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PREDSLOV

Zbornik kratkych vedeckych prispevkov vznikol ako vysledok iniciativy Chemického tstavu
SAV, v. V.. ajeho vedeckych timov, ktoré pracuji v oblasti zivych vied a su financované z narodnych
zdrojov a zo zdrojov, ktoré boli pridelené uspesnym projektom zo zahranicia, najma zo Strukturalnych
fondov EU. Ciel'om je oboznamit’ vedeck komunitu s vysledkami vyskumu, a tak vytvorit’ platformu
pre dalSiu perspektivnu spolupracu v oblasti pochopenia Strukturnych a funkénych aspektov
biologickych procesov zivych systémov. Ma prispiet’ k spoznaniu a zosilneniu spoluprace v ramci
regionu, prip. aj za jeho hranicami, vytvorit neformalnu spolupracu na urovni uplatnenia
technologického pokroku multiomickych platforiem pri pochopeni vzniku chordb a ich prevencie.
Organizatori chct tymto pod’akovat’ vSetkym prispievatelom, ktori sa podiel’ali na priprave tohto

zbornika a veria, Ze ispe$na spolupraca bude pokracovat’ aj v nasledujucich projektoch.
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Stanovenie N-glykoprofilu mikrovezikiil, potencialneho zdroja novych

glykobiomarkerov

Zuzana Pakanoval, Veronika Lukacoval, Marek Nemcovi¢!, Jaroslav Katrlik!, Jan Mucha?, Peter
Barath?!

YChemicky vistav SAV, v. V. i., Diibravska cesta 9, 845 38 Bratislava

Uvod

Mikrovezikuly su extracelularne vezikuly, ktoré vznikaju oddelenim z bunkovych membran
a uvolnuju sa do extracelularneho priestoru (do tkaniv, telesnych tekutin a pod.). Nie je mozné ich
uniformne charakterizovat’ a striktne definovat’ na baze hustoty, vel’kosti, ¢i tvaru (Simons a Raposo,
2009). Bunky tvoria mikrovezikuly na ulah¢enie kontroly kvality nasyntetizovanych proteinov na
plazmatickej membrane a vol'né mikrovezikuly prenasaju signaly, proteiny a RNA do susednych
buniek. Podiel'aju sa na mnohych fyziologickych procesoch, najméa pocas imunitnej signalizacie a pri
roznych ochoreniach, najmi imunodeficienciach a rakovine. Ztohto dévodu predstavujii novy
a doposial’ neprebadany zdroj potencidlnych biomarkerov. V prezentovanej praci bol staveny celkovy
N-glykoprofil proteinov obsiahnutych v izolovanych mikrovezikulach z krvného séra.

Material a metody

500 mikrolitrov séra, ziskaného homogénnym =zlaenim sér 10 zdravych dospelych
jednotlivcov (5 muzov a5 Zien) do jednej reprezentativnej vzorky, bolo pouzitych na izolaciu
mikrovezikul prostrednictvom kitu Izon70 (1zon Science SAS, Francuzsko). Mikrovezikuly boli zo
vzorky izolované frakcionaciou podla pokynov vyrobcu.

Izolované mikrovezikuly boli podrobené tepelnej denaturacii s pridavkom SDS a po ochladeni
na izbovi teplotu bola pridana peptid-N-glykozidaza F (Roche, Svajéiarsko). Vzorka bola inkubovana
cez noc auvolnené glykany boli izolované na poréznom grafitizovanom uhliku a predanalyticky
derivatizované permetylaciou.

Spektra boli namerané na hmotnostnom spektrometri MALDI ultrafleXtreme II (Bruker,
Nemecko) a porovnané zo spektrami ziskanymi obdobnym spdsobom zo séra bez predchadzajuce;j
izolacie mikrovezikul (negativna kontrola).



Vysledky a diskusia

Uvedenymi postupmi bol stanoveny N-glykoprofil sérovych mikrovezikul, ktory obsahoval
Struktiry v rozmedzi priblizne m/z 1,500-4,800. Spektrum, ziskané analyzou N-glykanov
z mikroveziktl, porovnané so spektrom ziskanym zo samotného séra (negativnej kontroly), je
znazornené v Obr. 1.
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Obr.1: MALDI-TOF-MS spektrum permetylovanych N-glykanov, ziskanych S$pecificky
Z obsahu mikrovezikul (modré spektrum), porovnané s N-glykoprofilom sérovych proteinov. Spektra
boli merané v reflektronovom pozitivnom iéonovom mode, s pridanim 2,5-dihydroxybenzoovej
kyseliny ako externej matrice.

V spektrach N-glykoprofilu obsahu mikrovezikal boli pozorované vyrazné signaly
oligohex6zovych jednotiek, ktoré pravdepodobne nepochadzaju z proteinov, ale nachadzaju sa vo
vezikulach vo volnej forme (kontaminanty). Okrem toho, niektoré N-glykany boli Specificky
pritomné v mikrovezikulach vo vyrazne zvysenych hladinach, a to najma §truktiry uvedené v Tabl.

Povod tychto N-glykanov nie je znamy, preto d’alSim krokom bude stanovenie proteomického
obsahu, pripadne analyza glykoproteinov, izolovanych $pecificky z mikrovezikulovych frakcii.



m/z Struktura Popis

m/z 2736 m“ Hex5HexNAc4Neu2

m/z 2396 Hex9HexNAc2

m/z 4590 Hex9HexNAc8NeuAc2

Tab.1l. Reprezentativne N-glykany, pozorované v mikrovezikulach vo zvysenych hladinach
porovnanim so s€rom.

Stadium obsahu mikrovezikul je moze viest’ k objaveniu novych relevantnych a $pecifickych
biomarkerov rdéznych ochoreni, najméd metabolickych ¢i onkologickych. Ku dnesnému ditu neboli
popisané Ziadne glykobiomarkery, obsiahnuté vo vezikuldch a preto Studium tejto problematiky
predstavuje vysoky vedecky potencial. V d’alsich krokoch sa budeme venovat’ proteomickej analyze
obsahu mikrovezikil a zaverom bude korelacia glykomickych a proteomickych dat.
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Introduction

Bacillus sp. PDD-3b-6, bacterium isolated in cloud water, was a subject of our study for many
years. Particularly, a biotransformation of sugars and other substances, usually encountered in the
atmosphere by this microorganism. We have shown that on high glucose concentration this bacterium
produces exo-polymeric compounds (Matulova, 2014). Here we evaluate results of in situ and in vivo
incubations of this bacterium on low concentration of [1-?C]-D-glucose and [1-}3C]-D-glucose,
respectively.

