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PLE1 

HASZONÁLLAT MODELLEK A TRANSZLÁCIÓS 

MEDICINA SZOLGÁLATÁBAN 
 

Bősze Zsuzsanna (bosze.zsuzsanna@abc.naik.hu)1 

 

NAIK MBK, Tudományos tanácsadó 

 

Az új génszerkesztési módszerek korábban elképzelhetetlen távlatokat 

nyitottak meg humán betegségek modelljeinek létrehozásában. A DNS 

ollók lehetővé tették, hogy haszonállat modellek genomjában is 

létrehozzunk hely-specifikus mutációkat. A még kezdeti stádiumban 

lévő technológiától távlatokban azt várjuk, hogy a gyógyszerek 

fejlesztésében nélkülözhetetlen, a preklinikai kutatásokban hasznosuló 

állatmodelleket és általuk új terápiás lehetőségeket eredményeznek.  

 

Előadásomban összefoglalom a DNS ollók működési mechanizmusát és 

bemutatok néhány már létező betegségmodellt. 

 

Munkánkat az NVKP_16-1- 2016-0039 projekt támogatja. 
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PLE2 

BIOTECHNOLÓGIAI GYÓGYSZEREK JELENE ÉS 

JÖVŐJE, KÖZÉP EURÓPAI FEJLESZTÉSI 

PERSPEKTÍVÁBÓL. 
 

Bogsch Erik  
 

(Richter Gedeon Nyrt., Biotechnológiai K+F Főosztály vezetője) 
 

Az elmúlt két évtizedben a biológiai eredetű gyógyszerek (ún. 

biológikumok) térhódítása a világban erőteljes volt, a globális piacnak 

már 20%-at teszik ki. A biológiai gyógyszerek szinte kivétel nélkül 

nagyméretű molekulák, szerkezeti bonyolultságuk mértéke ezzel 

arányban nő. Többségében rekombináns sejt fermentációs 

technológiával állítják elő a biológiai hatóanyagokat. Jelentőségük 

különösen markáns az immunológia és az onkológia területén. Terápiás 

fontosságuk nem ok nélkül való, bizonyos súlyos betegségek esetén az 

egyetlen terápiát nyújtják a tünetek jelentős enyhítésére és/vagy az élet 

meghosszabbítására. Terápiás tulajdonságaik mellett ezek a gyógyszerek 

rendkívül drágák és fejlesztésük és gyártásuk is rendkívül tőke igényes. 

Ez jelentős finanszírozási problémaként jelentkezik minden ország 

egészségügyi költségvetésében, aminek eredményeképp sok beteg nem 

kap hozzáférést ezekhez a készítményekhez. A terápiás fehérjék pontos 

másolatának, azaz generikumának előállítása a molekula mérete és 

bonyolult szerkezete miatt szinte lehetetlen. Ennek megfelelően jött létre 

az ún. biohasonló (bioszimiláris) termékkategória és az ehhez tartozó 

törzskönyvezési szabályozás. Biohasonló készítmények terápiás 

használata jelentős megtakarítást hozhat a gyógyszerkasszák számára és 

sokkal nagyobb elérhetőséget biztosíthat a betegek számára ezen 

gyógyszerek esetében. 
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PLE3 

A FOTOSZINTETIKUS NAPENERGIA HASZNOSÍTÁS 

MECHANIZMUSA ÉS BIOTECHNOLÓGIAI 

LEHETŐSÉGEI 
 

Vass Imre  
 

MTA, SZBK, Növénybiológiai Intézet, Intézetigazgató 
 
Földünkön a legnagyobb potenciálú megújuló energiaforrás a Napból 

származó fényenergia, ami a Föld egészére vonatkozóan éves átlagban 150 000 TW 

teljesítményt jelent. Így az emberiség jelenlegi éves igényeit potenciálisan kielégítő 

energiamennyiség kevesebb, mint egy óra alatt érkezik a Napból a Föld felszínére. 

A napenergia fontos tulajdonsága, hogy a Földön lényegében mindenütt, a 

sarkvidéki régióktól eltekintve, jórészt egyenletesen, mindenki számára 

rendelkezésre áll.  

A legnagyobb napenergia-átalakító rendszert a természetes fotoszintézis 

képviseli. Ennek során a fotoszintetikus baktériumok, algák és zöld növények a 

Nap fényenergiáját a légköri CO2 megkötésére és szerves anyagokba történő 

beépítésére használják fel a vízből vagy más szervetlen forrásból származó 

elektronok felhasználásával. A fotoszintetizált vegyületek kémiai kötéseiben tárolt 

napenergia globálisan 125 TW/év-re becsülhető, ami csaknem tízszeresen haladja 

meg az emberiség jelenlegi energiaigényét. A fotoszintézis mint az evolúció 

évmilliárdok során optimalizált energiaátalakító és -tároló folyamatának sikere 

elsősorban abból fakad, hogy a hozzá szükséges nyersanyagok (víz és CO2), 

valamint a hajtóerő (napfény) gyakorlatilag kimeríthetetlen mennyiségben állnak 

rendelkezésre, a szerves vegyületek kötéseiben pedig akár százmillió éveken 

keresztül tárolható energia. 

A fotoszintetikus rendszerek által átalakított és tárolt napenergia 

felhasználásának a légköri szén-dioxid mennyiségét tartósan nem növelő 

módszerei a növényekből származó biomassza elégetése vagy bioüzemanyaggá 

(bioetanol, biodízel) való alakítása. Mivel az energiacélú és élelmiszercélú 

növénytermelés ugyanazokért a mezőgazdaságra alkalmas földterületekért 

verseng, e módszerek alkalmazása globális szinten csak átmeneti megoldást 

jelenthet. Ezért a fotoszintetikus napenergia-hasznosításra irányuló kutatások 

elsődleges célja tárolható üzemanyagok (folyékony vagy illékony szénhidrogének, 

hidrogén) előállítása mezőgazdasági tevékenységre nem alkalmas területeken 

energiatermelésre optimalizált természetes vagy mesterséges rendszerekkel. A 

fotoszintetikus fényenergia-átalakítás mechanizmusának megértésében az utóbbi 

években elért szerkezet-funkcióalapú áttörés, a szintetikus kémia, szintetikus 

biológia, anyagtudományok és nanotechnológia területein bekövetkezett rohamos 

fejlődéssel együtt jó alapot szolgáltat arra, hogy a biológiai rendszerek által 

évmilliárdok óta sikerrel használt fényenergia-átalakítási mechanizmusok 

alkalmazhatók legyenek az emberiség energiaigényeinek kielégítésére. 
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ÁE1 

IN VITRO LIPIDATION ASSAY FOR THE INVESTIGATION 

OF AUTOPHAGY REGULATORY FACTORS  
 

Dalma BÖRCSÖK (borcsok.dalma@brc.mta.hu) – Gábor HORVÁTH – 

Hajnalka LACZKÓ-DOBOS – Gábor JUHÁSZ  
 

Institute of Genetics, Biological Research Centre, HAS, Temesvári körút 62., 6726 

Szeged, Hungary 

 

The term ‘autophagy’, derived from the Greek meaning ‘eating of self’, is an essential 

degradation pathway of the eukaryotic cells. Autophagy plays a pivotal role in cellular 

homeostasis, as it is involved in the elimination of dysfunctional proteins, damaged 

organelles and pathogens. 

During this process a double membrane structure (autophagosome) is formed in the 

cytoplasm which sequesters the cytosolic components. The autophagosome is able to 

fuse with lysosomes, which contain acidic hydrolases necessary for degradation. 

The ubiquitin-like Atg8 protein’s lipidation is the key for the formation of the 

autophagosome (in Drosophila melanogaster Atg8 has a and b paralogs, their 

mammalian homologs are the LC3 and GABARAP proteins). Atg8 binds covalently to 

the head group of phosphatidylethanolamine (PE) lipid molecule in a complex reaction 

cascade. 

Several proteins are needed for the lipidation of Atg8, like protease Atg4; E1-like Atg3; 

E2-like Atg7 and a heterotrimeric protein complex (Atg12-Atg5-Atg16). 

Our aim is to create an in vitro lipidation system for the investigation of D. 

melanogaster’s Atg8a and b proteins and determine whether the two Atg8 paralogs can 

be lipidated in a similar manner and rate? 

Liposomes with high PE content (lipid sources) were prepared from E. coli total lipid 

extracts. Atg8a, b and Atg3 recombinant proteins were expressed in E.coli cells. 

Despite our attempts the Atg7 showed rapid degradation in the chosen host strains. In 

order to circumvent this, Atg7 is planned to be expressed in yeast cells. 

Based on these results, we are on the way to successfully create an in vitro lipidation 

system for the investigation of Drosophila Atg8 lipidation, provided that the 

problematic Atg7 protein can be purified in the near future. 

The system's applicability goes beyond answering the above question. We would like 

to use this in vitro system to investigate many other regulators and inhibitors of 

autophagy, such as pathogen-derived proteins, which are able to hinder the Atg8 

lipidation. 
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ÁE2 

IDENTIFICATION OF ATYPICAL PORCINE PESTIVIRUS IN 

HUNGARIAN HERDS 
 

Lilla DÉNES (denes.lilla@univet.hu)1 – Imre BIKSI 

(biksi.imre@univet.hu)2 – Mihály ALBERT (mihaly.albert@ceva.com)3 – 

Gyula BALKA (balka.gyula@univet.hu)1 
 
1Department of Pathology, University of Veterinary Medicine, István Str. 2., 1078 

Budapest, Hungary 
2Department and Clinic of Food Animal Medicine, University of Veterinary Medicine,  

Dóra major, 2225 Üllő, Hungary 
3CEVA-Phylaxia Vaccine Producer Inc. (Ceva Sante Animale), Szállás Str. 5., 1107 

Budapest, Hungary 

 

Pestiviruses are highly variable RNA viruses within the Flaviviridae family causing 

economically relevant diseases of swine, cattle, sheep and goat. Several novel 

pestiviruses have been described in the last few years, such as the atypical porcine 

pestivirus (APPV), which was identified in 2015 in the USA. Since then, the presence 

of APPV has been also reported in Europe, Asia and South-America. Previously 

published experiments confirmed that intrauterine APPV infection can induce A-II type 

congenital tremor (CT) in the newborn piglets, which is characterized by shaking of the 

head and the limbs.   

The aim of our research were (i) to identify the virus in Hungary, (ii) to characterize 

the strains and compare them to each other and to previously published sequences, (iii) 

to localize and visualize the virus in the cerebellum and cerebrum.   

We performed RT-PCR assays to detect the virus in the brain and lymphoid tissue of 

CT affected newborn piglets. In the case of positive samples, we sequenced the partial 

NS2-NS3 protein coding region. Our sequences supplemented with APPV sequences 

deposited in the GenBank were assembled using E-INS-i method of the online software 

mafft version 7. Maximum-Likelihood analyses were carried out with RAxML 

implemented in raxml-GUI v. 1.3 and the tree was plotted using MEGA 7. Visualization 

of the virus in the brain was carried out by RNAscope method with target probes 

complementary to the region obtained.  

Here, we present the first report of APPV in Hungarian swine farms. To date, we have 

identified the virus in 24 samples originating from six Hungarian farms. The NS2-NS3 

region of eight APPV were sequenced and phylogenetic analyzes were carried out. The 

Hungarian strains were clustered into three distinct lineages. One of them showed 

exceptional similarity with a strain from Austria. We found a maximum of 11.5% 

genetic distance among the Hungarian strains, which is similar to previous findings on 

APPV strains in other countries. 

Using a novel RNA based in situ hybridization method (RNAscope), the virus was 

detected not only in the inner granular layer of the cerebellum, which is reported to be 

responsible for the clinical signs, but in ependymal and subependymal cells of the 

cerebrum too. Our findings on APPV might help in the better understanding of this 

novel and poorly described virus.  
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Fusarium species, as field moulds may produce different mycotoxins, e.g. 

trichothecenes. T-2 toxin is a ‘type A’, while deoxynivalenol (DON) is a ‘type B’ 

trichothecene mycotoxin. Both are known as powerful inhibitors of protein synthesis, 

which can cause failures in the immune- and antioxidant defence system and may 

reduce productivity. 

The purpose of present study was to evaluate the short-term effects of different 

combined doses of DON and T-2 toxin on lipid peroxidation processes and on the 

amount/activity of glutathione redox system in common carp juveniles.  

A total of 112 one-year-old (50.42±16.72 g b.w.) common carps were used. After a 

week adaptation period, 4 groups were formed: a control (‘C’) and 3 treated groups, 

which were as follows: low (‘T0.5D1’ – 0.51 mg T-2 toxin and 1.01 mg DON/kg b.w.), 

medium (‘T1D2’ – 1.01 mg T-2 toxin and 2.01 mg DON/kg b.w.), and high combined 

doses of T-2 toxin and DON (‘T2D4’ – 1.97 mg T-2 toxin and 3.97 mg DON/kg b.w.). 

The treated carps received single oral dose of mycotoxin contaminated complete feed 

by gavage. Hepatopancreas samples were taken at the start of the experiment (as 

absolute control) and at every 8th hour (n=6/group) during the 24h long experimental 

period, where activity of glutathione-peroxidase (GPx) and reduced glutathione (GSH) 

concentration were measured. To investigate the lipid peroxidation processes, the 

amount of conjugated dienes (CDs) and -trienes (CTs) and malondialdehyde (MDA) 

concentration were determined. 

The highest applied doses increased the mortality rate rapidly; 10% of the animals died 

between the 8th and 16th hours after the mycotoxin exposure. 

CTs was significantly higher in ‘T2D4’ group than in ‘T0.5D1’ at 8h, showing a rapid 

prooxidant effect of the applied trichothecenes. GSH concentration significantly 

increased in ‘T1D2’ group as compared to ‘T0.5D1’ group at 16h. In the same time 

also elevated GPx activity were found in ‘T1D2’ and ‘T2D4’ groups as compared to 

the ‘T0.5D1’ group. 

The results show that the single oral doses of mycotoxins caused rapid changes in the 

lipid peroxidation processes in the hepatopancreas of common carp. The emerging free 

radical burden quickly activated the glutathione redox system which was able to reduce 

and eliminate the prooxidant effect of the investigated mycotoxins. In this case, the end 

product of lipid peroxidation processes (MDA) did not increase significantly. 
The study was supported by the NKVP_16-1-2016-0016 and EFOP-3.6.3-VEKOP-16-2017-

00008 projectsco-financed by the European Union and the European Social Fund. 

mailto:balogh.krisztian@mkk.szie.hu
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Primordial germ cells (PGCs) are the precursors of germinal cells, the progenitors of 

eggs and spermatozoa, and provides an alternative way to preserve both male and 

female genetic materials in poultry. These cells are isolated from the blood of 2.5–3 

days old chicken embryo. In this period, the number of PGCs has a peak in the blood 

vessels and it is possible to isolate them easily from the embryo. Cryopreserved the 

PGC lines, we are able to save endangered poultry species. The main aim of our 

research work is to preserve the genetic background of seven Old Hungarian Chicken 

Breeds. The cryopreserved PGCs are stored in liquid nitrogen. In that case, if we need 

that endangered breed, we defreeze the PG cells and reinject them to a recipient embryo. 

At the end of 2016, our group established 9 GFP-expressing PGC lines. These PGC 

lines were characterized by using RT-PCR analysis and immunostaining. We 

determined the stem cell- and germ cell specific marker expressions (CVH, cNANOG, 

cPOUV, cDAZL). Simultaneously, the sex of the PGC lines were determined using P2-

P8 primer-pairs. The female cell lines contained Z and W chromosomes whereas the 

male cell lines have only Z. 

These GFP-expressing PGCs were injected back into two different recipient breeds 

(White Hungarian and Partridge colour Hungarian). The integration efficiency, when 

the male PGCs (4ZP line) were injected back to the White Hungarian breed was 31.6%, 

when 4ZP cells were injected back to the Partridge colour Hungarian breed, was 22.4%. 

When the female PGCs (5ZP) were injected back to White Hungarian breed, the 

integration rate was 25% in the case of White Hungarian breed, but in case of Partridge 

colour Hungarian breed it was just 14.3%. 

In conclusion, we could not find significant difference between the male and female 

cell lines compared the stem cell- and germ cell specific marker expression. We 

demonstrated that both male and female PGCs can integrate into the gonads of both 

recipient chicken line.  

 

The project was supported by IMAGE Horizon 2020 Research and Innovation Program 

(677353 IMAGE), CGIAR/CCAFS project (Agricultural Ministry) and the 

GÉNNET_21 (VEKOP-2.3.2-16-2016-00012). 
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Nowadays sustainable development is one of the most challenging global issues. The 

production of industrially relevant compounds by microorganisms contributes to the 

sustainable development. Microorganisms often require optimization in order to 

increase yield which is frequently achieved by engineering heterologous pathways. 

Heterologous pathways are artificially designed biochemical routes containing 

transgenic metabolic steps. However, inserting transgenic reactions into the metabolic 

network of the host organism often causes unexpected side-effects like producing 

cytotoxic intermediers, changing the distribution of cofactors, or incompatibility with 

the metabolism of the host cell. 

Here, we suggest the use of underground enzyme activities as a new approach of 

metabolic engineering. Underground activities are side-reactions the enzymes can 

catalyze, albeit at low rates, due to their limited substrate specificity. Although the 

physiological effect of underground reactions is mostly negligible their activities can 

be enhanced by well-established molecular genetics methods making them an ideal 

surrogate to heterologous metabolic steps. 

We used metabolic modeling to investigate the potential of underground reactions to 

aid the synthesis of industrially relevant compounds. We extended the genome-scale 

metabolic reconstruction of Escherichia coli with 572 underground reactions and 

simulated the production of several hundred industrially relevant compounds. In several 

cases introducing a single underground reaction extended the ability of the native 

metabolic network to produce certain compounds, thus suggesting that underground 

enzyme activities can be utilized in industrial strain development. 

mailto:kovszasz@gmail.com)1
https://maps.google.com/?q=6726+Szeged,+Temesv%C3%A1ri+krt.+62&entry=gmail&source=g
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SLIMs (Short Linear Motifs) are common interaction modules that play critical roles 

in diverse biological pathways. SLIMs usually reside in disordered regions and their 

short length and weak phenotype makes their experimental discovery challenging. As 

a result, SLIM mediated interactions are highly underrepresented in current protein 

networks. This underlines the importance of computational approaches for the 

discovery of functional de-novo motifs. 

 

Currently, there are two main approaches for de-novo motif discovery. Alignment free 

methods seek to find enriched motif sequences in a group of related sequences. 

Alignment based methods, like SLIMPrints1, exploit the specific evolutionary 

conservation of SLIMs. As functional SLIM sites show stronger evolutionary 

constraints compared to their disordered sequential neighborhood, this gives the 

appearance of island like conservation in multiple alignment of orthologues. 

 

However, evolutionary approaches rely heavily on good quality sequence alignments 

covering larger evolutionary distances. Such alignments are often not available for 

disordered protein segments, which harbor most SLIMs. In order to overcome this 

major limitation of evolutionary based de-novo motif discovery methods, we propose 

a novel SLIM specific alignment method. In this approach, the starting scoring is based 

on motif enrichments within homologous, and alignments are not forced in regions that 

have no evolutionary conservation. This enables a more accurate detection of 

evolutionary conservation over larger distances even within disordered segments, 

making it feasible to detect functional SLIMs within any homologous, from vertebrate 

to plants. 

 
1Davey et al. Nucleic Acids Research. 2012 40:10628-10641 
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Transmembrane proteins (TMP) play crucial role in living systems, they participate in 

metabolic-, energy- and information transport processes. Amount of TMPs are encoded 

by human genome about 6-8 thousand, although in structure databank the ratio of 

known structures of TMPs are only 2%. One of the reasons that makes exceedingly 

difficult to determine their structures by traditional structure examination methods like 

NMR or X-ray crystallography is their disadvantageous physical-chemical properties. 

Due to the difficult experimental approaches, the bioinformatical methods and 

mathematical models in TMPs structure examination have major role recently. Synergy 

of theoretical and experimental methods is highly efficient approach to assign the low 

resolution structure/topology as well as detailed 3D structure of TMPs. Our research 

group developed a Constrained Consensus TOPology (CCTOP) in silico prediction 

algorithm and a high throughput topology assay to produce and predict topology data 

for more than hundreds of proteins at the same time with more reliability and accuracy. 

Our recent work focuses on modification and insertion of few steps in the previously 

published (Langó et al., 2017, SciRep.) experimental method in order to increase 

identified extracellular TMP segments in HL60 cell lines. Main steps of the process are 

labeling of cell surface proteins with membrane impermeable Sulfo-NHS-SS-biotin, 

lysis of cells and then membrane preparation and digestion with proteolytic enzymes, 

enrichment and isolation of labeled peptides, finally purification to prepare samples for 

tandem mass spectrometry. We inserted a partial proteolysis of cell surface proteins as 

a new step, used trypsin and chymotrypsin serine proteases with different concentration 

and digestion time in order to observe, how change the yield of TMPs and their labeled 

peptides. We use the tandem mass spectrometry identified labeled peptide pattern and 

protein database to determine several labeled peptide sequences of TMPs, moreover, 

we can identify the regular site of labeling. The identified labeled positions can be used 

as constraints in the CCTOP algorithm that help to increase reliability and accuracy of 

topology prediction of TMPs. 
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To answer major questions of cell biology, it is essential to understand cellular 

complexity. Modern automated microscopes produce vast amounts of images routinely, 

making manual analysis nearly impossible. Due to their efficiency, machine learning-

based analysis software have become essential tools to perform single-cell-level 

phenotypic analysis of large imaging datasets. However, an important limitation of such 

methods is that they do not use the information gained from the cellular micro- and 

macroenvironment: the algorithmic decision is based solely on the local properties of 

the cell of interest. Here, we present how various microenvironmental features 

contribute to identifying a cell and how such additional information can improve single-

cell-level phenotypic image analysis. The proposed methodology was tested for 

different sizes of Euclidean and nearest neighbour-based cellular environments both on 

tissue sections and cell cultures. Our experimental data verify that the 

microenvironment of a cell largely determines its entity. This effect was found to be 

especially strong for established tissues, while it was somewhat weaker in the case of 

cell cultures. Our analysis shows that combining local cellular features with the 

properties of the cell’s microenvironment significantly improves the accuracy of 

machine learning-based phenotyping. 
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Invertebrate organisms operate with distinct innate cellular and humoral immune 

components to maintain their self-integrity. Antimicrobial peptides (AMPs) are ancient 

molecules that are structurally conserved during the evolution. Until now, only one 

earthworm AMP the lumbricin and its orthologues were described in annelids. Our aims 

were to isolate the potential homologue of lumbricin in Eisenia andrei earthworms and 

characterize its expression pattern.  

In order to isolate the potential lumbricin mRNA in E. andrei, conventional RT-PCR, 

5’ and 3’ RACE PCRs were performed. Q-PCR analyses were executed to evaluate the 

expression levels of lumbricin in various tissues of earthworms, during development as 

well as antero-posterior regeneration process. To estimate the temporal expression 

pattern of this peptide upon pathogen exposure Q-PCR measurements were performed. 

We identified and characterized two novel homologues of lumbricin AMP from E. 

andrei earthworms. The cloned cDNA of Ea-lumbricin and Ea-lumbricin-related 

peptide consist of 189 and 177 bp open reading frames, respectively. The predicted 

molecular weights of the proline-rich lumbricin and the related peptide are 7413.35 and 

7066.84 Da. Phylogenetic analysis revealed strong sequence similarity among annelids. 

Q-PCR analysis evidenced that the highest expression of both AMPs mRNA was 

observed in whole foregut (pharynx, gaster), while other tested tissues had moderate or 

basal expression. Both of AMPs were expressed in all developmental stages. Their 

expression revealed steady elevation up to the fourth developmental stage (E4). During 

anterior and posterior regeneration the patterning mechanisms of Ea-lumbricin and its 

related peptide were rather consistent. In coelomocytes, both of AMPs expression was 

significantly increased after 48 hrs of in vivo Gram-positive Staphylococcus aureus 

stimulation. 

In conclusion, our unique data further supports the conservation of lumbricin and the 

existence of multiple isoforms of these proteins within annelids. 

 

Acknowledgements: This work was supported by PTE-ÁOK-KA 2017-04 and the Bolyai 

János Research Scholarship of the Hungarian Academy of Sciences to EP. 
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The syndecan family belongs to the type I transmembrane proteins, bearing heparan 

sulfate (HS) and chondroitin sulfate on the core proteins. It comprises four members 

syndecan-1–4 (SDCs) in mammals. The expression of SDC1–3 is tissue specific, 

meanwhile that of SDC4 is universal. The state-of-the-art emphasizes their primary role 

being co-receptors next to the main receptors. They can bind and enrich growth factors, 

cytokines and chemokines in the cell surface. However, SDC4 can be considered as a 

real receptor because it can transmit signals solely, regulating the activity of Rho family 

of small GTPases. The signal transduction can occur upon phosphorylation of the 

cytoplasmic domain of syndecan-4. The phospho-syndecan-4 and its phosphomimetic 

mutant can reduce the Rac1 activity 3-fold (EU2365984) triggering Rac1-RhoA-Cdc42 

dependent signals. Further SDC4 can influence the mitosis and cytokinesis in 

phosphorylation dependent way. Its phosphomimetic form can cause delayed 

cytokinesis with elongated intercellular bridges and the non-phosphorylatable mutation 

induces aneuploidity. During the cell cycle the phospho-syndecan-4 can escape from 

the membrane and distributed with the mitotic spindles1. The phospho-form can enter 

the nuclei and enriched in the nuclear speckles (EU2078195). SDCs promote 

endocytosis and the endocytosed SDC4 follows a retrograde route concentrating in the 

cis-Golgi network. Most of the known cell penetrating peptides (CPP) employ 

syndecans for the cell entry2,3. 

The CPPs form heterogeneous groups of peptides having the ability to internalize into 

cells and can deliver various attached cargoes. They are considered as usually short (5 

– 30 amino acids), water-soluble and partly hydrophobic, and/or polybasic peptides 

with a net positive charge at physiological pH. Few sequence similarities has been 

found between different classes of CPPs. Here we present using different syndecan-4 

mutants how the different segments (HS, core protein) of syndecan-4 can contribute to 

CPP uptake.  

 
1Keller-Pinter et al., 2010, CMLS, 67:1881-94. 
2Letoha et al., 2010, BBA, 1798:2258-65.,  
3Szilak et al., 2013, Ther Deliv. 4:1479-81. 

EU2365984 SYNDECAN-4 IS A REGULATOR OF RAC1  
EU2078195 INTRACELLULAR TARGETING OF MOLECULES 
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In spite of the extended and active research, malaria is still a major threat amongst 

vector-borne diseases. The prevalence of multidrug-resistant Plasmodium strains urges 

the identification of new potential drug targets and development of new antimalarials 

against them. The parasite depends crucially on membranogenesis during the 

intraerythrocytic stage. Phosphatidyl-choline (PC) is the major contributor of 

eukaryotic membranes1. The main biosynthetic pathway of de novo PC biosynthesis is 

the Kennedy-pathway2. The rate-limiting step of the procedure is catalysed by the 

CTP:phosphocholine cytydilyltransferase (CCT) enzyme, which turns the 

phosphocholine (ChoP) into cytidine diphosphate choline (CDPCho). As a key enzyme 

of the pathway, it has been validated as a potential antimalarial drug target3. 

CHO-MT58, the conditional mutant Chinese Hamster Ovary (CHO) cell line strain was 

generated with random mutagenesis from the wild type CHO-K1. In the CHO-MT58 

cell line a point mutation turned the endogenous CCT into a thermosensitive phenotype. 

At the permissive temperature 37 °C, the cell line can maintain its membranogenesis, 

however at the restrictive temperature 40 °C the CCT degradation increases and the 

loss of PC content leads to apoptosis of the cells4. Nevertheless, the heterologously 

expressed CCT is able to rescue the CHO-MT58 cells, thus it is an appropriate tool for 

analysis of CCT specific elements of the orthologue Plasmodium falciparum and 

mammalian CCTs. 

Here we demonstrate the rescue potential of the two catalytic domains of the 

pseudoheterodimer Plasmodium falciparum CCT (PfCCT). We expanded our research 

in silico to look for PfCCT specific structural elements compared to its mammalian 

orthologue rat CCT (Rattus norvegicus, RnCCT), which might serve as potential drug 

development target. Furthermore, we analysed the localisation of the different protein 

constructs in African Green Monkey kidney cell line (COS-7). 

 
1Kent, 1997, Biochim. Biophys. Acta, 1348: 79–90. 
2Kennedy et al., 1956, J. Biol. Chem., 222: 193–214. 
3Ancelin et al. 2003, AntimicrobAgentChemotherap47: 2590–2597. 
4Esko et al., 1981 J. Biol. Chem., 256: 7388–7393. 
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Multiple knock-out mouse models can provide key novel insights into dynamics of 

genome integrity. The object of our studies, dUTPase, is a key enzyme in genome 

maintenance. It catalyzes the hydrolysis of dUTP into pyrophosphate and dUMP, 

supporting low cellular dUTP/dTTP ratio thus prevents genomic uracil accumulation. 

The molecular mechanism of thymine-less cell death, induced by the lack of dUTPase, 

is poorly understood although several routinely applied chemotherapeutic drugs in the 

clinic (fluoropyrimidines, methotrexate and its derivatives); interfere with the de novo 

thymidylate biosynthetic pathway. Previous reports showed that overexpression of 

dUTPase causes partial resistance against fluoropyrimidines, while its deficiency 

sensitizes tumor cells. Therefore a better knowledge of dUTPase role and function is 

particularly important in medicine. To investigate the physiological role of dUTPase in 

vivo, we established mice lacking dUTPase using CRISPR/Cas9-mediated genome 

engineering. So far two transgenic mouse models (dut +/-) were gained with 6 or 47 

base pairs deletion in the coding gene of dUTPase. After crossing heterozygous mutants 

no viable homozygous pups were born indicating a lethal mutation. dUTPase 

homozygous mutant embryos were identified among blastocysts, which exhibited a 

normal appearance, but homozygous embryos were never found by E8.5, suggesting 

that mutant embryos die immediately after implantation. Single blastocysts are being 

undertook real-time PCR analysis to investigate potential maternal contribution of 

dUTPase transcripts at pre-implantation stages. We also performed Western blot 

studies on tissues derived from wild type and dut +/- heterozygote tissues in order to 

quantify dUTPase protein expression level and immunohistochemical staining on 

mouse sections to investigate cellular localization pattern. Our results establish for the 

first time that dUTPase is indispensable for proper post-implantation embryogenesis in 

mouse. However, the interesting unexpected aspect of this finding is that dut-/- biallelic 

KO individuals seem to survive the first replicative stages of pre-implantation and 

lethality sets in only after implantation. 
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In vitro monolayer scratch model was established to examine the wound regeneration 

of the corneal surface. The process of the monolayer regeneration of human limbal stem 

cells was based on time lapse microscopy and the evaluation of the results was 

performed by using digital image analysis. In this experimental setup the purpose of the 

study was to observe the physiological effect of the different surfaces (glass, 

polystyrene), and matrix materials (collagen, hyaluronic acid, gelatin) on wound 

healing. The regeneration profile was determined by using specifically adapted 

dynamical image analysis. The analysis of the time lapse image sequence shows the 

cellular changes of the monolayer minute-by minute for an extended time period. 

