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V ¢om vidite uplatnenie
vysledkov projektu:

VzhFadom na problémy, ktoré pri rieSeni grantu nastali, a ktoré sa ukazali byt’
neprekonatelné i napriek snahe riesit’ ich za cenu vyraznych modifikacii cielov
projektu, momentaine uplatnenie projektu vidim len vo zverejneni vysledkov, hoci
projekt mal pévodne ambicie priniest’ nové poznatky aplikovatelné do oblasti
Ffudského zdravia. Dosiahnuté vysledky sice sami o sebe maju negativny charakter,
mozu vSak vedeckej komunite posluzit’ ako cenny zdroj informacii. Napriek
neuspechu vytvorit humanizované kvasinky za u¢elom ziskania novych poznatkov
o LIG4 syndréme, ochoreni suvisiacim s defektom v procese nehomologického
spajania koncov DNA (NHEJ), zverejnené detaily nasich experimentalnych
postupov a vysledkov mézu Fudom pracujicim v oblasti NHEJ posluzit’ na
pochopenie rozdielov medzi kvasinkovym a Fudskym NHEJ, ktoré sa ukazali byt’
hlavhym dévodom neschopnosti fungovania Fudského NHEJ v kvasinkach.
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Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu (max. 20 riadkov) - slovensky:

Ked'ze dvojvlaknové zlomy DNA (DSB) iniciuju procesy, ktoré vedu k mutagenéze, karcinogenéze a smrti, za
ucelom udrzania stability genému a bunkovej viability je nevyhnutna ich oprava. Jednym z dvoch hlavnych
mechanizmov opravy DSB je nehomologické spajanie koncov DNA (NHEJ). Klaéovym komponentom NHEJ je
protein DNA ligaza IV, ktora sprostredkovava posledny krok tejto opravnej drahy, a to znovuspojenie
zlomenych koncov DNA. Hypomorfné mutacie v géne pre DNA ligazu IV (LIG4) su u lPudi asociované so
vzacnym autozomalnym dediénym ochorenim — LIG4 syndromom. Cielom tohto projektu bolo dalej
charakterizovat’ vSetky mutantné a dve asociované polymorfné zmeny najdené v LIG4 géne u LIG4 pacientov v
podmienkach in vivo. V désledku nedostatku citlivych in vivo metéd v cicav€ich bunkach sme toto planovali
urobit’ cez heterolégnu expresiu Fudskej DNA ligazy IV a jej interakénych partnerov, proteinov XRCC4 a XLF, v
kvasinkach postradajucich ich homolégy, proteiny Dnl4, Lif1 a Nej1. Mal byt Studovany vplyv mutantnych a
polymorfnych DNA ligaz IV na uc¢innost’ a presnost’ opravy DSB mechanizmom NHEJ, ako aj ich vplyv na
udrziavanie stability genému. Vrozpore s ocakavanim sme zistili, ze kvasinkové bunky, v ktorych bol
ich Dnl4/Lif1/Nej1 komplex nahradeny 'udskym komplexom DNA ligaza IV/IXRCC4/XLF (LXX), boli defektné v
NHEJ, ¢o naznadovalo, ze Fudsky komplex nebol schopny ligaéného kroku NHEJ v kvasinkach. Preto bol
vlozeny do kvasiniek d'al$i Ffudsky NHEJ komplex, a to KU70/80, ktory poésobi pred samotnym LXX komplexom.
Stale vSak boli kvasinkové bunky majuce Dnl4/Lif1/Nej1 a Ku70/80 komplexy nahradené ich ludskymi
protajSkami defektné v NHEJ, ¢o naznacovalo existenciu d'alSieho faktora sposobujiuceho NHEJ deficienciu
v kvasinkdch humanizovanych LXX a KU70/80 komplexmi. V dalSom kroku sme sa v kvasinkach snazili, hoci
neuspesne, exprimovat' katalytickii podjednotku DNA-zavislej protein kinazy (DNA-PKcs) za ucelom
kompletizacie l'udskej NHEJ drahy v tomto organizme. Nakoniec sme kvasinkam odstranili aj Mre11/Rad50/Xrs2
komplex, ktory je povazovany za funkény homolég DNA-PKcs, avSak ani toto neobnovilo NHEJ proficienciu
kvasiniek humanizovanych zakladnymi komponentmi l'udského NHEJ.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu (max. 20 riadkov) - anglicky:

Since DNA double-strand breaks (DSB) can initiate processes leading to mutagenesis, tumorigenesis and
death, their repair is essential to maintain genome stability and cell viability. Non-homologous end-joining
(NHEJ) is one of the two main pathways responsible for repairing DSB. The key player in NHEJ is the DNA
ligase IV protein, which mediates a final step of this repair pathway — ligation of the broken DNA ends.
Hypomorphic mutations in the DNA ligase IV gene (LIG4) in humans were found to be associated with a rare
autosomal hereditary disorder, LIG4 syndrome. The aim of this project was to further characterize all mutant
and two associated polymorphic changes found in LIG4 patients in vivo. Due to a lack of sensitive in vivo
assays in mammals, this was supposed to be achieved by heterologous expression of the human DNA ligase IV
and its interacting partners, XRCC4 and XLF, in yeasts lacking counterparts of these proteins, Dnl4, Lif1 and
Nej1, respectively. The impact of the mutant and polymorphic DNA ligase IV proteins on efficiency and accuracy
of DSB repair by NHEJ as well as on maintaining of genome integrity was planned to be examined.
Unexpectedly, yeast cells having their Dnl4/Lif1/Nej1 complex replaced with the human DNA ligase
IVIXRCC4/XLF (LXX) complex displayed NHEJ defective phenotype, indicating that the human complex was not
able to execute a ligation step of NHEJ in yeast. Therefore, additional human NHEJ complex, KU70/80, acting
upstream of the LXX complex was put in yeast to provide this complex with upstream acting interacting
complex from the same species. Yet, yeast cells having both Dnl4/Lif1/Nej1 and Ku70/80 complexes replaced
with their human counterparts displayed NHEJ defective phenotype, suggesting existence of additional factor
causing NHEJ deficiency of the LXX and KU70/80-humanized yeast. Next, DNA-PKcs, a catalytic subunit of DNA-
PK, was unsuccessfully attempted to be expressed in yeast to restore the core human NHEJ pathway in this
organism. Finally, the Mre11/Rad50/Xrs2 complex, a likely functional homologue of DNA-PKcs, was removed
from yeast but his, however, did not restore NHEJ proficiency of the core NHEJ pathway-humanized yeast.
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