Material and methods

In vivo 1*C NMR: Bacterial suspension was diluted with Volvic water (with 10% of D,0) to obtain
final volume 150ml. Suspension was placed into a tempered water bath (27°) with oxygen perfusion.
Equipment for in vivo NMR was set up (Fig. 1). Into 10 mm NMR sample tube a sealed capillary with
benzene (external standard for chemical shift calibration) was inserted. After a perfusion stabilisation
[1-13C]-Glucose (300 mg) was added into bacterial suspension and the first spectrum was registered.
Subsequently a series of *C NMR spectra were measured (each with 1 000 scans, overnight, 19.5h).
Samples of bacterial suspension t3 and t2a were taken after 3 h and 24 h of incubation and centrifuged
(3 min, 12 500 rpm). Supernatants and sediments containing cells were stored at -40°C until their
detailed NMR analyses.

Peristatic
_Penp |

g

Fig. 1  Perfusion system for in vivo NMR described by Chorao et aI 2009.

Perchloric acid extract preparation: PCA extracts were prepared according Chorao et al. 2009.
Briefly, cells (10 g wet weight) were quickly frozen in liquid nitrogen and thawed several times to
ensure disruption of cells. Then 1 mL of 70 % (v/v) perchloric acid was added to the solution.
Suspension was centrifuged (15 000 g, 15 min, 4 °C) to remove matter; supernatant pH was adjusted



to 5.0 using KHCOg, followed by centrifugation (10 000 g, 10 min, 4 °C) to remove KClO4 and
resulting supernatant was frozen in liquid nitrogen and freeze-dried. Freeze-dried material, containing
non-volatile compounds, was re-dissolved in 2.5 ml of water containing 10 % (v/v) D20, neutralized
to pH 75 with 5 M KOH and buffered with 50 mM HEPES (4-(2-hydroxyethyl)-1-
piperazineethanesulfonic acid). Divalent cations (particularly Mn2+ and Mg2+) were chelated by
addition of enough amounts of CDTA ranging from 50 to 100 mM depending on the sample. Chelating
of paramagnetic cations is a prerequisite for obtaining sharp resonance signals during the NMR
experiments. The main advantage of this technique is that during the cell disruption the proteins are
eliminated from the sample and thus it is less complicated to observe the intracellular metabolites of
sugar origin.

Results and Discussion

Fig. 2 Shows 3C NMR spectra of the in vivo monitoring of [**C-1]-glucose consumption by
Bacillus sp. PDD-3b-6. Detailed analyses of in vivo *C NMR spectra from kinetic of the [**C-1]-
glucose degradation and those of the supernatant samples t3 and t24 have shown that succinate, lactate
and acetate were the most abundant metabolites. In the sample taken ts the 3C label was incorporated
only into lactate and acetate with an enrichment 29% and 16%, respectively. Succinate was not
enriched (spectra not shown). However, in the *H NMR spectra (Fig. 3A) of samples of cell extracts
t3 and t24 prepared from broken cells in sediments, the diagnostic anomeric HI NMR signal at 6 5.167
ppm due to not labelled MBA is present. MBA was the dominant metabolite in the t24 sample. In cells
MBA was found not *C enriched. This fact suggests that its production is linked with internal
processes of bacterial metabolism (or internal deposits of glucose) and its formation seems to be
substrate independent. Fig. 3B shows a comparison of *H NMR spectra of samples from incubation
media on [**C-1]-glucose (96h - 3C Glc t96 and 89h- *C Glc t89), and not labelled [>C-1]-glucose
(39h - 12C Glc t39 and 63h - 12C Glc t63). In samples *2C Glc t39 and *2C Glc t63 the presence of the
diagnostic MBA H1 singlet signal at 811 5.167 ppm is evident, while in samples *C Glc t96 and 3C
Glc t89 this signal is absent/disappearing in noise. It means that no unlabelled MBA was excreted
from cells. However, instead of the anomeric signal at o1 5.167 a doublet signal, with chemical shift
corresponding to du1 5.167 of MBA. It was split due to an interaction with *C1 (}Jm-c 170.2 Hz)
due to [*C-1]-glucose confirm the presence of 3C labelled MBA. We can deduce that in this case
MBA should be synthetized extracellularly.

Production of MBA by this bacterium was later discovered in incubation media on other sugar
substrates — on fructose, maltose, sucrose, turanose and trehalose. In all cases, the most important
quantity of MBA was produced in time interval 39 — 48 hours, in the case of turanose at 72 h of
incubation. It was further degraded within 5 to 8 hours without its accumulation in incubation medium.
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Fig. 2 In vivo *C NMR kinetic of [**C-1]-glucose degradation by Bacillus sp. PDD-3b-6.
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'H NMR spectra of Bacillus sp. PDD-3b-6 cell extracts taken from the incubation

medium with [**C-1]-glucose at 3 and 24h of incubation. Fig. 3B *H NMR spectra of samples taken
from incubation media of Bacillus sp. PDD-3b-6 on [**C-1]-glucose (96h - **C Glc t96 and 89h- 13C
Glc t89), and [*2C-1]-glucose (39h - 12C Glc t39 and 63h - *2C Glc t63). * - anomeric H1 signal of
glucose is split into a doublet due to 1Ju.c: blue from the substrate - labelled [**C-1]-glucose; pink —
from the product [*3C-1]-glucose in MBA. Region of carbohydrates is shown only.
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Introduction

The capacity of microorganisms to biotransform low value and waste compounds to high
added value products is a topic with wide industrial and environmental interests. Aldobionic acids
(ABA), lactobionic (LBA), maltobionic (MBA) and cellobionic (CBA), are attractive due to their
properties and numerous applications in different branches of industry, health sector or cosmetology,
and their market is growing. ABA are prepared from corresponding disaccharides (lactose, maltose
and cellobiose, respectively) by oxidation of the aldehyde group of the reducing end glucose to a
carboxyl. Oxidation can be achieved by many ways; electro-chemically, chemically, through
heterogeneous catalysis, enzymatically or by biocatalytic oxidation. Industrially used oxidation
processes are tackling many problems such regeneration of costly metal catalysts (Pd, Au) or enzymes,
impurities present in the form of residual solvents or metals, and random oxidation processes leading
to a mixture of oxidized products (Vedovato et al. 2020). Separation techniques, inevitable to obtain
pure products or a well-defined mixture, increase products costs. Selective biocatalytic oxidation by
microorganisms can lead straightforward to a desired product. Bioproduction of lactobionic acid
(LBA) is the most studied due to a cheap starting substrate for its production, which influence its
emerging applications.