The healing of the monolayer can be described by the motility and regeneration curves. 

All of the regeneration curves consisted four phases: 

I.) The expanding and reattachment phase. An initial delay in the regrowth, caused by 

the cell-reattachment to the edges of the scratch.  

II.) The exponential growth phase. Repopulating the disturbed area with cell migration 

and division. 

III.) Transition phase. 

IV.) Stationary phase. Attaining the complete confluency 

Motility curve shows the movement of scratched edges of monolayer minute-by-minute 

which can be trended to the inward or outward of the disturbed area.  The positive 

oscillation shows the inward movements of the cells (migration, proliferation, 

reattachment). The negative oscillation describes the outward movements of the cells 

(detachment, apoptosis of the damaged cells, transient or permanent cellular shrinkage) 

The regenerations on the different surfaces were compared and the spreading of the 

monolayers were calculated in a defined region of interest (ROI) selection of the image 

sequence. 

Furthermore, our further aim to monitor the adhesion of filamentous fungi on these 

matrix components to get information about the pathogenicity of Aspergillus fumigatus 

during the corneal wound healing.  
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Synaptic network of the central nervous system is highly dynamic with an estimated 

lifetime in the order of hours. Synaptic pruning controls the number of synapses by 

eliminating the non-functional ones in the healthy brain. In neurodegenerative diseases, 

such as Alzheimer’s, this process is shifted to the aberrant levels of synapse loss. The 

molecular mechanisms of synaptic pruning has not been known in details. Components 

of the complement system have been shown to play a significant role in synapse 

elimination, however, the molecular background and the interacting protein partners 

have not been characterized yet. Our group investigates the proteins that label the 

synapses for elimination or modulate the process. C1q is a molecule that labels the 

synapses for microglial removal. According to our results pentraxins are interaction 

partners of C1q and also participate in synapse elimination. Complement components 

are often huge multimer complexes kept together by disulphide bonds and have 

extensive posttranslational modifications like glycosylation. The effective production 

of these extracellular proteins is challenging and the most promising way is to express 

them in eukaryotic expression systems. We managed to optimise the efficient 

mammalian expression resulting functional protein complexes. For this purpose we 

constructed our own eukaryotic and prokaryotic expression vectors containing 

exchangeable affinity tags. C1q is an oligomeric protein consisting of six heterotrimer 

globular heads and collagen-like tail regions.  The C1q head is responsible for 

recognition and the tail exhibits effector functions. We created a single chain C1q head 

construct (scC1qh) which might be a useful tool to investigate the in vivo functions of 

C1q by lacking its effector functions. Our aim is to characterize the interactions 

between scC1qh and its potential binding partners such as the pentraxins in vitro and in 

vivo. ScC1qh might be also used as an inhibitor of aberrant synapse loss by competing 

with functional C1q and can serve as a possible pharmaceutical targe

mailto:vadasziheni@caesar.elte.hu)1
mailto:koveszreka@gmail.com)1
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The enzymes in this study belong to enzyme classes playing a major role in nitrogen 

metabolism related to aromatic amino acids in microbes, fungi, plants, and animals. 

Aromatic amino acid ammonia-lyases acting on L-histidine, L-phenylalanine, or L-

tyrosine as natural substrates are closely related and share high similarity to aromatic 

2,3-aminomutases acting on L-phenylalanine or L-tyrosine as natural substrates. All 

members of this enzyme superfamily, involving aromatic ammonia lases and 2,3-

aminomutases, contain the unique 3,5-dihydro-5-methylidene-4H-imidazol-4-one 

(MIO) catalytic moiety, which forms post-translationally from an XSG triad (X is A in 

most cases, but may also be T, S, or C). 

The Pseudomonas fluorescens R124 strain was isolated from a nutrient limited 

orthoquartzite sandstone cave. Nutrient limitation puts environmental pressure on the 

living organisms to use novel metabolic pathways. As part of our efforts to obtain novel 

MIO enzymes from organisms living under extreme conditions and locations, herein 

we describe the identification and characterization of a histidine ammonia lyase, a 

tyrosine/phenylalanine/histidine ammonia lyase, and a phenylalanine-2,3-aminomutase 

from Pseudomonas fluorescens R124  

In addition to their important roles in nature, the MIO enzymes - due to their tolerance 

towards unnatural amino acids as substrates and the reversibility of their reaction – 

constitute a natural biocatalysis toolbox for syntheses of enantiopure α and β-amino 

acids. 



Mikrobiális és élelmiszer-biotechnológia előadások 

27 

ME2 

AIMING AT THE ACHILLES HEEL OF BACTERIAL 

GROWTH  
 

Gábor HARAMI (harami@caesar.elte.hu) – Anna BUDAI 

(94.budai.anna@gmail.com) – Mihály KOVÁCS (kovacsm@elte.hu) 
 

Department of Biochemistry, ELTE Eötvös Loránd University, Pázmány P. stny. 1/C, 

1117 Budapest, Hungary 

  

 Resistance to antibacterial drugs emerges as one of the most serious threats to 

human health and economy. The discovery of antibiotics with novel mechanisms has 

severely slowed down due to overmining of existing drug sources and lack of novel 

targets. These facts highlight the need for increased efforts in search for new lead 

molecules and drug targets.  

 Currently we aim to explore the biological roles and biomedical potential of the 

bacterial single-stranded (ss) DNA binding (SSB) protein’s multilateral interactions. 

These interactions are ideal but unconventional drug target candidates. SSB proteins 

are present in all organisms and sequester nascent ssDNA generated during DNA 

metabolism to protect it from damage that could lead to harmful genetic defects. 

Moreover, SSB proteins serve an equally crucial additional role: they interact with more 

than a dozen DNA-modifying enzymes involved in DNA replication and repair, mainly 

to organize multiprotein complexes on ssDNA. Bacterial SSBs possess a conserved 

short C-terminal peptide (CTP) segment, which is their main protein interaction 

platform. The roles of CTP interactions are not fully understood, however our recent 

studies indicate that CTP interactions are required to provide access to ssDNA coated 

by SSB to DNA-modifying enzymes. In line with these results CTP interactions appear 

to be essential for bacterial viability and importantly such interactions are absent in 

eukaryotes. These properties along with earlier studies highlight that molecular agents 

capable of blocking CTP interactions would potentially suppress the growth of bacterial 

cells, but not that of eukaryotes.  

 To explore the precise role of CTP interactions and to identify interaction blocking 

agents we have devised a fundamentally novel high-throughput in vivo screening 

approach that will allow us to probe a large number of modified CTP peptide variants 

for their antibacterial potential brought about by intracellular competition with natural 

CTP-protein interactions.  

 We would like to use our potential CTP hits to investigate the role of CTP 

interactions in DNA metabolism. Moreover, we hope that our potential CTP hits can 

serve as starting points in development of peptide-based broad spectrum antibiotics and 

the explored structural/chemicophysical information can be used in designing and/or 

screening of novel small molecule leads, to which emergence of resistance has a 

presumably decreased likelihood. 
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Translation termination factor (eRF1) has a crucial role in protein synthesis through 

stimulating both peptide release and ribosome recycling. The level of such factor should 

be strictly controlled, both over and under expression of eRF1 lead to strong 

phenotypes. Previously our group has shown that eRF1 protein level is controlled by a 

complex autoregulatory circuit in plants. We hypothesize that a similar regulatory 

system functions in filamentous fungi. Thus I study the regulation of eRF1 in 

Neurospora crassa. The results have an evolutionary relevance, because the eRF1 

autoregulation circuit in plant and fungi may supports our understanding about the 

origin of this mechanism.  

Aberrant transcripts containing intronic 3’UTR can induce NMD (Nonsense-mediated 

RNA decay), an eukaryotic surveillance system which degrades faulty transcripts to 

avoid the accumulation of harmful peptides or to balance the optimal protein level. 

Plant eRF1 mRNA has a unique structure, this transcript has an intronic 3’UTR and its 

stop codon is present in a readthrough stimulating context. eRF1 transcript level is 

decreased by NMD through its intronic 3’UTR, while the readthrough stop context can 

partially protect the mRNA from NMD. Increased eRF1 protein level decreases the 

frequency of readthrough, so the eRF1 mRNA will be degraded by NMD more 

efficiently. These attributions make the eRF1 autoregulated by readthrough and NMD. 

The very special structure of eRF1 transcript also appears in Neurospora. We 

demonstrated that the readthrough stop context of eRF1 can also protect the eRF1 

mRNA from NMD in Neurospora. The results suggest that autoregulatory circuit of 

eRF1 also exists in filamentous fungi, so it has evolved in the common ancestor. Our 

further plan is to study the effect of the overexpression of eRF1 and make an 

allelspecific gene replacement of eRF1 by CRISPR system to clarify the physiological 

relevance of the specific structure of eRF1 mRNA.   
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The fission yeast Schizosaccharomyces pombe is a widely used model organism. Its 

rod-shaped cells grow only at their tips with constant diameter so its length is 

proportional to its volume. The newly born cells grow only at their old end (the one that 

was a growing end even in the previous cycle). Later, the NETO (new end take-off) 

event happens at a critical size and growth changes from unipolar to bipolar. 

Microscopic photographs were taken of several steady state and induction synchronous 

cultures of different cell cycle mutants of fission yeast. Measurements of cell length 

were performed of 55–174 cells per culture on each photo taken from cell birth to 

division. The measured rough data was smoothened using the rsmooth function of 

MiniTab. For the growth patterns of individual cells, three functions (linear, bilinear or 

exponential) were fitted by the Solver extension of MS Excel. The most adequate 

function was determined by using statistical criteria (like Akaike Information Criteria, 

AIC) on the fitted models. This was necessary because the models contained different 

numbers of parameters. 

The cultures showed heterogeneous growth patterns and we investigated if there is 

some correlation between the growth pattern and either birth length or cycle time. In 

cultures with wide size distribution, our observation was that cells with larger birth 

length tend to grow linearly, while the smaller cells tend to grow bilinearly (only a very 

small amount of cells showed exponential growth pattern). Our data demonstrated that 

the RCP (rate change point) in the bilinear pattern occurs earlier in the cell cycle of 

larger cells. This indicates that the transition from bilinear to linear takes place through 

an RCP shifting near to the beginning of the cycle. The RCP is thought to be caused by 

the NETO event, which promotes a higher cell extension rate. Cells with larger birth 

length might exceed the critical size for NETO, so they may grow bipolar during almost 

the whole cycle, and show no rate change. 

In all of the steady state cultures studied (cdc2-33, cdc2-M35 and cdc2-33 wee1-6 

mutants), a cell size control mechanism can be observed. Studying artificially enlarged 

cells of induction synchronous cultures (cdc2-33 and cdc10-129 mutants) we could 

determine the cell size where the G2 size control becomes cryptic. By similar analyses, 

the critical maximal birth size for the G1 size control was also determined in a cdc2-33 

wee1-6 mutant’s induction synchronous culture.  
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We face serious environmental problems, when we deal with contaminations caused by 

oil and its derivatives (e.g. Exxon Waldez - 1989; Deepwater Horizon - 2010). Removal 

of these petroleum hydrocarbon pollutants from soil and groundwater is important 

because hydrocarbons may have carcinogenic, mutagenic and teratogenic effects on 

living organisms. In Hungary, environmental pollutions with petroleum hydrocarbons 

mainly occur during extraction, storage and transportation. Still nowadays, to eliminate 

hydrocarbons from the environment, the most environmentally friendly and cost-

effective method is bioremediation. Therefore, the aim of the research was to obtain a 

strain collection of good BTEX-degrading (benzene, toluene, ethyl-benzene, ortho-, 

meta-, para-xylene) and biofilm forming bacteria applicable in the near future for 

alternative biofilm-based in situ bioremediation systems (e.g. biofilm-based permeable 

reactive barriers). 

For strain collection, bacterial isolates were obtained after enrichment from a biofilm 

developed in a BTEX contaminated groundwater in central Hungary. Bacteria were 

enriched under aerobic and microaerobic conditions. A molecular fingerprinting 

method (T-RFLP) was used to investigate the effect of selective enrichments on the 

initial biofilm bacterial community throughout of the enrichment period. The obtained 

isolates were characterized regarding their biofilm forming and BTEX degrading 

abilities. 

BTEX degradation ability of isolates was assessed by using a spectrophotometric assay 

based on the redox indicator resazurin. Bacterial strains showing the highest activity in 

resazurin amended test solutions were re-tested by using a more accurate approach 

(GC-MS). Biofilm forming ability of strains was assessed by using crystal-violet and 

96-well microplates. 

As a result of aerobic and microaerobic enrichments a total 37 bacterial strains were 

isolated. Isolates belonged mainly to Beta and Gammaproteobacteria. Representatives 

of genera Pseudomonas and Rhizobium exhibited extreme biofilm forming abilities. 

The most promising BTEX degraders belonged to the genera Variovorax, 

Nocardioides, Pseudomonas and Rhodococcus. 

Acknowledgements: This work was supported by the ÚNKP-17-4 New National 
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The enzyme dUTPase plays a key role in excluding uracil from DNA via 

hydrolysis of dUTP to dUMP and pyrophosphate. Deficiency of dUTPase results in a 

high level of dUMP incorporation into DNA. Under high dUTP/ dTTP ratio the uracil-

excision repair transforms into a hyperactive futile cycle, which finally leads to cell 

death via double-stranded DNA breaks (thymine-less cell death)1. Inhibition of 

dUTPase is a promising novel approach to significantly enhance the efficiency of 

thymidylate synthase targeted chemotherapeutic agents2. A naturally occurring 

interaction partner and inhibitor of the Φ11 phage dUTPase has recently been reported, 

namely the Stl repressor protein from Staphylococcus aureus3. Further inhibitory tests 

in our laboratory have proven Stl’s inhibitory effect on some other dUTPases including 

the mycobacterial, the human and the Drosophila melanogaster enzyme. Interestingly, 

for the Escherichia coli and Yersinia enterocolitica dUTPases no inhibiton was found, 

but we have verified that at least the E. coli enzyme and Stl specifically interact with 

each other. At this point, our direct aim is to understand which amino acid residues on 

the dUTPase side of these interactions are responsible for dUTPase inhibition beyond 

complex formation. During my research I prepared recombinant dUTPase enzymes, 

containing point mutations near the active site, to explore the interaction sites between 

the two proteins. I characterized the interaction between the wild type dUTPase and Stl, 

and between the recombinant dUTPases and Stl with gel-filtration chromatography, 

steady-state enzyme assay and native gel electrophoresis. Native gel electrophoresis 

and gel-filtration chromatography confirmed the interaction between the proteins, 

respectively. A single glutamine → histidine amino acid change near the active site has 

led to more than 40% inhibiton of dUTPase enzymatic activity by Stl. Our results 

revealed that the 93rd position of the E. coli dUTPase is an important connection point 

which plays an important role in the inhibition of dUTPases by Stl. 

 
1Hirmondó  et al., 2015, DNA Repair (Amst), 30: 21-27. 
2Wilson et al., 2012, Mol Cancer Ther. 11: 616-628. 
3Szabo et al., 2014, Nucleic Acids Res, 42: 11912-11920. 
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Minimal processing technologies, like High Hydrostatic Pressure (HHP), heat 

treatments on law temperatures, ultra-sonication have an increasing tendency in food 

industry. Eggs are considered as functional foods, but for high retention of biological 

active compounds adequate minimal processing technologies are needed during 

preservation procedure. In our study liquid egg yolk was examined to meet consumer’s 

expectations. 

Several combinations of law temperature pasteurization (57 – 63 °C, 5 – 7 min) and 

High Hydrostatic Pressure (350 – 400 MPa, 5 min) were used to provide 

microbiological stability of liquid egg yolk. After treatments samples were examined 

for mesophyll aerobe and Enterobacteriaceae cell counts and viscosity attributes. 

Our results show that microbiological stability is significant influenced by the different 

parameters of heat treatments and HHP have a strong effect. 

Viscosity attributes (measured with Anton Paar MCR 92) analysed by Hershel-Bulkley 

models point out that higher pressure of HHP have a stronger influence on viscosity 

than the temperature of pasteurization. Our results show a great opportunity for 

industrial use of minimal processing technologies for liquid egg yolk. Microbiological 

safety is strongly influenced by the order of treatments, but viscosity is independent 

from order of HHP and heat treatment. 
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White button mushroom (Agaricus bisporus) is produced on a composted substrate in 

which process microorganisms have a substantial role. An important risk factor is that 

raw materials of the substrate are potentially contaminated with mycotoxins. Currently 

it is not known what kind of effects mycotoxins or their degradation products have on 

button mushroom and whether microorganisms in the mushroom compost are able to 

degrade or neutralize mycotoxins. The aims of this work were to isolate bacterial strains 

from different stages of the mushroom compost production and optimize DNA isolation 

for microbial community analysis. From the raw materials of the mushroom compost 

(wheat, rape straw, sunflower husk) bacterial strains were isolated using an extended 

spectrum, peptone containing medium (Corynebacterium Agar), and a more specific, 

starch casein medium. Based on 16S rRNA gene sequence analysis, mainly members 

of phylum Firmicutes (Bacillus spp., Paenibacillus spp. and Siccibacter spp.) were 

detected on the Corynebacterium Agar, while phyla Proteobacteria, Actinobacteria 

(Massilia spp., Rhodococcus spp. and Streptomyces spp.) and Paenibacillus spp. were 

isolated using starch casein medium. Thereafter samples were collected systematically 

from raw materials until phase III mushroom compost. Bacterial strains were isolated 

using Corynebacterium Agar and BYE enrichment media containing toxin analogues. 

Based on the research results obtained so far, there were some bacterial strains detected 

with degradation ability of aflatoxin B1, zearalenone, deoxynivalenol and T2 toxin 

from wheat straw. For optimizing community DNA isolation a few samples were 

homogenized with grinding in liquid nitrogen, then community DNA was isolated by a 

commercial kit using different time interval bead mill homogenization. The quantity 

and quality of the obtained DNA was analyzed with spectrophotometer. Community 

composition was compared using fingerprinting techniques: Terminal Restriction 

Fragment Length Polymorphism (T-RFLP) based on 16S rRNA gene for Bacteria, 

whereas Automated Ribosomal Intergenic Spacer Analysis (ARISA) based on nrDNA 

ITS-1 region for Fungi. The optimized DNA isolation technique was applied for the 

systematically collected samples. They will be subjected to bacterial and fungal 

amplicon sequencing (partial 16S rRNA gene and nrDNA ITS-2 region) and microbial 

community changes will be compared with the mycotoxin content of the samples. 

This research was supported by the National Competitiveness and Excellence 

Programme (NVKP_16-1-2016-0035). 
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In the last decades, systemic fungal infections caused by different Candida spp. have 

become one of the most frequent healthcare-associated infections worldwide. The 

treatment is problematic due to emerging number of resistant strains to the currently 

applied first-line therapeutic drugs. Based on our previous studies the Neosartorya 

fischeri antifungal protein 2 (NFAP2) is a promising candidate for novel antifungal 

drug development because it exerts high antifungal activity on clinically relevant 

Candida spp. One of the limiting factors of its further investigations and potential 

application is the low-yield expression by the native producer N. fischeri NRRL 181. 

To solve this problem a Penicillium chrysogenum-based heterologous expression 

system was developed for the bulk production. The applied P. chrysogenum Q176 strain 

is recognized as GRAS organism by the US Food and Drug Administration. The 

generated NFAP2-producer P. chrysogenum strain secreted recombinant NFAP2 

(rNFAP2) in a defined minimal medium which allowed an easy, single-step 

chromatographic purification of the sufficient protein amount for functional and 

structural investigations. The average yield of rNFAP2 was 40-times higher than in the 

native producer. rNFAP2 showed the same high anti-yeast activity against different 

Candida species as the native NFAP2. Structural analyses revealed that rNFAP2 was 

correctly processed and folded. The described easy-production of high-yield functional 

rNFAP2 could open new perspectives for its practical application. 
 

The project was financed by NKFIH (PD 120808 and ANN 122833 to LG), FWF 

(25894-B20 and I1644-B20 to FM) and GINOP-2.3.2-15-2016-0003.5 (to LT). The 

work of A.B. was supported by the János Bolyai Research Scholarship of the HAS. 
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Alternative bioenergy production is one of the hot topics in both basic and applied 

research. Microalga based bioenergy production is a promising field with regard to the 

wide variety of algal species. Extensive previous studies employed microalgae for 

biohydrogen and particularly for biodiesel production, but relatively little attention has 

been paid to their utilization as biogas substrate. The algal biomass, grown under less 

stringent conditions and therefore containing symbiotic bacterial biomass as well, can 

be utilized in the biogas reactor and the total biomass is degraded and converted by the 

complex biogas producing microbial community. The critical elements of energetic use 

of microalgal biomass is the high cultivation cost and the cultivation efficiency. In this 

study simple and inexpensive cultivation methods were tested using waste streams of 

high organic content. Chlorella vulgaris, a green microalga was used in these 

experiments because this is a widespread strain in natural waters and is therefore easily 

accessible. During the cultivation process the pH, carbon, nitrogen, phosphorus, 

potassium, and organic acids were measured. The cultivation effectiveness depended 

on light limitation, pH and the organic acid content. The product, containing bacterial 

and C. vulgaris biomass, was investigated for its biogas potential and for the anaerobic 

process stability. The results showed that the algal-bacterial biomass had a biogas 

potential comparable to the pure and lyophilized C. vulgaris biomass. A potential 

difficulty in the sustained anaerobic digestion of microalgal biomass may be due to the 

low C/N ratio as increasing ammonium concentration in the fermentation medium has 

negative effect on methanogens. Therefore, alternative co-substrates were tested to 

improve the process stability and efficacy.   
 

Project no. PD121085 has been implemented with the support provided from the 

National Research, Development and Innovation Fund of Hungary, financed under the 

PD16 funding scheme. 
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In 1987, a new virus-like disease was described by János Lehoczky in Hungary, called 

grapevine line pattern, the symptoms were various patterns of bright yellow lines or 

large rings on the leaves. The line pattern could be transmitted by grafting into three 

different, susceptible grapevine cultivars. In symptomatic leaves polymorphic virus-

like particles were observed by EM. Based on its characteristics the virus was classified 

into the Ilarvirus genus, but no sequence information was gained. In the pathogenic 

garden at Kecskemét, established by Professor Lehoczky, the GLPV infected grapevine 

still exists. 

The development of sequencing techniques allowed the spread of new metagenomic 

methods, which can be used to obtain sequence information from all pathogen present 

in the examined plant. Our group use the specific type, NGS of virus specific small 

RNAs, of these methods for virus diagnostic purposes. This technique provided an 

opportunity to gain information about the genome of the GLPV and its actual existence. 

Leaf, flower, tendril and shoot tip samples were collected from sprouted canes of the 

original, infected grapevine. After the RNA purification small RNA library was 

prepared from RNA pools of the organs using Illumina TruSeq small RNA library 

preparation kit. The library was sequenced and was analyzed by bioinformatics 

methods. 

Small RNA sequences and the contigs from overlapping small RNAs were searched 

with BLAST on the NCBI reference genome database. The closest similarity was 

obtained with the Amazon lily mild mottle virus (ALiMMV), which is a member of the 

Anulavirus genus within the Bromoviridae family, such as ilarviruses. Primers for all 

of its 3 RNAs were designed and the presence of the putative GLPV was confirmed by 

RT-PCR. Traditional Sanger sequencing of the PCR products allowed the phylogenetic 

analysis of the virus genome and suggests a suspected new Anulavirus. The presence 

of both 3 RNAs of the tripartite genome was verified by Northern blot hybridization. 

However, to confirm the connection between this putatively new anulavirus in the 

anciently GLPV infected grapevine and the originally described symptoms of GLPV 

further investigation are needed. 

 

Our work was supported by OTKA (K119783). Emese Demián is a PhD student of the 

Doctoral Programme of Biological Sciences at Szent István University. 
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High molecular weight glutenin subunits (HMW GS) are important storage proteins of 

wheat endosperm and their contribution is also remarkable to bread-baking. Their 

encoding genes are regulated in an endosperm-specific manner. Our intention was to 

get a clearer picture of this regulation. The possible role of histone acetylation has been 

studied by applying histone deacetylase-inhibitor treatment thereby causing histone 

hyperacetylation. The treatment resulted in HMW GS promoter activation in non-target 

vascular tissues, confirming here previous reports on the regulatory role of histone 

acetylation. Transcriptional regulation of the promoters has been studied both in silico 

and in wet lab. Six cis regulatory modules have been previously identified within the 

HMW GS promoters. Of them, the second one (CRM2) exerted tissue-specific control. 

Its deletion has strengthened the promoter in the leaf, a non-target tissue, as it was found 

during transient expression assays. Results with a mutant version of CRM2 indicated, 

that presumably a basic-leucine zipper (bZIP) transcription factor (TF) binds to this 

element and thereby blocks the HMW GS transcription outside endosperm. Efforts 

were also undertaken to identify the suppressor bZIP TF gene. Phylogenetic groups of 

bZIP TFs were silenced by transforming wheat leaves with antisense constructs and the 

effect was measured using transactivation assay. The results so far indeed showed that 

the suppression of many phylogenetic groups (C, D, F, G) boosts the activity of 

different HMW GS promoters. Suppressors may be present in endosperm as well, 

providing potential negative targets for breeding to improve bread-baking quality of 

wheat. 

 

This research has been supported by grants OTKA K100881 and NKFI PD_16 no. 

121322. 
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Plant phenotype is determined by the genetic background and environmental 

conditions. Interaction of the genotype and environmental factors influences plant 

growth and development, physiological and molecular traits. Characterization of 

phenotypes is crucial to understand the regulation of stress in responses to climate 

changes. Non-destructive analysis of plants through color imaging is an increasingly 

popular method to define growth parameters, characterize plant development in time. 

 

We have developed a non-invasive method, which simultaneously measures basic 

morphological and physiological parameters of in vitro cultured plants such as 

Arabidopsis thaliana. Changes of plant size, shape and color is monitored by repeated 

photography with a commercial digital camera. Images are analyzed with the Matlab-

based computer application PlantSize, which simultaneously calculates several 

parameters including projected rosette area (pixel area, fresh weight, convex area and 

ratio), and color (chlorophyll and anthocyanin contents). Numerical data are exported 

in MS Excel format. Subsequent data processing provides information on growth rates, 

chlorophyll and anthocyanin contents. Utility of the system is demonstrated by 

revealing small but significant differences between wild type and transgenic 

Arabidopsis plants overexpressing the HSFA4A transcription factor or the hsfa4a 

knockout mutant, subjected to different stress conditions. While HSFA4A 

overexpression was associated with better growth, higher chlorophyll and lower 

anthocyanin content in saline conditions, the mutant showed hypersensitivity to various 

stresses. Morphological differences were revealed by comparing rosette size, shape and 

color of wild type plants with phytochrome B (phyB-9) mutant.   

The developed technology offers a simple, affordable and fast way to measure several 

morphological and physiological parameters of Arabidopsis plants. The methods are 

based on non-destructive imaging allowing repeated measurements and monitoring 

changes of various growth parameters in time. PlantSize is publicly available 

(http://www.brc.hu/pub/psize). 

 

This research was supported by OTKA Grant no. NN-110962, GINOP project no. 2.3.2-

15-2016-00001 and Bayer CropScience. 
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 Legumes (Fabaceae) are unique among flowering plants in their ability to 

establish symbiotic associations with nitrogen-fixing bacteria colletctively known as 

rhizobia. This host specific relationship is taking place in a novel plant organ 

developing on the plant root termed nodule. The microsymbiont bacteria can enter into 

the nodule, convert into a bacteroid form and fix atmospheric nitrogen in a form that 

can be used by the host plant. The symbiotic process is triggered by the NOD-factors 

produced by the bacteria via inducing symbiotic gene expression in the host plant. 

Genetic studies during the last two decades have led to the identification and 

characterization of several plant genes involved in the early steps of legume-rhizobia 

symbiosis and it was found out that all of these genes are part of the so-called NOD-

factor signal transduction pathway. On the other hand few genes are known that are 

involved in the later steps, like bacterial invasion of the nodule or formation of the 

symbiosomes. Here, we report the identification and characterization of a novel gene 

necessary for the bacterial invasion of the forming nodule. 

 By screening the European Tnt1 insertional mutant collection a symbiotic mutant 

line has been isolated in wich the bacteria failed to invade the forming nodule. Detailed 

phenotypic analyses revealed that the earliest responses to the bacteria, like root hair 

curling and forming nodule primordia are intact. However, the formation of the tube-

like structure called infection thread is impaired in the mutant, indicating that the 

mutated gene is required for the formation and progression of the infection thread. We 

uncovered the mutated gene and the symbiotic function of the gene was confirmed by 

complementation assays. By monitoring the promoter activity of this gene during the 

symbiotic interaction we proved that it is active only in the epidermis within a very 

short time window. Moreover, we provided an evidence that the induction of the gene 

is regulated by the NOD-factors. We have also checked the activity of this promoter in 

already known symbiotic mutants upon NOD-factor induction and so we could put this 

new symbiotic gene in relation to the already known compontents of the NOD-factor 

signal transduction pathway. Furthermore, when spontaneous nodule formation was 

induced in our mutant, this special organs appeared on the roots indicating that the 

nodule organogenesis itself was intact. Taken these data together, we discovered a 

novel symbiotic gene required for the Legume-Rhizobia nitrogen-fixing symbiosis and 

we termed it NOD-factor induced Epidermal Factor 1. 
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The cultivated and wild relatives of common wheat (Triticum aestivum L.) possess a 

wide range of genetic diversity. The aims of gene transfer from alien species are to 

produce intergenomic translocations that carry the chromosome sections of the alien 

species responsible for one of the important favourable characteristics. The final goal 

is to produce pre-breeding lines with favourable agronomical traits from barley 

(favourable chemical composition, high content of dietary fiber/β-glucan, salt tolerance 

etc.). Intergeneric rearrangements can be detected using genomic in situ hybridization 

(GISH) and molecular markers.  

