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E.; Kikhney J.; Moter A.; Zaat S.A.J.; Sjollema J.:Evaluating Efficacy of Antimicrobial and
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MACROMOLECULAR BIOSCIENCE Vol.: 19; Issue: 5; Article Number: 1800384, review,
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144125-11. . https://doi.org/10.1016/j.apsusc.2019.144125, 1F(2019) 6,182, Q1
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Uplatnenie vysledkov projektu

Predmetom projektu bol zakladny vyskum v oblasti mikrobialnych biofilmov a moznosti ich
eradikacie molekulami s bioaktivnhym uc€inkom, ako aj ich funkcionaliacia do novo-
dizajnovanych materialov na baze silikatov, ich hybridnych materiadlov a nanokompozitov.
Vysledky projektu priniesli principialne nové poznatky v oblasti formovania biofilmov,
predovietkym v ramci zmieSanych spolo€enstiev a v oblasti pdsobenia bioaktivnych
molekul, ako quorum sensing molekula farnezol, ¢i fotoaktivnych latok metylénova modra a
floxinB aj na urovni regulécie niektorych génov zahrnutych do formovania biofilmu alebo
rezistencie. Ziskané poznatky prispeli aj k rozvoju v oblasti materialovych vied, najma
materialovej chémie. Vyznamnym vysledkom projektu bola priprava materialov s
fotosenzibilizacnym ucinkom, ktoré by po dalSej optimalizacii mohli mat’ potencial uplatnenia
v dizajne antimikrobialnych a antibiofilmovych povrchov.

Vysledky projektu tvorili aj vychodiskovu bazu pre niekolko vyvolanych APVV, VEGA a
zahraniénych projektov. Uspechom bolo ziskanie prestizneho EU projektu v ramci Horizon
2020 "Excellence in the research area of Combating and evaluation of mixed biofilms";
WIDESPREAD-05-2020; EU projekt 952398.

Ziskané poznatky sa vyuziju aj pedagogickom procese v ramci prednasok, seminarov a
praktickych cvi€eni v II. gj lll. stupni vzdelavania.

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

Hlavnym cielom projektu bolo studium inhibicie biofilmov formovanych patogénnymi
kvasinkami z rodu Candida a grampozitivnymi ako aj gramnegativnymi baktériami. Na
zaklade modernych poznatkov z nanotechnoldgii sa hfadali spbdsoby eradikacie/inhibicie
mikrobialnych biofilmov, a to dvoma pristupmi: 1. testoval sa antibiofilmovy u€inok réznych
bioaktivnych molekul; 2. pripravovali sa, a nasledne testovali nanomaterialy s
antimikrobialnym ucinkom. Ciele projektu boli splnené v plnom rozsahu a publikované v 30
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vedeckych SCI publikaciach. V ramci Studia biofilmov sa podarilio optimalizovat postupy pre
testovanie a vyhodnocovanie zmieSanych biofilmov na réznych povrchoch. Okrem toho sa
potvrdila uloha niektorych génov v procese formovanie biofilmu na molekularnej urovni. V
ramci testovania u€inkov fotodynamickej inaktivacie sa ziskali dékazy o vyznamom
antimikrobialnom ucinku tohto postupu na rezistentné mikroorganizmy a ich biofilmy. Do
projektu bol zahrnuty aj modelovy organizmus Galleria mellonella, ktory bol optimalizovany
na testovanie biokompatibility bioaktivnych molekul a komponentov nanomaterialov, ako aj
jednoduchych a polymikrobialnych biofilmov.

Z hladiska prac zameranych na materialy, najvyznamnejsi pokrok sa dosiahol pri priprave
bioaktivnych kompozitnych materialov s technickymi polymérmi. VyrieSil sa problém, ako
pripravit’ taku modifikaciu povrchu, aby sa dosiahli vyznamné antimikrobialne viastnosti.
Pritom sa podarilo najst viacero nezavislych postupov na pripravu takychto materialov.
Vdaka optimalizacii Ciastkovych krokov syntéz jednoduchych ale aj zlozitejSich materialov,
ako su kompozity polymérov, sa dosiahli vyznamné antimikrobialne vlastnosti, najma
materialov, v ktorych u&innou zlozkou bol fotosenzibilizator. Aplikaciou svetla s vhodnou
vinovou dizkou bolo moZné dosiahnut redukciu v raste biofilmov 1000 az 10000 krat, o je
velmi perspektivne z hlfadiska buducnosti réznej aplikacie takychto nanomaterialov.

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

The main objective of the project was the inhibition of biofilms formed by pathogenic yeasts
of the genus Candida and grampositive as well as gramnegative bacteria. Methods for
eradication/inhibition of microbial biofilms were sought based on modern knowledge of
nanotechnologies using two main approaches: 1. testing the anti-biofilm effect of various
bioactive molecules; 2. developing and testing nanomaterials with antimicrobial properties.
The objectives of the project were completed in full and the results were published in 30
scientific SCI publications. Procedures for testing and evaluation of mixed biofilms on
different surfaces have been optimized. In addition, the role of some genes in the process of
biofilm formation at the molecular level has been confirmed. Testing the effects of
photodynamic inactivation has provided an evidence of the antimicrobial effectiveness on
resistant microorganisms and their biofilms. The project also included the model organism
Galleria mellonella, which was optimized to test the biocompatibility of bioactive molecules
and components of nanomaterials, as well as simple and polymicrobial biofilms.

In terms of the research aimed at materials, the most significant progress has been made in
the preparation of bioactive composite materials with engineering polymers. Procedures
aimed to modify surfaces to significantly improve antimicrobial properties have been
successfully optimized. In doing so, several independent methods for preparing such
materials have been found. Thanks to the optimization of the partial steps of the syntheses
of simple but also more complex materials, such as polymer composites, significant
antimicrobial properties were achieved. It is worth mentioning in particular materials in which
the active component was a photosensitizer. By applying light with a suitable wavelength, it
was possible to achieve a reduction in biofilm growth by 1000- 10000 times, which is very
promising in terms of the future applications of such nanomaterials.
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