Both MBA (a-D-glucopyranosyl-(1—4)-D-gluconic acid) and CBA (B-D-glucopyranosyl-
(1—4)-D-gluconic acid) have similar physico-chemical properties as LBA. Due to its humectant
properties and dermato-protective effect, MBA has important applications in dermatology and
cosmetology, in the medical field due to its strong radical scavenging property it is used as a
preservative for organs intended for transplantation, and recent studies revealed other health benefits
(Tanabe et al. 2020; Suehiro et al. 2020, 2022). Demand for MBA on the market is growing due to its
numerous applications in textile, oil and refining industry, for household cleaning products, in food
industries for food preservation as well as in building industry. Depending on the application, different
grades of MBA purity (cosmetic or industrial) are required. Cheaper MBA production solutions by
bio-fermentation of low-cost substrates are also investigated, from high maltose corn syrup (Oh et al.
2020a, 2022a) or waste cooked rice (Oh et al. 2022Db).

Some bacterial strains, most frequently affiliated with Pseudomonas, can directly oxidize
lactose and maltose to LBA and MBA, respectively, and then use these sugars as carbon sources
(Kluyver et al. 1951). Such reutilization of LBA and MBA as a source of carbon was not observed in
B. cepacia indicating distinct functioning (Murakami et al. 2002).

Bacillus sp. PDD-3b-6, a bacterial strain isolated from cloud water phase of tropospheric
clouds (Genbank accession number DQ512741) has numerous metabolic properties of interest
regarding sugar catabolism, contaminants such as herbicides (Durand et al., 2006), or volatile
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compounds present in the atmosphere (Husarova et al. 2011). Special properties of Bacillus sp. PDD-
3b-6 were discovered during a screening of its capacity to metabolize carbohydrates on sucrose or
high concentration of glucose were already described in Matulova et al. 2011 and Matulova et al.
2014.

Study of degradation of different sugars in pure water by Bacillus sp. PDD-3b-6 sugars
resulted in a revelation of its capacity to biotransform some of these sugars to ABA. Here we describe
MBA production by this bacterium in pure water on different sugar substrates, which were the only
carbon source.

Key words: aldobionic acids, maltobionic acid, Bacillus sp. PDD-3b-6, sugar metabolism, NMR
Material and methods

Already described in Matulova et al. 2011 and Matulova et al. 2014.

Results and Discussion

The ability of Bacillus sp. PDD-3b-6 to degrade a variety of saccharides was studied by in situ *H
NMR spectroscopy (Matulova et al. 2014). Diverse saccharides were examined, including pentoses
and hexoses, oligo- and polysaccharides as well as acyclic alditols. According degradation rates the
tested substrates could be divided into 3 groups: i) substrates completely degraded within 24 — 48
hours of incubation; ii) slowly degraded substrates: their concentration slowly decreased, and only
traces of substrates were present at the end of the incubation (96 - 128h); iii) substrates not degraded.
In some cases, the presence of new metabolites with a disaccharide structure was observed. In
sample taken after 4h incubation on maltose signals of new metabolite appeared at o1 5.167 ppm.
They became the only ones in the sample taken after 39h, used for detailed NMR analysis. It was
identified as MBA (Table 1). MBA was further used by bacterium when all maltose was consumed.

Table 1 NMR data of MBA and CBA in D,O at 25°C.

Position H/C 1 2 3 4 5 6 6’
OH 5.167 3.586 3.768 3.46 3.93 3.85 3.80
Gleo (1—4) 3Jun (Hz) 4.1 10.3 9.9 9.9 2.2 4.8 12.0
MBA oc 101.36 72.68 73.90 70.32 73.42 61.34
OH 4,137 4,156 3.92 4,013 3.83 3.697
GlcA 3Jun (Hz) 2.6 6.2 3.4 3.8 7.7 11.9
oc 179.35 73.60 73.35 83.30 73.37 63.1
OH 4.62 3.34 3.50 3.40 3.45 3.90 3.72
Glep (1—4) CBA oc 105.68 76.10 78.23 72.16 76.10 63.27
GIcA OH - 4.15 4.08 4.00 3.98 3.85 3.75
oc 180.96 75.07 74.22 84.48 74.47 64.47

COSY and HSQC spectra of the sample containing only MBA (on maltose at 39h) showed
characteristic spectral patterns of cross peak signals due to MBA (Fig. 1, spectra C and F, respectively). The
same spectral patterns were revealed in COSY and HSQC of samples on sucrose (3-D-fructofuranosyl-a-D-
glucopyranoside) and turanose (o-D-glucopyranosyl-(1—3)-a-D-fructopyranose) giving an evidence about
MBA formation also on these substrates. Screening of COSY and HSQC spectra of all samples, taken at



different time intervals and for different sugars, was performed. Fig. 1 shows also as an example
COSY (A, B, C) and HSQC (D, E, F) spectra of incubation media with fructose and glucose (Glc 39h;
B, E). In these samples MBA was the only/nearly only metabolite, showing characteristic spectral
patterns of MBA.
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Fig. 1 Characteristic MBA spectral pattern in COSY (A, B, C) and HSQC (D, E, F) spectra: incubation media
of Bacillus sp. PDD-3b-6 with: fructose after 46 h of incubation (Fru, A and D, respectively); glucose after 39
h (Glc, B and D, respectively); maltose after 39 h (Malt, C and F, respectively). Colours: Green - acyclic part
of the molecule (aglycon), violet — cyclic part of the molecule (at the not reducing end).

Six other strains of Bacillus spp. (B. amyloliquefaciens CIP 103256T*, B. cereus ATCC
14579*, B. licheniformis ATCC 21733, B. megaterium DSM32*, B. sphaericus ATCC 10208*, B.
subtilis CIP 52.65*) and Pseudomonas fluorescens CIP 69.13 have been tested under identical
incubation conditions for their capacity to produce MBA from maltose. MBA was detected only in
the incubation medium of Bacillus sp. PDD-3b-6 and P. fluorescens CIP 69.13.