The plant material used in this study was produced earlier in Martonvásár. 

Wheat/barley disomic addition lines (2H, 3H, 4H, 6H and 7H) were developed between 

a Japanese facultative wheat cultivar ‘Asakaze' and a Ukrainian winter barley cultivar 

‘Manas'. Our main goal was to produce genetically stable translocations, which only 

carry DNA segments responsible for a useful agronomical trait.  

Two different genetic systems were used: pairing homoeologous (Ph) system and the 

gametocidal system. The Ph1 gene located on the long arm of chromosome 5B. Ph1 

prevents recombination between homoeologous chromosomes, when the Ph1 gene 

absent from the wheat genome, homoeologous chromosomes are also able to 

recombine. The 'Asakaze'/'Manas' 7H disomic addition line was crossed with the CS ph 

mutant line in order to induce chromosome breakage and rearrangements. Out of 60 

plants analysed, 9 carried wheat/barley monosomic centric fusions. In the F3 generation, 

out of 120 analysed plants, 21 plants carried the centric fusion in stable, disomic form. 

In nature, there are certain species carrying gametocidal (Gc) chromosomes, which 

after being incorporated into another genome will cause genetic rearrangements, such 

as translocations. Wheat/barley translocations were induced with the gametocidal 

system using the 2C gametocidal chromosome originated from Aegilops cylindrica L. 

(2n = 4x = 28; CCDD). The Asakaze/Manas 7H addition × Ae. cylindrica 2C line was 

backcrossed with the 7H wheat/barley addition line. Out of 176 BC1F2 seeds, 6 wheat-

barley (7H) translocations were detected and translocations were transmitted to the next 

generation. Seven plants carried a centric fusion with the short arm of the 7HS 

chromosome. In the F3 generation, 3 plants carried the centric fusion in disomic form. 

We multiply these lines in order to analyse qualitative parameters and determine the 

phenotypic description of the plants. 

 

This research was supported by the WHEALBI EU FP7 (613556) project. 
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Photobiological H2 produced by the green alga Chlamydomonas reinhardtii is a 

potential CO2-neutral energy source. The [Fe-Fe]-type hydrogenases of green algae, 

located at the acceptor side of photosystem I, are the most active molecular catalysts 

known for H2 production. In nature, they serve as a safety valve upon the induction of 

photosynthesis following hypoxia and once the Calvin-Benson cycle is activated, the 

O2 evolved by photosystem II inhibits the hydrogenases. To date, the most efficient 

method to sustain H2 production in Chlamydomonas is based on nutrient deprivation, 

which results in the degradation of photosynthetic complexes and reduced O2 evolution 

enabling hydrogenase expression. However, hydrogenase expression can be more 

rapidly induced by anaerobiosis in the dark. We show that by preventing the activation 

of the Calvin-Benson cycle via substrate limitation (by omitting CO2 or acetate), the 

photosynthetic electron transport chain remains reduced in the light, resulting in low 

O2 evolution and sustained H2 production. Our method was further improved by the 

application of an iron-salt based O2 absorber, which attenuated the inactivation of 

hydrogenases. As a result, we obtained yields that are about three times as high as 

observed for the standard sulphur deprivation procedure in acetate-containing medium 

and the cultures remained photosynthetically active even after several days of H2 

production. Thus, by eliminating the requirements for nutrient deprivation and acetate 

and preserving photosynthetic activity, we have simplified and significantly decreased 

the costs of algal H2 production, enabling its industrial application in the more near 

future. 

 

This work was supported by Lendület/Momentum Programme of the Hungarian 

Academy of Sciences (LP2014/19) and the National, Research and Development 

Office (PD121139). 
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Manganese toxicity is common in acidic soil. As the Mn2+ form increases in the soil 

solution the manganese stress reduces plant growth and development, and negatively 

affects yield production. Glutamine synthetase (GS, EC 6.3.1.2) is a key enzyme of 

nitrogen metabolism in every organism studied so far and plays a main role in wheat 

plants during grain filling. There are well known prokaryotic glutamine synthetase 

structures and several eukaryotic models were also born. These studies showed, that 

GS is a multi-subunit enzyme, which has two divalent cation binding sites at each active 

site. The two binding sites differ in their metallic ion affinity. In the case of prokaryotes 

manganese is required for the activation of the enzyme, and the binding of manganese 

alters the response of the enzyme to various feedback inhibitors. Our knowledge about 

eukaryotic GS is not as extensive. The binding of metallic ions and their effect on the 

enzyme differs among eukaryotic organisms, but the presence of Mg2+ is essential for 

enzyme activity. 

In C3 photosynthetic plants GS is the most important enzyme in nitrogen assimilation, 

since GS is the first and only one in the concatenation of the enzymes of the nitrogen 

assimilatory pathway, which binds an inorganic nitrogen form to an organic compound. 

In wheat leaves there is a cytosol (GS1) and a chloroplast (GS2) localized isoform. The 

GS1:GS2 ratio is highly affected under stress conditions, which causes the early 

senescence of wheat plants and has an effect on grain filling process. 

GS shows negative allosteric cooperativity to its substrate, glutamate, which is 

consumed in a concentration dependent way. We studied the effect of manganese in 

vitro, the binding of Mn2+ and its effect on enzyme activity, and allostery. We suggested 

that the Mn2+ displace the Mg2+ ions from the binding sites which are crucial for the 

catalytic activity. We separated the GS2 protein from Mn2+ and Mg2+ treated samples 

and measured the ion content by ICP-MS. The results show that the Mn2+ treatment 

caused the loss of Mg2+ content. Besides the enzyme activity was inhibited with the 

increasing amount of Mn2+ present in the system, but did not disturbed the 

concentration dependent glutamate consumption. 

We suggest that Mn2+ binds to half of the available Mg2+ binding sites, and inhibits the 

activity of GS2 in wheat plants. The affinity of Mn2+ to the GS protein possibly plays a 

role during manganese toxicity. 
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Considering the rise of global mean temperature, the exploration of plant heat stress 

response is increasingly important especially for agricultural reasons. Plants, as sessile 

organisms, are exposed to repeated diurnal temperature variations. By employing an 

experimental setup that mimics natural diurnal temperature changes, we searched for 

transcriptional alterations of long non-protein coding RNAs in Arabidopsis thaliana 

Col-0 seedlings, that may implicate relevancy during heat stress adaptation. 

We have found the Brassicaceae-specific miR824 precursor to strongly accumulate in 

response to heat. Previously it was shown that miR824 has roles in stomata complexity 

regulation and the timing of flowering transition as it post-transcriptionally inhibits its 

unique target AGAMOUS-like 16 (AGL16), a MADS-box containing transcription 

factor.  

We have shown that both the miR824 precursor and the mature microRNA accumulate 

in response to heat treatment. Using transgenic reporter lines, we have proved that 

miR824 accumulation is due to transcriptional activation. We have found one heat 

shock element (HSE) and two HSE-like sequences in the promoter of miR824. (HSEs 

are specific cis-elements directing heat shock factor (HSFs) binding. HSF protein 

family members are central transcription factors of the heat shock response.) Using 

miR824-promoter::GUS reporter lines, we have shown that HSE motifs within the 

miR824 gene promoter are bona fide functional cis elements and that members of the 

HSFA1 group and the HSFA2 are essential trans factors for the transcriptional 

activation of miR824. Furthermore, activation of miR824 requires direct binding of 

HSFA1a. Beside these, we have found a drought responsive cis element (DRE), and 

although drought stress alone does not induce miR824 expression, the combined stress 

(heat and drought) synergistically elevates miR824 transcription. Parallel to miR824 

activation, a simultaneous decrease of AGL16 mRNA was observed in treated plants. 

By employing miR824 mutant and mimicry lines we have proved that miR824 has a 

role primarily in sustaining the low level of the AGL16 mRNA levels following heat 

stress.  

Brassica napus (rapeseed) is an agronomically important crop plant, a close relative of 

Arabidopsis. To investigate whether miR824 ortholog in rapeseed has a similar 

regulation, we tested miR824 induction and AGL16 downregulation in reponse to 

acclimation: we have found elevated amounts of miR824 and decreased levels of 

AGL16 mRNA level in treated samples.  

Our results suggest a conserved role for miR824/AGL16 module in heat acclimation in 

Brassicaceae. 
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Polyamine are low-molecular-weight, organic cations which are found in all living 

organisms, and have role in plant stress responses and signalling. However, the 

individual polyamines have different roles and effects. Not surprisingly, their mode of 

action may also vary depending on the type of treatment. Different changes were 

induced by 0.5 mM putrescine or spermidine pre-treatments, when applied as seed 

soaking or added hydroponically, during 50 µM cadmium stress in young wheat plants. 

Putrescine pre-treatment provided protection both as seed soaking and applied 

hydroponically, while spermidine was only beneficial in the case of seed soaking, and 

enhanced the Cd-induced oxidative stress when it was added hydroponically. The 

polyamine pool is dynamic, changing over time, and polyamines also undergo rapid 

interconvertion in the polyamine cycle. According to these, the exogenous polyamines 

absorbed can be rapidly converted into each other already in the roots, or translocated 

into the shoot and then further metabolised. Thus, the differences observed between the 

polyamine pre-treatments under these conditions were related to the polyamine 

metabolism. The excess of polyamines induced several different mechanisms to control 

endogenous polyamine levels, especially putrescine. The accumulation of endogenous 

putrescine beyond a certain amount may be in relation with the negative effect of 

hydroponic spermidine pre-treatment during Cd stress. The polyamine metabolism is 

also related to the synthesis of plant hormones, such as salicylic acid. Salicylic acid is 

involved in general stress responses, in a complex relationship with other plant 

hormones, leading to the regulation of gene expression. The highest salicylic acid 

accumulation was found when hydroponic spermidine pre-treatment was followed by 

cadmium stress. In addition, the gene expression level of salicylic acid-induced protein 

kinase in the roots, which is a member of the mitogen-activated protein kinase family, 

also showed similar pattern to the salicylic acid content in the roots of wheat plants. In 

conclusion, in certain cases polyamines provide direct protection against heavy metals, 

but it should also be taken into consideration that polyamines are involved in a complex 

signalling system, and the fine balance in the polyamine pool may serve as a shuttle 

between the beneficial and deleterious effects of polyamines.  
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Nutritional strategies to promote gut health and safe broiler meat production have come 

into prominence due to the emerging challenges related to the ban of antibiotic growth 

promoters. The effects of diets, rich in various soluble non-digestible carbohydrates 

(sNDCs) were evaluated on different intestinal characteristics (histological, physico-

chemical and microbiological) of chickens and compared with a maize based diet as a 

control. 

A total of 160 Ross 308 male chickens were kept in deep litter pens (n=40) and fed their 

appropriate diets from day 1 to day 35 of life. Four isocaloric and isonitrogenous diets, 

differing in their sNDC content, were composed as follows: control (containing maize 

as the only cereal), maize-wheat based (M+W), and maize based supplemented with 

either 20 g kg-1 inulin (M+I) or 30 g kg-1 lactose (M+L). Samples were taken for 

investigating gut histology measures (morphology, goblet cell and intraepithelial 

lymphocyte numbers), ileal viscosity, cecal short-chain fatty acid concentration, pH, 

coliform and Lactobacillus counts, respectively. 

All of the diets tested decreased ileal crypt depth, muscle layer thickness and increased 

cecal coliform counts relative to the control group. Villus-crypt ratio increased only in 

the M+L group. Ileal digesta of chickens fed the M+W diet had the highest ileal 

viscosity and the highest cecal butyrate, valerate and total short-chain fatty acid 

concentrations while the lowest pH was observed in cecal contents of chickens fed the 

M+I diet. The diet had no effect on ileal or cecal goblet cell and intraepithelial 

lymphocyte numbers. Lactobacillus counts in the cecal content remained unchanged.  

According to the present study various sNDC sources may have beneficial gut health 

effect. However, some of the intestinal variables are dependent on the type of sNDCs. 

 

This work was supported by the CEPI (INTERREG V-A Austria-Hungary 2014-2020 

Cooperation Programme) and EFOP-3.6.3-VEKOP-16-2017-00008 projects, which 

are financed by the European Union and the European Social Fund. 
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In order to improve productivity and competitiveness, in addition to traditional breeding 

procedures, biotechnological processes have been included. Preimplantation genetic 

diagnosis (PGD) is an useful technique for genetic profiling of the embryo. In vitro 

embryo production and embryo genotype identification can be used to obtain the 

production of a specific sex-proportionate breeding stock. However, during the process 

a limited amount of DNA (7-8 pg) is available for testing, so sensitive diagnostic 

procedure is required.  

Our goal was develop to set single-cell PCR, which could be used to determine the 

sexes of in vitro embryos with high precision. 

In the first step, we isolated DNA from known sex porcine tissues, (ovaries, uterus, 

epididymis).  

We used a sex specific primers during the duplex PCR. The chromosome X was 

detected by pig mitochondrial 12S rRNA sequence (SUS12S), while the Y-

chromosome was detected by the boar-specific repeating sequence (SUSYa / SUSYb). 

Thereafter was used gradient PCR to determine the optimum annealing temperature of 

the designed primers, then the reaction was adjusted on female and male dilution lines 

(15, 10, 5, 1 and 0.5 μg μl-1). Then we collected oocytes from slaughterhouse ovaries 

to adjust the a cell-specific DNA contentrequired for the embryo sex determination. 

Finally, the oocytes were matured for two days (solutions NCSU37-IVM 1, NCSU37-

IVM2) then in vitro fertilized with frozen/thawed epididymis spermatozoa and the 

zygotes were cultured sequentially to 8 cells (solutions NCSU37-Glu-d2, NCSU37-

PyrLac-d3 ). 

Following removal of embryo zona pellucida, blastomeres were placed in individually 

numbered PCR tubes containing 2 μl distilled water and were tested for precision of the 

single-cell PCR. The PCR products were separated on a 2% agarose gel. In the gel 

could be detected a 235 bp long DNA fragment in female, while were 235 bp and 75 

bp long fragments for males. Blastomers from one embryo received the same sex. 

We developed successfully a PCR method, which could be used to determine the sex 

of pig embryos at a single-cell level. This method could be useful for determine the sex 

of biopsied embryos. 
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Numerous fish species are about to extinct. Consequently, the importance of gene 

preservation is increasing year by year. Although sperm cryopreservation methods are 

well improved in case of fish species, even so number of studies conducted over the 

past three decades, cryopreservation of fish oocytes and embryos is not manageable 

with slow freezing, nor with vitrification. The cryopreservation of gonadal stem cells 

can be a substitute solution. In this study we established a metodology to preserve 

Europian catfish (Silurus glanis) spermatogonia with the comparison of different 

cryopreservation and vitrification methods for the first time. 

For comparison of different slow cooling methods 18 test groups were formed. The 

following variables had been applied: 3 cryoprotectants (CPs): methanol (MeOH), 

dimethyl sulfoxide (Me2SO), ethylene glycol (EG); 3 concentrations of individual 

CPs: 1M, 2M, 3M. Cryopreservation of the samples was carried out in 2ml cryotubes 

in CoolCell boxes with cooling rate of 1 ºC/min down to -80 ºC. After reaching -80 ºC, 

samples were transfered to liquid nitrogen. For thawing cryotubes were placed into 24 

ºC water bath.  For counting membrane-intact cells, trypane-blue staining was used. 

For comparison of different vitrification methods 12 groups were formed. The 

following variables had been applied: Equilibration media (E): 15 min incubation 

time, (E1) 1,5M MeOH + 2,5M Me2SO; (E2) 1,5M ethylene glycol + 1.5M Me2SO; 

Vitrification media (V): Incubation times were 1 min, 1,5 min, 2 min (different test 

groups). (V1) 1,5M MeOH + 5,5M Me2SO; (V2) 3M propylene glycol + 3M Me2SO. 

Vitrification was performed by needle immersed method. For thawing each sample was 

warmed separately by plunging the needle into three warming solutions (W1: L15 + 

10% FBS + 0,3 M trehalose; W2: L15 + 10% FBS + 0,1 M trehalose; W3: L15 + 10% 

FBS) at 23 ºC. Samples were serially transferred into W1 for 1 min, then into W2 for 3 

min, and finally into W3 for 5 min. 

According to our results, slow cooling was more effective for cryopreservation of 

catfish testicular tissue compared to vitrification. Following slow cooling, the highest 

number of viable cells (above 65%) was observed in the test groups 3 M Me2SO and 

3M ethylene glycol. This indicates that 3M is an optional cryoprotectant concentration 

in case of methanol and dimethyl sulfoxide for slow-freezing of catfish testicular tissue. 

Contrary, average viability of vitrified-thawed cells was below 20%. 

Based on these results we can conclude that slow-rate freezing is more feasible for 

cryopreservation of catfish testicular tissue than vitrification, and the most effective 

protocol is as follows: Yoshizaki extender with 3M Me2SO cryopreserved in CoolCell 

box. 
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 A large number of protein-protein interactions are formed between a globular 

domain in one protein binding to a short protein segment in another protein. The short 

segment involves a stretch of approximately 3–10 residues that often shows a particular 

sequence pattern which captures the key residues that are specifically recognized by the 

binding partner. Such short linear motifs (SLiMs) are involved in a wide range of 

biological functions and can regulate the formation of transient protein complexes, 

orchestrate subcellular localization, modulate post-translational modification state, and 

determine the fate of proteins. SLiMs generally reside within intrinsically disordered 

regions (IDRs) and the interface created upon their binding is much smaller compared 

to the interface between globular proteins. Due to these specific properties the 

identification of SLiMs is challenging, both experimentally and computationally.  

 In this work we present several novel approaches that can be used to identify 

additional interaction partners for a given linear motif binding protein domain. These 

include an efficient procedure to collect known binding partners from multiple protein-

protein interaction databases; a bioinformatic pipeline that combines various sequence 

features to enable the optimal filtering of the most likely binding peptides; a structure 

based method to identify novel binding motifs by estimating their binding affinities; 

and a new sequence alignment approach specifically developed to recognizes the 

island-like conservation of linear motifs.  

 The novel computational approaches are applied to expand the interaction 

network of dynein light chains, in particular, the LC8 protein. LC8 is a highly conserved 

eukariotyc hub protein. Although it was originally suggested to function as a cargo 

adaptor for the dynein motor complex, the more than 50 known interaction partners 

indicate a more general role independent of dynein. LC8 is now believed to function as 

a dimerisation or oligomerization engine for various proteins, and can have many yet 

undiscovered partners. Using the novel methods we identified new motif classes, new 

binding peptides within known partners and completely new binding partner proteins 

for LC8. Selected binding motifs were experimentally verified using surface plasmon 

resonance and fluorescence polarization techniques.  

 These studies help not only to further explore the interaction network of LC8 

and gain better understanding of the functional and evolutionary properties of these 

interactions, but also pave the way to explore additional motif mediated interaction 

networks. 
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12 grape genomes have been sequenced in the NAIK MBK. The raw sequence 

data has been processed. We have determined and annotated the variations for each 

genome. Each genome yielded approximately 5 million single nucleotide 

polymorphisms (SNP) and 300–400 thousand short variations (INDEL) compared to 

the reference genome. This is a huge number considering that the propagation of the 

grape is done vegetatively.  

Our next goal was to establish the relations between the genomes of the 

various grape types. Traditionally one would choose one or a select few genes which 

would undergo phylogenetic analysis after multiple fitting. We had the 12 whole 

genomes at our disposal and we supplemented our data from the NCBI SRA database. 

The phylogenetic analysis will be completed using all the valid SNP variation available. 

With all the metadata available to use we had 34+12 whole genome sequences to 

analyze. The previously used bioinformatic pipeline was heavily modified to fit for our 

purposes. This allowed us the automated download of the required raw sequences from 

the NCBI SRA database. The ‘.sra’ files were converted to ‘.fastq’, so all the files were 

the same format. From this point on, the downloaded and the previously owned data 

was treated in the same matter. The reads were compared to the newest 

(Vitis_vinifera.IGGP_12x.) grape reference genome. The variant calling took place 

using the ‘samtools/mpileup’ pipeline. The ‘annovar’ program was used to annotate the 

SNPs and INDELs and the ‘SNPhylo’ for the phylogenetic analysis. Experience has 

shown that even though the pipeline ran automatically, the differences between the 

sequences made it necessary to fine tune the process by hand. Four of the SRA genomes 

were discarded because of their quality. Finally 42 (12 own and 30 SRA) genomes 

made up the phylogenetic tree. The results show that the Israeli and Italian types make 

a different branch just as the Hungarian Hárslevelű, Ezerjó, Furmint and Portugieser 

samples.  

In summary a new and functional pipeline has been developed. It can be used 

to fit the sequences to the genome, to find the variants and the annotate them. The 

pipeline is capable of comparing future sequences to the ones that are already 

processed, integrating them to the phylogenetic tree. The ‘SNPhylo’ program has been 

deemed useful when using 40 genomes for a phylogenetic tree. Our process was found 

to be successful and ready to adapt to the analysis of other species. 



Gyógyszer-biotechnológia poszter előadások 

51 

GPE1 

SELECTIVE IMMOBILIZATION OF ACID PHOSPHATASES 

AND THEIR APPLICATION IN TRANSPHOSPHORILATION 

REACTIONS  
 

Flóra NAGY (nagy.flora@mail.bme.hu)1, Gábor TASNÁDI 

(gabor.tasnadi@uni-graz.at)2,3, Diána BALOGH (dweiser@mail.bme.hu)1,4, 

Kurt FABER (kurt.faber@uni-graz.at) 3, László POPPE 

(poppe@mail.bme.hu)1,4 
 

1Department of Organic Chemistry and Technology, Budapest University of 

Technology and Economics, Műegyetem rkp. 3, 1111 Budapest Hungary 
2Austrian Centre of Industrial Biotechnology, c/o 
3Department of Chemistry, University of Graz, Heinrichstrasse 28, 8010 Graz Austria 
4SynBiocat Ltd., Lövőház u 19/1, 1024 Budapest, Hungary 

 

An easy to use method combining the selectivity of metal chelate affinity 

chromatography with strong covalent linking was developed for immobilization of non-

specific acid phosphatases bearing a His-tag from crude cell lysate. Silica nanoparticles 

were grafted with aminopropyl functions which were partially transformed further with 

EDTA dianhydride to chelators. The heterofunctionalized nanoparticles charged with 

Ni2+ as the most appropriate metal ion were applied as support. First, the His-tagged 

phosphatases were selectively bound to the metal-chelate functions of the support. 

Then, the enzyme-charged silica nanoparticles were further stabilized by forming a 

covalent linkage between nucleophilic moieties at the enzyme surface and free amino 

groups of the support using neopentylglycol diglycidylether as the most effective 

bifunctional linking agent. As model enzymes, nonspecific acid phosphatases PhoN-Sf 

from Shigella flexneri and PhoN-Se from Salmonella typhimurium LT2 were employed 

bearing histidine affinity tag. The phosphatase biocatalysts obtained by this method 

exhibited better phosphate transfer activity with a range of alcohols and PPi as 

phosphate donor in aqueous medium applying batch and continuous-flow modes than 

the ones immobilized on conventional supports. 
 
1Tasnádi et al. 2016, Eur. J. Org. Chem. 45-50. 
 

mailto:nagy.flora@mail.bme.hu)1
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The B cells and the antibodies they produce are the most important and key elements 

of the humoral immune response. At the end of the B cell development and the selection 

events, every naïve B cell will produce a unique immunoglobulin, which are the basic 

elements of the immune repertoire. The diversity of these immunoglobulins (Ig) comes 

mainly from the various gene segments (V(D)J) and randomly built-in nucleotides. The 

healthy repertoire’s composition consists many different Ig sequences with a relatively 

even distribution. But this composition can change because of infections or other 

disorders such as autoimmunity. These can be discovered and followed by analysing 

the Ig repertoire with the help of next-generation sequencing (NGS) and 

bioinformatical evaluation techniques, as NGS produces millions of reads in parallel at 

the same time, covering the Ig repertoire in a reasonable quality and relatively short 

time. 

The rheumatoid arthritis (RA) is a common autoimmune disease, manifesting in 

synovial inflammation. Before the onset of RA, typical disease markers can be detected 

from blood: autoantibodies of given specificity, typically anti-citrullinated protein 

antibodies (ACPA) and/or IgM rheumatoid factors (IgM-RF), but these markers are not 

entirely reliable. 

Our aim is to develop a highly sensitive and accurate diagnostic marker in connection 

with RA. We try to initialize a system which can reliably detect highly expanded clones 

from blood of RA patients to predict disease progression and follow treatment’s 

efficiency as well. In addition, we also would like to use this repertoire analysis in other 

diseases, such as myeloma multiplex and other B cell malignancies, to monitor the 

disease progressions, and minimal residual disease (MRD). 

 

Project no. FIEK_16-1-2016-0005 has been implemented with the support provided 

from the National Research, Development and Innovation Fund of Hungary, financed 

under the FIEK_16 funding scheme. 
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Stevia (Stevia rebaudiana Bertoni) is a perennial shrub, stem from South America 

mostly Paraguay and Brazil. This herb has been used to sweeten tea of the Guarani 

Indians in South America. These plants sweeteners were discovered in 1931. Stevia 

plant and its extracts have been used for a long time in China, Japan, Asia, South 

America and different countries in Europe. Stevia leaves and highly refined extracts are 

used for low-calorie sweetener in Korea, Japan and Brazil. Stevia extracts have been 

approved by the US FDA as GRAS food additives (i.e. generally recognized as safe). 

Stevia produces steviol glycosides which are 200–300 times sweeter, than sucrose 

solution. The main component in the leaves is stevioside, but it has a bitter aftertaste1.  

Stevioside bioconversion to rebaudioside A (reb A) is required to reduce this unpleasant 

quality of taste. Reb A has a sweet aftertaste, and also exists in the plant leaves, but in 

lower amount than stevioside. UDP-glucosyltransferase UGT76G1 enzyme does the 

catalysis in the stevioside to rebA conversion in the plant. Researchers isolated the 

mRNA sequence of the enzyme, and cloned into E. coli2 or S. cerevisiae3 to produce 

recombinant enzyme. Researchers used other non-plant originated enzymes for this 

bioconversion as well, like β-1,3-glucanase4.  

The purpose of our previous studies was the extraction of steviol glycosides from the 

plant at different circumstances. We optimized hot water extraction with a central 

composite design (under publication). Then we also examined stevia extract 

decolorization to eliminate the brown colour from the crude product. Our aim was to 

perform the enzymatic bioconversion and gain high reb A : stevioside ratio after the 

reaction with different enzymes. Another target was the decolorization of the stevia 

extract with different methods (precipitation, enzymatic degradation, filtrations etc). 

 
1Madan et al., 2010,  Indian J. Nat. Prod. Resour., 1: 267–286. 
2Chen et al., 2017, Biotech, 7:  356. 
3Li et al., 2016,  Appl. Biochem. Biotechnol. 178:  1586–1598. 
4Singla and Jaitak, 2016, Phytochemistry, 125: 106–111. 
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Microalgae, i.e. unicellular algae and cyanobacteria, are good model organisms to study 

photosynthetic processes and they have eminent biotechnological importance. Growth 

and productivity of photosynthetic organisms are significantly affected by stress 

factors. Photosynthesis is very sensitive to changes in the environmental conditions 

because it balances the absorbed light energy with the energy consumed by metabolic 

processes of the organisms. In general, photosynthetic functions are controlled by 

multilevel regulatory mechanisms and depend largely on the molecular composition 

and (macro-) organization of the thylakoid membranes, which contain virtually all 

protein complexes that are involved in the light reactions of photosynthesis. The stress 

signal is first perceived at the membrane level. Adjustment of the characteristics of 

membrane structure enables the membrane components to maintain and perform their 

physiological functions upon changes in the environmental conditions. The 

understanding of adaptation to higher salt concentration of biotechnologically 

important microalgal strains is highly important since every continent is affected by 

salinized soil and water, and because of the possible use water sources with high salt 

concentrations. We have investigated the adaptation of different strains to salt 

treatments using CD (circular dichroism) spectroscopy and SANS (small-angle neutron 

scattering) measurements, to provide information about the organization of pigment-

protein complexes and to characterize the changes in the periodic organization of the 

thylakoid membrane system. These measurements revealed different susceptibilities of 

the (macro-) organization of thylakoid membranes in different microalgae to salt stress. 

The applied biophysical techniques can thus be used to monitor the adaptation 

capability of various strains and contribute to the better understanding of the underlying 

physical mechanisms. 

 

This work was supported by the GINOP-2.3.2-15-2016-00058. 
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Biochar as being distinguished from charcoal by its use as a soil amendment, 

is produced by the thermal “degradation” of organic materials in the absence of oxygen 

(pyrolisis). It has shown a great role to mitigate climate change by carbon sequestration 

and reducing non-CO2 greenhouse gases emissions. As a soil amendment biochar has 

the potential of improving crop productivity with increased soil nutrient retention and 

structure as well as moderate soil acidity. PGPR’s have the evidenced potential to 

enhance plant productivity and yields by production of phytohormones, favouring 

nutrient uptake, induction of systematic resistance (ISR) of host plants and decreasing 

inhibitory effects of pathogens. The synergistic use of biochar and PGPR 

microorganisms offers a long term method for soil quality improvement and yield 

reliability. 

Five different PGPR bacterium strains were applied alongside biochar 

produced from grain husk and paper fibre sludge, as an amendment of acidic sandy soil. 

The aim of the study was to detect the effect of biochar on soil biota and inoculated 

bacterium strains. To evaluate the bacterial community structure, the genotypic 

terminal restriction fragment length polymorphism (T-RFLP) with clone libraries and 

the phenotypic phospholipid fatty acid analysis (PLFAs) fingerprint methods were 

applied. Based on the applied strains unique terminal restriction fragments (T-RFs) the 

detection and monitoring of the strains relative abundances were determined with T-

RFLP method. Two different restriction endonucleases had been in silico selected for 

specific detection of the inoculated stains.  

The treatment of biochar and PGPR inoculant combination affected positively 

the relative abundance of the two Azospirillum brasilense strains, and Arthrobacter 

crystallopoietes, while only the PGPR inoculation form affected positively the relative 

abundance of Bacillus aryabhattai strains. Treatments containing high doses of biochar 

(0.5; 1 ww-1 %) showed a great influence, by T-RFLP analysis, on the autochthonous 

microbial community structure by increased abundance of Alphaproteabacteria and 

decreased abundance of Acidobacteria class compared to the untreated fields. PLFA 

analysis has not shown correlation between the treatments and microbial community 

dynamics.  
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Introduction: Nowadays, demand for products which beyond the overall nutritional 

value, have a feature that protects the consumers health, have increased. Fruits could 

be ideal substrates for a fermented product, as they have an important role in human 

nutrition and contain many beneficial ingredients (minerals, vitamins, dietary fibers). 

