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Nazov projektu Eviden¢né ¢islo projektu APVV-16-0398
Funkéna analyza synaptotagminov so zretelomna odpovede rastlin na
environmentalne stresy.
Zodpovedny riesitel doc. RNDr. Jan Jasik, DrSc.
Prijlemca Centrumbiolégie rastlin a biodiverzity SAV - Botanicky ustav SAV

Nazov pracoviska, na ktorom bol projekt rieSeny

Botanicky ustav, Centrum bioldgie rastlin a biodiverzity, Slovenska akadémia vied
v spolupraci s Vedeckym parkom Univerzity Komenského a Katedrou botaniky
Prirodovedeckej fakulty Univerzity Komenského v Bratislave

a v spolupraci s Ustavom biologickych a ekologickych vied Prirodovedeckej fakulty
Univerzity Pavla Jozefa Safarika v Ko$iciach

Nazov a stat zahraniéného pracoviska, ktoré spolupracovalo pri rieSeni

Beijing Key Laboratory of Gene Resource and Molecular Development, College of Life
Science, Beijing Normal University, China, koordinacia vyskumu AtSYT3 génu.
Department of Molecular Biology and Biochemistry, University of Malaga, Spain, vymena
konStruktov, priprava Erasmus pobytov.

Department of Biophysics, Faculty of Science, Palacky University, Olomouc, Czech
Republic, konzultacie v oblasti fotosyntézy, pomoc s protilatkami.

Udelené patenty/podané patentové prihlasky, vynalezy alebo uzitkové vzory, ktoré su
vysledkami projektu

neboli

Najvyznamnejsie publikacie (knihy, €lanky, prednasky, spravy a pod.) zhriujuce
vysledky projektu — uvedte aj publikacie prijaté do tlace

WOS publikacie

LeSkova A., Kusa Z., Labajova M., Krausko M., Jasik J. The photoconvertible fluorescent
protein Dendra2 tag as a tool to investigate intracellular protein dynamics. Methods Mol Biol,
1992, 2001-2014, 2019

LeSkova A., Labajova M., Krausko M., Zahradnikova A., BaluSka F., Mi¢ieta K., Turfia J.,
Jasik, J.: Endosidin 2 accelerates PIN2 endocytosis and disturbs intracellular trafficking of
PIN2, PIN3, and PIN4 but not of SYT1. PLoS ONE,15, p. e0237448, 2020

Krausko M., Kusa Z., Peterkova D., Labajova M, Kumar A., Pavlovi¢ A., Bacov¢inova M.,
Backor M., Jasik J: The absence of the atsyt1 function elevates the adverse effect of salt
stress on photosynthesis in Arabidopsis. Int J Mol Sci, 2021, (v tlaci)

Konferencie s publikovanymi abstraktami

Jasik J., LeSkova A., Labajova M., Turfia J.: Photoconvertible Fluorescence Proteins as
Reporters to Monitor Intracellular Dynamics of Plasma Membrane Proteins. In International
Conference "Plant Transformation & Biotechnology IV". Programme and Abstracts. Vienna,
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June 29-30, 2017, p. 18.

LeSkova A., Labajova M., Krausko M., Kusa Z., Zahradnikova A., Turha J., Jasik J.,
Endosidin2 by disruption of golgi/trans-golgi network integrity affects trafficking routes of
plasma membrane proteins. In International Conference Plant Physiology & Biochemistry,
Vienna, July 9-10, 2018. Programme and Abstracts, p. 33.

Jasik J., Schmelzer E.: The occurrence of plasma membrane proteins in compartments
induced by Brefeldin A is not an appropriate method for monitoring their endocytosis. In
Small Molecules in Plant Research, Valencia, 10-11 December 2019, p. 67.

LeSkova A., Labajova M., Krausko M., Zahradnikova A., MiCieta K., Turna J., Jasik J.:
Endosidin2 as a tool to study membrane protein dynamics. In Small Molecules in Plant
Research, Valencia, 10-11 December 2019, p. 68.

Bugala J., Kusa Z,, Labajova M., Krausko M., LeSkova A., Jasik J.: Klonovanie, expresia a
purifikacia synaptotagminu v bunkach E.coli. “Biochemickeé dni”, Horny Smokovec, 21.-24.9.
2019. ISBN 978- 80-89965-27-4.