Fig. 2 shows structures of carbohydrate substrates (glucose, fructose, maltose, sucrose,
trehalose, and turanose) on which Bacillus sp. PDD-3b-6 has the capacity to produce MBA. These
sugars were directly transformed into MBA without any intermediate compound. On maltose,
trehalose, sucrose and turanose the non-reducing glucose unit has an a-configuration. On cellobiose,
with B-configuration of the non-reducing glucose unit, bacterium produced CBA as the only
metabolite present in the medium. Furthermore, biotransformation of lactose led only to a mixture of



metabolites including LBA. These observations indicate that during syntheses of these ABA no
cleavage of the inter-glycosidic linkage takes place.

The main difference between disaccharide structures in Fig. 2 resides in the reducing end
sugar: glucose in maltose and trehalose; fructose in sucrose and turanose. This indicates that different
enzymes should be involved into their transformation into a gluconic acid to form MBA. However,
the situation is different in trehalose as in its molecule two a-glucose units are C1-C1’ inter-
glycosidically linked. Here, anomeric centres are blocked for an oxidation.

Further studies are necessary to explain the mechanism of MBA production or type of enzymes
involved in MBA production by Bacillus sp. PDD-3b-6. Nevertheless, the sugar metabolism study of
Bacillus sp. PDD-3b-6 led to surprising information: the capacity of this bacterium to produce MBA
on different sugars and CBA on cellobiose in pure water. Obtained results are of great
biotechnological interest because of a simple process of MBA isolation and purification.
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Fig. 2. Sugars directly biotransformed to MBA by Bacillus sp. PDD-3b-6 in pure water.
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Introduction

Aldobionic acids (ABA), lactobionic (LBA), maltobionic (MBA) and cellobionic (CBA) are
attractive in different branches of industry due to their interesting properties for numerous
applications. Due to their similar structures they have similar physico-chemical properties.

LBA (B-D-galactopyranosyl-(1—4)-D-gluconic acid) takes an important place in food,
medicine, cosmetics and chemical industries due to its metal chelating, moisturizing effect,
biocompatibility, biodegradability, antioxidant, antimicrobial, and many other properties (Gutiérrez
et al. 2012; Alonso et al. 2013). LBA is produced by many bacteria, but the screening for new LBA
producing bacterial strains continues (Murakami et al. 2002; Lee et al. 2022, Han et al. 2022). For
biotechnological largescale application of LBA production high yields are desirable and thus optimal
incubation conditions are searched including genetical engineering methodologies (Alonso et al. 2013,
2017; Sarenkova et al. 2018; Oh et al. 2020a, 2020b, 2022a, 2022b). Some research group deal with
optimisation of CBA bioproduction from cheap cellulosic biomass conversion to cellobiose and its
subsequent biotransformation to cellobionate (Zhou M et al., 2022; Industrial Crops and Products
2022, 188:115650.). Some bacterial strains, most frequently affiliated with Pseudomonas, can directly
oxidize lactose and maltose to LBA and MBA, respectively, and then use these sugars as carbon
sources (Kluyver et al. 1951). Such reutilization of LBA and MBA as a source of carbon was not
observed in B. cepacia indicating distinct functioning (Murakami et al. 2002).

Keywords: aldobionic acids, Bacillus sp. PDD-3b-6, sugar metabolism, NMR

Material and methods
Already described in Matulova et al. 2011 and Matulova et al. 2014.

Results and Discussion
Bacillus sp. PDD-3b-6, a bacterial strain was isolated from cloud water phase of tropospheric

clouds (Genbank accession number DQ512741). It has numerous metabolic properties of interest
regarding sugar catabolism, contaminants (Durand et al., 2006), or volatile compounds present in the
atmosphere (Husarova et al. 2011). Particular were those observed on sucrose or high concentration
of glucose in pure water (Matulova et al. 2011 and Matulova et al. 2014). Study of sugar metabolism
revealed further surprising information. The *H, COSY and HSQC NMR spectral patterns enabled
identification of MBA production in pure water on low concentration of glucose, fructose, maltose,
sucrose, turanose and trehalose without any intermediate compound. However, when all substrate was
exhausted MBA was further used by bacterium as a source of energy.

The rate of cellobiose biotransformation by Bacillus sp. PDD-3b-6 was similar as that
of trehalose and maltose and it resulted in the CBA production. CBA was the only metabolite present
in its incubation media after 46h (cellobiose was totally consumed by bacterium), and its signal
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intensities in NMR spectra (Table 1) gradually decreased. They disappeared after 55 h. Lactose
degradation was much slower than maltose and cellobiose. Signals of LBA (Murakami et al. 2002)
appeared early (after 4 h), its amount increased slowly and reached a maximum after 22 h of
incubation, then it remained constant and gradually disappeared after 55 h. However, LBA never
remained the only metabolite in the medium. At the end of the incubation (96 h) only 35% of LB was
degraded. These observations indicate that during syntheses of these ABA no cleavage of the inter-
glycosidic linkage takes place.

Table 1 NMR data of CBA in D20 at 25°C, TSP-ds, 500MHz.

Position H/C 1 2 3 4 5 6 6’

Glep (1—4) OH 4.62 3.34 3.50 3.40 3.45 3.90 3.72
CBA oc 105.68 76.10 78.23 72.16 76.10 63.27

GIcA OH - 4.15 4,08 4,00 3.98 3.85 3.75
oc 180.96 75.07 74.22 84.48 74.47 64.47

The main structural difference between disaccharide transformed to MBA resides in the
reducing end sugar: glucose in maltose and trehalose; fructose in sucrose and turanose. This indicates
that different enzymes should be involved into their transformation into a gluconic acid to form MBA.
However, the situation is different in trehalose as in its molecule two a-glucose units are C1-C1” inter-
glycosidically linked. Here, anomeric centres are blocked for an oxidation. Free gluconic acid was not
identified in the incubation media. Not reducing end sugar in both, lactose and cellobiose, were in 3
configuration and thus biotransformation led to LBA and CBA respectively.

The sugar metabolism study of Bacillus sp. PDD-3b-6 led to surprising information: the
capacity of this bacterium to produce MBA on different sugars and CBA on cellobiose in pure water.

Obtained results are of great biotechnological interest because of a simple process of MBA
and CBA isolation and purification. Rich enzymatic system of this bacterium is promising for a
development of new strategies in biosynthesis of ABA.
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Fig. 1 Disaccharides directly biotransformed to ABA by Bacillus sp. PDD-3b-6 in pure water.
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Monitorovanie hladiny Glc4 u Pompe pacientov pomocou *H NMR
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Uvod

Nuklearna magneticka rezonan¢na spektroskopia (NMRS) je v sucasnosti jednou z ddlezitych
kvantitativnych, kvalitativnych a zobrazovacich metod, ktord otvara nové perspektivy v diagnostike
znamych ale i neznamych dedi¢nych metabolickych ochoreni. V *H NMR spektre telovych tekutin
st pritomné signaly vSetkych metabolitov obsahujucich proton. Spektrum poskytuje obraz
(fingerprint) o ich zastipeni v zmesi a je odrazom ich koncentracie v ¢ase odberu vzorky. Najcastejsie
analyzovanym je mo¢, pretoze jeho odber je najmenej invazivny.