Fruit juice has been suggested as a novel and appropriate medium for fortification with 

probiotic cultures, since they are rich in nutrients, high amounts of sugars which could 

enhance the survival of the incorporated probiotic bacteria and often have oxygen 

scavenging agents, which can protect probiotic bacteria that can be sensitive to oxygen. 

However the fruit juice is less suitable for the probiotic viability than the dairy products, 

because it is considered as being too acidic to enable good stability of probiotics during 

storage. Nevertheless several studies have proved that fruit juices can become suitable 

carrier or medium for probiotic organisms. Therefore the aim of our study was to 

investigate the possibility of the probiotication of sour cherry juice by fermentation 

with probiotic starter culture. 

Materials and methods: For the fermentation 9 - among them 6 probiotic - 

Lactobacillus strains were used and two types of sour cherry as raw material. The 

Újfehértói fürtös and Petri species were provided by NARIC - Fruitculture Research 

Institute. During the research, the properties of the strain - such as reproduction and 

metabolism (organic acid production) - and its effect on the raw material (carbohydrate 

and titratable acid content) were studied by microbiological and analytical methods, 

and the lactic acid fermented sour cherry juice’s polyphenol and antioxidant capacity 

were also measured. 

Results: From preliminary experiments it was observed that sour cherry juice in its 

natural form does not provide an adequate environment for the growth of Lactobacillus. 

Although the original pH adjustment to a neutral value resulted in a one-tenth increase 

in order of magnitude (108 CFU ml-1), to reach the recommended probiotic cell count 

we investigated addition of nutrients - such as protein, carbohydrate. The effect of 

dilution of sour cherry juice was also investigated. Based on the experiments carried 

out, the added yeast extract as well as the pH adjusting and dilution resulted in the 

highest (109 CFU ml-1) cell number and the pH decreasing to the optimal value after 24 

hours. Therefore, central composite design (CCD) was used to determine the optimal 

values for these parameters. Despite the fact that all investigated strains reached the 

desired 109 CFU ml-1 cell density, a significant difference was observed between the 

numbers of live cells of some Lactobacillus strains. Furthermore, our results show that 

the type of sour cherry also affects the fermentation, so it is important to select the 

starter culture for the raw material. 
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Adaptation to changes in intra- or extracellular conditions is a universal requirement to 

all organisms. The cell homeostasis is achieved through a highly coordinated 

mechanism of transcription regulation involving transcription factors. Dimeric basic 

leucine zipper (bZIP) proteins are transcriptional enhancer factors occuring in all 

eukaryotes. These transcriptional factors play a critical role in ontogenesis. In 

Saccharomyces cerevisiae a distinct subset of proteins within the bZIP family, the yeast 

activator protein (Yap) transcriptional factors, is well characterized. The Yap family 

comprises eight members, all containing a conserved sequence in their basic region 

similar to the conventional Gcn4 factor. The Gcn4 factor plays a critical role in the 

activation of the General Amino Acid Control and the regulation of genes involved in 

both purine and amino acid synthesis. Despite their similarity, the DNA-binding 

properties of Yap differs from the Gcn4 factor. The DNA binding site of the Yap family 

was characterized as TTAC/GTAA. Yap proteins often mediate stress responses and 

are often associated with resistance to reactive oxygen species (ROS), as well as 

tolerance to osmotic and heavy metal stress. Yap1, the first member of the family plays 

a critical role in response to oxidative stress; it regulates several genes involved in the 

detoxification of ROS. Yap1 orthologues have been characterized in a number of fungi, 

including Aspergillus nidulans, Fusarium oxysporum and Fusarium graminearum. In 

A. nidulans, deletion of the atfA gene caused increased sensitivity to menadione sodium 

bisulfite, H2O2, t-butyl hydroperoxide and diamide but not to NaCl. The ΔFgap1 

deletion mutant of F. graminearum was sensitive to CdCl2, sorbitol, NaCl and H2O2 

compared to the wild-type strain. Although the pathogenecity was not affected, the 

deletion mutant showed increased trichothecene B production. Loss of the Foatf1 gene 

in F. oxysporum caused higher sensitivity to H2O2 and loss of pathogenicity on 

Cavendish banana. 

The main aim of our study was generating FvatfA deletion mutant strains in 

the phytopathogenic fungus Fusarium verticillioides using the double joint PCR 

method. To evaluate the stress sensitivity of the mutant, freshly grown conidia were 

point-inoculated on Czapek-Dox agar plates, supplemented with one of the following 

stress generating agents: sorbitol, NaCl, KCl, CdCl2, menadione, diamide, tert-butyl 

hydroperoxide, hydrogen peroxide, and Congo Red, in various concentrations. Deletion 

of FvatfA resulted in increased stress sensitivity to menadione, H2O2 and Congo Red. 

This project was supported by the Hungarian Scientific Research Fund (OTKA 

K119494). 
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The Anammox (Anaerobic ammonium oxidation) is an innovative and energy efficient 

way to treat nitrogen-rich wastewater. At the Budapest Central Wastewater Treatment 

Plant (BCWWTP) the installed DEMON® is performing the one-way reaction 

nitrification-anammox process. This technology combines the success of biotechnology 

and engineering design. Specially developed anammox system, DEMON®, is used for 

the treatment of NH4-N rich side-stream wastewater. Anammox technology has a 

higher nitrogen removal rate (NRR) lower operational cost and smaller space demand 

than the traditional nitrification-denitrification nitrogen-removal system. The main 

objective is to reduce the total nitrogen (TN) load of the plant by approx. 10 to 15% 

compared to the inlet load. According to literature the reduction of stoichiometric 

oxygen demand is up to 40% compared to the conventional method. The sludge is 

granulated with a special technology, thereby it is possible to maintain its concentration 

in the reactors at 2-2.3 g l-1 in average. Maintenance of appropriate sludge medium, the 

necessary separation and recirculation is carried out by hydro cyclones. The air supply 

is provided with 4 in-duty plus 1 standby blowers with a maximum capacity of 45kW. 

The NH4-N content of the incoming wastewater and technology spill water reduces in 

annual average by 5-7%. According to operational experiences DEMON® currently 

removes approx. 1-1.2 tons of NH4-N and the average removal rate of the reactor is 80-

85%. This saves up to 1 tons NH4-N loads in the activated sludge system. The energy 

demand of the main-stream nitrogen removal is much more significant, approx. 3.6 

kWh kg-1 of NH4-N compared to the DEMON® reactor which is 1,4 kWh kg-1 for NH4-

N removal. So this new technology saves up to approx. 25 million HUF for the 

BCWWTP. DEMON® technology is implemented in SBR-type (Sequencing Batch 

Reactor) reactors with specific culture of activated sludge for ammonia removal. The 

concept of SBR reactors is to operate a single biological reactor basin using repetitive 

cycles. At the BCWWTP aeration, mixing, settling, decanting and sludge extraction 

processes alternate with strictly defined cycle times. In the conventional N removal 

method: at first ammonium is converted into nitrite by a special bacterial group 

Nitrosomonas, thereafter Nitrobacter bacteria oxidize nitrite to nitrate. Finally, nitrate 

is converted into nitrogen gas by anaerobic denitrifying microorganisms. The 

DEMON® uses an alternative way to nitrification-denitrification pathway, as the second 

oxidation step leading from nitrite to nitrate is suppressed; instead the produced nitrite 

and the ammonium ions are converted directly into nitrogen gas. The bacteria that 

perform this anammox process belong to the bacterial phylum Planctomycetes. By 

stopping ammonia oxidation at the nitrite level and by performing denitritation, 25% of 

air blowing and 25% of the carbon requirement can be saved so the overall energy 

demand can be reduced by 40%. 
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Several researches are currently in progress to cope with the energy crisis, to treat 

wastewater produced during household and industrial processes, to modernize their 

processing or solve numerous other problems related to environment protection. The 

role of bio electrochemical systems in achieving these goals is increasing; their various 

types can be applied for producing electric energy, hydrogen or methane, as well as for 

soil remediation, and they can also be integrated into wastewater treatment 

technologies. 

 

During my research, I have been dealing with a special type of microbial fuel cells, 

namely the microbial electrohydrogenesis cells. In this system, the electrons originating 

from the substrates broken down by exoelectrogenic microorganisms can be used for 

biohydrogen production, decreasing the chemical oxygen need of the wastewater used. 

 

The subject of the current study is the presentation of the result and challenges related 

to the construction and operation of the microbial electrohydrogenesis cell and the 

development of the monitoring of electrochemical processes. 

 

Keywords: bio electrochemistry, hydrogen production, electrogenic microorganisms 
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Raw plant materials – used in several agricultural and industrial activities – contain 

secondary metabolites produced by the plants and endophytic microbes as well. Both 

the metabolites and endophytic fungi (fungi colonizing plants internally and 

asymptomatically) might have influence on the subsequent use of plant materials. Such 

an example is the compost production for mushroom cultivation, where the compost is 

produced mainly from plant materials. Our aim was to determine the endophytic fungal 

community and metabolic composition of plant materials, used in compost production 

of white button mushroom cultivation at the Bio-Fungi Ltd. (Áporka, Hungary). 

The raw plant materials of the compost, barley-, rapeseed-, wheat straw and sunflower 

seed hulk, as well as the compost samples from different stages of the process were 

screened. To isolate endophytic fungi, plant materials were surface-sterilized with 

different methods. The isolated fungi were identified based on the sequence of their 

nrDNA ITS region, the DNA barcode region of fungi. Different staining techniques 

were carried out to visualize fungi, colonizing the raw plant materials. To determine 

the metabolic composition of the samples, methanolic extracts were made, and their 

components were separated by RP HPLC using gradient elution, and detected by DAD 

UV/Vis detector. 

We present the results of the identification of fungal isolates, majority isolated from the 

raw plant materials, especially from barley and wheat. The isolates, identified till now 

represent common endophytic fungi of these plants. By using different staining 

techniques on the raw plant materials, we detected extensive fungal colonisation. We 

could reproducibly detect three metabolites in the extracts of barley and wheat, which, 

based on their UV spectra, might be flavonoids. The amount of these metabolites 

decreased notably during the first steps of composting. 

Further experiments are in progress to test, whether these endophytes and metabolites 

can influence the efficiency of compost production and mushroom cultivation.  

 

The research was supported by the program of the The National Research, 

Development and Innovation Office (NVKP 16-1-2016-0035). 

 

  



Növény-biotechnológia poszter előadások 

61 

NPE2 

PRODUCTION OF DOUBLED HAPLOID CUCUMBER 

(CUCUMIS SATIVUS L.) LINES BASED ON COMPARATIVE 

EXPERIMENTS OF IN VITRO OVARY CULTURE 
 

Zsófia FEKETE (fekete.zsofia@abc.naik.hu) – Judit MITYKÓ 

(mityko.judit@abc.naik.hu) 
 

 

NARIC Agricultural Biotechnology Institute; Szent-Györgyi A. u. 4., 2100 Gödöllő, 

Hungary 

 

Nowadays, in vitro haploidy became one of the most intensely researched fields 

in plant biotechnology. The spread of practical application of the scientific results 

mainly predominates in cereal and vegetable farming. 

Cucumber is a widely cultivated vegetable plant in Hungary. Breeders are facing 

dual expectations: they have to improve complex disease resistant hybrids while 

keeping all morphological (shape) and nutritional (taste) properties fancied by the 

consumers. Due to growing market competition, the high variability of viruses and 

bacteria requires up-to-date tracking as well as continuous and prompt improvement of 

new resistant breeding lines. 

Developing genetically stable homozygous lines of cucumber with improved 

traits takes 6–8 years by using classical breeding methods. On the other hand, it requires 

only 1 year by using in vitro ovary culture. 

In our laboratory, comparative investigations were carried out on a Japanese 

[P1] (Diao et al. 2009), a Hungarian [P2] (Gémes-Juhász et al. 2002) and a self-

developed [P3] ovary culture protocol. Three different cucumber hybrid types were 

used as plant material. All they were parthenocarpic hybrids, characterized by 

indeterminate growth and purely female flowering (American pickling-, Beit alpha- and 

Salad type cucumber). 

In spite of using different genotypes, our results have followed closely those of 

published, even have given a bit higher ovary response (published results are listed in 

brackets): [P1] - 67,9% (62,0%) and [P2] 15,9% (13,2%). In our self-developed [P3] 

protocol 42,8 % of the ovaries produced embryos, showing intermediate response. 

Highest embryo induction frequencies were as follows: [P1] 100,0% (72,7%), [P2] 

29,5% (18,4%) and 49,1 % in our [P3] protocol. All experiments were also evaluated 

for plant regeneration efficiency, data obtained as follows: [P1] 1,3% (1,6%), [P2] 4,2% 

(7,1%) and [P3] 0,4%, respectively.  

In summary, total of 33 rooted cucumber plants could be obtained and potted in 

greenhouse from 2 different genotpes. Flow cytometry analysis showed the following 

ploidy level distributions: 16 haploid (n), 16 doubled haploid (2n) and 1 tetraploid (4n) 

plants. Considering our investigated genotypes, Beit alpha proved to be the most 

responsive type with total of 23 rooted and acclimatized plants. Salad type cucumber 

was followed it up with 10 plants. Although highest number of embryos could be 

regenerated from the American pickling type, no plants could be obtained from this 

genotype. 

In conclusion, further investigations are necessary to obtain higher doubled 

haploid (DH) yield to meet the conditions of safe and wide range practical application. 
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The grape family of Vitaceae consists of about 14 genera and 900 species which 

distributed in the north temperate region. The main growing areas are East Asia and 

North America with 25–30 and approximately 30–40 taxa, respectively. In Europe Vitis 

vinifera (V. vinifera subsp. sylvestris, V. vinifera subsp. vinifera) is the only species 

which distributed over the Mediterranean Refuge is. Nowadays huge interest in the wild 

grapes is due to the high disease resistance. Vitis genus is a phylogenetically ambiguous 

group. Several works have attempted to clarify the relationship within Vitis genus with 

various DNA markers without unrelieved conclusions.  

Based on our preliminary studies with 20D18CB9 CAPS marker – which linked 

to VvMybA1 transcription factor gene regulating the anthocyanin biosynthesis – 

polymorphism between the Vitis vinifera and wild species was detected. According to 

this we assumed that it can be suitable for further examinations and we can set up a new 

phylogenetic tree within the Vitaceae family. 

Based on the sequenced PCR fragments, generated with the 20D18CB9 primer 

pair, the North American species have a 34-bp deletion, so they form a separate group 

on the dendrogram. The Asian species, which do not contain this deletion form a 

distinct group, but some North American ones also lacked this 34 bp DNA deletion.  

In this work a new phylogenetic relationship of Vitis species was constructed using 

the 20D18CB9 marker linked to VvMybA1 transcription factor gene. Our study is the 

first attempt to use the 20D18CB9 non-coding sequences as a phylogeny marker.  

 

The work is supported by the EFOP-3.6.3-VEKOP-16-2017-00008 project. The project 

is co-financed by the European Union and the European Social Fund. 
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Ambrosia artemisiifolia is a highly allergenic, rapidly spreading weed. 

Flowering repression may be an opportunity to ragweed control, however there is 

limited knowledge concerning the underlying molecular genetics.  

In order to perform expression pattern during floral progression we sequenced 

pistillate flower tissues in early and late developmental stages collected from in vitro 

cultivated plants using the Illumina platform (NGS). For expression diversity analysis 

of gender specific floral transcriptomes we used an earlier published NGS dataset of 

wild growing male, female flowers and leaves (NCBI TSA GEZL00000000). 

De novo Trinity assembly of combined read set of male (M), female (F) and leaf 

(L) of wild growing plants was performed to get an A. artemisiifolia reference 

transcriptome representing both vegetative and generative organ specific transcripts in 

different developmental stages. Sequence analysis were performed by using Trinotate 

software. The transcript datasets were extracted from Trinotate heat map and post 

processed using SQL Database Manager. The queries for unique organ specific 

sequences resulted in 5659 (M), 1691 (F) and 4267 (L) founds. Separately two sets of 

reads representing two classes of female (F) development such as early (1F) and late 

(2F) stages were generated from sterile in vitro plants. 1F and 2F unique transcripts 

were clustered aligning to the F contig sets. The number of unique transcripts were: 987 

(1F) and 1321 (2F). Functional annotation were performed using Blast2GO. The three-

specific RNA pools (M, F, L) resulted in 81.56% translated contigs in total. Based on 

GO annotation the cell part, organic cyclic compound binding and organic substance 

metabolic process were the most abundant GO slims in the categories cellular 

component, molecular function and biological process, respectively. The high 

physiological activity of Ambrosia reproductive tissues was suspected from the high 

representation of primary metabolic process and cellular metabolic process groups 

within the biological process category. 

Focusing on the photoperiodic and vernalisation pathway expression profiles, 

we defined a theory according that the floral gender determination is tightly regulated 

by day-length in this species. 

This work was supported through the ÚNKP-2016-4-IV, ÚNKP-2017-4-IV-PE-1 of the 

New National Excellence Program of the Ministry of Human Capacities. 
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Genome integrity maintenance is one the most fundamental cellular processes. Lacking 

the means to repair DNA damage may lead to severe consequences such as 

oncogenesis, premature aging, or metabolic insufficiencies. Although valuable 

information can be derived from in vitro and in silico studies owing to their flexibility 

and high throughput capabilities, in vivo approaches hold the most promise when it 

comes to gaining information about phenomena occurring in living organisms in their 

natural context. Our aim with the development of the Semaphore system is to create a 

method through which DNA double stranded break repair (DSBR) accuracy can be 

analyzed. The core components of the construct are an mStrawberry and an eGFP 

cassette, the latter of which is flanked by homology arms. Through Cas9 induced 

cleavage and the use of two fluorophores, the ratio between homology directed repair 

(HDR) and non-homologous end joining (NHEJ) pathways can be visualized and 

possibly quantified in vivo – eGFP fluorescence marking HDR events, while 

mStrawberry expression NHEJ events. Because our reporter system targets the 

zebrafish golden locus, in its present state it is only applicable in zebrafish. However it 

could be relatively simply modified for any other model organism given a suitable 

gRNA target sequence that is sufficiently susceptible to Cas9 cleavage. We propose 

that such a reporter system could prove to be useful in both basic research and applied 

sciences. 
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Left-sided displacement of the abomasum (LDA) is one of the most common disorders 

of the digestive system in many dairy cattles. The LDA is associated with high yielding, 

intensively fed dairy cows in late or early gestation lactation. In the LDA affected 

animals the gastrointestinal track has reduced movement and abomasum starts bloating 

due to the accumulating gases. It has to be surgery treated to fix the abomasum in its 

correct position. Even if the treatment succeeded without any incidents, a significantly 

reduced milk production and increased culling risk for affected cows can be observed. 

LDA is a multifactorial disease, in which environmental effects play a role, however 

heritability rates of LDA are higher than in other dairy cattle diseases. Although the 

prevalence of LDA is usually 1-7% in German Holstein-Friesian populations. It is 

known that the genetic influence is important in the development of the disease, the 

genetic background of the disease is unclear.   

The two main reasons for the developing of the disease are the abomasal hypomotility 

and the disfunction of the intrinsic nervous system. The motilin gene (MLN) located 

on BTA23 is an appropriate candidate for the development of LDA in bovine. Motilin 

is a gastrointestinal hormone which regulates the peristalsis. A single nucleotide 

polymorphism within this gene showed significant association with the disease thus 

could be used as a marker to predict the occurence of LDA. 

The intention of the present work is to develop a rapid procedure to observe this SNP 

in the bovine motilin gene. We used high-resolution melting analysis (HRM) for 

detection of the SNP. HRM is an innovative technique which is easier and more cost-

effective than probe-based genotyping assays and less time consuming than 

conventional sequencing. 

 

This project was supported by OTKA 111964. 
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Large carnivores like grey wolf (Canis lupus) count as the most controversial animal 

groups in our modern and crowded world. Nowadays, the population of several large 

carnivores have an increasing tendency in Europe which is due to conservation 

programs and legal protection. Non-invasive monitoring methods are suitable for 

investigate these species. Genetic testing is required for species and individual 

identification and population characterisation. Non-invasive samples like urine, scat 

and hair are feasible genetic analysis. Thus, we adopted genetic methods for monitoring 

of these species. Individual recognition was performed using microsatellite genotyping 

from non-invasive samples. Hair and scat samples were provided by the Bükk National 

Park Directorate. Additional reference samples were obtained from the Hungarian 

Natural History Museum, Foundation for the Preservation of European Wildlife and the 

Bear Farm of Veresegyház. Twelve microsatellites were optimized for multiplex PCR 

and used for genotyping. Initial species identification based on morphological 

characters was done by the sample collectors. Genetic clustering was carried out with 

STRUCTURE and PAST softwares. The amelogenin gene was used for sexing the 

samples. Grey wolf are genetically distinct from dogs and zoo’s wolf samples, so 

markers are suitable for separating the species. Additionally, our results show that there 

is a substantial genetic difference between the closed and field wolf samples. Thus, the 

method is feasible for genetic monitoring purposes. Because of low sample numbers 

detailed population genetic analyses were not carried out, but a long-term goal is to 

study the genetic diversity of these protected predators from non-invasive samples. The 

larger effort in sampling could result in better population assignment, furthermore the 

acquired data could be used also for forensic investigations. 
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The honey bee’s most damaging ectoparasite is the Varroa destructor mite. Some bees 

can effectively defend themselves against this parasite showing hygienic and Varroa 

Sensitive Hygiene (VSH) behaviour. Hygienic bees uncap and remove dead pupae and 

larvae from the nest, while VSH bees remove infected brood too, thus preventing 

further infection.  Hygienic and VSH behaviour is a heritable genetic trait. Genomic 

studies make the development of DNA markers possible, which could help to create 

nucleus populations of animals, selected for some economic characteristics. Our goal 

was to support the domestic beekeepers with genetic data to improve the breeding of 

bee families and disease resistant bee populations. 

Sequence data were generated for Pannonian honey bee specimens. We identified 

tandem repeat motifs in the available bee genome with the Perl based QDD package, 

and designed primers for the eligible ones with Primer3. Then we selected 

microsatellite markers for the QTL region which is linked to the hygienic and the 

Varroa mite sensitive behaviour.  

We used two type of field assays to screen colonies for hygienic behaviour: bee brood 

freezing and the pierced brood assays. Bee families in the experiment showed a wide 

range of removal rates. Bee hives were grouped as hygienic, intermediate or non-

hygienic according to the amount of the removed brood within 24 hours. These families 

provide the possibility to validate the markers developed. The linked microsatellite 

markers may help the marker-assisted selection of the hygienic trait, reducing the field 

assays. 

The publication is supported by the GINOP-2.3.2-15-2016-00054 and EFOP-3.6.3- 

VEKOP-16- 2017-00008 projects and by the ÚNKP-17-3 new national excellence 

program of the Ministry of Human Capacities. 
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The aim of this study was to develop vitrification methods for testicular tissue, isolated 

spermatogonial cells and sperm of the animal model zebrafish (Danio rerio). In case of 

fish species, the methods of gene conservation are limited due to the fact that fish 

embryos and eggs cannot be frozen (because of their high yolk content). In addition, in 

small-bodied model fish species sperm cryopreservation is problematic, due to low 

individual sperm quantity (1 µl per fish). With cryopreservation of gonadal stem cells 

the genome of both sexes can be stored. Vitrification protocols had been applied for 

gonadal stem cells in different fish species. 

For vitrification ultra-rapid cooling is applied (106-1010°C sec-1), due to this ultra-fast 

cooling, the creation of crystalline structure of water molecules is inhibited. During 

vitrification, the ice crystals do not damage cells, altough the required cryoprotectant 

concentration (30–50%) can be harmful for the cells. 

Spermatogonia vitrification was carried out by two methods: whole testis vitrification 

(fixed on acupuncture needles), and digested tissue vitrification. For counting 

membrane-intact spermatogonia, trypane-blue staining was used. Numerous 

intracellular cryoprotectants (methanol, propylene-glycol, dimethyl-sulfoxide) had 

been tested in different combinations, besides trehalose and FBS (Foetal Bovine Serum) 

supplementation had been used as extracellular cryoprotectant. Sperm and digested 

tissue was vitrified on Cryotop, while whole testes were vitrified on acupuncture 

needles. 

Each tested cryopreservation method (sperm-, testes- and digested tissue vitrification) 

had been applied succesfully for the gene preservation of zebrafish. Following 

vitrification of the sperm (protocol: 15% methanol + 15% propylene-glycol, 1:4 

dilution ratio, HBSS extender) the progressive motility was 10.8±5.2% (fresh control: 

84.5±8%). Fertilization test with vitrified sperm resulted in 0.7±0.3% hatching (control: 

59.8±3%). After vitrification of digested tissue the viabiltity of spermatogonia was 

18.5±0.1% (protocol: 1.5M propylene-glycol + 1.5M DMSO, 0.5M trehalose, 0.25M 

Hepes, 10% FBS, 1:1 dilution ratio (v/v) in L-15). Vitrification of whole testes resulted 

in 47.43±1.7% of viable spermatogonia following thawing (protocol: equilibration 

media: 1.5M methanol + 1.5M propylene-glycol, vitrifying media: 3M propylene-

glycol + 3M DMSO, both solutions were supplemented with 0.5M trehalose, 0.25M 

Hepes and 10% FBS). 

According to our results, the genetic material of zebrafish can be preserved both with 

sperm- and spermatogonia vitrification. With the protocols described above, it is 

possible to generate an in vitro gene bank for special zebrafish lines. 
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During the experiments, the effects of 5 heavy metals (Cr, Zn, Ni, Cd, Cu) were 

investigated on fertilization and embryogenesis of zebrafish following the exposure of 

sperm (30 or 120 minutes). Due to the physiological features of fish (aquatic living, 

external fertilization), fish sperm can be contaminated during the breeding with 

toxicants which are found in the water. Their effect do not manifest on the motility 

parameters of sperm in some cases (e.g. oxidative DNA damage), however, toxic 

exposure of sperm can lead to several embryonic deformities and reduction in 

fertilization. These impairments can be examined on sperm directly only with 

expensive methods and equipments (e.g. flow-cytometer). Consequently, carrying out 

of fertilization experiments with exposed sperm are needed to investigate the effects of 

heavy metals on fertilization and embryogenesis. 

The similar pattern was observed in cases of Cr, Ni and Cu, where the exposure duration 

of sperm affect neither to the fertilization rate nor to the 48th-hour of survival of 

embryos, however, the effect of concentration was significant in case of both examined 

endpoints. Following exposure to Cr, the fertilization rate and the 48th hour of survival 

decreased at 100, 150 and 200 mg L-1 after 120 minutes of exposure significantly. In 

case of Ni, already 600 mg L-1 decreased the fertilization rate and the 48th hour of 

survival significantly after 30 minutes of exposure. Following exposure to Cu, the 

fertilization rate and the 48th hour of survival decreased significantly at 25 mg L-1 after 

120 minutes of exposure and at 50 mg L-1 after 30 as well as 120 minutes of exposure. 

In cases of Cd and Zn, neither the exposure duration of sperm, nor the concentration of 

the tested metals affected to the fertilization rate and the 48th hour of survival 

significantly. The rate of embryonic deformities (yolc oedeme, pericardial oedeme, tail 

malformation) did not differ from the control in case of any of the tested heavy metals 

significantly. 

It can be concluded that the fertilization rate of eggs and the 48-hour survival of 

embryos are less sensitive endpoints than the motility parameters of sperm (e.g. 

progressive motility, velocity) to the toxic exposure of sperm in the most cases (exc. 

Ni, Cr). Beside of that the examination of motility parameters is not dependent on the 

availability and the quality of eggs, it can give more reliable results. In addition, the 

motility parameters are able to indicate the toxic effects real-time, while the fertilization 

rate can be determined only 20–24 hours after the fertilization. Nevertheless, the 

fertilization rate and the 48 hours of survival can sign the toxic exposure of sperm, so 

their investigation can be reasonable in the absence of CASA system. This work was 

supported by the ÚNKP-17-3 New National Excellence Program of the Ministry of 

Human Capacities. 
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Sterigmatocystin (STC) is a secondary metabolite of Aspergillus moulds, which is 

structurally similar to aflatoxins. The main target organs of STC toxicity are the liver 

and kidneys. It has mutagenic, carcinogenic and cytotoxic effects and also has 

immunomodulatory activity. It is classified as a 2B carcinogen (possibly carcinogenic 

to human) by the International Agency for Research on Cancer (IARC). STC is 

metabolized by the cytochrome P450 3A4 to a reactive epoxide, which reacts with 

nucleic acids to form guanyl adducts. It is known that the formation of guanyl adducts 

increases the production of reactive oxygen species which may lead to oxidative stress. 

Due to the different level of oxidative stress different redox-sensitive pathways are 

activated and different biological responses can be observed as it was described by the 

hierarchical oxidative stress model. During mild oxidative stress conditions the 

transcriptional activation of phase II antioxidant enzymes and the expression of 

antioxidant genes, including glutathione peroxidases, occurs via the Nrf2-Keap1/ARE 

pathway. 

The aim of this study was to evaluate the short term effects of sterigmatocystin on the 

glutathione redox system along with Nrf2-Keap1/ARE pathway in common carp liver 

(n=96). After a week of adaptation period experimentally contaminated (1, 2 and 4 mg 

STC kg-1 feed and 400 µg AFB1 kg-1 feed) or control complete feed was given by 

gavage directly into the gut. Liver samples were taken from 6 carps of each group at 

every 8th hour during a 24-hour long experimental period. Expressions of glutathione 

peroxidase genes (gpx4a and gpx4b), and also nrf2 and keap1 genes were analysed.  

Sterigmatocystin caused similar changes in the expression of both gpx4a and gpx4b 

genes. At 8th hour sampling the gene expression was at the control level in all 

experimental groups, but at 16th and 24th hour induction was observed. This dual 

response was also observed in case of nrf2 and keap1 genes, however keap1 gene 

showed earlier response as its level was significantly higher even at 8th hour in case of 

lower doses.  

According to the results it can be concluded that the short term sterigmatocystin 

exposure probably emerged ROS formation therefore activated the glutathione redox 

system and its encoding genes.  