Pozvané prednasky

Jasik J.: Photoconvertible Fluorescence Proteins as Reporters to Monitor Intracellular
Dynamics of Plasma Membrane Proteins. International Conference VISCEA 2017: "Plant
Transformation & Biotechnology IV". 29 — 30. 06. 2017, Vieden, Rakusko

Jasik J.: A fresh look at membrane protein dynamics, Univerzita Karlova, Praha, Ceska
republika, 27. 03. 2018

Jasik J.: Intracellular dynamics of plasma membrane proteins explored by a photo-
convertible Dendra2 tag. Scientific seminar at College of Life Scjences, Beijing Normal
University, Peking, Cina, 10. 10. 2018

Jasik J.: Trafficking of plasma membrane proteins: facts and artifacts. Universidad de
Malaga-IHSM-UMA-CSIC, Malaga, Spanielsko, 12. 12. 2019

Ostatné konferencie, sympozia a seminare

Krausko M.: Role of AtSYT1 in biotic and abiotic stress response. Mini-sympézium ,Plants in
stress conditions and beyond“, CBRB, Bratislava, 02. 07. 2019

Kusa Z.: Expression analysis of AASYT3. Mini-sympdzium ,Plants in stress conditions and
beyond®, CBRB, Bratislava, 02. 07. 2019

Jasik J.: Arabidopsis synaptotagmins: state of the art and perspectives. Scientific seminar at
College of Life Sciences, Beijing Normal University, Peking, Cina, 10. 10. 2018
Popularizaéné aktivity

Jasik J.: Veda na dosah, https://vedanadosah.cvtisr.sk/priroda/biologia/protein-ktory-hra-
klucovu-ulohu-v-odpovediach-rastlin-na-stres/

Jasik J.: No¢na pyramida, Radio Slovensko, 4.11.2021,
https://www.rtvs.sk/radio/archiv/11436/1676482

Krausko M.: Veda na dosah, https://vedanadosah.cvtisr.sk/priroda/biologia/podcast-kam-
siaha-inteligencia-rastlin/
(https://open.spotify.com/episode/2Q7WWM3VBWO93ETbYBpLaQ
https://www.youtube.com/watch?v=YJk-Ts8KfR4&t=2s