Spolupraca Chemického tstavu SAV s Centrom dedi¢nych metabolickych porich Oddelenia
laboratérnej mediciny, NUDCh v Bratislave prispela k verifikacii a kvantifikacii biomarkerov v mo¢i
U pacientov s roznymi zriedkavymi ochoreniami. NMR spektroskopia zohrava doleziti wlohu
v diagnostike niektorych dedi€nych metabolickych ochoreni. Metdda je nedeStruktivna, rychla,
nevyzaduje Specialnu Gpravu vzorky a mozno ju povazovat’ za alternativny analyticky postup. Okrem
identifikacie pritomnosti biomarkera umoznuje aj stanovenie jeho mnoZzstva. Z tohto dovodu je
V sucasnosti prakticky pouZivand na stanovenie koncentracii Specifického biomarkera Glc4
(glukdézového tetrasacharidu) v moci pacientov s Pompe ochorenim (Pakanova 2016, 2017 a 2019).
Analyzy vzoriek mocu sa robia priebezne podla potrieb lekarov u pacientov s podozrenim na toto
ochorenie, alebo u pacientov podstupujticich enzymaticka substitucnu liecbu (ERT). Do komplexného
zhodnotenia GspeSnosti ERT vstupuje okrem klinického stavu pacienta mnoho d’alSich faktorov, ku
ktorym patri aj stanovenie hladiny Glc4.

Material a metody

Vzorky mocu anonymnych pacientov boli po odbere skladované pri -20 °C a rozmrazené tesne
pred NMR analyzou; centrifugované pri 13000 g po dobu 5 mintt. Zlyofilizovany supernatant mocu
(150 ul) bol rozpusteny vo fosfatovom pufri pH 7.4 (230 ul) obsahujiceho 0.9 mM DSS-ds (3-
(trimethylsilyl)-1-propanesulfonic acid-ds sodium salt) ako interny $tandard. *H NMR spektra boli
merané pri teplote 60 °C v 3-mm kyvete na 600MHz spektrometri Bruker AVANCE 111 HDX 600
MHz vybavenom inverznou kryo sondou CryoProbe TCI H-C/N-D-05-Z. Signal vody bol potlaceny
presaturaciou sekvenciou presat. Koncentracia Glc4 bola vypocitana relativne vzhI'adom na intenzitu
signalu Standardu.



Vysledky a diskusia

Pre Pompe ochorenie sa na vyhodnotenie koncentracie Specifického tetrasacharidu Glc4
vyuziva relativne dobre rozlisSeny H1 anomérny signal terminalnej 1,6-viazanej glukozovej jednotky
s chemickym posunom & 4.957 ppm. Koncentracia Glc4 je zavisla od veku pacienta; najvyssia je pri
jedincov (adultna forma). K vyhodnoteniu odozvy pacienta na ERT liecbu prispieva aj informacia o
exkrécii Gle4. Ta je mozné stanovit zatial len *H NMR spektroskopiou. Obr. 1 ukazuje vyvoj
stanovenych Glc4 koncentracii u vybranych pacientov.
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Obr.1: Vyvoj koncentracii Glc4 v moci pacientov s ochorenim Pompe.
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Uvod

Vsetky bunky organizmu obsahuji vo svojej Struktire oligosacharidové zlozky — glykany,
podielajuce sa na mnohych kli¢ovych biologickych procesoch (ochrana, bunkova komunikacia,
diferenciacia, Struktirna funkcia, imunitné reakcie). Zastupenie celkovych glykanov (glykom) buniek
sa meni v zavislosti od stavu organizmu, ktory méze byt ovplyvneny mnozstvom faktorov, ako je vek
a starnutie organizmu, rdzne ochorenia (napr. diabete mellitus, a rakovina), zapalové reakcie a pod.
[1]. Presledovanie zmien v glykdéme sme zvolili mezenchymalne bunky — fibroblasty, ktoré su
esencialnou sucastou spojivovych tkaniv a organov. Vdaka produkcii tropokolagénu (prekurzor
kolagénu) zohravaju déleziti funkciu najma pri fyziologickej reparacii tkaniv a regeneracii koze [2].
Pozorovanie zmien v Struktire glykdnov buniek organizmov mdéze umoznit’ blizSie pochopenie
funkcii glykému pri jednotlivych ochoreniach, v naSom pripade pri vrodenych poruchach
glykozylacie, ale aj pri stresovych a imunitnych reakciach organizmu [3].

V praci prezentujeme optimalizaciu vyberu vhodnej metody pre lyzu buniek a naslednu
izolaciu glykanov z fibroblastov. Na identifikaciu glykanovych Struktar ziskanych z fibroblastov bola
vyuzitd hmotnostna spektrometria MALDI-TOF MS. Vysledkom prace je optimalizovany protokol
pre izolaciu glykdnov z fibroblastov, ktory bude dalej vyuZivany pre Studium zmien glykomu
V spojeni s vrodenymi poruchami glykozylacie.

Material a metody

Na lyzu buniek a ziskanie glykoproteinov z fibroblastov boli vyuzité tri metody:

A) vyuzitie denaturacnych vlastnosti mo¢oviny (10 mM urea/HEPES, pH 7,4),
B) sonikacia v hypotonickéom prostredi (20 mM HEPES-KOH, 0,25M sacharéza, pH 7.,4),
C) dezintegracia bunkovej membrany mrazom v deglykozyla¢nom puftri (10 mM Tris-HCI, pH 7,5).

N-glykdny boli vo vSetkych troch pripadoch ziskané enzymatickym Stiepenim (PNGaza F)
glykoproteinov fibroblastov, pricom boli nasledne od inych biomakromolekul separované na SPE
kolénkach a modifikované permetylaciou na stabilizaciu N-glykénov. Na identifikaciu glykanovych
Struktar bol pouzity MALDI-TOF/TOF hmotnostny spektrometer Bruker UltrafleXtreme. Vysledky
boli vyhodnotené v programe vyvijanom na oddeleni glykobiologie SAV — matchMass.
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Vysledky a diskusia
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Obr. 1: Porovnanie metdd izolicie na zaklade zastapenia glykanov ziskanych danou metédou.

