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Nazov pracoviska, na ktorom bol projekt rieSeny

Univerzita Pavla Jozefa Safarika v KoSiciach, Prirodovedecka fakulta, Ustav biologickych a
ekologickych vied, Katedra genetiky a Katedra bunkovej biolégie
Univerzita Komenského v Bratislave, Prirodovedecka fakulta, Katedra genetiky

Nazov a stat zahraniéného pracoviska, ktoré spolupracovalo pri rieSeni

Centralne laboratérium proteomiky, CEITEC Masarykova Univerzita, Brno, CR (prof. RNDr.
Zbynék Zdrahal).

Technicka univerzita v Dortmunde, Nemecko (doc. Dr. Souvik Kusari)

Ustav bioorganickej chémie Polskej akadémie vied v Poznani (doc. Dr. Lukasz Marczak)

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

0

Najvyznamnejsie publikacie (knihy, €élanky, prednasky, spravy a pod.) zhrnujuce
vysledky projektu — uved'te aj publikacie prijaté do tlace

Babin¢ak M., JendZelovsky R., KoSuth J., Majernik M., Vargova J., Mikulasek K., Zdrahal Z.,
Fedorocko P. Death receptor 5 (TNFRSF10B) is upregulated and trail resistance is reversed
in hypoxia and normoxia in colorectal cancer cell lines after treatment with skyrin, the active
metabolite of Hypericum spp. In Cancers, 13(7): 2021, 1646, doi: 10.3390/cancers13071646
Q1 (Oncology), IF (2021) 6.575

Brunakova K., Bélintova M., Henzelyova J., Kolar€ik V., Kimakova A., Petijova L., Cellarova
E. Phytochemical profiling of several Hypericum species identified using genetic markers. In:
Phytochemistry, 187: 2021, 112742, doi: 10.1016/j.phytochem.2021.112742

Q1 (Plant Science), IF (2021) 4.004

Bruniakova K., Balintova M., Petijova L., Cellarova E. Does phenotyping of Hypericum
secondary metabolism reveal a tolerance to biotic/abiotic stressors? In: Frontiers in Plant
Science, 13: 2022, 1042375, doi: 10.3389/fpls.2022.1042375

Q1 (Plant Science), IF (2022) 5.6

Bulkova V., Vargova J., Babin¢ak M., Jendzelovsky R., Zdrahal Z., Roudnicky P., KoSuth J.,
Fedorocko P. New findings on the action of hypericin in hypoxic cancer cells with a focus on
the modulation of side population cells. In: Biomedicine and Pharmacotherapy, 163: 2023,
114829, doi: 10.1016/j.biopha.2023.114829

Q1 (Pharmacology), IF (2021) 7.419
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Henzelyova J., Antalova M., Nigutova K., Logoida M., Schreiberova A., Kusari S., Cellarova
E. Isolation, characterization and targeted metabolic evaluation of endophytic fungi harbored
in 14 seed-derived Hypericum species. In: Planta Medica, 86(13/14): 2020, pp. 997-1008,
doi: 10.1055/a-1130-4703

Q2 (Pharmaceutical Science), IF (2020) 3.352

Majernik M., Jendzelovsky R., FedoroCko P. Potentiality, limitations, and consequences of
different experimental models to improve photodynamic therapy for cancer treatment in
relation to antiangiogenic mechanism. In: Cancers, 12: 2020, 2118, doi:
10.3390/cancers12082118

Q1 (Oncology), IF (2020) 6.639

Mund N.K., Cellarova E. Recent advances in the identification of biosynthetic genes and
gene clusters of the polyketide-derived pathways for anthraquinone biosynthesis and
biotechnological applications. In: Biotechnology Advances, 63: 2023, 108104, doi:
10.1016/j.biotechadv.2023.108104

Q1 (Biotechnology), IF (2022) 16.0

Petijova L., Henzelyova J., Kuncova J., Matouskova M., Cellarova E. In silico prediction of
polyketide biosynthetic gene clusters in the genomes of Hypericum-borne endophytic fungi.
2023 [under review].