Uplatnenie vysledkov projektu

Projekt satykal zakladného vyskumu a nebolo o€akavané bezprostredné vyustenie
vysledkov do praxe. Z dlhodobého hladiska a predovSetkym so zretelom na pocetné prace
tykajuce sa AtSYT1 génu, ktoré sa objavili aj poCas rieSenia projektu, by mohli nase
vysledky, po vyrieSeni problematiky s transgénnymi rastlinami, prispiet’ k tvorbe odolnych
rastlin vo€i environmentalnym stresom. Z vedeckého hladiska si myslime, Ze vysledky
dosiahnuté v ramci projektu su vyznamnym prispevkom k objasneniu ulohy dosial
nepopisanych AtSYT3, AtSYT4 a AtSYTS génov. Ich velmi Specificka expresia na€rtava ich
moznu participaciu vo vyvine sprievodnych buniek prieduchov v pripade AtSYT3, trichdmov
v pripade AtSYTS Ci floému v pripade AtSYT4. Spolu s udajmi zo Studii réznorodych
faktorov na aktivitu prométorov, ktoré sme urobili v ramci projektu, budi navodom pre dalSie
smerovanie vyskumu v tejto oblasti pomocou mutantnych, dvojitych alebo viachasobnych
mutantych linii. TaktieZ prehibenie znalosti o AtSYT1 géne, ktory za&ina byt velmi
popularny, suvyznamné, kedZe sme skumali po prvy krat jeho funkciu na urovni rastlin
pokrocilého Stadia a nie v podmienkach in vitro. Tato Studia méze byt indpiraciou pre iné
laboratéria. Definovali sme ulohu AtSYT1 vo fotosyntéze pravdepodobne prostrednictvom
prieduchov a v tejto suvislosti je zaujimava silna expresia AtSYT3 v zatvaravych bunkach
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prieduchov. Studie dvojitych atsyt3/atsyt1 mutantnych linii by mohli v budicnosti priniest
velmi zaujimaveé vysledky. V tejto oblasti pokracujeme vo vyskume. Za dolezity
metodologicky prispevok povazujeme zavedenie a rozvinutie metddy fotokonvertibilného
fluorescenéného proteinu Dendra2 ako préby pre Studium dynamiky proteinov. V tejto
oblasti sme lidrami. Pripravené konStrukty pre AtSYT proteiny a transgénne rastliny maju
velky potencial pre poznanie dynamiky AtSYT proteinov. V projekte sme Studovali niektoré
malé molekuly, ktoré by mali ovplyviiovat dynamiku membranovych proteinov. Nase
vysledky priniesli nové poznatky o vplyve Endosidinu2, ktory ma zjavne aj iné u€inky okrem
blokovanie funkcie exocystového komplexu ako bolo navrhnuté v predchadzajucich
Studiach. Tieto poznatky budu iste zohfadnené v bunkovobiologickych Studiach s pouzitim
Endosidinu 2. Ddlezitym vysledkom bolo zapojenie sa mladych vedcov do rieSenia projektu.
Z dlhodobych riesitelov okrem dvoch skusenych, vSetci boli mladi vedecki pracovnici do 35
rokov, v€itane piatich doktorandov. Témy prac dvoch doktorandov (jeden zo zahranicia) boli
sucastou projektu, ostatni rieSili Ciastkové ulohy. Mladi vedecki pracovnici ziskali
laboratérne skusenosti v modernych metédach molekularnej a bunkovej bioldgii rastlin, ¢o
bude iste prospesné pre ich dalSi kariérny rast. V neposlednej miere aj vdaka projektu sme
mohli lepSie vybavit' laboratéria pre budicu pracu na SYT génoch. V troch prispevkoch v
masovokomunikacnych médiach sme spropagovali projekt a dufame vyvolali zaujem o
rastlinnu vedu, ktora je ¢asto zanedbavana v celosvetovom meradle.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v slovenskom jazyku
(max. 20 riadkov)

Vedeckym cielom projektu bolo objasnit’ ulohu synaptotagminov vo vyvine rastlin a v
odpovediach na envoronmentalne stresy pomocou modelového organizmu Arabidopsis
thaliana. Boli vyty€ené Styri hlavné smery s mnohymi Ciastkovymi tlohami. Analyzovali sme
expresiu dosial neopisanych génov AtSYT3, AtSYT4 a AtSYT5 na réznych urovniach.
Pripravili sme transkripéné konstrukty s GUS reportérom pre analyzu sily promotorov a
pomocou fluorometrickej kvantitativnej metody a réznych histochemickych postupov sme
zistili aktivitu promaotorov na organovej, pletivovej a subpletivovej urovni. Zistili sme znacné
rozdiely v aktivite jednotlivych promoétorov medzi organmi. Pomocou histochemickych a
histoimunologickych metéd v kombinacii s réznymi metédami rezania sme urobili presnu
analyzu aktivity prométorov vo vnutri komplexnych rastlinnych organov. Jednotlivé
promaétory génov vykazovali velku Specificitu. Napriklad AtSYT3 promotor bol aktivny v
zatvaravych bunkach prieduchov a endoderme korenov, AtSYT4 vo floéme vSetkych
organov, AtSYT5 v koreriovej Spicke a trichdmoch. Tieto udaje naznacuju, Ze jednotlivé
AtSYTs by mohli mat neredundantni funkciu. Studovali sme tiez ako st prométory
regulované réznymifaktormi. Viysledky boli doplnené transkriptomickymi udajmi ziskanymi
pomocou semikvantitativnej a gqRT-PCR. Pre Studium lokalizacie a vnutrobunkovej
dynymiky proteinov sme pripravili transkripéno-tranzlaéné konstrukty pre fuzne proteiny
AtSYTs s eGFP a Dendra2 fluorescenénymi proteinmi a pomocou transgénnych rastlin ako
laserovej konfokalnej mikroskopie sme analyzovali, kde su jednotlivé proteiny v bunkach
lokalizované. AtSYT1, AtSYT3 a AtSYT5 mali velmi podobnu lokalizaciu v
endoplazmatickom retikule, AtSYT4 vo floéme nebol v lokalizovany v endomemranovom
systéme. Z verejne dostupnych kolekcii mutantov sme ziskali viacero mutantnych aliel pre
jednotlivé SYTs gény a podrobili ich segregacnym a molekularno-biologickym testom a
urobili fenotypicky skrining. V pripade dominantného AtSYT1 sme Studovali vnutrobunkovu
dynamiku proteinu s pomocou farmakologického pristupu a konfokalnej laserovej
mikroskopie. Zistili sme odliSné spravanie sa AtSYT1 v porovnani s niektorymi modelovymi
membranovymi proteinmi. Podrobne sme Studovali u€inok Endosidinu2, ktory blokuje
exocystovy komplex. My sme zistili, Ze Endosidin 2 spdsobuje aj rozpad Golgiho aparatu ale
nema vplyv na cirkulaciu AtSYT1. Dalej sme dokazali, Ze absencia AtSYT1 proteinu
vyznamne znizuje ucinnost fotosyntézy v rastlinach vystavenych sofnému stresu a to
prostrednictvom funkcie prieduchov a rozpadu chlorofylov a karotenoidov. Urobili sme
proteomické analyzy na zistenie vplyvu sofného stresu na proteinové spektrum v listovych
ruziciach a v korerioch kontrolnych a atsyt1 mutantnych rastlin. Pomocou molekularno-
biologickych analyz sme nepotvrdili interakciu medzi AtSYT1 a AtSAK1 kinazou,
potencialnym partnerom AtSYT1, ktora bola zistena pomocou kvasinkového dvoj
hybridného testu.
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Suhrn vysledkov riesenia projektu a naplnenia cielov projektu v anglickom jazyku
(max. 20 riadkov)