Izolacia glykanov pomocou A) denaturaénych vlastnosti mo¢oviny B) sonikacie C) zmrazenia.

Pri optimalizacii metdd pre lyzu fibroblastov a izolaciu glykédnov nas zaujimalo predovsetkym
spektrum (vysokomandzové, komplexné a sialované glykdny) a mnozstvo detegovanych glykanov,
ktoré sa pri jednotlivych metodach lisili. Celkovo sme identifikovali 43 r6znych glykanovych Struktur.
V pripade vyuzitia mocoviny ako denatura¢ného ¢inidla na lyzu buniek sa nam podarilo identifikovat’
najmensie spektrum (18) glykanovych Struktur, zatial’ ¢o pri vyuziti sonikacie (mechanickom rozbiti
mnozstvo (33) glykanovych Struktar sme detegovali pri pouZiti dezintegracie bunkovych membran
mrazom.

Na zéklade ziskanych vysledkov sa ako najvhodnejS$ia metéda ukazala lyza fibroblastov
prostrednictvom narus$enia bunkovych membran mrazom. Touto metédou sa ndm podarilo ziskat

.....

komplexné sialované glykany, ktorych zastipenie bolo pri zvy$nych dvoch metddach niZsie.
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Uvod

Alfa-manozidéza (AM) je ultravzacne lyzozomové ochorenie s autozémovo recesivnou dedi¢nost’ou.
Odhadovana prevalencia je 1:500000 az 1:1000000. Pric¢inou ochorenia je zniZzend enzymova aktivita
lyzozémovej a-manozidazy (EC 3.2.1.24) v dosledku heterogénnych mutacii v MAN2B1 géne. a-
manozidadza v lyzozomoch katalyzuje hydrolyzu manozidovych vézieb v degradacnej drahe N-
viazanych oligosacharidov glykoproteinov. Medzi klinické priznaky patria poruchy sluchu, mentdlna
zaostalost’, imunodeficiencia a znizené motorické funkcie [1, 2]. Nedegradované vysokomandzové
oligosacharidy (Man2-GIcNAc — Man9-GIcNAc) sa akumuluji vo vSetkych tkanivach a st
detegovatelné v moc¢i alebo krvnom sére, napr. tenkovrstvovou chromatografiou (TLC),

vysokouc¢innou kvapalinovou chromatografiou (HPLC) alebo hmotnostnou spektrometriou (MS) [1,
3,4].

Cielom prace bola kvantifikacia Specifickych oligosacharidovych biomarkerov alfa-manozidézy
Vv moci Styroch pacientov a ur¢enie zmeny ich hladin medzi jednotlivymi odbermi.

Material a metody

Ekvivalent mocu obsahujtci 10 pg kreatininu bol zriedeny ultra¢istou vodou na 1 ml. VVzorky boli
nasledne precistené pomocou kolén pre extrakciu na pevnej faze (SPE) Supelclean LC-18 a nésledne
Supelclean ENVI-Carb PGC. Eluat zkolon bol vysuSeny vo vakuovom centrifugacnom
koncentratore. Oligosacharidy boli fluorescenéne oznacené 2-aminobenzamidom (2-AB) 5 pl zmesi
5 mg 2-AB, 30 ul Tladovej kyseliny octovej, 70 upl dimetylsulfoxidu (DMSO) a6 mg
kyanoborohydridu sodného. Po trojhodinovej inkubécii pri 65°C boli vzorky zbavené nadbytocnej
znacky pomocou HILIC SPE platne Strata NHz (55 um, 70 A, 50 mg). Eluit bol vysuseny vo
vakuovom centrifugacnom koncentratore a rozpusteny v 100 pl ultracistej vody.

Oligosacharidy boli kvantifikované pouzitim HPLC (Thermo Accela; Thermo Fisher Scientific, USA)
s fluorescenénou detekciou (Dionex UltiMate 3100; Thermo Fisher Scientific, USA) podl'a Hani¢ et
al. [5] pri teplote 60°C, excitaénej vinovej dizke 250 nm a emisnej vinovej dizke 430 nm. Pouzit4 bola
gradientova elticia dvoch mobilnych faz: MF A: acetonitril, MF B: 100 mmol-dm™ mravéan amonny
(pH 4,0). Oligosacharidy boli kvantifikované podl'a ploch prislusnych pikov na zéklade kalibra¢nych
kriviek 2-AB znagenej maltotetradzy a maltohex6zy v rozsahu 5-250 nmol-dm™ pomocou softvéru
Chromeleon 7.2.10 (Thermo Fisher Scientific, USA).
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Vysledky a diskusia

Vo vsetkych vzorkach boli pomocou HPLC-FLD detegované a kvantifikované charakteristické
oligosacharidy Man2GIcNAc-Man9GIcNAc a vyjadrené ako sucet ich koncentracii v
umol oligosacharidov/mmol kreatininu (Obr. 1). Profil oligosacharidov, ako aj ich hladiny su v sulade
s publikovanou literatarou [6, 7, 8]. Vo vzorkach vsetkych pacientov boli detegované zmeny v Case.
U dvoch pacientov klesla hladina celkovych oligosacharidov, u jedného pacienta hladina postupne
rastla ajednému pacientovi prudko vzrastla a nasledne poklesla koncentracia oligosacharidov.
Pouzitd metoda moze byt aplikovana pri monitoringu priebehu alfa-manozidézy, nakol’ko hladiny
oligosacharidov reflektuju klinicky stav pacienta a zavaznost’ ochorenia [9].

100
80
60
40
20 I

.

0 16 27 0 2 10 0 11 0 6
mesiace od prvého odberu

c(OGS) (umol/mmol kreatininu)

Obr.1: Zmeny v hladinach celkovych vysokomandzovych oligosacharidov v moci pacientov. Vzorky
pacientov su odliSené farebne.
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Silver-containing nanocomposite thin-films were deposited using the High Target Utilization
Sputtering technique (HITUS) by simultaneous sputtering of Ag target and polymerization of
hexamethyldisiloxane (HMDSO) vapors in radiofrequency plasma. The presence of silver in form of
nanoclusters was confirmed by X-ray diffraction and transmission electron microscopy. The silver content in
the films under investigation decreases with increasing HMDSO monomer partial pressure. Addition of silver
leads to a steep decrease of organosilicon polymer density, decrease of bonded carbon content and increase
of oxygen content bonded in silanol groups (SiOH). The increase of silver content leads to more intensive
fragmentation of polymer chains and changes the Si-O-Si backbone of polymer matrix from suboxide structure
typical for organosilicon polymers towards nanoporous inorganic silicon oxide cage structure. Silver
incorporation changes the plasma polymerized HMDSO the same way as transition from “soft” to “hard”
plasma conditions.