BMC Genomics: Q1 (Biotechnology), IF (2022) 4.4

Petijova L., Jur€ackova Z., Cellarova E. Computational screening of miRNAs and their
targets in leaves of Hypericum spp. by transcriptome-mining: A pilot study. In Planta, 251(2):
2020, 49, doi: 10.1007/s00425-020-03342-0

Q1 (Plant Science), IF (2020) 4.116

Revuru B., Balintova M., Henzelyova J., Cellarova E., Kusari S. MALDI-HRMS Imaging
maps the localization of skyrin, the precursor of hypericin, and pathway intermediates in
leaves of Hypericum species. In Molecules, 25(17): 2020, 3964. doi:
10.3390/molecules25173964

Q1 (Pharmaceutical Science), IF (2020) 4.411

Zajickova T., Horvathova E., Kyzek S., Salyova E., Taryova E., Sevéovitova A., Galova E.
Comparison of cytotoxic, genotoxic, and DNA- protective effects of skyrin on cancerous vs.
non-cancerous human cells. In International Journal of Molecular Sciences, 23(10): 2022,
5339., doi: 10.3390/ijms23105339

Q1 (Medicine - miscellaneous), IF (2022) 5.6

Zhou W.,Wang., Li B., Petijova L., Hu S.Y., Zhang Q., Niu J.F., WangD.H., Wang S.Q.,
Dong Y., Cellarova E., Wang Z.Z. Whole-genome sequence data of Hypericum perforatum
and functional characterization of melatonin biosynthesis by N-acetylserotonin O-
methyltransferase. In: Journal of Pineal Research, 70(2): 2021, e12709, doi:

10.1111/jpi. 12709

Q1 (Endocrinology), IF (2021) 12.081

Uplatnenie vysledkov projektu

Perspektivhe uplatnenie vysledkov projektu je jednak v oblasti produkcie bioaktivnych
antrachinénov alternativnou biotechnologickou cestou a jednak v rozSireni moznostiich
vyuzitia v terapii a diagnostike nadorov. Prvy aspekt uplatnenia vysledkov vychadza z
realneho stavu dostupnosti uvedenych latok na trhu, ked jedinym prirodnym zdrojom
hypericinu, ktory je v klinickych testoch pre terapiu nadorov a odporu¢any na diagnostické
ucely je Hypericum perforatum. Napriek tomu jeho biosyntéza v rastlinach rodu Hypericum,
ktory je jedinym rastlinnym producentom hypericinu a jeho derivatov, nie je dostato¢ne
objasnena. Potencial pre produkciu tychto prirodnych antrachinébnov maju aj endofytické
mikroorganizmy zijuce v symbiotickom vztahu so svojimi hostitelmi, kde je znamych viacero
biosyntetickych génovych klastrov, ktoré koduju enzymy biosyntézy. Prave tieto
mikroorganizmy alebo iné jednoduché eukaryotické modely by sa perspektivne mohli pouzit
ako "bunkové tovarne" na produkciu uvedenych latok. Nevyhnutnou podmienkou je ale
funkéna validacia kandidatnych génov, ktora je len v zaciatkoch a dosial’ nepriniesla
uspokojivé vysledky. Druhym aspektom uplatnenia vysledkov je oblast diagnostiky a terapie
nadorov. Napriek vefkému mnozstvu poznatkov o hypericine, o ucinkoch inych pribuznych
antrachinénov existuje len malo spolahlivych udajov. Nase vysledky protinadorovych
u€inkov skyrinu, emodinu a ich kombinacii indikuju nové moznostiich vyuzitia, a to
predovSetkym v kombinaciach, ktoré maju synergicky efekt. Z tohto hladiska prichadzaju do
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uvahy aj nové antrachinény identifikované v ramci projektu v dosial malo Studovanych
druhoch rodu Hypericum.