The scientific aim of the project was to understand the role of synaptotagmins in plant
development and responses to environmental stresses using the model organism
Arabidopsis thaliana. Four main goals with many milestones were outlined. We analyzed the
expression of the previously undescribed genes AtSYT3, AtSYT4, and AtSYT5 at different
levels. We prepared transcriptional constructs with a GUS reporter to estimate promoter
strength. We detected promoter activity at the organ, tissue, and sub-tissue levels using a
fluorometric quantitative method and various histochemical approaches. Considerable
variation in the activity of individual promoters between AtSYTs was found. Using
histochemical and histoimmunological methods combined with various sectioning
approaches, we analyzed in detail the promoter activity within complex plant organs. The
individual gene promoters exhibited highly characteristic specificity. For example, the
AtSYT3 promoter was active in stomata and root endodermis, AtSYT4 in the phloem of all
organs, and AtSYT5 in root tip and trichomes. These data suggest that individual AtSYTs
might have a nonredundant function. We also studied how various factors regulate
promoters. The results were complemented by transcriptomic data obtained by semi-
quantitative and qRT-PCR. To study protein localization and intracellular dynamics, we
prepared transcription-translation constructs for fusion proteins of AtSYTs with eGFP and
Dendra2 fluorescent proteins. Using transgenic plants as laser confocal microscopy, we
analyzed where each protein is localized in cells. AASYT1, AtSYT3, and AtSYT5 had very
similar localization pattern in the endoplasmic reticulum; AtSYT4 was not localized in the
phloem in the endomembrane system. We obtained several mutant alleles for each SYTs
gene from publicly available mutant collections, subjected them to segregation and
molecular biology assays and performed phenotypic screening. In dominant AtSYT1, we
studied the intracellular dynamics of the protein using a pharmacological approach and
confocal laser scanning microscopy. We found a different behavior of AtSYT1 compared
with some model membrane proteins. We studied in detail the effect of Endosidin2, which
blocks the exocyst complex. We have discovered that Endosidin2 also disrupted the Golgi
apparatus, but it did not impact AtSYT1 cycling. We further showed that the absence of
AtSYT1 protein significantly reduced the efficiency of photosynthesis in salt-stressed plants
through the function of stomata and the breakdown of chlorophylls and carotenoids. We
performed proteomic analyses to determine the effect of salt stress on protein spectrum in
leaf rosettes and in roots of control and atsyt1 mutant plants. Using molecular biology
analysis, we did not confirm the interaction between AtSYT1 and AtSAK1 kinase, a potential
partner of AtSYT1, which we detected using a yeast two-hybrid assay.
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