INTRODUCTION

Silver nanoparticles (AgNPs) exhibit significant bactericidal, bacteriostatic, antiviral, and antifungal action on
various pathogenic microorganisms, yeast fungi, and viruses thanks to the Ag* ions released in the media from the large
specific surface area of nanoparticles [1]. However, passivation of nanoparticles’ surface can be observed in natural
environments even in the case of AgNPs because of the presence of HS™ and halide ions that create an insoluble sulfide
Ag:S and a silver halide shell, which limits further dissolution of silver through conventional route [2], [3]. As a result,
antibacterial properties of AgNPs degrade, and biofilms can develop on their surface. On the other hand, the metallic silver
demonstrates weak mechanical properties, such as low hardness and poor adhesion to most surfaces. The adhesion issues
of AgNPs in free form prepared by various technologies are even more evident. Thus, AgNPs by themselves cannot be
considered as a self-sustaining functional coating. On the other hand, hard plasma polymers, including plasma polymerized
organosilicon compounds, have been recognized for several decades for their unique properties, biocompatibility and
widespread use in modern biomedical applications [4]. They exhibit strong adhesion to various surfaces, including flexible
organic materials, and can serve simultaneously as a supporting amorphous matrix for metal NPs and as a functional
barrier for adjusting the silver ion release. The potential of RF plasma polymerized hexamethyldisiloxane (HMDSO) as a
barrier for adjusting the silver ion release from AgNPs was studied in detail by N. Alissawi et al. [5]. The first silver-
containing plasma polymer composite films prepared in a one-step continuous process were reported by H. Biederman et
al. [6]. N-hexane was used as a precursor for the amorphous a-C:H matrix and an unbalanced DC magnetron with a
metallic silver target as an Ag source. P. Hlidek et al. studied composite Ag/C:H:N films deposited by means of an
unbalanced magnetron operated in a gas mixture of nitrogen and n-hexane and controlled the surface properties of the
resulting films by varying the nitrogen content [7]. Fourier transform infrared spectroscopy (FTIR) was used for detail
study of chemical bonding and ageing effects in nitrogen doped amorphous carbon matrix a-C:H:N. Saulou et al. prepared
composite thin films containing silver nanoclusters embedded in an organosilicon matrix by means of plasma-enhanced
chemical vapor deposition (PECVD) onto stainless steel in order to prevent microbial adhesion by combining the anti-
adhesive potential of the organic matrix with the broad-spectrum antimicrobial properties of silver. This was assumed to
be related to Ag* progressive release from the embedded nanoparticles into the surrounding medium and was confirmed
by ICP-MS measurements [8]. The authors presented a brief study of Ag incorporation influence on the chemical bonding
in organosilicon amorphous matrix by FTIR and reported silver favored methyl incorporation in the film network. The
similar study of Ag-DLC nanocomposite films prepared by dual-targets HiPIMS was published recently by Wang et al.

[9].
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Grill and Neumayer presented a detailed study of structure and chemical bonding in plasma polymerized
tetramethylcyclotetrasiloxane films with various content of organic carbon using FTIR [10]. Dakroub et al. used FTIR
technique to study the influence of discharge power to HMDSO vapor flow rate ratio on the structure of plasma
polymerized HMDSO (pp-HMDSO). In the current paper we present a deeper view into the chemical bonding in
organosilicon polymer matrix of Ag containing nanocomposites obtained by High Target Utilization Sputtering (HiTUS).

EXPERIMENTAL

Silver-containing plasma polymerized organosilicon nanocomposite films were deposited using novel sputter
deposition technique HiTUS (High Target Utilization Sputtering) on c-cut sapphire and single crystal Si wafer substrates
in PQL (Plasma Quest Limited) S500 laboratory coater equipped with MKS RPG-50 pulsed DC power supply for target
biasing and MKS elite 600 RF Plasma Generator for substrate biasing. Combination of pulsed DC target bias with remotely
generated dense RF ICP plasma ensures stable deposition process with minimal target poisoning and arcing while
depositing the non-conductive plasma polymerized coatings. HMDSO (hexamethyldisiloxane) monomer used as a
precursor for organosilicon amorphous matrix was introduced from preheated stainless steel flask through heated Pfeiffer
UDV 040 gas dosing valve. The HMDSO vapor pressure in the deposition chamber was manually regulated to maintain
the stable total pressure monitored by MKS Baratron capacitive gauge. The deposition chamber was evacuated to base
pressure below 3x107% Pa before the deposition. The substrates were plasma etched before deposition with 300 W of RF
power applied to substrate holder during 5 min. period. No additional heating of substrates was performed. The
temperature of substrates increased above 120 C during this step and was self-maintained around 100 C from plasma
heating during the following deposition process. The deposition time was set to 10 min.

Tescan Vega SEM equipped with Oxford Instruments INCAXx-act EDS analyzer was used for measurement of
the deposited films chemical composition. The samples for TEM investigation were prepared by short deposition of the
thin films with thickness around 20 nm on the TEM-LC200CUCC continuous ultrathin carbon film coated copper grids.
No plasma etching was applied before the deposition. Instead, the copper grids were preheated to 100 C to achieve the
deposition conditions of the thicker samples. Microstructural investigations were performed with a probe-corrected
FEI/Thermofisher Scientific Titan Themis 300 transmission electron microscope in scanning mode (STEM) at a 200 kV
accelerating voltage equipped with an EDS system (Super-X). The probe convergence angle was set to 17.5 mrad for
imaging applications. Scanning micrographs were acquired simultaneously by 3 detectors: DF2, DF4, HAADF. X-ray
diffraction measurements were performed using PANalytical X'Pert PRO difractometer with copper anode in symmetrical
Bragg-Brentano and in grazing incidence configurations. For X-ray reflectivity configuration we have utilized parabolic
X-ray mirror providing quasi parallel narrow primary beam and narrow slits between sample and detector. Williamson-
Hall method was utilized to determine the average size of silver nanoclusters.

