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Uplatnenie vysledkov projektu

Protilatky (Abs) su ochranné glykoproteiny s vysokou afinitou a Specificita k antigénom,
ktoré su cudzorodymi prvkami v tele, o vedie ku koneCnej eliminacii antigénu. Vefmi uzkou,
ale zaroven ddlezitou triedou su Abs proti aberantnym glykanom. Za normalneho stavu
imunitny systém rozpoznava cudzorodé latky, ignoruje bunky a Struktury viastného tela.
Imunitny systém produkuje Abs, ked' zisti, Ze cudzorodé latky prenikli do tela. Na druhej
strane, anti-glykanové protilatky (AGA) su produkované ludskym telom a namierené proti
vlastnym telesnym Struktdram/biomolekuldm pritomnych v tkanivach a organoch, ked
imunitny systém nespravne rozpoznava ,vlastné” Struktury ako cudzorodé. Vysledkom
aberantnej glykozylacie je expresia neobvyklych/neprirodzenych glykanovych Struktar vo
vnutri bunky. Imunitny systém nema Ziadnu toleranciu vocCi tymto Struktiram a zaéne
produkovat’ Abs. Takéto AGA napadaju vlastné bunky, tkaniva a/alebo organy, ¢im
spbsobuju zapaly a vazne poSkodenia organizmu. Na druhej strane sekrécia aberantnych
glykoforiem do krvného obehu aktivuje expresiu AGA, ktoré mozu byt aplikované na
diagnostiku chordb v ranom $tadiu, dokonca aj v pripade, Ze eSte nie su pritomné Ziadne iné
vyznamné klinické ukazovatele. Tieto Specifické AGA su detekovatelné uz davno predtym
ako glykoproteiny spojené s nadorom dosahuju detegovatelnu hustotu/koncentraciu a teda
by sa mohli pouzit’ ako biomarkery pre rézne typy chordb, vratane rakoviny pre nasledné
uspesné lieCenie chordb. Uroveri AGA mdze korelovat’ s prognézu ochorenia, mierou
prezitia ale méze byt pouZzita aj na monitorovanie progresu ochorenia. Vysledky rieSenia
projektu su aplikovatelné pri stanoveni AGA (Anti-Glycan Antibodies) v ludskych krvnych
sérach vo formate modifikovanej ELISA (Enzyme-Linked ImmunoSorbent Assays) s
vysokou citlivostou stanovenia a nizkym LOD.

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

Pocas rieSenia projektu sme uspedne vyuzivali rézne nanomaterialy ako GO, 2D
nanomaterialy MXénu a MoS2, hybridnych magnetickych €astic a magnetickych Castic
terminovanych s -COOH skupinami ako nanomaterialov. Glykany boli na povrch viazané aj
s vyuzitim proteinov ako nanoleSenia — fudsky sérovy albumin, alebo hovadzi sérovy
albumin. Rézne povrchy a ich modifikacie sme detailne charakterizovali Sirokou paletou
technik akymi su AFM, XPS, FTIR, SEM, SIMS, Ramanovou spektroskopiou, SPR, QCM,
EIS, ampérometriou a meranim kontaktného uhla.

V praci sme vyuzili hybridné magnetické Castice s vonkajSou zlatou Skrupinou na
Standardnu chemisorpciu tiolov na vytvorenie Au-S vazby. Tymto sp6sobom je mozné
kontrolovat’ hustotu funkénych skupin na povrchu takychto €astic a teda je mozné nasledne
kontrolovat’ aj hustotu ligandov na povrchu. NavySe zwiteridbnové derivaty zakoncené
diazdéniovou skupinou je mozné elektrochemicky graftovat na elektrédy, o méze byt vyuzité
pri cielenej imobilizacii na preddefinované elektrody v ramci elektrédového array formatu.
Zaroven je nutné podotknut, Ze diazéniové skupiny zwiteriénov je mozné graftovat’ na
hybridné magnetické Castice bez nutnosti redox aktivacie, kedZe tenka zlata vrstva na
povrchu tychto €astic vykazuje volné plazmony, vyuzitelné na ich spontanne graftovanie. V
praci sme zistili, Ze graftovanie zwiterionov s diazéniovymi skupinami je mozné s vyuzitim
volnych plazmoénov, av§ak takéto graftovanie je menej u€inné v porovnani s
elektrochemickym graftovanim a bolo teda pouZzité najma na modifikaciu elekiréd s vyuzitim
redox graftovania. Okrem toho sme pouZili aj klasické magnetické Castice s imobilizovanym
biokonjugatom glykan-BSA na detekciu AGA ako analytu. Tento format analyzy je
preferovany, kedze je velmi jednoduchy s moznost'ou analyzovat relativne vysoké pocty
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vzoriek.

