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Meno Skolitela: doc. Mgr. Viktor Demko, PhD.
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Téma dizertacnej prace slovensky/anglicky:

Objasnenie molekularnej funkcie rastlinného kalpainu DEK1

Uncovering the molecular function of plant calpain DEK1

DEK1 - membrane-anchored calpain protease
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Ilustraény obrazok: Vlavo, predpokladana struktura DEK1 s popisom jednotlivych domén podl'a AlphaFold. Vpravo,
model funkcie DEKI.

Anotacia (vratane ciela): DEFECTIVE KERNEL 1 (DEKI1) je mnoho-doménovy membranovy
protein s kalpainovou proteazou na C-konci. DEK1 ma esencialne funkcie pocas celej ontogenézy
rastlin. Od jeho aktivity zavisi spravna orientacia bunkovych deleni a Specifikacia bunkovej identity
ako napr. epidermalnych buniek alebo aleurénovych buniek v semenach obilnin. Sucasny model
funkcie DEK1 predpokladd senzoricku tlohu jeho velkej transmembranovej domény, regula¢nu
funkciu Linker segmentu a proteolyticka aktivitu kalpainovej protedzy. Napriek nevyhnutnosti
DEK1 pre akykol'vek organizovany rast rastlin st mnoh¢ aspekty jeho molekularnej funkcie stale
nezname. PredovSetkym, nepozname priame substraity DEK1 kalpainu, nepozname Struktiru
a molekularnu funkciu transmembranove] domény DEKI, anie je jasné, aké mechanizmy sa
podiel'aji na casopriestorovej regulacii aktivacie DEKI1 kalpainu. V naSom laboratoriu sa
zaoberame genetickymi analyzami DEK1 v modelovom organizme Physcomitrium patens.
Pracujeme tiez na prepojeni funkcie DEKI s d’alSimi délezitymi regulaénymi mechanizmami ako
napr. epigenetickd modifikdicia DNA a RNA. NaSim dlhodobym zdmerom je tiez urcenie 3D
Struktary DEK1 proteinu.

Cielom tejto prace bude identifikovat’ a experimentalne validovat’ interaktory/substraty DEK1
proteinu vyuzitim genetickych, bunkovo-biologickych a biochemickych pristupov. Ako modelové
rastliny budt pouzité Physcomitrium patens, Arabidopsis thaliana a Zea mays.

Projekt prebieha v rdmci medzinarodnej spoluprace a od doktorandov sa ocakava absolvovanie
vyskumného pobytu na zahrani¢nom pracovisku.



Annotation (including the aim of thesis):

DEFECTIVE KERNEL 1 (DEKI1) is a multi-domain membrane protein with calpain protease at its
C-terminus. DEK1 plays essential roles throughout plant ontogenesis. DEK 1 activity is necessary
for correct execution of asymmetric cell divisions and cell fate specification in epidermis, shoot
apical meristem or nutrient-rich aleurone cells in cereal endosperms. Current model of DEK1 action
suggests a sensory function of its transmembrane domain, a regulatory role of the Linker segment
and proteolytic activity of the calpain domain. Despite its indispensable role for organized growth,
many aspects of DEK1 molecular function are still unknown. In particular, no genuine cellular
substrate of the DEK1 calpain protease has been identified, the structure and molecular mode of
action of its transmembrane domain is unknown, and still don’t understand how is the activity of
DEK1 precisely regulated at spatiotemporal level. In our lab, we use reverse genetics approach to
investigate DEK1 function in the model plant Physcomitrium patens. We aim to identify links
between the DEKI1 function and other important regulatory mechanism including epigenetic
modification of DNA and RNA. Our long-term goal is to contribute to the DEK1 protein 3D
structure determination.

The main goal of this doctoral thesis will be to identify and experimentally validate direct DEK1
calpain interactors and substrates using genetics, cell biology and biochemistry approaches.
Physcomitrium patens, Arabidopsis thaliana and Zea mays will be used as model plants.

Doctoral students are expected to spend research visits at collaborating specialized labs abroad.

Navrhované metodické postupy:

- Cielena mutagenéza prostrednictvom homologickej rekombinacie a CRISPR/Cas9

- Proximity-labeling assay (technika pre in vivo znaCenie a identifikaciu interakénych partnerov
Studovaného proteinu)

- Indukovatel'na (kondicionalna) a pletivovo-Specificka expresia cielovych génov

- Vyuzitie existujicich a priprava novych reportérovych linii s cielom monitorovania dynamiky
a aktivity cielovych proteinov v bunkach modelovych rastlin

- Konfokélna laserova mikroskopia, elektronova mikroskopia

- Analyzy epigenetickych modifikacii DNA a RNA, proteomické analyzy

Proposed methodology:

- Tregted mutagenesis using homologous recombination and CRISPR/Cas9

- Proximity labeling assay to identify putative in vivo interactors of DEK1 protein

- Inducible and tissue-specific expression of genes of interest

- Using reporter lines to monitor subcellular distribution and dynamics of target proteins in plant
cells

- Confocal laser microscopy, electron microscopy

- DNA and RNA methyome analyses, proteomic analyses

Dostupné alebo planované zdroje financovania:

Projekt je v sucasnosti financovany grantami APVV-21-0227 (obdobie 2022-2026) a VEGA
1/0352/21 (2021-2024). V stvislosti s rieSenou problematikou bol podany navrh projektu z Planu
obnovy (aktualne v hodnoteni). Priebezne budeme reagovat’ na d’alSie relevantné vyzvy grantovych
schém.
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