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Nazov projektu Eviden¢né ¢islo projektu PP-COVID-20-0044
Vyvoj terapeutickych biomolekul blokujucich SARS-CoV-2 infekciu

Zodpovedny riesitel prof. RNDr. Eva Kontsekova, DrSc.

Prijemca Neuroimunologicky ustav SAV

Nazov pracoviska, na ktorom bol projekt rieSeny

Neuroimunologicky ustav SAV
Univerzita veterinarskeho lekarstva a farmacie v KoSiciach

Zoznam spolupracujucich organizacii zo zahranicia, ktoré sa zapojili do rieSenia
projektu (uvedte nazov, sidlo, Stat a identifikacné €islo ak je dostupné)

Genomics Core Facility CEITEC Brno, Masarykova univerzita, Kamenice 5, 625 00 Brno,
Ceska republika

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

Najvyznamnejsie publikacie (knihy, ¢lanky, prednasky, spravy a pod.) zhrnujice
vysledky projektu — uved'te aj publikacie prijaté do tlace

1. Hudakova, Nikola, Simona Hricikova, Amod Kulkarni, Mangesh Bhide, Eva Kontsekova,
and Dasa Cizkova. ‘Fundamental and advanced therapies, vaccine development against
SARS-CoV-2', Pathogens 10, no. 6: 636. (2021).

https://doi.org/10.3390/pathogens 10060636

Uplatnenie vysledkov projektu

Vyvinuté nanoprotilatky maju vysoky potencial uplatnit’ sa ako terapeutika pri liecbe COVID
19 a znizovani nepriaznivého vplyvu tejto infekcie. Postup produkcie nanoprotilatok méze
byt pouzity na aj tvorbu nanoprotilatok proti dalSim patogénom, a tym prispiet k vyvoju
ucinnych latok pri lieCbe réznych infekcii. V ramci projektu bol odhaleny aj obraz bunkovej
odpovede (tanskriptom) vo¢i SARS-CoV-2, ¢o dava pevny zaklad pre lepSie pochopenie
infekcie a interakcie medzi virusom a hostitelom.

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

Prvym cielom bolo pochopit’ udalosti bunkovej signalizacie vyvolané v bunkach
inkubovanych s proteinom S. Zistili sme, Ze expresia celkovo 657 génov bola vyznamne
zmenena (456 génov bolo upregulovanych a 201 génov bolo downregulovanych).
Napriklad, bolo indukovanych niekolko signalnych kaskad: apoptoza, interakcie cytokin-
cytokin, signalizacia TNF, antivirusové mechanizmy génov stimulovanych IFN, signalizacia
TLR, nezavisla signalizacna kaskada MyD88, signalizacia interfronov (vyvolali sa vSetky tri
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kaskady alfa, beta a gama). Tieto vysledky budu ¢oskoro publikované v ¢asopise s vysokym
impaktovym faktorom.

Druhym cielom bolo identifikovat Specifické useky proteinu S viazuce sa na receptor bunky.
Uskutocnili sme limitovanu trypsinovu digesciu komplexu S proteinu s bunkovym
receptorom. Peptidy proteinu S viazuce sa na receptory buniek boli identifikované pomocou
hmotnostnej spektrometrie. Peptidy s aminokyselinovymi poziciami 331-339 (pep1), 409-
438 (pep2 a 3), 415-493 (pep4) a 543-511 (pepb) boli identifikované ako
najpravdepodobnejsie vazbové miesta na proteine S. NaSe vysledky boli zhodné s
nedavnou publikaciou (Lan et al., Nature 2020, https://doi.org/10.1038/s41586-020-2180-5),
v ktorej bol hlavny vazbovy motiv receptora identifikovany medzi aminokyselinovymi
zvySkami 438 az 506. Pevne teda verime, Ze pep4 a pep5 su hlavné receptorove vazobné
miesta.

Doména proteinu S, viazuca sa na receptor buniek, sa pouzila na imunizaciu B-buniek lamy
a na syntézu VHH (nanoprotilatky) a fagovej kniznice. Specifické VHH boli izolované a
produkované v rekombinantnej forme. Nasledne bola zistovana schopnost neutralizovat
virus vo virus neutralizaénom teste. Styri nanoprotilatky (VHHD12, VHHE12, VHHFS,
VHHF10) vykazovali vynikajucu neutralizaénu schopnost voc€i virusu a biologicku
bezpecnost vo€i bunkam v teste toxicity. Tieto nanoprotilatky mézu byt v buducnosti
slubnymi terapeutickymi latkami.

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

First aim was to understand the cell signaling events induced in the cells incubated with
protein S. We found that expression of total 657 genes was altered significantly (456 genes
were upregulated and 201 genes were downregulated). Several signaling cascades were
induced for examples: Apoptosis, cytokine-cytokine interactions, TNF signaling, antiviral
mechanisms of the genes stimulated by IFN, TLR signaling, MyD88 independent signaling
cascade, Interfron signaling (all three IFN cascades, alpha, beta and gamma were evoked).
These results will be submitted soon for publication in journal with high-impact factor.

The second objective was to identify receptor binding pockets on Spike protein. We
performed limited-trypsin digestion of the Protein S-cell receptor complex and the receptor
binding peptides were identified on mass-spectrometry. Peptides with amino acid positions
331-339 (pep1), 409-438 (pep2 and 3), 415-493 (pep4) and 543-511 (pep5) were identified
as the most probable binding sites on protein S. Our results were in correlation with the data
published recently (Lan et al., Nature 2020, https://doi.org/10.1038/s41586-020-2180-5) in
which the main receptor binding motif was identified between amino acid residues 438 to
506. Thus, we strongly believe that pep4 is the main receptor binding sites.

The receptor binding domain was used to immunize B-cells of llama and synthesize the
VHH-phage library. RBD specific VHH (nanobodies) were isolated from library, produced in
recombinant form and tested for virus neutralization ability. Four nanobodies (VHHD12,
VHHE12, VHHF8, VHHF10) showed excellent virus neutralization and were
pharmacologically safe. These nanobodies can be promising therapeutic agents.

Formular ZK, strana 2/2