This study was supported by the ÚNKP-17-3 New National Excellence Program of the 

Ministry of Human Capacities and EFOP-3.6.3-VEKOP-16-2017-00008 project, co-

financed by the European Union and the European Social Fund. 
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Chronic alcohol administration did not result significant neuronal loss in the rat 

myenteric plexus, but primarily impaired the nitrergic pathways in gut region-specific 

way. These results imply the importance of the neuronal microenvironment along the 

gastrointestinal tract in the pathogenesis of nitrergic neuropathy in alcoholism. Our aim 

was to map the composition of the lumen-associated (LAM) and the mucosa-associated 

microbiota (MAM) in different intestinal segments in a chronic ethanol-treated rat 

model. Rats were randomly divided into a chronic alcohol-treated and a control group 

receiving tap water. Chronic alcohol-treated rats were given increasing concentrations 

of ethanol in tap water (v/v%) starting with 10% in the first, 15% in the second and 

20% in the 3rd to 8th weeks. 

Lumen material of the duodenum, ileum and colon were used to characterize LAM, and 

tissue samples were used to demonstrate the MAM by using next-generation DNA 

sequencing. Characteristic rearrangements in the microbiome composition and 

diversity were detected in both LAM and MAM after chronic ethanol consumption. 

LAM: In the duodenum the ratio of class Bacteroidia was almost 3-times higher in the 

ethanol treated group, while the abundance of classes Bacilli and Clostridia decreased 

compare to the control rats. In the ethanol treated ileum the composition of LAM 

changed moderately. In the colon the ratio of class Bacteroidia was higher after alcohol 

treatment. 

MAM: In the duodenum significant rearrangements were detected in the abundance of 

classes Bacteroidia, Betaproteobacteria, Bacilli and Clostridia. In the ileum the ratio of 

class Chlamydia decreased, while the class Clostridia was increased in the ethanol-

treated group. In the colon the ethanol-related alterations in the composition of MAM 

were moderated. 

In conclusion, chronic ethanol treatment affected the composition of both LAM and 

MAM in gut region-dependent manner. 
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Due to the antiapoptotic effect of pituitary adenylate cyclase activating polypeptide 

(PACAP) and its widespread presence in the organ system, PACAP is considered as a 

general cytoprotective peptide. The peptide was found in the gonads in high levels, that 

is what drew attention to the peptide might play a central role in reproduction.  

The objective of our research is to investigate the effect of endogenous (Exp.1) and 

exogenous PACAP (Exp.2) on early mouse embryo development in vitro. 

PACAP-producing (wild type) and KO CD1 mice were examined through the Exp.1. 

Zygotes produced by natural mating were obtained from donor superovulated females 

5-6 hours after copulation. Embryos were cultured for 96 hours in vitro and 

developmental state, cell number and micronuclei rate were assessed. In the Exp.2, 

embryos were obtained from BDF1 donor females. Zygotes were treated with 0.95 mM 

PACAP1-38 or 0.95 mM PACAP6-38 (antagonist). 5% PBS was used as diluent 

control. 

In Exp.1, higher blastomer number was found in PACAP KO embryos than in wild 

ones (p=0.0022). However, the advanced PACAP KO embryos have significantly 

higher micronucleus rate compared to advanced wild type embryos (p = 0.01). In the 

Exp.2, all of the PACAP treatments decreased the blastocyst rate. However, embryos 

treated with PACAP6-38 reached the blastocyst stage in a lower manner (27.1%) than 

in the PACAP1-38 treatment (41.6%). 5% PBS did not cause any reduction of 

blastocysts from the control group. Our data show that PACAP has a remarkable effect 

on embryo development. Due to our controversial data on endogenous and exogenous 

PACAP, further experiments will be carried out.  

 

The research was funded by the Hungarian Scientific Research Fund (OTKA 115874). 
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Honey bees are one of the most important insects, having a huge agricultural value. 

First of all they are essential for the pollination of the main crops. Furthermore the 

products they provide are used in a large range by several industries; for example honey, 

propolis, beeswax, pollen and the very valuable royal jelly are remarkable products in 

themselves, but also count as raw material for many products in the food, 

pharmaceutical and also the beauty industry.  

Despite the fact that Hungary is a small country, in the European Union we occupy the 

sixth place in point of number of bee hives, and second place if we look at the bee 

density. Due to this, Hungary is among the major honey producer countries in Europe; 

more than 1 million bee colonies are registered, producing 30000 tons of honey 

annually. 

Being a popular food product, we chose to characterize different honey samples. There 

are numerous ways to describe it. The main analyses monitor the chemical composition 

(sugars, nitrogenous compounds, phenolic contents, acids, sugar decomposition 

products), nutritional value (carbohydrates, vitamins, minerals, trace elements), 

medicinal and antimicrobial value. Our main objective was the genetic detection of the 

Asian honey bee (Apis cerana) components in honey, this way we can make a 

difference between the honey samples depending on the genetic background of the bee 

that collected the nectar. 

Beekeepers in Europe use western honey bees (Apis mellifera) in their apiaries, this 

way we determined to detect sequence differences specific to Apis mellifera and Apis 

cerana. In total 51 complete honey bee genomes were used to find these discrepancies 

using bioinformatics softwares. There were tens of thousands of genomic differences 

identified between the western honey bee and the Asian honey bee. We prefered the 

mitochondrial region and searched for insertions and deletions located on this part of 

the DNA to develop a real-time PCR DNA diagnosis essay to detect Asian and 

European components of the honey. 

The publication is supported by the GINOP-2.3.2-15-2016-00054 and EFOP-3.6.3- 

VEKOP-16- 2017-00008 projects. 
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In mammals, epigenetic mechanisms are essential for normal development and 

maintenance of tissue-specific gene expression levels. It has been observed that 

epigenetic patterns change over the lifetime, suggesting that these changes may play an 

important part in the aging process. The epigenetic mark that has been mostly studied 

is DNA methylation, the presence of methyl groups at CpG dinucleotides. These 

dinucleotides are often located close to gene promoters and linked to gene regulation. 

It has been shown by numerous studies that certain CpG sites are highly associated with 

age enabling to accurately estimate the chronological age of tissues and cell types. In 

my poster, I would like to present a comparison of several regression models of aging 

and demonstrate their applicability to predict age. For building the models, I used 

methylation data sets of different human tissues measured by Illumina methylation 

platforms from TCGA and GEO databases. Selecting the best fit model and CpG sites 

highly associated with age may provide a better insight into the aging process and age-

related diseases.  
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The floral architecture development depends on the regulation of floral 

homeotic genes based on the –so called– ABC combinatorial model. The highly 

allergenic weed, Ambrosia artemisiifolia is a monoecious plant with separate male and 

female flowers on the same individual which flowering regulation is still a revealing 

field. The objective of this study was to annotate ABC homologous and their expression 

pattern in reproductive tissues of A. artemisiifolia male and female inflorescences.  

RNA extraction and sequencing were performed from early and late 

developmental stages of A. artemisiifolia female flowers. cDNA synthesis and library 

construction were prepared for Illumina NextSeq paired-end sequencing. The complete 

CDS of each genes were predicted using our previously reported transcript dataset 

(NCBI) and using UNIPROT databases. Normalized expression level values (RPKM) 

were calculated applying our self-developed application GenoUtils. 

ABC homologous such as AP1, AP2, AP3 1, AP3 2, PI, AG, SEP1, SEP2 1, 

SEP2 2, SEP3 1, SEP3 2, SEP3 3 and SEP4 revealed open reading frame for putative 

proteins of 248, 488, 223, 229, 235, 196, 247, 250, 252, 254, 245, 263 and 248 amino 

acids, respectively. According to our results the following specification of floral organ 

identity may be concluded: (i) AP2, AP3 2 and PI homologous were not expressed in 

pistillate tissues indicating that these genes are involved for staminate flowers during 

floral morphogenesis. High expression levels of four SEP genes were detected in early 

developmental stages of female flower. These genes SEP1, SEP2 1, SEP3 1 ad SEP4 

probably participate in petals and carpel primordia development. Genes SEP3 2 and 

SEP 2 2, which have higher level in late stage, may specify carpel prolongation. 

The described unique expression patterns of these genes typically involved in 

reproductive development have implications on our understanding of sex-specific 

flower induction in A. artemisiifolia.  

 
This research was supported by (i) the European Union and the State of Hungary, co-

financed by the European Social Fund in the framework of TÁMOP-4.2.4.A/ 2-11/1-2012-

0001 ‘National Excellence Program’and (ii) ÚNKP 2017-4-IV-PE-1 of the New National 

Excellence Program of the Ministry of Human Capacities. 
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Transmembrane proteins play vital roles in the life of cells, anchoring cells to the 

extracellular matrix, joining cells and acting as gatekeepers and receptors in the 

membranes. They make up to 25–30% of the human proteome and are targeted by 

around 50% of marketed drugs. However, only 2% of the structures deposited in 

structure databases belong to transmembrane proteins. 

One of the most widely used methods for solving protein structures is X-ray 

crystallography. Transmembrane proteins, due to their special physical-chemical 

properties, are hard to be solubilized and crystallized, thus making the determination of 

their structures difficult. The process is time and money consuming, thus prediction for 

the success or failure of the crystallization may help the crystallization projects. 

Our aim was to develop a prediction method for the crystallization process of 

transmembrane proteins. So far, no method is available that would be specific for 

transmembrane proteins.  We used the TargetTrack and PDBTM databases to create 

training and test sets for several steps of the crystallization process. XGBoost Decision 

Tree algorithms were used to train and optimize models for all steps.  
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High resolution measurement characterizing the large number of cellular 

features is in the focus of recent cell biological research. To achieve these goals single 

cell mass cytometry combines advantages of the single cell resolution of traditional 

fluorescence-based flow cytometry with the multiplexicity of inductively coupled 

plasma-mass spectrometry. Instead of fluorophores detection for mass cytometry is 

based on stable heavy-metal isotope labeled antibodies. Thus, the autofluorescence and 

spectral overlapping are eliminated. The current state-of-the-art mass cytometer is 

capable of measuring up to 135 different stable isotopes of rare earth metals, although 

the current availability of these tags in high purity limits the usage to around 45 different 

rare earth metal tags. This unique feature enables researchers to multiplex up to 45 

different antibodies in one single tube.  

Extensive mapping of signaling networks in single cells, cell surface receptor 

quantification has been also achieved by single cell mass cytometry. Sample 

multiplexing is also possible by barcoding prior the antibody labeling which enables 

the combination of 20 different samples in one single tube. Cell types, cellular 

populations of interest can be visualized on dot plots and the protein expression levels 

are demonstrated by histograms. Furthermore, gating hierarchy above 10–12 level is 

also manageable. Mass cytometry deeply reveals cellular heterogeneity on the basis of 

highly multiplex phenotypical and functional characterization. There are several novel 

algorithmic approaches to process large datasets such as: SPADE, viSNE, Citrus. 

The monitoring of the complex immunophenotype is highly relevant in several 

human diseases which have been previously restricted to limited number of markers 

with flow cytometry compared to single cell mass cytometry. Human systemic 

autoimmune diseases (rheumatoid arthritis, systemic lupus erythemathosus and 

systemic sclerosis) are under investigation. The cellular complexity and functional 

heterogeneity of solid tumors, inflammatory diseases and animal models (tumor, bone 

marrow, spleen, lymph nodes) will be also analyzed in our laboratory by single cell 

mass spectrometry. 

 

Funding: GINOP-2.3.2-15-2016-00030 (LGP); János Bolyai Research Scholarship 

(GJSz, BO/00139/17/8) 
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Motivated by nowadays epidemiological threats, our aim was to establish a 

straightforward and standardized anti-measles IgG indirect ELISA assay protocol, 

which is smooth to introduce in the basic laboratory practice, hence opening a new door 

to cost-effective largescale long term vaccine effectiveness studies. Opposite to the 

common development practice of positivity-centred assays, our goal was the 

designation of a test destined for negativity detection.  

For the development process, the most prominent criterion was the maximal elimination 

of all the potential false-positivity inducing factors. The sample multitude was 

categorized based on alterations in immunization schedules and/or in vaccine 

components since the introduction of the measles vaccine in Hungary (Ethical License 

number 2015/5726).Samples were analysed using our self-developed test in 

comparison with multiple commercial assays. For the confirmation of the results anti- 

measles nucleocapsid-based (anti-N) sandwich ELISA and indirect 

immunofluorescence (IIF) were used.  

We established the operational protocol of a standardized, feasible and cost-saving 

assay which overlaps well with commercial kits and shows strong correspondence with 

anti-N based sandwich ELISA and IIF results (in both cases correspondence analysis 

p-value< 0.0001 with alpha=0,05).  Based on the measurement of more than 2000 sera; 

the highest ratio of low and questionable antibody tittered samples is evident in the 

cluster “1978–1987” (≈25.4%), followed by the cluster “1969–1977” (≈15.4%).  

Since both clusters that we found particularly susceptible encompass individuals who 

have been immunized during the initial times of vaccination, when the age and the way 

of vaccination were poorly specified and consequent vaccine failure of this era later on 

became a matter of a fact, we can pronounce that the actual measurement data are in 

accordance with real life trends; suggesting the reliability of the self-developed assay. 

We consider the here described series of experiments a pilot for a complete MMR 

vaccine effectiveness study aided by an immunological binding-based quick-test. 
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Since technology has had a dramatic impact on healthcare, biomedical 

engineering techniques gained more and more popularity within biotechnology. The 

developments in medicine and pharmaceutics and a better understating of protein-

protein interactions pave the way for highly-specific biologics obtained through 

biosynthesis.   

Currently, there are more than 60 peptide-based therapeutic agents. Produced 

with the help of solid-phase chemical synthesis (SPPS), the annual commercial trade of 

those seven peptides, which are produced in the biggest quantity reaches 5,2 billion 

dollars. Apart from being very expensive, the chemical manufacturing process of these 

peptides is quite slow and with increasing peptide length procedure effectiveness and 

turnaround decreses drastically. 

If a suitable fusion partner and vector construction are employed, peptide 

synthesis, realized through an expression system, is a lot cheaper than chemical 

synthesis. The aim of the present study was to achieve the high-yield production of the 

antimicrobial peptide Buforin II in Escherichia coli host, using a lab-scale bioreactor. 

The purified peptide would be afterwards loaded into a nanofibrous topical delivery 

system for the treatment of suprainfected topical wounds.   

Production of Buforin II was achieved in Escherichia coli BL21 DE3 Rosetta 

host, using a Biostat A+ bioreactor. The first goal was to achieve high cell count and 

optimize the conditions of the expression. Peptide purification was performed on a 

FPLC system, using a Ni-histidine tag affinity chromatography, followed by gel 

filtration.  

Based on our results, the selected host and optimized expression conditions are 

suitable for the high-yield biosynthesis of Buforin II, yielding adequate quantities for 

further studies. 
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In recent years, stereoselective synthesis of amines has received considerable 

attention due to their important role in the preparation of various active substances in 

pharmaceutical, chemical and agrochemical industry. In principle, -transaminase (-

TA) as a PLP-dependent (pyridoxal-5-phosphate) enzyme can be used in an asymmetric 

synthesis of prostereogenic ketones to the corresponding amines1. The problem with 

the asymmetric synthesis is that the equilibrium of the reaction lies strongly on the side 

of substrate ketone. 

The aim of our present study is to investigate the diastereomer selectivity of the 

-transaminase catalyzed transamination reaction of 4-substituted cyclohexanones to 

the corresponding amines. If instead of (S)-methylbenzylamine L-alanine is used as an 

amine donor then the equilibrium shift can be achieved by removing the co-product 

pyruvate with the enzyme pyruvate decarboxylase (PDC). The Trp60Cys mutant of the 

-TA from Chromobacterium violaceum2,3 and PDC from Lodderomyces elongisporus 

in immobilized form could perform transamination of the 4-substituted ketones with 

excellent cis-diastereomeric selectivity (up to 95% de). 

 

1Koszelewski et al., 2010, Trends Biotechnol.,28, 324-332. 
2Cassimjee et al., 2012, Org. Biomol. Chem., 10, 5466–5470.  
3Humble et al., 2012, Chem. Comm., 4, 1167–1172. 
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Cytochrome P450 (CYP) enzymes are the key factors in drug-metabolism responsible 

for the biotransformation of >70% of the drugs in clinical use. CYP enzymes are highly 

polymorphic that contributes to the substantial inter-individual differences of drug-

metabolism.  

Clinically relevant variations in CYP genes containing single nucleotide 

polymorphisms generally produce non-functional CYP enzymes or enzymes with 

decreased activity. In tumorous cells, displaying genome instability, copy number 

variations (CNV) of drug metabolizing CYP genes may occur resulting in altered drug 

metabolism and therapy resistance.  

Paclitaxel is a mitotic inhibitor used to treat a number of types of cancer, including 

breast, ovarian and non-small cell lung cancer. Paclitaxel is primarily metabolized by 

CYP2C8 and to a lesser extent by CYP3A4. Our aim was to develop a PCR method to 

identify the CYP2C8 polymorphic alleles most frequently occur in Caucasian 

populations (CYP2C8*3 and CYP2C8*4). The further aim was to develop a quantitative 

method for the identification of CNVs of CYP2C8 using quantitative real-time PCR 

(qPCR). CYP2C8*3 and CYP2C8*4 loss-of-function alleles as well as CNVs of 

CYP2C8 gene were determined in lung adenocarcinoma tissues. 
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Non-muscle myosin 2 (NM2) motor proteins play central roles in mechanical processes 

of the cell such as cytokinesis, migration and neuronal development. The NM2 inhibitor 

blebbistatin can induce neurite outgrowth in vitro. It has been a pivotal question 

whether in vivo axonal regeneration can be accelerated by NM2 inhibition. However, 

blebbistatin cannot be used in vivo because of its low solubility and non-specific 

cytotoxic effect. To overcome these drawbacks, we developed a non-cytotoxic and 

highly soluble blebbistatin derivative, para-aminoblebbistatin (neurelaxin), which 

maintained blebbistatin’s inhibitory properties while lacking its adverse effects. By 

using neurelaxin, laser ablated Mauthner axon regeneration in zebrafish embryo was 

several times faster than with the vehicle control. These results demonstrate that novel 

NM2 inhibitors may serve as tool compounds in drug development. 
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Cyclophylin D (CypD)-regulated mitochondrial permeability transition (mPT) in its 

physiological low-conductance mode regulates mitochondrial membrane potential, 

matrix pH and Ca2+, thereby adjusting energy production to match cell metabolic 

demand; in its high-conductance state, it is actively involved in the cell death process 

in various pathophysiological conditions. Here, we demonstrate for the first time that 

CypD-regulated mPT plays a critical role in bacterial lipopolysaccharide-induced gene 

expression reprogramming and tissue damage in endotoxemia using CypD-deficient 

mice. CypD-deficient mice had a 75% survival rate vs. 0% for the wild type. 

Additionally, the expression levels of 966 genes were markedly decreased in CypD-

deficient mice, including several transcription factors associated with oxidative stress, 

inflammation and apoptosis, which were significantly altered in septic shock. We 

verified our key mRNA findings at the protein and/or functional levels. These results 

suggest a novel role for CypD-dependent mPT, namely, global modulation of 

inflammatory gene expression. This role may not be restricted to the inflammatory 

response, but may apply to other oxidative-stress-related disorders, such as 

cardiovascular, cerebrovascular and neurodegenerative diseases, which provides a 

novel target for therapeutic intervention. 

 

Supported BY the ÚNKP-17-III-3 New National Excellence Program of the Ministry 

of Human Capacities 
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Nowadays the different potential drug delivery systems are in the focus of medical 

biotechnology research. Aerogels are excellent candidates for drug delivery due to their 

properties, such as their huge specific surface area, open mesoporous structure and 

easily tunable surface characteristics. The pharmaceutical applications of aerogels were 

shown in numerous studies1. Applying these porous matrices both immediate and 

sustained drug release is feasible. In this study, we focused on a silica-gelatin hybrid 

aerogel, which is an excellent drug delivery system2,3. For biocompatibility 

investigations, a potential method is the in vitro time-lapse video-microscopy, which 

enables long-term dynamical observations. The well-characterized murine SCC cell 

line (SCC VII) was used for the in vitro studies. This squamous carcinoma cell line was 

isolated from the abdominal wall of the C3H mouse and has significant metastasis 

properties. The collagen containing silica-gelatin aerogel particles had no harmful 

effect on the SCC line, furthermore, the surface of the aerogel particle is suitable for 

the adhesion of the cells. In addition, we found that in the presence of aerogel particles 

the cells had a directed and faster movement towards the aerogel particle, probably due 

to the collagen content. In other experiments, we have investigated the anti-tumour 

effect of antineoplastic agent containing silica-collagen particles on the SCC VII cells. 

Methotrexate (MTX), which is a dihydrofolate-reductase inhibitor cytostatic drug4, was 

bound covalently to the collagen of the silica-gelatin particles. The collagenase activity 

of the cancer cells liberated the MTX from the silica-collagen particles. The results of 

the viability tests showed that the MTX containing particles have the same effect on 

the SCC cancer cells as a free MTX in drug equivalent amounts. Based on our results 

these silica-gelatin particles can be potential drug-delivery systems in further in vitro 

and in vivo cancer experiments. 
 
1Ulker, Erkey 2017, J. Control. Release 177, 51. 
2Veres, et al..,2017, Colloids Surf. B 152, 229. 
3Veres et al., 2017 J. Non-Cryst. Solids 473, 17. 
4Király et al., 2016 Apoptosis 22:207-219 
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Genetic polymorphism of cytochrome P450s results in clinically significant 

modifications in patients’ drug metabolizing capacities. CYP2C19 and CYP2D6 have 

crucial role in the elimination of several clinically important drugs (e.g. beta adrenergic 

blockers, psychopharmacons, proton pump inhibitors, antiplatelet drugs); however, the 

prediction of the phenotypic appearance of CYP2C19 and CYP2D6 is a challenge. 

Single nucleotide polymorphisms frequently occur in both CYP2C19 and CYP2D6 

genes and, moreover, gene copy number variations (gene deletion and multiplication) 

also occur in CYP2D6 gene; thus, enzyme activities particularly depend on the genetic 

factors. 

Hepatic CYP2C19 and CYP2D6 activities (mephenytoin 4’-hydroxylation and 

dextromethorphan O-demethylation, respectively) as well as CYP2C19 and CYP2D6 

genotypes for the most frequent allelic variants (CYP2C19*2, *3, *4, *17 and 

CYP2D6*3, *4, *5, *6, *10, *41, duplication , respectively) were determined in human 

liver samples, then genotype-phenotype associations were investigated. Finally, clinical 

data of the donors were considered in the genotype-based phenotype prediction. 

Substantial inter-individual variations were observed in both CYP2C19 and 

CYP2D6 metabolic activities. The underestimation of CYP2D6 phenotypes was 

assumed to be originated from the overlapping ranges of CYP2D6 activity among 

similar diplotypes or from the presence of -1584C>G in the promoter region evoking 

increased transcription of the wild-type CYP2D6 allele. Underestimation of CYP2C19 

phenotype could be explained by medication which could be accountable for the 

activation of nuclear receptors (CAR/PXR or GR). In appreciable number of donors, 

the genotype-based phenotype prediction was overestimated in the case of both 

CYP2C19 (47% of the donors) and CYP2D6 (20.3%) because of rare allelic variants 

which were not included or some external factors that could alter CYP2C19 and 

CYP2D6 activities (medication with substrate/inhibitor) and hepatic function 

(amoxicillin-clavulanic acid therapy, chronic alcohol consumption, disease). 

CYP2C19 and CYP2D6 genotypes only partially determine the phenotypic 

appearance; co-medication, diseases with inflammation processes and aspecific factors, 

such as chronic alcohol consumption and amoxicillin-clavulanic acid therapy seem to 

be potential phenotype-modifying factors. 

This work was supported by the grants from the National Research, Development and 

Innovation Fund (OTKA K104459 and VEKOP-2.3.3-15-2017-00014) and supported 

by the ÚNKP-17-3 New National Excellence Program of the Ministry of Human 

Capacities. 
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Transaminases are typical pyridoxal 5’-phosphate (PLP)-dependent enzymes which are 

ubiquitous in nature being responsible for transferring amino groups. Most 

transaminases exclusively transfer the amino group of α-amino acids. However, a 

special subgroup of these enzymes, the ω-transaminases can transfer amino groups 

from carbon atoms that do not bear a carboxyl group. This capability can be used to 

produce a wide variety of optically pure amines, which are highly valuable for the 

pharmaceutical industry (e.g. sitagliptin, valinol, unnatural amino acids, 3-arylGABA 

derivatives). 

Although enzymes offer a green alternative against conventionally used catalyzators in 

organic chemistry, their low stability and the difficulties in their recovery hinder their 

widespread industrial application. Enzyme immobilization methods offer several 

potential improvements, such as easier handling, efficient enzyme recovery and 

recycling and higher productivities. The entrapment of biocatalyzators in silica sol-gel 

matrices is a suitable method for this purpose, since silica is biocompatible and has 

excellent mechanical properties. Furthermore, the sol-gel matrices are capable of 

preventing the diffusion of the enzyme and stabilizing the enzyme structure, thereby 

improving the stability of the catalyzator. 

In our work, we immobilized an engineered ω-transaminase mutant Trp60Cys from 

Chromobacterium violaceum in silica sol-gel matrices. The effect of several additives 

to the sol-gel matrices and the stability of the preparations were examined. The activity 

of the immobilized enzymes was evaluated in kinetic resolution of several racemic 

amines. 
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Elafin is one of the most intensively studied canonical protease inhibitors. This small 

protein is expressed by epithelial and immune cells and is secreted into the inter- and 

extracellular space. There, it controls inflammatory processes by inhibiting neutrophil 

serine proteases (leucocyte elastase and proteinase 3). Moreover other anti-

inflammatory and antibacterial functions of elafin have also been described. Based on 

these properties elafin is a promising candidate to treat inflammatory diseases. In order 

to better understand the mechanisms of the interaction between the inhibitor and the 

serine proteases, we subjected elafin to directed evolution. By randomizing the amino 

acids of the canonical enzyme-binding loop, we created billions of elafin variants, and 

expressed them on the surface of phage particles. We selected the phage-library against 

two of the most thoroughly characterized serine protease model enzymes (bovine 

chymotrypsin A and porcine elastase). By comparing the sequence patterns of the two 

variant pools capable of binding to the individual enzymes we could assess the function 

of each randomized amino acid position. Positions, which have evolved to the same 

direction independent of the target enzyme, most likely play a role in stabilizing the 

canonical structure of the inhibitory loop. On the other hand, positions that evolved in 

an enzyme-dependent manner could be responsible for enzyme-selectivity. In all, these 

results outline the “functional anatomy” of the protease-binding surface of elafin. 
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Blebbistatin, a myosin 2 specific inhibitor, has been implicated in vitro in having effects 

on neurons by promoting dendritic and axonal cone growth as well as resulting in 

dynamic filopodia-like spine precursors. Due to low solubility, chemical instability, 

high fluorescence and cytotoxicity of blebbistatin, its prolonged effects on neurons 

cannot be studied. Recently, our laboratory developed para-nitroblebbistatin (pNBleb) 

and para-aminoblebbistatin (pAminoBleb or Neurelaxin) which have the same target 

specificity as blebbistatin but without any significant adverse effects. Hence our efforts 

were aimed to examine the effects of these NM2 inhibitors on living human neuronal 

cells. Our experiments were conducted on neural stem cells which were differentiated 

into neurons. The quantitative analysis of neurite outgrowth revealed that direct myosin 

2 inhibition by the newly developed blebbistatin derivatives can cause significant 

dendritic and axonal architectural changes in human neurons.  
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Biorefinery technologies can offer a sustainable way to produce a wide range of 

marketable bioproducts and bioenergy from the extensively available lignocellulosic 

residues. This study focuses on the production of xylitol - a valuable sugar alcohol – by 

fermentation from wheat bran hydrolysate. A two-step acidic fractionation of wheat 

bran was applied to obtain an arabinose-rich liquid fraction, a xylose-rich liquid fraction 

and a cellulose-rich solid fraction. The xylose-rich liquid fraction was further utilized 

for xylitol fermentation in benchtop fermenter by Ogataea zsoltii, a facultative 

methylotroph yeast. Xylitol fermentation from xylose is a one-step reduction, which 

generally requires microaerobic conditions. In order to achieve high xylitol yield, the 

effect of oxygen supply was first investigated using xylose-containing model medium 

with four different OTR settings in benchtop fermenter. Focusing on the attainable 

xylitol yield, the tested OTR values ranged from 2.6 mmol l-1 h-1 to 3.9 mmol l-1 h-1. A 

maximum xylitol yield was achieved in the case of 3.5 mmol l-1 h-1 OTR. The most 

favorable OTR was applied during the fermentation on the wheat bran hydrolysate, 

resulting in a promising xylitol yield of 52.3% of theoretical. In conclusion, wheat bran 

was found to be a highly potential raw material for xylitol fermentation and could serve 

as a raw material for the production of other valuable products integrated within the 

same process. 
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Fungi have several protein families to maintain copper homeostasis, including copper-

binding transcription factors and copper transporters. The latter transporters are 

required to survive in low or high copper ion environments. To the best of our 

knowledge, there is still no information available on how copper transporters participate 

in the acquisition and detoxification of copper in the model filamentous fungus 

Aspergillus nidulans. 

In this study, we characterized the locus AN3117, which is predicted to encode a copper 

and cadmium ion transporter in A. nidulans. The prototrophic TNJ36 strain (genotype: 

pyrG89 AfpyrG+ pyroA4 veA+) was used as the control strain. Asexual spores of the 

mutant and control strains were collected from the cultures grown on Aspergillus 

minimal medium (AMM) containing 0.05% (v/v) pyridoxin at 37 °C for 6 days. Growth 

and stress sensitivity assays were also performed on solid AMM, which were 

supplemented with 0.1- 2.5 mM CdCl2 and 0.025- 0.2 mM CuCl2, and incubated at 37 

ºC for 5 days. We performed experiments for each stress condition in three sets. Fungal 

growth was determined by colony diameters, and the stress sensitivities were quantified 

by percentage decreases in the colony growth in comparison to the control cultures. 

