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Zavereéna karta projektu

Nazov projektu Evidenéné cislo projektu APVV-15-0665

Obrazova analyza mikroskopickych €astic pri automatizacii optickych manipulaénych
technik aplikovatel'nych v mikro/nanorobotike.

Zodpovedny rieSitel doc. Ing. Zoltan Tomori, CSc.

Prijemca Ustav experimentalnej fyziky SAV

Nazov pracoviska, na ktorom bol projekt rieSeny

Ustav experimentélnej fyziky SAV

Nazov a stat zahraniéného pracoviska, ktoré spolupracovalo pri rieSeni

* Biofyzikalny ustav Madarskej akadémie vied v Szegede, Madarsko

* Neuroregeneration Laboratory, Department of Anesthesiology, University of California, San
Diego USA

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

Podané:

Method of interactive quantification of digitized 3D objects using an eye tracking camera.
PCT patent application (2017), US patent application (2019)

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

« J. Kubackova, G. T. Ivanyi, V. Kazikova, A. Strejckova, A. Hovan, G. Zoldak, G.
Vizsnyiczai, L. Kelemen, Z. Tomori, and G. Bano, “Bending dynamics of viscoelastic
photopolymer nanowires,” Applied Physics Letters, vol. 117, no. 1, pp. 013701, 2020.

» M. Bravo-Hernandez, T. Tadokoro, M. R. Navarro, O. Platoshyn, Y. Kobayashi, S.
Marsala, A. Miyanohara, S. Juhas, J. Juhasova, H. Skalnikova, Z. Tomori, |. Vanicky, H.
Studenovska, V. Proks, P. Chen, N. Govea-Perez, D. Ditsworth, J. D. Ciacci, S. Gao, W.
Zhu, E. T. Ahrens, S. P. Driscoll, T. D. Glenn, M. McAlonis-Downes, S. Da Cruz, S. L. Pfaff,
B. K. Kaspar, D. W. Cleveland, and M. Marsala, “Spinal subpial delivery of AAV9 enables
widespread gene silencing and blocks motoneuron degeneration in ALS,” Nature Medicine,
vol. 26, no. 1, pp. 118-130, 2020/01/01, 2020.

» M. Korabecna, Z. Tonar, Z. Tomori, and E. Demjen, “Optimized cutting laser trajectory for
laser capture microdissection,” Biologia, vol. 74, no. 6, pp. 717-724, Jun, 2019.

» P. Ke$a, D. Jancura, J. Kudlacova, E. ValuSova, and M. Antalik, “Excitation of triplet states
of hypericin in water mediated by hydrotropic cromolyn sodium salt,” Spectrochimica Acta
Part A: Molecular and Biomolecular Spectroscopy, vol. 193, pp. 185-191, 3/15/, 2018.

» Matiasova, J. Sevc, Z. Tomori, Z. Gombalova, S. Gedrova, and Z. Daxnerova,
“Quantitative Analyses of Cellularity and Proliferative Activity Reveals the Dynamics of the
Central Canal Lining During Postnatal Development of the Rat,” Journal of Comparative
Neurology, vol. 525, no. 3, pp. 693-707, Feb, 2017.
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* P. Kesa, and M. Antalik, “Determination of pK(a) constants of hypericin in aqueous solution
of the anti-allergic hydrotropic drug Cromolyn disodium salt,” Chemical Physics Letters, vol.
676, pp. 112-117, May, 2017.

« Z. Tomori, V. Kazikova, J. Kubackova, and G. Bano, "Video analysis of polymerized micro-
cantilever deflected by the laser trap," Optical Trapping and Optical Micromanipulation Xvi,
Proceedings of SPIE K. Dholakia and G. C. Spalding, eds., 2019.

* J. Kubackova, V. Kazikova, G. Zoldak, Z. Tomori, and G. Bano, "Mechanical perturbation
of tailor-made elastic micro-structures using optical tweezers," Optical Trapping and Optical
Micromanipulation Xvi, Proceedings of SPIE K. Dholakia and G. C. Spalding, eds., 2019.

Uplatnenie vysledkov projektu

Vyvinuta metodika merania viskozity pomocou polymerizovanej pruziny vychylovanej z
rovnovaznej polohy pomocou laserovej pasce sa da pouzit na meranie viskozity malého
mnozstva tekutej vzorky v mikrofluidnom systéme. Vypracovany teoreticky model pohybu
sluzi na analyzu obrazovych dat z vysokorychlostnej kamery snimajicej pohyb volného
konca pruziny po jej uvolneni.

Softvér na analyzu poctu buniek z konfokalneho a svetelného mikroskopu umoznuje
kvantifikovat’ po¢ty neurénov v preparate a posudit’ u€innost metddy transportu lie€iv. V
pripade kde nie je mozné podcitat bunky automaticky bol vyvinuty spdsob, ktory urychluje
manualnu identifikaciu hfadanej bunky pohfadom pomocou eye-trackera. Tento spdsob
urychfujaci manualnu analyzu je predmetom podanej patentovej prihlasky.

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

Jednotlivé ciele projektu boli zamerané na uplatnenie metdd analyzy obrazu pri identifikacii
a lokalizacii mikroskopickych objektov. Sledovanymi objektami su napr. neurénové bunky,
resp. polymerizované objekty viozené do mikrofluidného prostredia a inteligentne ovladané
prostrednictvom laserovych pasci. VSetky ciele boli realizované v rozsahu potrebnom na
posudenie ich perspektivnosti z hfadiska vystupov.

NajvyznamnejSim vysledkom projektu je vyvinutie novej metodiky merania viskozity vzoriek
velmi malych objemov. Metéda vyuZiva vychylenie vofného konca pruzného
polymerizovaného objektu (nanodrétu) z rovnovaznej polohy laserovou pascou. Po vypnuti
lasera je spatny pohyb nahravany pomocou vysokorychlostnej kamery. Nasledna obrazova
analyza videozaznamu identifikuje presnu trajektériu pohybu hlavy pruziny. Na zaklade
navrhnutého teoretického modelu je mozné z trajektdrie vypocitat' viskozitu. Proces
opakovaného vychylovania a uvolfiovania Struktir po vopred urCenej trajektorii bol
automatizovany €o viedlo k presnejSiemu meraniu. Boli tiezZ vykonané viaceré experimenty s
ovladanim pohybu polymerizovanych Struktar €i uz interaktivne alebo autonémne.

Okrem toho sme popisali a implementovali rézne spbsoby analyzy obrazu pouzité pri
dokazovani ucinnosti Specialneho spésobu transportu lieCiv.

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

The individual goals of the project were focused on the application the image analysis
methods in the identification and localization of microscopic objects. The studied objects
were neuron cells or polymerized objects embedded in a microfluidic environment and
intelligently controlled by laser traps. All objectives has been fulfilled to the extent necessary
to consider their prospects in terms of outputs.

The most important result of the project is a new methodology for measuring the viscosity of
samples of very small volumes. It exploits the deflecting of the free end of a flexible
polymerized object (nanowire) from an equilibrium position by a laser trap. After turning off
the laser, a high-speed camera records the backward movement. Subsequent video
analysis identifies the exact trajectory of the springhead movement. From the trajectory, it is
possible to calculate the viscosity using the proposed theoretical model. The process of
repeated deflection and relaxation of the structure along a predetermined trajectory was
automated, which led to a more accurate measurement. Several experiments to control the
motion of polymerized structures (interactively or autonomously) have also been performed.
In addition, we described and implemented various methods of image analysis that proved
the effectiveness of a special method of drug transport.
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