Meranie s vyuzitim elektrochemickych metdd vSak nebolo jednoduché integrovat’ do array
formatu. Klasicka fluorescen&na microarray neposkytovala pozadovanu citlivost merania s
nizkymi LOD, preto sme sa v praci sustredili na moznosti integracie meracieho formatu na
format ELISA s vyuzitim magnetickych (nano)astic na efektivnu separaciu analytu a
nasledné zvysenie citlivosti merania. NizSie LOD (0,45 pM) bolo mozné dosiahnut s
vyuzitim polyHRP na amplifikdciu generovania optického signalu. V praci sme sa sustredili
na moznosti vyuzitia merania v ELISA formate, ktory ndm umoznuje analyzu velkého
mnoZzstva vzoriek na jednej ELISA platniCke vo formate, ktory je vysoko reprodukovatelny.
Vysledky ukazuju, ze ELISA format analyzy poskytuje vysoku spofahlivost’ pri pouZiti vzoriek
séra, ¢o dokazuje recovery index 98 % — 104 % pre stanovenie AGA. DalSou vyhodou
metody testu je, Ze platforma zalozena na magnetickych guléckach je kompatibilna s
mikrofluidnymi platformami, ¢o vedie k vyvoju diagnostickych zariadeni na mieste
starostlivosti so zvySenou selektivitou, citlivostou a rychlostou analyzy.

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

During the project implementation, we successfully used various nanomaterials such as GO,
2D nanomaterials of MXene and MoS2, hybrid magnetic particles and magnetic particles
terminated with -COOH groups as nanomaterials. Glycans were also bound to the surface
using proteins as nanoscaffolds - human serum albumin or bovine serum albumin. We
characterized various surfaces and their modifications in detail using a wide range of
techniques such as AFM, XPS, FTIR, SEM, SIMS, Raman spectroscopy, SPR, QCM, EIS,
amperometry and contact angle measurement.

In this work, we used hybrid magnetic particles with an outer gold shell for the standard
chemisorption of thiols to create an Au-S bond. In this way, it is possible to control the
density of functional groups on the surface of such particles, and thus it is possible to
subsequently control the density of ligands on the surface. In addition, zwitterionic
derivatives terminated with a diazonium group can be electrochemically grafted onto
electrodes, which can be used for targeted immobilization on predefined electrodes within
the electrode array format. At the same time, it is necessary to point out that diazonium
groups of zwitterions can be grafted onto hybrid magnetic particles without the need for
redox activation, since the thin gold layer on the surface of these particles exhibits free
plasmons, which can be used for their spontaneous grafting. In our work, we found that
zwitterion grafting with diazonium groups is possible using free plasmons, but such grafting
is less effective compared to electrochemical grafting and was therefore mainly used to
modify electrodes using redox grafting. In addition, we also used classical magnetic particles
with an immobilized glycan-BSA bioconjugate to detect AGA as an analyte. This analysis
format is preferred as it is very simple with the ability to analyze relatively high numbers of
samples.

However, the measurement using electrochemical methods was not easy to integrate into
the array format. The classic fluorescent microarray did not provide the required
measurement sensitivity with low LOD, so in this work we focused on the possibilities of
integrating the measurement format into the ELISA format using magnetic (nano)particles
for efficient separation of the analyte and subsequent increase in measurement sensitivity. A
lower LOD (0.45 pM) could be achieved using polyHRP to amplify optical signal generation.
In our work, we focused on the possibility of using the measurement in the ELISA format,
which allows us to analyze a large number of samples on one ELISA plate in a format that is
highly reproducible. The results show that the ELISA format of the analysis provides high
reliability when using serum samples, as evidenced by a recovery index of 98% - 104% for
the determination of AGA. Another advantage of the assay method is that the magnetic
bead-based platform is compatible with microfluidic platforms, leading to the development of
point-of-care diagnostic devices with increased selectivity, sensitivity and speed of analysis.
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