Somewhat surprisingly, colony growth was minimally influenced by the deletion of 

AN3177 under non-stressed conditions, where the ΔAN3117 mutant showed slightly 

decreased growth (~10% decrease in colony diameter) in comparison to the control 

strain. On the other hand, the ΔAN3117 mutant displayed significantly increased 

sensitivity to 0.1 mM cadmium (~30% growth inhibition). When grown on AMM with 

0.75 mM CdCl2, the control and mutant strains showed reduced colony growth 

approximately 80 and 90%, respectively. Conversely, the deletion of AN3117 resulted 

in a significantly increased tolerance to heavy metal stress initiated by 0.1 mM CuCl2 

(15% growth stimulation), whereas 0.15- 0.175 mM CuCl2 blocked the sporulation of 

the mutant cultures. The mutant strain showed decreased growth at 0.175 mM CuCl2 

concentration (~50% less in colony diameter) in comparison to the control strain, and 

exposure to 0.2 mM Cu2+ inhibited completely the growth of the ΔAN3117 mutant. Our 

findings suggest that the AN3117-encoded transporter plays a distinct role in 

responding to cadmium and copper heavy metals.  

The work/publication is supported by the EFOP-3.6.1-16-2016-00022 project. The 

project is co-financed by the European Union and the European Social Fund. 



Mikrobiális és élelmiszer-biotechnológia poszterek 

92 

MP3 

THERMOMYCES LANUGINOSUS IN THE BIODEGRADATION 

OF AGRO-INDUSTRIAL MATERIALS  
 

Csilla FARKAS (Csilla.Farkas@etk.szie.hu) – Judit M. REZESSY 

(Szabo.Judit@etk.szie.hu) – Quang D. NGUYEN 

(Nguyen.Duc.Quang@etk.szie.hu) 
 

Department of Brewing and Distilling Faculty of Food Science; Research Centre for 

Bioengineering and Process Engineering, Szent Istvan University,Ménesi street 45., 

1118 Budapest Hungary 

 

Ten strains of the thermophilic fungus Thermomyces lanuginosus from different culture 

collections, namely ATCC 16455, ATCC 84400, ATCC 36350, IMI 140524, IMI 

131010, IMI 110803, IMI 096218, DSM 5826 and CBS 288.54a, CBS 395.62b were 

investigated for their ability to degrade various lignocellulosic substrates, as wheat 

bran, wheat straw, wood chips and brewers’ grains. The strains were cultured on these 

substrates for 2-week period to simulate pre-treatment process. Among investigated 

strains, T. lanuginosus ATCC 16455 exhibited the best results on wheat bran within 7 

days of solid state pre-treatment. The maximum reducing sugar was 7.27 g/L. Wheat 

bran seemed to be the most easily biodegradable substrate and the best inducer for 

production of extracellular xylanase and other hydrolytic enzymes. Maximum xylanase 

activity was 326.04 U g-1, while CMC-ase activity and β-glucosidase activity were 

47.44 U g-1 and 57.12 U g-1, respectively. The moisture level between 60% and 70%, 

pH around 6.5 and 65 °C were determined as optimum conditions for microbial 

degradation. Effects of supplement of different carbon sources such as glucose, 

fructose, maltose, sucrose, soluble starch as well as nitrogen sources as ammonium 

sulphate, ammonium nitrate, meat extract, peptone, yeast extract on released soluble 

sugars were investigated. Addition of ammonium sulphate and maltose resulted 10% 

and 5% increase in reducing sugar content, respectively, while addition of the others 

did not show any significant change in sugar content or production of the xylanolytic 

enzymes. Our results were preliminary but may provide good possibility to exploit the 

T. lanuginosus filamentous fungi in development of microbial pretreatment of 

lignocellulosic raw materials. 

 

This work was supported by the ÚNKP-17-3. New National Excellence Program of the 

Ministry of Human Capacities 
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Infections caused by MRSA in the hospital or other associated environments can often 

lead to severe or in extreme cases to lethal consequesnces. However, these microbes 

can also be isolated from community and livestock associated sources. In order to be 

able to identify these multiresistant microbes faster, cheaper and more reliably in a 

routine diagnostic laboratory we aimed to develop a method that accomplish this goal 

by using the MALDI-TOF MS (Matrix Assisted Laser Desorption Ionization-Time of 

Flight Mass Spectrometry) technique. 

 

The MALDI TOF MS technique is based on coupling a laser ion source and a time-of-

flight mass spectrometer. The energy of the laser emitted is absorbed by the matrix 

which in turn ionises the target compounds of the sample and thus they can enter the 

vacuum of the mass spectrometer and finally reach the detector. The obtained mass 

spectra provide information on the protein and macromolecule profiles of the sample. 

This fingerprint pattern serves as a base for the routine identification of the microbes, 

compared to a validated database. Also, this fingerprint pattern can potentially be used 

to distinguish between MRSA and MSSA (methicillin sensitive Staphylococcus 

aureus) isolates, by aiming to uncover markers or marker sets which can reliably 

differentiate such microorganisms from a wide variety of sources, including isolates 

from clinical, livestock, food, feed or environmental sources. 

 

The method development includes an assessment of the effects of the culture media and 

age of cultures, sample preparation (direct mounting, ethanol/formic acid), and the use 

of different MALDI matrices (HCCA, SA, DHB) on the obtained mass spectra. The 

strains used are characterised biochemically and genetically by 16S rDNA sequence 

and MLST (multi locus sequence typing) techniques.  
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Tyrosol has a pivotal role in fungal morphogenesis because it stimulates germ 

tube formation in yeast cells and hyphae development in the early stage of biofilm at 

least for Candida albicans. Additionally, it may have inhibitory effect at 

supraphysiological concentration, which is well-documented in case of C. albicans. 

However, the effect exerted by tyrosol has remained unknown so far among non-

albicans species (e.g.: C. parapsilosis) regarding physiological properties and 

virulence. Hence, the aim of our experiments was to investigate the effect of tyrosol 

against C. parapsilosis with regard to morphology, cytotoxicity on intestinal epithelial 

cells and pathogenicity. 

In our experiments to determine the effect of tyrosol on growth, CLIB214 C. 

parapsilosis reference strain was grown overnight in YPD medium and diluted to an 

A640 of 0.2 at 37 ºC. The YPD cultures were supplemented 10-15 mM tyrosol at 4 h 

incubation time. Growth was monitoring either by counting cells or by measuring A640 

while the morphological forms were recorded by phase-contrast microscopy. Growth 

experiments demonstrated that tyrosol at supraphysiological concentration (15 mM) 

significantly inhibits the growth of C. parapsilosis but had no effect on the 

morphological transition. Counting viable cells showed that growth is markedly 

inhibited within 2 hours of the adding of tyrosol. Based on our two cytotoxicity assays 

(MTT assay and Real Time Cell Electronic Sensing method), 15 mM tyrosol had no 

any cytotoxic effect on Caco-2 cells; therefore, the usage of tyrosol in alternative 

antifungal therapies to be considered, which was confirmed using invasive candidiasis 

mouse model. 

Our findings may result new biofilm-related alternative treatment in the future. 
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Essential oils (EOs) are hydrophobic liquids originated from plant materials 

produced mainly by steam distillation. Their use as aroma compounds is frequent and 

due to their good antimicrobial effect they could also provide natural preservation of 

foods. The yield and quality of an EO depends on its composition which is influenced 

by edaphic and climatic conditions under which the plants grow. Due to these factors 

chemical composition of EOs can be highly variable, thus it is important to optimize 

both growing conditions and the genotype. Biofilm formation is common among 

bacteria; in this form they become more resistant to antimicrobials and sanitizing agents 

compared to planktonic cells. They can be present on almost any surface and can easily 

contaminate food products leading to spoilage. The aim of our study was to examine if 

changes in the composition of marjoram (Origanum majorana) EO influenced its 

antimicrobial and anti-biofilm forming efficiency. Biofilm formation of food spoilage 

bacteria and food borne pathogens were included in the study. Marjoram EO was used 

in two compositions representing two different years of harvest (2013 and 2014). The 

composition of the oils was determined by GC-MS, minimal inhibitory concentrations 

(MIC) by microdilution and biofilm formation by crystal violet staining. GC-MS 

measurements showed changes in the composition of the oil: in 2013 the major 

component was terpinene-4-ol (33.5%) and in 2014 this changed to p-cymene (21.2%). 

MIC concentrations were significantly higher for the oil from 2014 in all cases and 

leading to changes in inhibition of biofilm formation. Compared to the oil from 2013 

the efficiency of the EO decreased. This can be a result of the accumulation of the less 

effective component p-cymene. Another important conclusion of our finding is that, as 

EO compositions cannot be standardized, MIC values and anti-biofilm forming effects 

need to be established for every new batch of EO. 

 

This work was supported by the project GINOP-2.3.2-15-2016-00012 (Széchenyi 2020 

Programme). 
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Glycerol 3-phosphate dehydrogenase (G3PDH) is an essential enzyme in glycerol 

biosynthesis because it is responsible for the conversion of dihydroxyaceton phosphate 

to glycerol 3-phosphate, which is thereafter converted into glycerol. Two homologous 

G3PDH isoforms exist in the budding yeast Saccharomyces cerevisiae1 In Aspergillus 

nidulans, there are also two isoforms of G3PDH (gfdA, gfdB), and this study is focused 

on the phenotypic characterization of the ∆gfdB gene deletion strain of Aspergillus 

nidulans. The gfdB (AN6792) gene was deleted by the Double-Joint PCR method2.  

The ΔgfdB strain showed reduced growth on minimal medium at 37°C, higher 

sensitivity to oxidative stress inducing agents diamide, tert-butyl hydroperoxide 

(tBOOH) and hydrogen-peroxide. As oxidative stress response has been connected to 

secondary metabolite production, we also quantified and compared the 

sterigmatocystin productions of the strains tested, and significant increases in the 

mycotoxin production have been found in the mutant strain. Significant differences 

were also observed in the reactive species productions of the strains; it was higher in 

the ΔgfdB strain as compared with the wild-type either with or without 0.6 mM tBOOH 

addition. Some antioxidant enzyme activities, including glutathione peroxidase (GPx), 

glutathione reductase (GR), catalase and superoxide dismutase (SOD) were measured 

to study the oxidative stress defense systems of the mutant and control strains. The 

deletion of the gfdB gene increased the specific SOD and GR activities, while the GPx 

and the catalase activities were lower than those found in the control strain. In addition, 

the specific SOD, catalase and GPx activities decreased in the mutant strain under 

tBOOH exposures.  

Currently, we use NMR-based metabolomics to map the changes in the metabolite 

fluxes through the glycolytic and glycerin biosynthetic biochemical pathways caused 

by the elimination of gfdB. 

 
1Fillinger et al. 2001, Mol. Microbiol. 39, 145-157. 
2Yu et al. 2004, Fungal Genet. Biol. 41, 973-81. 

 

The work is supported by the EFOP-3.6.1-16-2016-00022 project. The project is co-

financed by the European Union and the European Social Fund. 
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Immobilization of enzymes can improve their activity and stability and allow their 

reusability in multiple reactions. Therefore, enzyme-support complexes are applicable 

more economically in the industry than free enzyme preparations. Earlier studies 

revealed that Accurel MP1000 polypropylene matrix (particle size < 1500 μm) could 

be suitable as solid support for lipase immobilization due to the adsorption occur by 

hydrophobic interaction which makes the process very selective and efficient.  

In this study, immobilization of the previously purified extracellular lipase 

enzyme from the oleaginous fungus Mortierella echinosphaera on Accurel MP1000 as 

support was carried out. The polypropylene matrix was stirred in 50% ethanol for 30 

min to remove air from the support pores, then particles were filtered and washed with 

distilled water. Activated support was mixed with enzyme solution having 33.4 U 

hydrolyzing activity in 25 mM phosphate buffer (pH 6.8) and the mixture was incubated 

under gentle shaking (150 rpm) at 4 °C for 24 h. After incubation, the enzyme-carrier 

complex was filtrated and washed. The adsorption was monitored by measuring the 

residual hydrolytic activity in the supernatant, and immobilization efficiency (IE, %) 

and activity yield (AY, %) were calculated. Time course of the adsorption showed very 

fast initial loading of the lipase onto the support, within the first 8 hours of incubation. 

IE proved to be above 90% after the full 24 hours of incubation, indicating high affinity 

of the lipase to interact with the hydrophobic surface. The enzyme-support preparation 

showed AY of 29.9%, and 0.2 and 0.07 U/mg of support specific activities for pNPP 

hydrolysis and transesterification reactions, respectively. Investigating the reusability 

of the immobilized lipase complex indicated its high stability up to 5 cycles; resulting 

83% and 59% residual hydrolytic and transesterification activities after the fifth 

reaction, respectively. Besides, improved storage stability of the enzyme-carrier 

complex was also displayed at 5 °C. Based on our preliminary tests, higher optimal 

temperature of the activity and enhanced thermal stability are assumed by the 

immobilized lipase compared to the free enzyme.  

This is the first report describing the successful immobilization of a Mortierella 

lipase to a support, after which it remained stable and active in both aqueous and water-

free environment. Our results confirmed the applicability of Accurel MP1000 as solid 

support for immobilization of the M. echinosphaera lipase, and the industrial potential 

of the complex. 

 

This research was supported by the EU-funded Hungarian project EFOP-3.6.1-16-

2016-00008. Research of M.T. was supported by the János Bolyai Research 

Scholarship of the Hungarian Academy of Sciences. 
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Aflatoxins are secondary metabolites produced by filamentous fungi. Many chemically 

modified compounds of aflatoxins are known, for example aflatoxin B1, B2, G1, G2 

and aflatoxin M1 occurring in milk. Their strong physiological effects on humans and 

animals are known: carcinogenic, immunosuppressive, mutagenic, teratogenic 

compounds, and the most dangerous is aflatoxin B1. Mainly Asperillus flavus and 

Aspergillus parasiticus filamentous fungi produce it, but other Aspergillus and some 

Rhizopus strains are also well-known producers of aflatoxins. Principally aflatoxin 

contamination of corn causes the highest economic damage worldwide, but other seeds, 

spices, cottonseeds may also contain aflatoxin. One of the new possibilities to control 

aflatoxin contamination is the biocontrol, by the help of atoxigenic Aspergillus flavus 

that prevents the aflatoxin productions of toxigenic strains on agricultural fields. In our 

experiments we isolated Aspergillus flavus strains from different feedstuff and 

identified them by PCR. We selected aflatoxin B1 producing and non-producing 

Aspergillus flavus strains from our isolates. These were inoculated on autoclaved corn 

kernels, and we examined metabolites produced by the fungi using HPLC-MS 

detection. By our results we can conclude that the most significant difference between 

the compounds produced by the toxigenic and atoxigenic isolates was that the 

atoxinogenic Aspergillus flavus strains produced speradine F. Other fungal secondary 

metabolites were not detected.  

The danger of the aflatoxins contamination is increasing in Hungary today, because of 

the rising average temperature and extreme weather conditions. We concluded that 

monitoring of atoxigenic Aspergillus flavus secondary metabolite production is 

necessary prior to use in biocontrol and important as a new information base of fungal 

secondary metabolite production. 
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Escherichia coli is one of the most widely known and used microorganism in modern 

biotechnology. It has a very short generation time, which makes it ideal for quick, 

successive experiments in lab scale and even good productivity in larger scales. 

During our experiments, we examined E.coli strain’s reproduction with an innovative 

impedimetric method, using BacTrac monitor. This method has such advantages, like 

it allows us to measure up to 40 parallel samples in small volumes, which makes this 

method fast, effective and economical.  

We examined different substances, whether they can be utilized and degraded by the 

microorganisms in minimal media or have any antimicrobiotic effects. Antibiotic 

effects of unknown samples are compared with standard and well-known antibiotic 

compound.  
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Fruit juices contain essential nutrients such as vitamins, minerals, antioxidants which 

have a health-promoting effect for human body. They are also proved to be good media 

for growth of probiotic bacteria, therefore they could serve as a great alternative to milk 

in some of traditional probiotic dairy products, which cannot be accepted by a consumer 

suffered from lactose intolerance or allergic to milk protein. In this study, lactic-

fermentation of pineapple juice was focused. Three probiotic lactobacilli strains Lb. 

acidophilus La-5, Lb. casei-01 and Lb. acidophilus La-150 were selected to study their 

ability to grow in pineapple juice and survive during storage and through the model of 

gastro-intestinal tract. The fermentation period lasting from 16 to 24 h at 37 ºC to reach 

the pH 4.0. The growths of Lb. acidophilus La-5 and Lb. casei-01 were more quickly 

than Lb. acidophilus La-150 in pineapple juice. The fermentation was initiated with cell 

concentrations around 107 cfu ml-1 and reached the maximal concentration of 109 cfu/ml 

at the 16th of fermentation, while the pH decreased from pH 6.3 to pH 4.0.  The Lb. 

acidophilus La-5 strain exhibited the fastest utilization of sugar and reduction of pH in 

the pineapple juice comparing to the other strains. The ferric ion reducing antioxidant 

power (FRAP) and total phenolic content (TPC) of the fermented juice decreased by 

32% and 7%, respectively, after 24 h of incubation with Lb. acidophilus La-150. 

Conversely, Lb. acidophilus La-5 and Lb. casei-01 showed no significant decrease in FRAP 

during 16th hour of fermentation and remained above 2.7 mM FeSO4/ml. After 

fermentation, the resistance of lactobacilli to simulated gastro-intestinal (GI) conditions 

were studied. Lb. acidophilus La-150 has the average 1.7 log cfu ml-1 given higher 

viability losses than the Lb. acidophilus La-5 (0.1 log cfu ml-1) when exposed for 135 

minutes in gastric fluid (pH 2.0) containing pepsin in concentration of 0.3%, followed 

2.5 h incubation in presence of 0.6% bile salts.  It can be concluded that all investigated 

Lactobacillus sp. strains are able to grow on pineapple juice without any 

supplementation of nutrients. These results provide good bases for development of 

technology for the production of probiotic drink with high antioxidant activity.  

 

Keywords: probiotics, pineapple, lactic acid bacteria, fermentation, probiotic drinks 
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Whey is a highly polluting by-product of cheese and casein powder-production. 

Our purpose was to produce probiotic on waste whey. 

190*106 tons of whey is produced per year all over the world, and this number 

is still increasing. Whey was generally considered as environmentally damaging by-

product, but in the last decades, many researchers tried to find a way to utilize it, rather 

than just dispose it. In the last 50 years, the number of biotechnological applications of 

whey increased, but high amount of this dairy side product still gets into the wastewater 

untreated as industrial waste. This is dangerous because of its high biochemical oxygen 

demand (40,000–60,000 mg l-1)1. 

In Hungary this is also a significant problem, of which solution may be the 

utilization of waste whey as nutrient for the fermentation of probiotic bacteria. 

Probiotics are microorganisms, which offer health benefits to the host by improving the 

original intestinal flora, so their production is important for health-protecting, as well. 

Growing and/or activity of probiotic bacteria can be enhanced by prebiotics2. This 

aspect will also be an important part of our work.  

Our purpose was to test the fermentation of Hungarian waste whey by probiotic 

bacteria, and to find the limiting components of the fermentation. Another purpose was 

to find a fast and simple method for determining the prebiotic effect. Major part of the 

experiments were done in an innovative impedimetric equipment called BacTrac.   

 
1Ryan et al., 2016, Rev Environ Sci Biotechnol 15: 479.  
2He et al., 2011 International Conference on Human Health and Biomedical 

Engineering August 19-22, 2011, Jilin, China  
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In the biorefinery concept biomass is used as an input to produce a wide variety of bio-

based products and/or bio-based energy. In this study wheat bran was used as an input, 

since it is an abundant lignocellulosic by-product coming from the milling industry. It 

should be emphasized that it is not only available in high volume but also rich in 

carbohydrates which makes it a promising raw material for biorefining. 

In this study techno-economic evaluation of a biorefinery producing arabinose, xylitol 

and biogas from wheat bran was performed by Aspen Tech. software. The models are 

based on literature data and laboratory experimental results of our Biorefinery Research 

Group. The simulated biorefinery plant consists of the following process steps: two-

step acidic fractionation of wheat bran, yeast-mediated biopurification of the arabinose-

rich hydrolysate, purification of arabinose solution, arabinose crystallization, 

purification of the xylose-rich hydrolysate, xylitol fermentation, purification of xylitol 

solution, xylitol crystallization and anaerobic digestion of organic residues. The two-

step acidic fractionation results in an arabinose-rich supernatant, a xylose-rich 

supernatant and a cellulose-rich solid fraction. The arabinose-rich fraction is utilised to 

produce arabinose and the xylose-rich fraction is used to produce xylitol, while the 

cellulose-rich solid fraction and the residual organic streams are used to produce biogas. 

The produced biogas, or part of that, is burned to generate heating steam, covering the 

heat demand of the process steps. Heat integration of the process steps results in 

significant decrease in the amount of heating steam required. Thus heat integration 

within the process has a major role in terms of the technologic and economic feasibility 

of the process. The economic feasibility of the process also strongly influenced by the 

purity of crystalline arabinose and thus by the price of that. 

Wheat bran was found to be an appropriate raw material to produce high-value 

bioproducts (arabinose and xylitol) and bioenergy (biogas) through a biorefinery 

process having a great potential to be economically viable.  
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Pálinka is a traditional spirit drink produced exclusively by the alcoholic fermentation 

and distillation of any fruit grown in Hungary. The character of individual pálinka 

definitely depends not only on primary aroma compounds came from fruit, it is strongly 

influenced by using yeast strain. In this study, achievements (fermentation of pear juice 

and production of volatile compounds) of nine commercial yeast strains namely 

Uvaferm SLO, Uvaferm PM, Uvaferm Danstil A, Fermiblanc Arom, Viniflora Melody, 

Vin-O-Ferm Roses, Fermicru AR2, Oenoferm x-treme F3 and Oenoferm x-thiol F3 

were aimed. Samplers were analysed by both classical (reducing sugar, Brix, alcohol 

content and pH) and instrumental methods (HPLC: sugars, acids and alcohol, GC-FID: 

volatile compounds). The pH values ranged from pH 3.06 to pH 3.15 during 

fermentation period (8 days). The concentration of citric, malic and fumaric acids 

statistically significant increased from the beginning to the end of fermentation. Sugars 

(glucose, fructose and sucrose) decreased and were almost exhausted at the end of 

fermentation indicated good fermenting dynamics. While the ethanol level reached 

about 7.32 v/v % at the end of fermentation in all cases of fermented juice, whereas the 

ethanol production capacity was negligibly different. The ability of sugar consumption 

of strain Danstil A and AR2 was the faster than the others (only 3 days). The spectrum 

of volatile components was almost similar in all nine yeasts, but the concentrations of 

some volatiles varied with yeast strains. Major volatile compounds found in nine 

fermented pear juices were ethyl laurate, izo-pentyl acetate, 2-pentanol, 2-methyl-1-

butanol as well as some miscellaneous compounds. These results provide the possibility 

to produce pear pálinka with different characteristics using different yeast strains. 

 

Keywords: Pálinka, spirit, Saccharomyces cerevisiae, volatile compound, pear 



Mikrobiális és élelmiszer-biotechnológia poszterek 

104 

MP15 

STRESS SENSITIVITY OF A MnSOD DELETION 

MUTANT OF FUSARIUM VERTICILLIOIDES 
 

Zsuzsa SZABÓ (szabo.zsuzsa@science.unideb.hu) – Klaudia PÁKOZDI 

(pakozdiklaudia94@gmail.com) – Bálint SZUNYOG 

(balintszunyog@gmail.com) – Éva LEITER (leiter.eva@science.unideb.hu) 

– István PÓCSI (pocsi.istvan@science.unideb.hu) 
 

Department of Biotechnology and Microbiology, Faculty of Science and Technology, 

University of Debrecen, Egyetem square 1., H-4032 Debrecen, Hungary 

 

Both prokaryotic and eukaryotic organisms sense and respond to various types 

of environmental challenges. One of these challenges is the generation of intracellular 

reactive oxygen species (ROS) under aerobic conditions. ROS production is mainly 

generated by environmental changes and as a side effect of mitochondrial respiration 

in the cell. In the case of pathogenic fungi, ROS can be produced by the host as a 

defense reaction during infection. Although molecular oxygen is thought to be 

relatively unreactive, it can undergo reduction to form hydrogen peroxide, superoxide 

anion and hydroxyl radicals; ROS can than interact with essential biological molecules 

causing damages, such as mutations in DNA, oxidation of proteins and lipid 

peroxidation. To cope with the damage caused by ROS all organisms have antioxidant 

defense mechanisms capable of eliminating ROS and maintaining a reduced redox 

environmental within the cell. Antioxidant defenses include a number of enzymes, such 

as catalases, superoxide dismutases, methionine sulfoxid reductase, thioredoxins, 

peroxiredoxins and also the gluthatione system. Superoxide dismutases convert the 

superoxide anions to hydrogen peroxide that can successively be eliminated by 

catalases or peroxidases. The mitochondrial manganase superoxid dismutase (MnSOD) 

is well characterised in several microorganisms, like in Saccharomyces cerevisiae and 

Aspergillus nidulans, model organisms of molecular microbiology. Deletion of the 

mnSOD gene in S. cerevisiae resulted in reduced growth ability under aerobic 

conditions. The ΔmnSOD mutant of A. nidulans showed high sensitivity to menadione 

and increased sensitivity to the apoptotic cell death caused by the antifungal protein 

PAF. 

The goal of our study was to generate ΔmnSOD deletion mutant strain in the 

phytopathogenic fungus Fusarium verticillioides using the double joint PCR method. 

To screen the stress sensitivity of the mutant, freshly grown conidia were point-

inoculated on Czapek-Dox agar plates, supplemented with one of the following stress 

generating agents: sorbitol, NaCl, KCl, CdCl2, menadione, diamide, tert-butyl 

hydroperoxide, hydrogen peroxide, and Congo Red, used in various concentrations. 

The deletion of FvmnSOD resulted in increased sensitivity to menadione. 

 

The work/publication is supported by the EFOP-3.6.1-16-2016-00022 project. The 

project is co-financed by the European Union and the European Social Fund. 
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Around 90% of land plants are able to form symbiosis with arbuscular mycorrhizal 

fungi. This mutually beneficial interaction helps our host plant to survive in nutrient 

deficient environment moreover increased their tolerance to different stresses. 

Plant microRNAs, are a class of small non-coding RNAs their function is to regulate 

gene expression at transcriptional and post-transcriptional levels in plants. Moreover, 

some research works show that they are involved in the regulation of AM symbiosis. 

The mir171 family frequently reported as key in symbiosis between plants and fungi. 

The aim of this work is to compare the quantity of a special type of miRNA(miR171a) 

in mycorrhizal and non-mycorrhizal plants. 

For mycorrhizal treatment, tomato (Solanum lycopersicum var. Moneymaker) 

seedlings were inoculated with R. irregularis (mixture of spores, hyphae and roots) 

while the control sample received the same amount of autoclaved inoculum. Plants 

were cultivated under 16h light at 24 °C and 8h dark at 20 °C in a growth chamber. 56 

days after inoculation plants were harvested and fresh root and shoot measured. Total 

RNA from roots of both treatments extracted and used for cDNA synthetizes. 

Quantitative change in one miRNA estimated using PCR with specific primers for 

miR171a. 

Our preliminary result shows difference in quantity of miRNA during mycorrhizal 

inoculation, but more research is required to make it sure and clear. 

 

Supported BY the ÚNKP-17-2 New National Excellence Program of the Ministry of 

Human Capacities 
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In the hospitals the infection of fungus has significantly increased in the last few years. 

Mortality rates of systematic Candida albicans infections result in 30–50%. Adhesion 

to abiotic medical devices and implants are the most common forms of infection. 

Effective adhesion can provide the establishment of aggressive biofilms that are 

difficult to handle. A more accurate knowledge of the adhesion dynamic of Candida 

albicans isolates can provide an opportunity to control invasive fungal diseases.  

In this research, we combined a high-time resolution video microscopic technique with 

digital image analysis to create a faster and more accurate picture of adhesion and 

growth dynamic of Candida albicans isolates. 

With this system we have not only described the bacterial and fungal infections of 

mammalians cells but in practice it was used to detect mycoplasma infections.  

Bacteria belonging to the Mycoplasma genus have no cell wall therefore insensitive to 

penicillin and other beta-lactam antibiotics.  They cause serious damages in the cell 

cultures so their identification and early detection results in considerable financial 

savings.  

The purpose of the study was to detect the growth and adhesion dynamic of Candida 

albicans isolates. We examined 3 important aspects which underlie the growth and 

adhesion dynamic: stopping of Brownian motion, appearance of the first hypha and 

further branching process. 

Literature data support the hypothesis that there is a close connection between the 

period of adhesion, dynamic and the rate of growth of filamentous fungi that may affect 

their virulence. These three factors were 106nalysed for individual yeast cells.  

We wanted to examine if there is a difference between the adhesion and infection 

strategies of mutant strains and clinical isolates. Physiological conditions were 

maintained in a CO2 incubator. 

 

The real time moment of the adhesion and branching were determined by using digital 

image analysis. This allowed us to avoid variables that affect the mistakes of digital 

image analysis. Moreover, we are able to get a better knowledge of the mechanism of 

monitored drugs.  

Time lapse video microscopy combined with image analysis can provideus with a 

convenient and reliable method to examine fungal cultures. Further benefits of the 

system is to observe individual fungal cells and specific hyphal regions for long time 

periods.  
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Under long-term oxidative stress induced by menadione sodium bisulfite, a plant 

isoflavone reductase homologue gene (ANID_08815) was induced at both mRNA and 

protein levels in Aspergillus nidulans. Isoflavone reductases by producing 

isoflavonoids in plants play an important role not just in the protection against 

environmental stresses but also in lignin biosynthesis and, in Fabaceae, in the initiation 

and procession of symbiosis with nitrogen-fixing bacteria. 

 

In this study, we constructed the gene deletion mutant of the plant isoflavone reductase 

homologue gene ANID_08815 by double-joint PCR method and phenotypically 

characterized the mutant. The mutant showed increased oxidative stress sensitivity in 

the presence of menadione sodium bisulfite and hydrogen-peroxide in comparison to 

the control strain. We also tested the stress sensitivities of wild-type and mutant 

conidiospores. Although conidia were either incubated with 200 mM hydrogen 

peroxide or were subjected to heat stress at 50 oC, we did not find any differences in 

the viability of the asexual spores of the control and mutant strains. We also quantified 

fruiting body formation and conidiospore production of the mutant. The deletion of 

ANID_08815 did not influence either cleistothecia number and maturation or 

conidiospore production. As oxidative stress response regulation can be connected to 

secondary metabolite production, we determined the sterigmatocystin production in 

carbon-starving submerged cultures of ANID_08815. In the gene deletion mutant we 

observed lower sterigmatocystin yield than in the control strain after 48 h incubation in 

carbon-free culture medium. To study the oxidative stress defence system of the mutant, 

catalase and superoxide dismutase enzyme activities were measured in carbon-starving 

cultures. The deletion of ANID_08815 resulted in approximately 60% lower catalase 

activity than that found in the control strain but did not influence the SOD activity of 

the cultures. 

