamieniar’ vs. ‘Hinnonmaki Rot’) to
0,97 (‘Invicta’ vs. ‘Pax’), on the average 0,926. Only 2 primers
pairs, P-AT/M-CG, and P-TA/M-GA generated unique amplification product profile for each genotype. The results obtained
in our study indicates high genetic similarity between the analysed cultivars of gooseberry.
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The aim of this work was to study the impact of photoperiod
and light of different colours (red, far red and blue) on floral induction, morphology and photosynthetic activity of strawberry
cultivars with different requirements in relation to photoperiod:
‘Elsanta’ (short day plant), ‘Selva’ (day neutral plant) and ‘Geneva’ (everbearing cultivar).

In the first experiment, plants were growing for 4 weeks in a
diverse photoperiod conditions (16/8, 14/10, 12/12, 10/14 and
8/16) and then were cooled for the next 4 weeks. After cooling,
the floral induction was observed in ‘Selva’ plants growing in
16/8 and 14/10 photoperiod and ‘Elsanta’ plants in 14/10 and
10/14 photoperiod. The various photoperiod conditions didn’t
affect the number of young leaves in ‘Selva’. In ‘Elsanta’ 16/8
photoperiod increased and 14/10 photoperiod decreased
the number of leaves. The maximum quantum efficiency of
PSII photochemistry (Fv/Fm and Fv/F0 ratio) was increased in
‘Selva’ plants growing in 14/10 photoperiod, and decreased
in 10/14 photoperiod. In ‘Elsanta’ there was no significant effect of photoperiod on Fv/Fm, actual photochemical efficiency (Yield) and electron transport efficiency (ETR). In ‘Selva’
increase in these parameters was observed in plants growing
in 14/10 photoperiod.
In the second experiment, ‘Elsanta’ and ‘Selva’ plants, growing under the conditions of a 12-hour photoperiod under
the white light, were supplementary irradiated for 6 hours a
day with LED diodes emitting blue (450 nm), red (660 nm)
or far red (720 nm) light. The experiment was carried out for
8 weeks. In ‘Elsanta’ plants, exposed to red light, the floral
induction started 2 weeks later, and after exposition to far red
light – 4 weeks later than in plants growing in blue light and
control plants. The generative development of ‘Selva’ started
only in plants irradiated with red light. In both varieties, blue
light irradiation shortened the leaf petioles, while exposure to
red light – their length. In control ‘Elsanta’ and ‘Selva’ plants,
the leaf blades were larger than in irradiated plants. The highest number of leaves had ‘Elsanta’ plants growing in blue light
and ‘Selva’ control plants, whereas in ‘Selva’ exposure to far
red light caused the reduction of the leaf area and the number
of leaves on the plant. There was no significant effect of LED
irradiation on Fv/Fm ratio and chlorophyll content index (CCI)
in ‘Selva’. In ‘Elsanta’ irradiated with far red light, Fv/Fm ratio
was slightly higher and CCI – lower than in other treatments.
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