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

V ramcirieSenia projektu neboli planované vystupy vo forme patentov alebo uzitkovych
VZOrov.

Najvyznamnejsie publikacie (knihy, ¢lanky, prednasky, spravy a pod.) zhriujice
vysledky projektu — uvedte aj publikacie prijaté do tlace
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specific peptidomimetic inhibitors of SARS-CoV-2 main protease. RSC Adv. 2020, 10(66),
40244-40263.
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- Cmelova, P., Sramel, P., Zahradnikova, B., Modrocka, V., Szabados, H., Megiarova, M.,
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glyoxylate imines and pyruvates. Manuscript in preparation/ChemCatChem, zaslané do
tlace.

- Kisszekelyi, P., Penaska, T., Stankovianska, K., MeCiarova, M., Sebesta, R. Benzotiazine
amino acid conjugates. Manuscript in preparation/Eur. J. Org. Chem. zaslané do tlace
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- Legerska, B., Chmelova, D., Ondrejovi¢, M.: Polyphenols as potential SARS-COV-2 3CL
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(Mpro) protease inhibitors — A mini review. Central Europe Research, 2021, 11.11.2021,
Londyn, UK

- Lopusna, K.; Lenhartova, S.; Nemcovi€ova, |. Biological testing of novel viral protease
inhibitors against SARS-CoV-2 in mammalian model cell line VERO-E6. Conference: 6th
European Congress of immunology. Abstracts. Location Virtual. Date September 1-4, 2021.
Eur. J. Immunol. 2021. 51 (Suppl. 1) p.382 (P-1132).

- Klacsova M., Celkova A., Bucsi A., Uhrikova D.: Liposomes as antiviral drug carriers.
38.Technologické dni, September 9-10, 2021, Bratislava, Book of Abstracts, Eur. Pharm. J.
68 (2021) 103 (oral)

Uplatnenie vysledkov projektu

Vysledky projektu bude mozné vyuzit' pri vyvoji novych antiviralnych lieCiv uréenych pre
lie€bu pacientov infikovanych virusom SARS-CoV-2.

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

Projekt priniesol originalne vysledky v koordinovanom vyskume piatich partnerskych
pracovisk Specializovanych na pocitacovy dizajn lieCiv, Studium biodostupnosti latok,
syntézu lieCiv, enzymatické a in vitro testovanie biologickej aktivity novych latok, ktoré
inhibuju viralne enzymy koronavirusu, ako aj replikaciu virusu SARS-CoV-2 in vitro v
infikovanych fudskych bunkovych liniach. Vyskum sa sustredil na tri skupiny potencialnych
ireverzibilnych inhibitorov enzymov Mpro a PLpro SARS-CoV-2: peptidomimetické a-
ketoamidy ako inhibitory Mpro, derivaty bis-benzylidéncyklohexanénov a pyranoveé derivaty,
ktoré inhibuju cysteinové protedzy Mpro a PLpro. Pomocou pokro€ilych metod
molekulového modelovania a pocitatovej chémie sme identifikovali sériu novych
peptidomimetik, ktoré vykazovali vysoku predpovedanu vazbovu afinitu pre Mpro. Pri
naslednej syntéze tychto inhibitorov sa vyvinuli niektoré originalne postupy pripravy
jednotlivych stavebnych blokov, pospajanie jednotlivych segmentov v8ak narazalo na
problémy so stabilitou vyslednych zlu¢enin obsahujucich benzotiazol. Preto sme paralelne
vyvijali dalSie dve skupiny inhibitorov cysteinovych proteaz, ktoré obsahuju miesto pre
Michaelovu adiciu na cystein. U bis-benzylidéncyklohexanénov sa predpoklada inhibi¢na
aktivita spojena s vazbou na cysteinové rezidua v PLpro ako aj v Mpro SARS-CoV-2. Zo
série 16 derivatov zosyntetizovanych na Univerzite v Terste enzymoveé inhibicné testy
potvrdili inhibiciu derivatov 98 a 120 pre Mpro aj PLpro, zatial €¢o 98a inhibuje Specificky len
PLpro. Pre tuto sériu latok satiez namerala vyznamna inhibi¢na aktivita na virusom
infikovanych bunkach 98 (IC50 5.7 uM), 120 (IC50 2.7 uM) a 98a (IC50 6 -12.7 uM).
Enzymové testy ukazali aktivitu Styroch pyranovych derivatov VM1 -VM4. na PLpro aj Mpro
(IC50 35-80 uM). Na druhej strane in vivo testovanie na [udskych bunkach infikovanych
virusom SARS CoV-2 odhalilo vysoku antiviralnu aktivitu latok VM1 a VM2 (IC50 3-8 uM).
Projekt tiez priniesol nové unikatne poznatky v Studiu biodostupnosti inhibitorov
cysteinovych proteaz. Hlavné ciele projektu — navrhnut, pripravit a otestovat’ nové
potencialne inhibitory virusu SARS-CoV-2, ako aj jeho esencidlnych enzymov Mpro a PLpro
nevyhnutnych pre jeho replikaciu, boli spinené, napriek kratkej dobe rieSenia projektu, a
predovSetkym napriek stazenym podmienkam pre vyskumnu pracu pocas pandemickych
obmedzeni pocas trvania projektu. Novo identifikované Struktury otvorili moznosti pre dalSi
vyvoj k potencialnemu vyuzitiu ako lie€iva proti ochoreniu COVID-19.