 

Our results demonstrated that the ANID_00815 isoflavone reductase in A. nidulans - 

similarly to plants - plays role in the stress defence of the fungus. 

 

This work is supported by the Hungarian Scientific Research Fund (OTKA K119494). 
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Naringin is main compound that causes bitter taste in citrus juice and can be eliminated 

by application of naringinase. Naturally, naringinase is an enzyme complex consisted 

of α-L-rhamnosidase (EC.3.2.1.40) and β-D-glucosidase (EC.3.2.1.21) activities. In 

debittering process, naringin can be firstly hydrolyzed by α-L-rhamnosidase producing 

prunin and rhamnose. Then β-D-glucosidase hydrolyses prunin into non-bitter 

naringenin and glucose. Products formed in the hydrolytic reactions have a great 

potential, especially in the food and pharmaceutical industries, because of their 

antioxidant, anti-inflammatory, anti-ulcer, and hypocholesterolemic effects. 

Furthermore, naringenin has also shown anti-mutagenic and neuroprotective activities, 

whereas prunin has antiviral activity. Recently, naringinase is commercially used in 

debittering and clearance of citrus fruit juices as well as enhancement of wine aromas 

in the food applications. In this study, fermentation medium was optimized for 

enhancing naringinase production by L. fermentum D13. First, effects of some physical 

parameters on production of naringinase were investigated using MRS medium. 

Carbohydrate (sucrose), inducer (naringin) and pH levels were observed to be important 

factors that significantly affect naringinase activity. Central composite design (CCD) 

was applied to find the optimal concentration of each variables. The second-order 

polynomial model was applied for evaluation of experimental data. The following 

model: y = 3.973 – 0.341x1 + 0.51x2 – 0.492x1
2 – 0.584x3

2 – 0.223x2
2 – 0.121x1x2 – 

0.552x2x3 was able to describe the changes of naringinase activity (y) with 3 

independent factors pH (x1), sucrose content (x2) and naringin concentration (x3). The 

optimum values of pH, sucrose and naringin were pH 5.8, 7.5 g L-1, 0.08 (m/v) %, 

respectively. Application of optimal medium resulted 4.57 IU mL-1 enzyme titer. Our 

results can serve a good basic for study of naringinase by Lactobacillus fermentum D13 

strain. 

 

Keywords: Naringinase, optimization, naringin, debitter, probiotic bacteria 
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Microbial fuel cell is an electrochemical device that can directly convert the chemical 

energy in organic matter into electricity by living microorganisms. Shewanella species 

are reported to be able to produce extracellular electrons and transfer them onto 

electrode, thus these species can act as biocatalysts in MFC systems. It is well known 

that the Shewanella oneisensis MR-1 strain is able to secrete extracellular riboflavin to 

improve the efficiency of electron transfer, but this capability of other strains even other 

species is still in question. In this study, the effects of glucose and maltose on growth 

and the ability of production riboflavin by Shewanella xiamenesis DSMZ 22215 were 

focused. Different concentration (1, 2, 3, 4, 5 % w/v) of glucose or maltose were 

supplemented into artificial fermentation media. The growth of Shewanella xiamenesis 

were done with the initial microbial cell about 105 CFU ml-1 and at 30 °C in the shaker 

incubator (200 rpm) for 120 hours. Microbial cells, pH, riboflavin concentration and 

conductivity were monitored during fermentation. The current density was also 

determined in MFCs. Bacteria grew well in all investigated media reaching about 

2.3x108 CFU ml-1  after 72 hours. The Monod model was used to determine the growth 

kinetics of this microbe. Herein, we found that the maximal specific growth rate of 

glucose substrate was significant higher than of maltose. In details, µmax = 0.14 1 h-1, 

Ks = 0.9 g l-1 (glucose substrate) and µmax = 0.098 1 h-1, Ks = 1.0 g l-1 (maltose substrate). 

Riboflavin concentration was 4.2 nmol ml-1 (glucose substrate) and 3.9 nmol ml-1 

(maltose substrate) after 72 hours. 

 

Keywords: glucose substrate, maltose substrate, riboflavin, conductivity, Shewanella 

xiamenensis 
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The Hungarian apricot is well known for its quality. This stone fruit can be produced 

in limited area due to its low adaptive ability. In Hungary, ripening period of apricot 

starts at the beginning of June and ends at the beginning of August. Furthermore, the 

flowering of this variety begins early, thus the spring frosts are especially perilous. To 

increase environmental adaptivity, resistance and fruit quality molecular markers have 

been introduced for breeding purposes (MAS –marker assisted selection), in case of 

apricot as well. 

The role of DNA-based markers have been grown since breeders can rely on these 

primers to distinguish varieties, to analyze their origin, where they come from, to 

evaluate genetic relationships, to predict agronomically important traits (e.g. biotic and 

abiotic resistance, quality, colour) based on genotypes. 

The long terminal repeat (LTR) retrotransposons are highly abundant in the eukaryotic 

genomes and can be utilized as DNA markers. The basis of iPBS (inter-Primer Binding 

Site) method is the presence of a tRNA complement as reverse transcriptase primer 

binding site (PBS) in LTR retrotransposons. Due to their replicative copy-paste 

transposition they can modify the size and structure of the genome or the function of a 

DNA-sequence. It has been proven that these primers show high level of 

polymorphism, so they are suitable to establish DNA-fingerprints without any previous 

information about the genomic sequence. 

Fifteen apricot genotypes have been examined with 25 iPBS retrotransposon markers. 

Throughout our analysis 15 primers generated polymorphism in our samples. 

Our aim is to identify specific iPBS markers which are linked to valuable characteristics 

and to develop markers applicable for MAS.  

 

The work/publication is supported by the EFOP-3.6.3-VEKOP-16-2017-00008 project. 

The project is co-financed by the European Union and the European Social Fund. 
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One of the type of asexual embryogenesis is somatic embryogenesis (SE) during which 

the genetic program of embryo can be reactivated in differentiated cells. Until now, SE 

research in Arabidopsis was mostly limited to direct or indirect somatic embryogenesis 

from immature/mature zygotic embryos. Our aim was to establish a more efficient in 

vitro root culture based experimental system for studying SE in Arabidopsis. To induce 

embryogenesis auxin and cytokinin were used. Auxin induced the formation of lateral 

root primordia that started to transdifferentiate into shoot meristem in the presence of 

cytokinin. However, if the induced root explants were transferred onto hormone-free 

medium in time, the primordial were converted to somatic embryos. To monitor the 

initiation of the developmental processes, molecular (RT-qPCR) and cellular 

techniques were used. In this work, we have found that the same treatment failed to 

induce embryo formation in the case of whole seedlings (roots unremoved from the 

shoot).  However, if shoot-derived auxin transport was inhibited by TIBA (2,4,6-

triiodo-benzoic acid), the embryogenic capability of the roots was retained even in 

whole seedlings. Our results indicate that transient cytokinine treatment in high 

concentration can induce somatic embryogenesis on Arabidopsis root explants only in 

the absence of shoot-derived auxin.  

 

This work was supported by grants from the National Research, Development, and 

Innovation Office (NKFIH; #K108802). 
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The rapid development of mass spectrometry methods have opened up new 

opportunites for analysis for participants of the agriculture and agricultural 

biotechnology. Breeders, seed producers or other stakeholders in agricultural 

production are in need of quick, efficient and reliable information about the plants and 

plant parts, especially in cases like checking the homogenity in a hybrid seed production 

lot. Current protocols are based on the investigation of gelchromatographic separation 

patterns of seed storage proteins, which can be augmented by MALDI-TOF-MS 

(Matrix Assisted Laser Desorption Ionisation Time of Flight Mass Spectormetry) 

methods. 

 

The MALDI TOF MS technique is based on coupling a laser ion source and a time-of-

flight mass spectrometer. The energy of the laser emitted is absorbed by the matrix 

which in turn ionises the target compounds of the sample and thus they can enter the 

vacuum of the mass spectrometer and finally reach the detector. The obtained mass 

spectra provide information on the protein and macromolecule profiles of the sample. 

 

Our investigations focused on the storage proteins in sunflower seeds, implementing 

several different sample preparation techniques. Assessed sample preparation protocols 

included seeds homogenised with and without the outer shell, crushed and intact. Four 

extraction methods have been assessed (sodium-chloride solution, acidic sodium-

chloride solution, 1-propanol and 2-propanol extraction buffers). Analysis of the 

obtained spectra was carried out using the Bruker Daltonics flexAnalysis software. 

 

Our results show that based on the intensity and diversity of the obtained spectra, the 

most effective extraction buffer was the one with 2-propanol. The method when 

validated with regard to the standard method, can be used in sunflower seed genetic 

homogenity testing or breed comparison studies.  
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In the past two decades, nanostructured materials including colloidal nanocrystals, 

semiconductor nanoparticles, nanotubes, nanowires and porous materials have received 

a great attention thanks to their unique physicochemical properties. Titanium dioxide 

nanoparticles (TiO2 NPs) excited by UV light can produce different reactive oxygen 

species (ROS) such as hydroxyl radical, superoxide radical anion and singlet oxygen. 

This special feature of TiO2 NPs so-called photocatalytic property can be exploited in 

numerous fields, especially in water treatment technologies for removing toxic 

compounds or inactivation various pathogens.   

In this work we applied directly TiO2 NPs on the grapevine (Vitis vinifera cv. 

Cabernet sauvignon) leaves as potential antimicrobial agent. Experiments were 

performed under field conditions where the plants were exposed to sunlight. 

Physiological responses, flavonol profile and micro- macroelements of the leaves were 

studied. We found that TiO2 NPs with the concentration of 250–3 00 mg kg-1 increased 

the stomatal conductance whereas decreased the photosynthetic rate. Despite of their 

negative effect on photosynthesis, flavonol profile as a stress sensitive factor showed 

only minor changes after the foliar exposure as revealed by HPLC-DAD measurements. 

Elevated level of K, Mg, Ca, P and B were detected in the treated leaves which may be 

related to the increased stomatal opening. Our results indicate that TiO2 NPs with the 

applied concentration can be phytotoxic in the presence of UV irradiation which 

probably stem from the excess of ROS production of nanoparticles. Consequently, 

further studies are necessary for determining the parameters which allows safety and 

efficient field applications of TiO2 NPs. 
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Orchards can be infected by several viruses, which may have an important role in 

causing diseases on apricot. Symptoms range from latent to drastic reduction in vigour 

and fruit quality and can lead to the death of the tree. Prevention can limited only for 

control of insect vectors and the elimination of viruses from the propagation materials. 

In order to prove the virus free status of the propagation material we have to perform 

diagnostic tests. Disadvantages of traditional virus detection methods (ELISA, RT-PCR 

and biotests) are that they based on the identified nucleic acid sequence or coat protein 

of the investigated virus. With new metagenomics approaches we can prove the 

presence of all viruses present in the investigated plant, including the ones not described 

on a particular host or country yet. This research aims to evaluate the virus infection 

status of apricot stock nurseries and isolator houses in our country.  

Our group has demonstrated first the presence of Little Cherry Virus 1 (LChV-1) 

and Cherry Virus A (CVA) from apricot in Hungary by Next-Generation Sequencing 

(NGS) of small RNAs. Our results were confirmed by RT-PCR, and by Northern blot 

in the case of CVA. To examine their incidence and the rate of their spread, leaf samples 

were collected from stock nurseries and isolator houses of NAIK GYKI. After RNA 

extraction we made pools from the samples and carried out RT-PCR with virus-specific 

primers designed according to the NGS results.  

The monitored stock nurseries and isolator houses were never tested for the 

infection of LChV-1 and CVA. Results showed that the examined viruses were present 

in both areas. The presence of viruses in isolator houses, where insect vectors are not 

present, means that it is possible that the propagation material contained the virus 

particles thus they were transmitted by grafting or budding. Our research highlights the 

importance of prevention and the usage of new metagenomics based diagnostic 

methods during the optimization of the official virus elimination protocols in Hungary.  

 

This work was supported by Hungarian Ministry of Agriculture. Alexandra Bükki is 

an MSc, Luca Krisztina Szabó and Dániel Baráth are PhD students of Szent István 

University. 
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Light is one of the most important environmental factors, which is required for optimal 

growth and development or during the stress responses of plants. Dark can alter the 

light-dependent activation of plant developmental or defence responses, it can induce 

new signaling and regulation pathways modulated by various signaling molecules such 

as reactive oxygen species (ROS). Disturbances in the normal functions of the ER e.g. 

induced by tunicamycin (Tm) lead to the unfolded protein response, which can 

compensate the damage or trigger cell death. This process can be mediated by ROS, 

but ROS production can be dependent on the presence or absence of light in plants. Tm 

induced light dependent changes in ROS homeostasis was examined in the leaves of 

wild type (WT) and ethylene receptor mutant Never ripe (Nr) tomatoes. Based on our 

result, Tm induced superoxide production was higher in those plants, which were kept 

in dark. In contrast to this, levels of H2O2 were higher in the illuminated leaves of wild-

type plants after treatment with Tm. Production of ROS was dependent on the active 

signaling of phytohormone ethylene investigated by Nr tomato. The application of the 

chemical chaperon 4-phenylbutyric acid (PBA) reduced the H2O2 production both in 

the light and dark, but elevated it in Nr leaves. The expression of ER stress marker gene, 

BiP was significantly elevated by Tm in the light, but reduced by PBA and dark. 

Expression levels of IRE1 and  were also elevated by the treatment with Tm in the 

light but did not change under darkness suggesting a specific role of the presence of the 

light in ER stress response.  

 

This work was supported by OTKA-FK124871 and by the UNKP-17-4 and UNKP-17-

3 New National Excellence Program of the Ministry of Human Capacities.  
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Botrytized („aszú”) wines are produced from ripe grape berries subjected to a unique 

interaction with the filamentous fungus Botrytis cinerea. This special interaction 

between the berries and Botrytis is called noble rot. During noble rot the berries 

gradually dehydrate and shrivel and the increasing concentration of cellular constituents 

results in an inhibition of fungal growth. The process of noble rot takes several days 

and the berries go through four distinct phenotypic stages. 

We have developed a high-throughput technique to assess the ratio of living and dead 

plant cells in the berries and some crucial physical parameters for each phenotypic 

stage. The level of Botrytis cinerea biomass was also simultaneously evaluated by 

ELISA. Our results enable us to gain insight into the complex relationship between the 

grape berries and the fungus during noble rot. 

 

This research was supported by a grant of the Economic Development and Innovation 

Operational Programme (GINOP 2.3.2-15-2016-00061). 
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CBF (C-repeat binding factor) transcription factors are one of the most studied 

regulators in plants. They play a key regulatory role in the cold acclimation processes 

through high level expressions in response to low temperature. Recently, more and 

more publications concluded that, apart from cold, not just the quantity and the duration 

of the illuminating light, but its spectra also has a pivotal role in the regulation of the 

CBF gene expression. Earlier studies established that the expression patterns of some 

of these transcription factors follow a circadian rhythm. To understand more deeply 

this acclimation process, we studied the gene expression patterns of the signal 

transducing pathways, including the signal perception and the phospholipid signalling 

pathways, the upstream of the CBF gene regulatory hub, and also the influence of the 

circadian clock. Our analysis revealed that the expression of genes implicated in the 

phospholipid signalling pathway show a circadian rhythm in the frequently used cereal 

model species: barley (Hordeum vulgare L.). We also demonstrated that from those 

CBF genes which were expressed under non cold inductive condition, only the 

members of the HvCBF4-phylogenetic subgroup showed a circadian pattern, and also 

that they were also expressed in the late afternoon or early in the night. We also 

determined the gene expression changes under supplemental far-red illumination and 

established that this change in the spectrum led to an earlier and more intense transcript 

accumulation in several cases. Based on our results, we propose a model to illustrate 

the effect of the circadian clock and the far-red light on the elements of signalling 

pathways upstream of the HvCBF genes, thus integrating the complex regulation of the 

early cellular responses, which finally leads to an elevated cold stress tolerance. 

 

The work is supported by the EFOP-3.6.3-VEKOP-16-2017-00008 project. The project 

is co-financed by the European Union and the European Social Fund. 
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Beyond changes within the DNA sequence various epigenetic modifications 

in the genome, such as DNA methylation, chromatin methylation and acetylation, 

siRNA changes, contribute to the actual operation, functionality of a genome due to the 

modification in the gene expression. It has been described that DNA methylation 

pattern can be inherited over several generations, and molecular pathways responsible 

for the DNA methylation pattern may cause the emergence of natural variations 

(Niederhuth et al., 2016). When methylation occurs, the methylation level of DNA 

cytosine (C) may vary in a wide range among living organisms from different 

taxonomic groups. For insects, it may be 0–3%, for vertebrates 2–7%, for fish 10% 

while for plants up to 30% (Adams, 1996; Colot and Rossignol, 1999; Cokus et al., 

2008). In plants DNA methylation of cytosine may occur linked and not linked to CG, 

CHG and CHH (where G is guanine, and H may represent any other nucleotides that 

are not guanine) in which case CHG is a symmetric and CHH an asymmetric sequence. 

In Arabidopsis thaliana, the CG was methylated in 24%, CHG in 6.7% and in CHH 

1.7% (Cokus et al., 2008), while in maize the methylation of CG, CHG and CHH was 

86.4%, 70.9%, and 1.2%, respectively (West et al., 2014). For both plant species, 

methylated and highly methylated (80–100%) levels were observed in CG regions, non-

methylated and partially methylated (20–100%) in CHG regions and in CHH regions 

non-methylated and low methylated (approximately 10%) levels were recorded (Cokus 

et al., 2008; Lister et al., 2008). The aim of our present research was to determine and 

examine the epigenome of Malus × domestica cv.'McIntosh' and 'Húsvéti rozmaring' 

diploid apple varieties maintained for more than 20 years in tissue culture. Moreover, 

it aimed at determining if any DNA methylation level differences and changes could 

occur in the DNA comparing in vivo, in vitro and acclimatized plants. We were looking 

for answers to (i) what sort of epigenetic footprint was left within the epigenome of 

plants due to stress caused by medium containing different plant growth regulators 

(PGRs) in various concentration during the tissue culturing; (ii) if the DNA methylation 

pattern recovers to that of the control, in vivo plant after acclimatization. Whole-

genome bisulfite sequencing (WGBS) was performed for in vivo, in vitro and 

acclimatized plant samples of the Malus × domestica. 

 
Adams, 1996. Princ Med Biol 33-66.  

Cokus et al. 2008 Nature, 452: 215 

Colot, Rossignol 1999, Bioessays, 21: 402-411. 

Lister et al. 2008 Cell, 2008, 133: 523-536. 

Niderhuth et al. 2016 Genome Biol17: 194.  

West et al. 2014 PLoS One, 9: e105267. 
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Since plants represent the primary source of iron in human consumption, iron 

deficiency is among the most common nutritional disorders.  Due to suboptimal soil 

conditions (alkaline pH or high carbonate content) iron can precipitate in the soil that 

reduces its availability for plants in many agricultural areas. The applications of iron-

containing nanoparticles such as nanoferrihydrite (NH) as fertilizer ingredients could 

be effective to treat iron deficiency of plants. NH is thought to be effective in increasing 

the available iron content of soils, providing a stable but efficient iron supply even at 

alkaline pH, similarly to commercial chelates and complexes like Fe-EDTA and Fe-

citrate, respectively. Moreover, testing the utilisation of a new substance requires a 

reliable system. Molecular biological methods contribute testing the utilisation of the 

nanoparticles in the iron uptake of plants. Quantitative real-time PCR (qRT-PCR) is 

found appropriate for measuring the gene expression of key components of the iron 

uptake system. Here we focused on the root iron uptake system in a dicot model plant, 

cucumber (Cucumis sativus L. cv. Joker F1). A key enzyme of this system is the ferric-

chelate oxidoreductase (FRO1) – an iron deficiency inducible membrane bound 

enzyme that is responsible for the reduction of iron at the root surface. We identified 

the homolog of Arabidopsis Fro2 gene in cucumber genome. Furthermore, to 

investigate the bio-utilisation of iron content of NH by cucumber roots, changes in the 

expression of CsFro1 were monitored by qRT-PCR upon NH treatment. The results 

indicate that the expression of CsFro1 is enhanced by iron deficiency but upon NH 

treatment it started to decrease and the tendency for decrease has become apparent 

within thirty minutes. This proves that the utilization of the iron content of NH has been 

carried out in a very short time frame. Moreover, molecular methods can be 

successfully used in testing the effects of nanomaterials and thus the results contribute 

to adjusting the proper dosage of the material, which can successfully cure iron 

deficiency of plants. 

 

This work has been supported by the grants NKFIH-OTKA K1 115913 and K115784. 

Á. Solti was also supported by the Bolyai János Research Scholarship of the Hungarian 

Academy of Sciences (BO/00207/15/4). 
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The aim of our research included the selection of winter wheat landraces, wich can be 

able to adapt to extrem wheather conditions characteristical nowadays. In our 

experiments, we analyzed the changes of simple morphological parameters of winter 

wheat landraces exposed to osmotic stress under in vitro conditions. 

We analyzed the growth of in vitro shoot cultures in 12 different winter wheat 

landreaces on osmotic containing and osmotic-free media. To induce the osmotic stress, 

we added 5 % polyethylene glicol 600 (PEG, Mw=600) osmotic to the Murashige-

Skoog media. The shoot cultures were growth for 7 days under 16 hours photoperiod, 

at 65 μmol s-1 m-2 PPF and 22+2 °C. The experimental repetition was eight. On the 7th 

day we measured the length and the number of viable shoots, the number of roots and 

the survivor shoots. The genotypes largely affected the parameters of growth, therefore 

we calculated stress index (SI) for comparing genotypes (SI=growth parameters of PEG 

treated seedlings/growth parameters of control seedlings x 100). 

 

We found significant differences in the number of shoot and the root lengths SI values. 

Concerning the shoot lengths, results of the 'Tápiószelei' and the 'Kecskeméti' landraces 

were significantly the best.  Analyzing the number of shoots, the SI values was the 

highest in the case of the 'Érpataki' and the 'Szajlai' landraces. Considering the same 

parameters, the 'Stephanus', the 'Abony'cultivars and the 'Nagykállói' landraces showed 

the lowest results indicating low tolerance against the osmotic stress.   

 

Present experiments were supported by the Hungarian Government; project number: 

AGR_PIAC_13_1_2013_0002 (Production of adaptive winter wheat breeding lines 

with excellent mill-industrial parameters). 
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Over recent decades, various culture conditions have been established for plant 

regeneration and utilized for clonal propagation in diverse plant species. A common 

mode of plant regeneration both in nature and in vitro is de novo organogenesis in which 

plant cuttings or explants first form ectopic apical meristems and subsequently develop 

shoots or roots. The other way of plant regeneration is somatic embryogenesis (SE) 

whereby the genetic program of embryogenesis can be reactivated in differentiated 

cells. Polyamines (putrescine, spermidine and spermine) are known to play a vital role 

during plant regeneration processes. Previous studies have shown that polyamines are 

important in several physiological processes such as cell division and differentiation, 

callus formation, regeneration, stress responses and they also influence morphogenesis. 

In this study, our aim was to compare the role of different polyamines during the 

initiation of SE or organogenesis. To this end, we used a root culture based regeneration 

system which was previously established in our laboratory. This system is very useful 

to compare the initiation steps of organogenesis and SE. Various biochemical and 

cellular techniques were used to monitor the effect of exogenously applied polyamines. 

The polyamine content was measured by a HPLC system and the activities of the 

enzymes involved in polyamine catabolism (polyamine oxidase and diamine oxidase) 

were determined by spectrophotometry. We have found that exogenously applied 

spermidine and spermine, but not putrescine strongly improved the regeneration 

capacity of roots. These preliminary results indicate that exogenous polyamines 

promote the regeneration in Arabidopsis thaliana roots, mainly via the shoot 

organogenesis pathway. 

 

This work was supported by grants from the National Research, Development, and 

Innovation Office (NKFIH; #K108802). 
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Pepper (Capsicum annuum) is one of the most important spice and vegetable crops of 

Hungary. Beside other crucial attributes, the breeding work focuses mainly on the 

improvement of yield, biotic and abiotic stress resistance, berry size and different 

nutritional values such as capsaicin or high red pigment contents.  

To aid the breeding molecular markers have been introduced which can assist plant 

breeders with invaluable information. With their application, further light is shed on 

genetic relationships, while also marking attributes important for breeding that 

drastically shorten breeding times, thus making the selection process easier. In the case 

of peppers, breeders have many varying marker systems available. 

The LTR (long terminal repeat) retrotransposon based iPBS (inter Primer Binding Site) 

markers are powerful tools in DNA fingerprinting due to their dispersed and ubiquitous 

presence in the genomes of plants and animals. Since their application is based on the 

universal presence of a tRNA complement – primer binding site of the reverse 

transcriptase – such markers can be applied without prior sequence knowledge. LTR 

retrotransposons employ a so called „copy and paste” replicative transposition 

mechanism, which causes new genome insertions without the excision of the original 

element. Such insertions can not only drastically expand the genome size, but they also 

alter the function of the DNA segment where they get inserted. The pepper genome 

consists of 81% transposable elements out of which approximately 70,3% attributed to 

LTR type retrotransposons. 

For the preliminary studies peppers deriving from different genetic backgrounds have 

been selected. Out of the tested 25 iPBS primers, 7 were capable of and showing 

polymorphism and differentiating genotypes. Primers showing polymorphism were 

further analyzed to sort out whether the differences are linked to any desirable trait of 

interest, making them applicable for marker assisted selection.  

Furthermore, our aim is to contribute to broadening the integrated genetic map of 

pepper by locating these markers on the pepper genome. 

 

The work/publication is supported by the EFOP-3.6.3-VEKOP-16-2017-00008 

project. The project is co-financed by the European Union and the European Social 

Fund. 
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Ralstonia solanacearum is a quarantine pest of potato. Prevention is still the only way 

to avoid it. The Gram-negative bacterium infects from the soil through wounded roots 

and stem and causes wilting of the plants. It mostly spreads with infected tuber and with 

irrigation. Our purpose is to increase Ralstonia resistance in potatoes, primarily in 

Hungarian cultivars. Plants synthesize phenolic compounds against pathogens. Among 

these, the chlorogenic acid especially could confer resistance against bacterias and 

fungi. Literature data show that the suppression of polyphenol oxidase may redirect the 

phenolic metabolism and increase chlorogenic acid content of potato. Therefore 

sequencing of PPO genes has begun in our lab, as a prerequisite for designing CRISPR 

targets. With the use of CRISPR/Cas system PPO-genes could be knocked out so the 

potato plant cannot be injured by the bacteria, we assume. At first tissue culture and 

micropropagation of potato cultivars was optimised. In this research we use the model 

variety Desireé and two Hungarian cultivars Balatoni Rózsa and Botond. To advance 

their physiological condition MS medium was given for the cultivars without any 

vitamins. The first steps have also been taken to adapt an Agrobacterium-mediated 

transformation technique. Various explants have been tried like microtuber, stem and 

leaves, the last being the most promising. Transgenic nature of the produced plants are 

tested by genomic DNA PCR using GUS, kanamycin and virB primers. The next part 

is to edit the cultivars with our PPO targets to get to know if it influences Ralstonia 

resistance.  
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Sulphur limitation may limit cell growth and viability in all living organisms. In the 

green alga, Chlamydomonas reinhardtii, sulphur limitation is of particular interest, 

because it may induce H2 production lasting for several days, to be exploited as a 

renewable energy source. Sulphur limitation leads to a large number of physiological 

changes within the algal cell, including the inactivation of the O2 evolving photosystem 

II (PSII), leading to the establishment of hypoxia, essential for the induction of 

hydrogenase expression and activity. The degradation of PSII has been assumed to be 

caused by the sulphur-limited turnover of its reaction center protein, PsbA. However, 

we demonstrate that upon transferring the cells to sulphur-free media, the amount of 

sulphur per chlorophyll (a+b) decreases moderately. On the other hand, ascorbate (Asc) 

biosynthesis is strongly induced, most probably by 1O2 generated upon sulphur-

deprivation. At a high (mM) concentration range, Asc over-reduces the Mn-cluster of 

the oxygen-evolving complex and the PSII reaction center becomes inactivated in a 

secondary process, involving the oxidized forms of the primary electron donor TyrZ
+ 

and possibly the reaction center chlorophyll P680+. We also demonstrate that the 

turnover of the PsbA protein is significantly less affected by sulphur deprivation than 

that of other photosynthetic subunits, namely CP43 and RbcL. Therefore, our results 

demonstrate that instead of a limited turnover of PsbA upon sulphur deprivation, the 

inactivation of PSII is initiated at its donor side, and it is in relation to oxidative stress. 
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The mitogen-activated protein kinase (MAPK) pathways are central regulatory 

mechanisms in all eukaryotes. Their functions in cell cycle regulation and in stress 

responses in yeast and human cells are described to great detail. They play key roles in 

regulating stress responses in plants, yet our knowledge on MAPK signalling in plants 

is limited in comparison to yeast and mammalian systems. A unicellular plant model 

offers an efficient experimental system and an evolutionary framework to study MAPK 

signalling in the plant kingdom. The photosynthetic microalga Chlamydomonas 

reinhardtii is a suitable laboratory model species, and has been utilised to study 

photosynthesis, lipid biosynthesis or the cell cycle. Moreover, the use of microalgae in 

biotechnology by exploiting the rich repertoire of algal metabolites as high value 

products has become a rapidly developing field, which further underscores the 

importance of studying gene regulatory mechanisms in algae.  

Therefore we set out to study MAPK signalling in photosynthetic microalgae. To this 

end, comparative genomics analysis identified the gene sets encoding MAPKs in a 

representative set of algal species. Phylogenetic analysis revealed that algal MAPK 

proteins are highly similar to but are less diversified than MAPKs of flowering plants. 

Importantly, these results further highlight that MAPKs of the plant kingdom are most 

related to the cell-cycle-regulatory ERK kinases of the mammalian MAPK types. These 

findings confirm that the ancestral eukaryotic MAPK was a prototypical ERK-like 

kinase.  

For functional analysis we have cloned selected Chlamydomonas MAPK signalling 

genes and generated various overexpression constructs. Transgenic Chlamydomonas 

lines along with insertion (‘knock-out’) mutants are characterised in terms of cell cycle 

and stress response regulation. 