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

V rdmciuvedeného projektu sme s ciefom prispiet k poznaniu regulacie biosyntézy
hypericinu a jeho derivatov identifikovali a charakterizovali nové prirodné zdroje tychto latok
v zastupcoch rodu Hypericum a vo fungalnych endofytoch izolovanych z tychto hostitefov a
identifikovali nové antrachinény. V genomickych datach endofytov sme predikovali
antrachinénové biosyntetické génoveé klastre. V hostitelskych rastlinach sme zistilimnozinu
geneticky konzervovanych a potencialne novych miRNA a ich interakcie s kandidatnymi
proteinmi v biosyntéze hypericinu. Viypracovali sme transformacny systém na baze
eukaryotického modelu Yarrowia lipolytica na validaciu kandidatnych biosyntetickych génov.
Z hladiska protinadorového pdsobenia sme sa zamerali predovSetkym na ucinky
bisantrachinénu skyrinu. Popisali sme negativny ucinok skyrinu na bunkové linie
kolorektalneho karcinomuv normoxickych a hypoxickych podmienkach, ktory bol spojeny
so zvySenim hladiny receptora DR5 (death receptor 5), a obmedzenim rezistencie k TRAIL
z rodiny tumor-nekrotizujucich faktorov. Popisali sme tiez u¢inok hypericinu na bunky
plucneho karcindmu v hypoxii, kde spésobil redukciu velkosti rezistentnej frakcie buniek a
stimuloval migra¢né vlastnosti tychto buniek. Z hfadiska objasnenia interakcii medzi
hypericinom a proteinom BRCP (breast cancer resistance protein) sme identifikovali
bunkové linie, ktoré exprimuju mutovanu aj Standardnu alelu tohto proteinu. Vysledky
genotoxikologickych analyz skyrinu, emodinu a ich kombinacii potvrdili DNA-protektivny a
antigenotoxicky u€inok na zdravé bunky a cytotoxicky efekt na nadorové bunky linie HepG2.
Vysledky projektu indikuju moznosti perspektivnej biotechnologickej produkcie bioaktivnych
antrachinénov a rozS$irenie ich terapeutického potencialu v onkoldgii.

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

As part of this project, in order to contribute to the knowledge on regulation of biosynthesis
of hypericin and its derivatives, we identified and characterized new natural sources of these
substances in representatives of the genus Hypericum and Hypericum-borne fungal
endophytes and identified new anthraquinones. Based on the genomic data of the
endophytes, we predicted in silico the anthraquinone biosynthetic gene clusters. In host
plants, we found a set of genetically conserved and potentially new miRNAs and their
interactions with candidate proteins in hypericin biosynthesis. We have developed a
transformation system based on the eukaryotic model of Yarrowia lipolytica for prospective
functional validation of candidate biosynthetic genes. In terms of antitumor action, we
focused mainly on the effects of bisantraquinone skyrin. We described the negative effect of
skyrin on colorectal cancer cells under normoxic and hypoxic conditions, which was
associated with an increase in DR5 (death receptor 5) levels and a reduction in TRAIL
resistance from the tumor-necrosis factor family. We also described the effect of hypericin
on lung cancer cells in hypoxia, where it caused a reduction in the size of the resistant
fraction of cells and stimulated the migration properties of these cells. In terms of elucidating
the interactions between hypericin and breast cancer resistance protein (BRCP), we have
identified cell lines that express both mutant and standard alleles coding for this protein. The
results of genotoxicological analyses of skyrin, emodin and their combinations confirmed
DNA-protective and antigenotoxic effect on healthy cells and cytotoxic effect on tumor cells
of the HepG2 line. The results of the project indicate the possibilities of prospective
biotechnological production of bioactive anthraquinones and expansion of their therapeutic
potential in oncology.
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