Suhrn vysledkov riesenia projektu a naplnenia cielov projektu v anglickom jazyku
(max. 20 riadkov)
The project brought original results in a coordinated study of five partner laboratories
specializing in computer-assisted drug design, bioavailability studies, drug synthesis,
enzymatic and in vitro testing of biological activity of new substances that inhibit coronavirus
viral enzymes, as well as SARS-CoV-2 virus replication in vitro in infected human cell lines.
The research has focused on three groups of potential irreversible inhibitors of the enzymes
Mpro and PLpro of SARS-CoV-2: peptidomimetic a-ketoamides as Mpro inhibitors, bis-
benzylidene cyclohexanone derivatives and pyran derivatives that inhibit the cysteine
proteases Mpro and PLpro. Using advanced molecular modeling and computational
chemistry methods, we have identified a series of new peptidomimetics that showed high
predicted binding affinities for Mpro. In the subsequent synthesis of these inhibitors, some
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original methods for the preparation of individual building blocks were developed, but the
interconnection of individual segments encountered problems with the stability of the
resulting benzothiazole-containing compounds. Therefore, we have developed two other
groups of cysteine protease inhibitors in parallel, which contain a site for Michael addition to
cysteine. Bis-benzylidene cyclohexanones are expected to display inhibitory activity
associated with cysteine residue binding in both PLpro and Mpro SARS-CoV-2. Of a series
of 16 derivatives synthesized at the University of Trieste, enzyme inhibition assays
confirmed the inhibition of derivatives 98 and 120 for both Mpro and PLpro, while 98a
specifically inhibited only PLpro. For this series of substances, significant inhibitory activity
was also measured on virus-infected cells: 98 (IC50 5.7 yM), 120 (IC50 2.7 uM) and 98a
(IC50 6 -12.7 uM). Enzyme assays showed the activity of four pyran derivatives VM1 - VM4
on PLpro and Mpro (IC50 35-80 uM). On the other hand, testing on virus-infected human
cells revealed high in vitro antiviral activity of VM1 and VM2 (IC50 3-8 pM). The study of the
bioavailability of cysteine protease inhibitors also brought new unique findings. The main
goals of the project - to find new potential inhibitors of the essential enzymes of the SARS-
CoV-2 virus necessary for its replication were met despite the extremely short duration of
the project, as well as the complex pandemic conditions for the research work. The newly
identified structures opened up opportunities for further development for potential use as
drugs against COVID-19.

Formular ZK, strana 3/3