 

This work is supported by the National Research, Development and Innovation Office 

(NKFIH) (OTKA NN 114511). 
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Plants, according to their sessile lifestyle, are more vulnerable to environmental 

impacts, such as biotic and abiotic stresses. Maize dwarf mosaic virus (MDMV) and 

powdery mildew Blumeria graminis f. sp. tritici are important biotrophic pathogens of 

maize and wheat, respectively, and responsible for significant decrease in crop yields. 

Since maize and wheat are among the most vital cereal crops in our country and 

worldwide, their yield loss can often result in economic problems. Although the 

resistant crop hybrids could possess effective defense against these pathogens, many 

frequently cultivated varieties are susceptible and their defense reactions could be 

strengthened with the use of biologically active compounds. 

The biologically active S-methylmethionine-salicylate (MMS) contains two, 

natural stress-protective component in ratio 1:1, salicylate (SA) and S-

methylmethionine (SMM). It is well known that both of these components play an 

important role in signalization and metabolic changes during biotic stresses. As a signal 

molecule, SA induces systemic acquired resistance (SAR) against biotic stressors. 

SMM has a membrane protective effect, plays a role in the sulfur metabolism and also 

affects the ethylene and polyamine biosynthetic pathways.  

In the present work we investigated the effects of exogenous MMS and studied 

whether this compound can reduce the damage exerted by MDMV and Blumeria 

graminis, in maize and wheat, respectively. PSII maximum quantum efficiency and 

chlorophyll content were monitored in wheat 3, 6 and 10 days after the fungal infection. 

In the case of the maize/MDMV interaction, the virus quantity was measured three 

weeks after the infection, using protein-based (ELISA) and vRNA-based (qRT-PCR) 

methods. 

According to our results, MMS-pretreatment could reduce the negative effects 

of pathogens through increasing the innate defense capacity of the examined crop 

species. 
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Cucumber (Cucumis sativus L.) is a very sensitive species to water stress and cold 

which may potentially cause sever decreases in yield. Breeding more resistant varieties 

represents a great challenge for breeders. According to experiences of growers there is 

a significant difference between abiotic stress tolerance of open field and greenhouse 

cultivated hybrid lines. Exploring plant responses to abiotic stresses and their molecular 

biological background are key issues in plant research. A well-known hormonal 

modulator of plant stress responses is abscisic acid (ABA). Dehydrins are a subclass of 

the LEA proteins that may play a role in increasing plant osmotic stress tolerance. They 

can occur in several tissues of the plants and appear at numerous stages of plant 

development even independently of stress effects. Induction and expression of these 

genes have been shown affected by ABA in some stress situations. Our experiments 

targeted ABA induction of several putative dehydrin genes selected from the cucumber 

genome. The aim of our studies was to explore if there is any difference in expression 

levels of these genes among the F1 hybrid lines investigated. We selected three open 

field cultivated hybrids: ‘Szatmár’ Szenzáció’ and ‘Joker’ as well as three hybrids 

cultivated usually in greenhouse ‘Americana’, ‘Oitol’ and ‘Prior’. The cultivar hybrids 

were treated externally with ABA solution and leaves samples were collected. mRNA 

levels of dehydrin genes was tested by RT-PCR and qRT-PCR. Results showed that at 

least one cucumber DHN gene (CsDHN1) was significantly upregulated by ABA 

application in all cultivar hybrids to different levels. The induced expression of this 

gene indicates different ABA sensitivities of the varieties, although this did not 

correspond clearly to the cultivation methods of the hybrid lines. Our results suggest 

that the CsDHN1 gene may play a role in ABA dependent stress tolerance responses in 

cucumber.  
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Today ensuring sufficient crop production to the growing population of humankind is 

getting urgently important. Creating gene modified crops with the use of the 

revolutionary CRISPR/Cas9 system could at least partially solve this problem. 

In this research a transgenic barley line expressing green fluorescent protein (GFP) was 

chosen, providing an easy option to visualise the created mutations. The aim of the 

study was to generate frameshift mutations with the CRISPR/Cas9 system in the gfp 

gene and to detect the loss of GFP fluorescence. 

In our previous work, 120 immature barley embryos were transformed with A. 

tumefaciens bacteria carrying a transformation cassette consisted of ubi::zcas9 and 

guide-RNA driven by the wheat U3 promoter. The explants were cultured on medium 

containing 5 mg/l bialaphos for the whole regeneration process. The concentration of 

the selection agent may contribute to the failure of plant regeneration, so only the calli 

were able to analyse. Loss of GFP fluorescence was monitored by multicolour 

fluorescence imaging system using 370–470 nm excitation filter to detect the 

autofluorescence of GFP and chlorophylls by 520 and 740 nm emission filters, 

respectively. Out of the studied 74 calli 70% of them showed significant GFP 

fluorescence loss. All the calli were frozen for DNA extraction to perform T7 assay 

followed by sequencing to detect the target mismatches. The results are presented on 

the poster.  

To continue our work the cold inducible promoter of the wheat wcs120 dehydrin gene 

is used to drive Cas9 expression. In parallel experiments barley embryos are 

transformed with CRISPR/Cas9 construct carrying either constitutive or inducible 

promoter to facilitate the comparison of these two systems. Loss of GFP fluorescence 

is monitored weekly. A better regeneration and higher gene editing efficiency is 

expected with the induced Cas9 expression. 

 

This project has been partially supported by NTP-NFTÖ-17-B-0516 grant by Human 

Capacities Grant Management Office (EMET). 
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Decline of apricot orchards is a severe problem in Hungarian horticulture and is 

often thought to be connected to the presence of European stone fruit yellows disease 

caused by a phytoplasma: Candidatus Phytoplasma prunorum. However symptoms of 

phytoplasmas are well known, emerging symptoms can be altered by the presence of 

other pathogens (viruses and viroids). Cherry virus A (CVA) and Little cherry virus 1 

(LChV1) was detected also in apricot orchards by our group in 2016-2017 by small 

RNA NGS and RT-PCR. Although their role in symptom development on apricot is 

elusive, their presence can add new aspects to the apricot tree decline. 

In our work we would like to investigate the presence of pathogens and study 

their transmission in vector free environment and also we would like to test different 

methods for the production of pathogen free propagation material. For this reason our 

aim in the current study is to establish and maintain different variants of naturally 

phytoplasma and virus infected apricots in in vitro cultures.  

Four Candidatus Phytoplasma prunorum phytoplasma infected trees belonging 

to ’Tom cot’ and ’Sherpa’ cultivars were used to initiate in vitro cultures after 

phytoplasma detection by nested PCR. The apricot shoots were cultured on modified 

MS medium after surface sterilization. In vitro plants were transplanted to fresh 

multiplication medium in every four weeks. After 7 and 18 subcultures in vitro plants 

were tested for phytoplasma by nested PCR. After 7 subcultures phytoplasma was still 

detected from all of the cultures, but after 18 subcultures it could be detected only in 

one Sherpa line. We would like to use this infected culture to study phytoplasma 

transmission in experimental conditions. Catharanthus roseus -the experimental host 

and indicator of phytoplasmas- in vitro culture was also established for artificial 

infecting experiments. 

CVA and LChV1 was detected in some apricot trees in Hungary last year. To 

study the elimination of these viruses two apricot varieties: ’Magyar kajszi’ and 

’Pannónia’ were used as explants for in vitro culture establishment. After successful in 

vitro culture initiation the plants were micropropagated. After 4 subcultures presence 

of CVA, LChV1 and also Plum Pox virus (PPV) were confirmed by RT-PCR from the 

in vitro plants. In the future we will apply several in vitro therapies on these infected 

plants to eliminate viruses.  

Our work was supported by the Ministry of Agriculture. L.K.SZ. and D.B. are PhD 

students of Doctoral School of Horticultural and Biological Sciences at the SZIU. 
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Cucumber mosaic virus (CMV) is responsible for many agricultural crop losses 

worldwide and has one of the broadest host range among plant viruses. CMV has many 

strains and they can cause different symptoms. Based on the sequence similarities two 

subgroups are identified, subgroup I strains cause severe while subgroup II strains cause 

milder symptoms. The main goal of the project is to understand the molecular 

background of symptom development and how virus strains with similar sequences can 

cause extremely different symptoms in tomato (Solanum lycopersicum cv.M82). We 

used two strains which classified into CMV subgroup II : Trk7-CMV which causes 

mild mosaic and leaf narrowing  symptoms and Scl-CMV, which causes severe, 

shoestring leaves. Scl-CMV infected tomato symptoms resembles to the phenotype of 

RNA silencing (rdr6) mutant tomato which is unable to produce ta-siRNAs. The 

product of RDR6 gene is essential in ta-siRNA biogenesis and ta-siRNA pathway is 

involved in leaf development so we suggested that the virus interferes in leaf 

development. We studied the elements of this pathway in Scl-CMV and Trk7-CMV 

infected tomatoes. The amount of ta-siRNAs decreased and ta-siRNAs targeted ARF4 

(auxin response factor 4) expression was increased in Scl-CMV infected tomato leaves 

compared to the Trk7-CMV infected plants and it is correlated with symptom severity. 

Analysing different reassortants and recombinants of Trk7-CMV and ScL-CMV we 

found that 3’ region of RNA2 responsible for the shoestring symptom development, 

this region codes for the 2b silencing suppressor. The amino acid sequence of Trk7-

CMV and Scl-CMV 2b differs only in three position. Changing of these amino acids 

one by one may help us to identify which amino acids are responsible for symptom 

development.  

mailto:toth.tamas@abc.naik.hu)1
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Mitochondria play central role in the efficient provision of energy for eukaryotic cells 

as well as it is important in production of reactive oxygen species (ROS) which 

involved in cellular signalling and stress response in plants. Oxidative respiration 

produces adenosine triphosphate through the mitochondrial electron transport system 

controlling the energy supply of plant cells. ROS can be produced in the mitochondrial 

electron transport chain (ETC) under stress, where Complex I and Complex III are the 

major sites of ROS synthesis. Stabilization of the electron flow in the mitochondrial 

ETC can protect plants by reducing oxidative damage, control of redox balance and 

support photosynthesis during stress.  

To reveal the importance of genes encoding the mitochondrial proteins in stress 

responses, we characterized 13 different Arabidopsis thaliana T-DNA insertion 

mutants, in which the mutations are localized in genes encoding the subunits of 

Complex I and III of the mitochondrial electron transport. When compared to wild type, 

several mutants showed morphological and physiological changes under various stress 

conditions. Here we describe the cyc1.1 and cyc1.2 mutants in which the mutations 

disrupted the CYC1-1 and CYC1-2 genes. These homologous proteins are members of 

Cytochrome C1 family.  CYC1-1 and CYC1-2 are integral subunits of Complex III, 

forwarding electrons toward cytochrome c The homologues show morphological 

differences compared to each other under examined stress conditions. Phenotype of 

cyc1.1 is very similar to the wild type under non-stress conditions. Conversely, under 

oxidative stress conditions, root growth rate is higher in plants containing insertion 

mutation in CYC1-1. Measuring rosette size and chlorophyll content we also found that 

cyc1.1 plants are more resistant to oxidative stress. cyc1.1 is slightly more sensitive to 

salt stress compared to cyc1.2 and wild type. In contrast, cyc1.2 plants have smaller 

rosettes and show delayed flowering under non-stress conditions compared to wild type 

and they are able to survive longer under severe salt stress than wild type or cyc1.1. 

Genetic crosses were made to obtain double mutant line by crossing cyc1.1 and cyc1.2 

but absence of both proteins resulted embryo lethal phenotype. It is documented that 

some electron transport chain proteins are dual localized in the mitochondria and the 

chloroplast. It is also suspected in the case of CYC therefore reasonable studying its 

localization. 

Although the studied homologues proteins have very similar structure, our data suggest 

that they differ from each other in some important attribution influencing stress 

response therefore it must be beneficial to find out the origin of these differences. 
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Photosynthesis is one of the most heat sensitive processes in which both the carbon 

assimilation and the photosynthetic electron transport are affected. The changes in the 

function of photosynthetic apparatus can be characterized by the heat sensitivity of 

plants. Heat acclimation at non-lethal elevated temperatures may induce several 

metabolic processes providing protection against a subsequent high temperature stress. 

In this study the effects of heat acclimation were investigated in young wheat plants 

with different origins through monitoring several photosynthetic processes. In the 

experiments, seedlings of winter wheat (Triticum aestivum L.) genotypes were pre-

treated at a moderate (30 °C) temperature (heat priming, HP) then were subjected to a 

more severe high temperature stress (above 40 °C) and the thermo-tolerance of the 

photosynthetic apparatus was studied in relation to the non-primed plants (NP). CO2 

assimilation capacity and chlorophyll a fluorescence measurements were performed at 

different temperatures.  

The elevated acclimating temperature did not induce either stomatal closure or 

photoinhibition in any genotypes. Heat tolerant genotypes were able to induce 

transpiration at acclimating temperature and did not reduce net assimilation. These 

genotypes could also close stomata faster when they were exposed to severe high 

temperatures. Heat acclimation could also be detected in various chlorophyll-a 

fluorescence induction parameters. Heat acclimation resulted in an upward shift in a 

temperature-dependent decline in the photochemical utilisation of absorbed light 

energy in HP plants as compared to the NP plants.  However, these changes were less 

genotype-dependent, and less reflected the differences between varieties. The HP plants 

were better at surviving the extreme high temperature stress. These results indicated 

that the heat priming effectively could improve the thermo-tolerance of photosynthetic 

apparatus in wheat seedlings subjected to a later high temperature stress. To 

differentiate the thermo-tolerance of genotypes, heat sensitivity and heat acclimation 

indexes were calculated by the use of photosynthetic parameters. They provided a 

useful tool to differentiate the heat responses of the different wheat genotypes. 

This work was financed by the GINOP-2.3.2-15-2016-00029 
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Controlled environment is necessary for healthy model plants, however commercial 

plant growth chambers are not only expensive but also cost a lot to operate them. 

Herein, I present the construction of a DIY plant growth chamber controlled by the 

Internet of things (IoT). 

The frame of the chamber is made of galvanized metal, which is combined with 

polycarbonate sheets. The metal parts serves for stability and the polycarbonate parts 

for easier attachment of fans and sensors. 

The optimal illumination of the plants is supplied by combined LED panels. It contains 

70 pcs red (620–630 nm, 655–660 nm) 20 pcs blue (440–460 nm) 8 pcs white (6500–

9000 K), one pc UV (390–410 nm) and one pc IR (730 nm) LED diode per panel. The 

photosynthetic photon flux (PPF) of the two panel is 370.26 µmol/s. LEDs have several 

advantages over fluorescent lamps, higher efficiency, lower heat emission, longer life 

span and lower lifetime costs. 

The smart plant growth chamber is equipped with humidity-, light- temperature and 

soil moisture sensors. Arduino and Raspberry Pi devices collect the data from the 

sensors and control fans to reach optimal humidity and temperature. One of the most 

important features of this chamber is the automated plant watering system. Its operation 

is based on the actual soil moisture level. The water pump is only activated if the soil 

moisture drops below the set point which enable tightly controlled plant watering that 

adapt to different water demand of different developmental stages of the plants. 

The Raspberry Pi device collects and records the data of the sensors by the RasPiViv 

software that makes possible to monitor the growth parameters via a mobile application. 

It is also possible to keep an eye on the plants remotely since an 8 mega pixel camera 

is connected to the raspberry. 

 

The features mentioned above exceed the equipment of the cheaper commercial plant 

growth chambers for the fraction of the cost. 

 

This project has been supported by NTP-NFTÖ-17-B-0516 grant by Human Capacities 

Grant Management Office (EMET). 
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Takarmányozástani Tanszék 

Kurilla Anita, (ME3) 

kurilla.anita@abc.naik.hu 

Nemzeti- Agrárkutatási és Innovációs 

Központ, RNS Biológia Csoport 

 

 

L 

László Anna, (-) 

laszlo.anna@kertk.szie.hu 

Széchenyi István Egyetem, 

Kertészettudományi Kar, Biometria és 

Agrárinformatika Tanszék 

Leitner Izabella, (MPE2) 

leitner.izabella@brc.mta.hu 

MTA SZBK, Növénybiológiai Intézet 

Lemaire Bernadett, (MPE6) 

Bernadett.Lemaire@vizmuvek.hu 

Fővárosi Vízművek Zrt.,  

Lenykó-Thegze Andrea, (NE5) lenyko-

thegze.andrea@agrar.mta.hu 

MTA ATK Mezőgazdasági Intézet, 

Génmegőrzési Osztály 

M 

Maráz Anna, (-) 

maraz.anna@etk.szie.hu 

Széchenyi István Egyetem, 

Élelmiszertudományi kar, 

Mikrobiológiai és Biotechnológiai 

Márialigeti Károly, (ME8, MPE3) 

marialigeti.karoly@ttk.elte.hu 

ELTE Természettudományi Kar, 

Mikrobiológiai Tanszék 

Mátyás Kinga Klára (Petrovicsné), 

(NPE4, BP2) mkinga@georgikon.hu 

Pannon Egyetem Georgikon Kar, 

Növénytudományi és Biotechnológiai 

Tanszék 

Mezei Diána, (ÁP8) 

mezeidiana810@gmail.com 

SZTE Természettudományi és 

Informatikai Kar, Élettani, Szervezettani 

és Idegtudományi Tanszék 

Mitykó Judit, (NPE2) 

mityko.judit@abc.naik.hu 

Nemzeti- Agrárkutatási és Innovációs 

Központ, Növényi Szövettenyésztési 

Csoport 
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Molnár Andor, (ÁPE1) 

andor.molnar@georgikon.hu 

Pannon Egyetem Georgikon Kar, 

Állattudományi Tanszék 

Molnár Zoltán, (-) 

molnar.zoltan@sze.hu 

Széchenyi István Egyetem, 

Mezőgazdaság- és Élelmiszertudományi 

Kar, Növénytudományi Tanszék 

Molnár Zsófia, (GP10) 

molnar.zsofia@mail.bme.hu 

BMGE Vegyészmérnöki és Biomérnöki 

Kar, Szerves Kémia és Technológia 

Tanszék, Bioorganikus Kutatócsoport 

Moncsek Blanka, (NE2, NP14) 

moncsek.blanka@agrar.mta.hu 

MTA ATK Mezőgazdasági Intézet, 

Alkalmazott Genomikai Osztály 

N 

Nádai Tímea, (NP16) 

(nadai.timea@agrar.mta.hu 

MTA ATK Mezőgazdasági Intézet, 

Növényi Molekuláris Biológia Osztály 

Nagy Flóra, (GPE1) 

nagy.flora@mail.bme.hu 

BMGE Vegyészmérnöki és Biomérnöki 

Kar, Szerves Kémia és Technológia 

Tanszék 

Nagy Lantos Balázs, (-) 

trade@tomtec.hu 

Tomtec Plastics Kft.,  

Nagy Valéria, (NE6, NP15) 

nagy.valeria@brc.mta.hu 

MTA SZBK, Növénybiológiai Intézet 

Nagy Zsófia, (ME4) 

zsofianagy992@gmail.com 

BMGE Vegyészmérnöki és Biomérnöki 

Kar, Alkalmazott Biotechnológia és 

Élelmiszertudományi Tanszék 

Németh Áron, (MPE1, MP10, MP12) 

naron@f-labor.mkt.bme.hu 

BMGE Vegyészmérnöki és Biomérnöki 

Kar, Alkalmazott Biotechnológia és 

Élelmiszertudományi Tanszék 

Németh Edit, (NE7) 

nemeth.edit@agrar.mta.hu 

MTA ATK Mezőgazdasági Intézet, 

Növényélettani Osztály 

Németh Zoltán Bálint, (GP11) 

nemeth.b93@gmail.com 

ELTE Természettudományi Kar, 

Biokémiai Tanszék 

Nguyen, Bao Toan, (MP11, MP19) 

toannguyen1905@gmail.com 

Széchenyi István Egyetem, 

Élelmiszertudományi Kar, Biomérnöki 

és Folyamattervezési Kutatási Központ, 

Sör- és Szeszipari Tanszék 

O 

Oláh Csilla, (NP17) 

olahcsilla5@gmail.com 

ELTE Természettudományi Kar, 

Növényélettani és Molekuláris 

Növénybiológiai Tanszék 

Oláh Kinga, (NP17) 

okinga0820@caesar.elte.hu 

ELTE Természettudományi Kar, 

Növényélettani és Molekuláris 

Növénybiológiai Tanszék 

Oláh Krisztina, (MP12) 

olahkriszta95@gmail.com 

BMGE Vegyészmérnöki és Biomérnöki 

Kar, Alkalmazott Biotechnológia és 

Élelmiszertudományi Tanszék 

P 

Pajkos Mátyás, (BE2, BPE1) 

matyaspajkos@caesar.elte.hu 

ELTE Természettudományi Kar, 

Biokémiai Tanszék 

Pákozdi Klaudia, (MP15) 

pakozdiklaudia94@gmail.com 

DE Természettudományi és 

Technológiai Kar, Biotechnológiai és 

Mikrobiológiai Tanszék 

Pálinkás Hajnalka Laura, (GE4) 

palinkas.hajnalka@ttk.mta.hu 

MTA TTK, Enzimológiai Intézet 
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Papp István, (NP18) 

papp.istvan@kertk.szie.hu 

Széchenyi István Egyetem, 

Kertészettudományi Kar, Növényélettan 

és Növényi Biokémia Tanszék 

Paszerbovics Bettina, (MP13) 

betyarka9931@gmail.com 

BMGE Vegyészmérnöki és Biomérnöki 

Kar, Alkalmazott Biotechnológia és 

Élelmiszertudományi Tanszék 

Pataki Bernadett, (ÁE3) 

bebe.betti@gmail.com 

SZIE Mezőgazdaság- és 

Környezettudományi Kar, 

Takarmányozástani Tanszék 

Pataki Zoltán Gergő, (BE3) 

zoltang.pataki@gmail.com 

MTA TTK, Enzimológiai Intézet, 

Membránfehérje Bioinformatika 

Kutatócsoport 

Pénzes Máté, (GP12) 

matthew.penzes@gmail.com 

ELTE Természettudományi Kar, 

Biokémiai Tanszék, Motor 

Farmakológiai Kutatócsoport 

Perjéssy Judit, (MPE4) 

perjessy.judit@eki.naik.hu 

Nemzeti- Agrárkutatási és Innovációs 

Központ, Biológiai Osztály 

Petrányi Bálint, (ÁP9) 

balint0705@gmail.com 

Állatorvostudományi Egyetem, 

Szülészeti és Szaporodásbiológiai 

Tanszék 

Pham, Minh Tuan, (MP14) 

phamminhtuan1508@gmail.com 

Széchenyi István Egyetem, 

Élelmiszertudományi Kar, Biomérnöki 

és Folyamattervezési Kutatási Központ, 

Sör- és Szeszipari Tanszék 

Pintér Tímea, (ÁPE2) 

timea.pinter90@gmail.com 

Nemzeti- Agrárkutatási és Innovációs 

Központ,  

Podmaniczki Anna, (NE6, NP15) 

podmaniczki.anna@brc.mta.hu 

MTA SZBK, Növénybiológiai Intézet 

R 

Rudnóy Szabolcs, (NP17) 

rsz@ttk.elte.hu 

ELTE Természettudományi Kar, 

Növényélettani és Molekuláris 

Növénybiológiai Tanszék 

Rugonfalvi Kiss Réka, (NP19) 

rkreka@gmail.com 

ELTE Természettudományi Kar, 

Növényélettani és Molekuláris 

Növénybiológiai Tanszék 

S 

Salamon Pál, (GP3, NP21) 

salamonpal@uni.sapientia.ro 

PTE Természettudományi Kar, KDI 

Schiller Mátyás, (BPE2) 

matyasschiller@gmail.com 

Nemzeti- Agrárkutatási és Innovációs 

Központ, Mezőgazdasági 

Biotechnológiai Kutatóintézet 

Somoskői Bence, (ÁP9) 

somoskoi.bence@univet.hu 

Állatorvostudományi Egyetem, 

Szülészeti és Szaporodásbiológiai 

Tanszék 

Sz 

Szabó Luca Krisztina, (NP5, NP20) 

sz.luca.k@gmail.com 

Nemzeti- Agrárkutatási és Innovációs 

Központ,  

Szabó Zsuzsa, (MPE5, MP15) 

szabo.zsuzsa@science.unideb.hu 

DE Természettudományi és 

Technológiai Kar, Biotechnológiai és 

Mikrobiológiai Tanszék 

Szaker Henrik Mihály, (NE8) 

szaker.henrik.mihaly@abc.naik.hu 

Nemzeti- Agrárkutatási és Innovációs 

Központ, Növénybiotechnológiai 

Főosztály 
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Szentgyörgyi Anna, (MPE6) 

Anna.Szentgyorgyi@vizmuvek.hu 

Fővárosi Vízművek Zrt., Central 

Wastewater Treatment Plant 

Szentgyörgyi Flóra, (ME5) 

floraszentgyorgyi5@gmail.com 

SZIE Mezőgazdaság- és 

Környezettudományi Kar, 

Környezetbiztonsági és 

Környezettoxikológiai Tanszék 

Szentpéteri Viktor, (MP16) 

szviki213@gmail.com 

SZIE Mezőgazdaság- és 

Környezettudományi Kar, Genetikai, 

Mikrobiológiai és Biotechnológiai 

Intézet, Mikrobiológiai és Környezet-

toxikológiai Csoport 

Szepesi Kinga, (ÁP3, ÁP4, ÁP10) 

szepesi.kinga@abc.naik.hu 

Nemzeti- Agrárkutatási és Innovációs 

Központ, Alkalmazott Vad- és 

Haszonállat Genomika 

Szerényi Dóra, (ÁPE3) 

dori.szerenyi94@gmail.com 

SZIE Mezőgazdaság- és 

Környezettudományi Kar, 

Halgazdálkodási Tanszék, Akvakultúra 

és Környezetbiztonsági Intézet 

Szikora Bence, (GPE2) 

szykora17@gmail.com 

ELTE Természettudományi Kar, 

Immunológia Tanszék 

T 

Tajti Judit, (NE9) 

tajti.judit@agrar.mta.hu 

MTA ATK Mezőgazdasági Intézet, 

Növényélettani Osztály 

Takács Piroska, (MPE7) 

tpiroska94@gmail.com 

Pannon Egyetem Mérnöki Kar, 

Biomérnöki, Membrántechnológiai és 

Energetikai Kutatóintézet 

 

Tálas László, (MP17) 

talas88laszlo@gmail.com 

DE Természettudományi és 

Technológiai Kar, Biotechnológiai és 

Mikrobiológiai Tanszék 

Tamás László, (NE2, NP10, NP19) 

tamasl@caesar.elte.hu 

ELTE Természettudományi Kar, 

Növényélettani és Molekuláris 

Növénybiológiai Tanszék 

Temesváry-Kis Fanni, (ME6) 

f.temesvary@gmail.com 

MTA TTK, Enzimológiai Intézet 

Tóth Adrienn, (ME7) 

toth.adrienn@etk.szie.hu 

Széchenyi István Egyetem, 

Élelmiszertudományi kar, Hűtő- és 

Állatitermék Technológiai Tanszék 

Tóth Dániel Tamás, (MP18) 

7danieltoth7@gmail.com 

DE Természettudományi és 

Technológiai Kar, Mikrobiális 

Biotechnológiai és Sejtbiológiai Tanszék 

Tóth Fanni, (ME8) 

fannytoth@ttk.elte.hu 

ELTE Természettudományi Kar, 

Mikrobiológiai Tanszék 

Tóth Liliána, (ME9) 

toth.liliana88@gmail.com 

MTA SZBK, Növénybiológiai Intézet 

Tóth Máté, (-) - 

Nemzeti- Agrárkutatási és Innovációs 

Központ, NFB 

Tóth Roland Imre, (ÁE4) 

toth.toland.imre@abc.naik.hu 

Nemzeti- Agrárkutatási és Innovációs 

Központ, Állatbiotechnológia, AES 

Labor 

Tóth Tamás, (NP21) 

toth.tamas@abc.naik.hu 

Nemzeti- Agrárkutatási és Innovációs 

Központ, Epigenetika Csoport 

Tóth Tímea, (BE4) totht@brc.hu 

MTA SZBK, Biokémiai Intézet 
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Török Dóra, (ÁP9)  

Állatorvostudományi Egyetem, 

Szülészeti és Szaporodásbiológiai 

Tanszék és Klinika 

Tran, Thi Mai Anh, (MP11, MP19) 

tranthimaianh_2807@yahoo.com 

Széchenyi István Egyetem, 

Élelmiszertudományi Kar, Biomérnöki 

és Folyamattervezési Kutatási Központ, 

Sör- és Szeszipari Tanszék 

Truong, Hoang Duy, (MP20) 

truonghoangduy@iuh.edu.vn 

Széchenyi István Egyetem, 

Élelmiszertudományi Kar, Biomérnöki 

és Folyamattervezési Kutatási Központ, 

Sör- és Szeszipari Tanszék 

Turáni Melinda, (GE5) 

femystra@gmail.com 

DE Természettudományi és 

Technológiai Kar, Biotechnológiai és 

Mikrobiológiai Tanszék 

V 

Vadászi Henrietta, (GE6) 

vadasziheni@caesar.elte.hu 

ELTE Természettudományi Kar, 

Biokémiai Tanszék 

Várallyay Éva, (NE1, NP5, NP20) 

Varallyay.eva@abc.naik.hu 

Nemzeti- Agrárkutatási és Innovációs 

Központ, Diagnosztikai Csoport 

Varga Julia, (BE3, BP3) 

varga.julia@ttk.mta.hu 

MTA TTK, Enzimológiai Intézet, 

Membránfehérje Bioinformatika 

Kutatócsoport 

Varga Mónika, (NP22) 

monika.varga@brc.mta.hu 

MTA SZBK, Növénybiológiai Intézet 

Vass Imre, (PLE3) 

vass.imre@brc.mta.hu 

MTA SZBK, Növénybiológiai Intézet 

Végh Balázs, (NP23) 

vegh.balazs@agrar.mta.hu 

MTA ATK Mezőgazdasági Intézet, 

Növényélettani Osztály 

Virág Eszter, (NPE4, BP2) 

virag@georgikon.hu 

Pannon Egyetem Georgikon Kar, 

Növénytudományi és Biotechnológiai 

Tanszék 

W, Z 

Wirth Roland, (ME10, ÁP8) 

wirth@bio.u-szeged.hu 

SZTE Természettudományi és 

Informatikai Kar, Biotechnológiai 

Tanszék 

Zelenyánszki Helga, (NP19, NP24) 

helga.zelenyanszki@ttk.elte.hu 

ELTE Természettudományi Kar, 

Növényélettani és Molekuláris 

Növénybiológiai Tanszék 
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