FTIR spectra were collected using Shimadzu IR Tracer-100 FTIR single beam spectrophotometer in
transmission mode at room temperature in the range from 350 to 7900 cm™* with a 4 cm™ resolution and 45 scans. Both
sample types deposited on sapphire and Si substrates were measured to cover the maximal spectral range. Additional
thick films were deposited on the single crystal Si substrates to investigate the small absorption peaks. The deposition
time was fixed to 60 min. that lead to 10-14 pm thick films. The substrate background was subtracted from spectra
during measurement in native spectrometer software. Collected spectra were processed in Fityk software.[11] The
absorbance was corrected by the films sickness.

RESULTS AND DISCUSSION

The chemical composition of the films under investigation was varied in a wide range by changing the HMDSO
monomer partial pressure (pumpso) in the deposition chamber while power applied to Ag target was fixed at 500 W. Ag-
free reference organosilicon polymer film was obtained at pumpso= 0.2 Pa and zero target power. The concentration of
silver in the deposited nanocomposite films decreases with HMDSO pressure increasing while the deposition rate
nonlinearly increases. Carbon and oxygen content in the organosilicon polymer matrix increases with Ag content
increasing. The similar but steeper increase of carbon content is observed in Ag-free films prepared at the same values of
HMDSO pressure. Ag incorporation leads to a shift of carbon curve to the lower values and decrease of its steepness.
Thus, the decrease of carbon content can be concluded as a pure effect of silver incorporation while increase of carbon
content with increasing Ag concentration is caused rather by change of monomer partial pressure.

XRD studies indicate that the silver present in form of metallic nanoclusters. Transmission electron microscopy
confirms the 2-phase nanostructure of the deposited thin-film nanocomposites based on Ag nanoclusters embedded into
amorphous plasma polymerized hexamethyldisiloxane (pp-HMDSO). The size of Ag nanoclusters evaluated from XRD
increases with silver content increasing as well as the density of films obtained from XRR measurements. At the same
time the density of organosilicon polymer matrix calculated from weight concentration of silver, XRR density, and metallic
silver density decreases with increasing silver concentration. The decrease of polymer matrix density caused by silver
incorporation is much steeper comparing with the decrease of XRR density of Ag-free pp-HMDSO films obtained at the
same values of HMDSO partial pressure in the deposition chamber.



To obtain additional information about structure features and chemical bonding in amorphous polymer matrix
FTIR spectroscopy was utilized which is especially effective tool for analysis of organic plasma deposits. IR absorption
spectra are severely distorted with interference fringes and strong background associated with scattering on Ag
nanoclusters. While the interference fringes, observed mainly on the spectra of films on the silicon substrates, are
suppressed with increase of silver content especially in the short-wavelength range of the spectrum, the increase of
absorption background caused by scattering increases with wavenumber increase until saturation level defined by the
limited dynamical range of the spectrometer. Before deconvolution of peaks the interference fringes should be removed
from the analyzed spectra and baseline correction should be performed. Approach published in [12] was used for this
purpose. As can be noticed, the half-sine shaped measurement artifacts can be still observed in the featureless regions due
to possible deviations of refractive index (

Fig. 1). Assignment of peaks was done according to [10], [13] where are summarized results from numerous
publications dedicated to FTIR spectroscopy of organosilicon polymers. In case of large deviation of peak position
additional comparison was done with data from [14], [15].
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Fig. 1. FTIR absorption spectra of pp-HMDSO (1), Ag6 (2), Agl (3) and Ag5 (4) films deposited onto single
crystal silicon substrates after interference fringes and baseline removed.

Wide absorption band between 3000 and 3700 cm™ is attributed to O-H stretching in silanol groups (SiOH) as
well as absorbed molecular water [16]. Its asymmetric shape needs fitting at least by 2 Gaussians. It is followed by weaker
absorption feature in the range of 1500-1750 cm™ associated with bending in H,O usually observed at ~1650 cm™ [16].
The last one is rather affected by change of monomer vapor pressure in deposition chamber than addition of silver itself
as can be seen from Fig.2.

At the same time, a drastic increase of O-H stretching band is observed during increase of Ag concentration with
maximum at 40 %;z. It doesn’t correlate with intensity of absorbed molecular water bending mode and can lead us to
assumption about formation of hydroxyl termination groups, hypothetically, on the surface of silver nanoclusters during
growth of the film. This correlates well with Ag promoted increase of oxygen content in the studied films. Absorption
band between 2800 and 3000 cm™ is attributed to stretching vibrations in CHx groups and can be deconvoluted into 4
modes corresponding to symmetric and antisymmetric stretching in CHz and CH; [10], [13]. In films under investigation
this peak is located on the tail of O-H stretching absorption band and its shape can be severely affected by this
superposition. Thus, the precision of its deconvolution is poor except antisymetric stretching mode in CH3 and only total
area under this peak is analyzed in current study. The contribution of antisymmetric stretching mode in CH3 in CHx
abrosption band is increased with increase of silver content (Fig.3). This can indicate on higher saturation of carbon
termination groups with addition of silver even when film is grown in “harder” plasma conditions with increased W/F
ratio.
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Fig. 2. Peak area of O-H stretching band (1) and H20 Fig. 3. Contribution of antisymmetric stretching mode in
bending band (2) vs. Ag concetnration. CHs in CHx abrosption band vs. Ag concetnration.

Absorption band observed between 2100 and 2300 cm! is attributed to the Si-H symmetric stretching in various
Si environments (H-SiOs, H-SiO,Si, H-SiOSi) [10]. Addition of silver leads to rearrangement of observed modes and their
peak intensities. While in pure pp-HMDSO reference film H-SiO,Si mode is dominant and accompanied with 2 times
weaker H-SiOSi mode, the addition of silver leads to increase of H-SiOSi mode contribution and disappearing of H-SiO,Si
at 40%eat. of Ag. But Ag5 film deposited at pumpso = 1 Pa demonstrate appearance of H-SiO,Si mode and even H-SiO3
additionally. Peak at ~1455 cm™ indicates on presence of CH; groups isolated from Si atoms but without any essential
changes due to Ag incorporation. Absorption band at ~1406 cm™* corresponds to antisymmertric bending of C-Hs in methyl
terminated SiMey. Peak at ~1362 cm™ is attributed to bending of C-H2 in Si-CH,-Si crosslinks. A slight increase of its
intensity is observed with addition of silver. A shift to higher wavenumbers is caused rather due to decrease of monomer
vapor pressure at constant discharge power and can indicate on more dense films with additional compressive stress. It is
worth noting that the last 3 peak mentioned above are located close to each other and are more overlapped with increase
of Ag content. Peak corresponding to the symmetric bending of C-Hs in SiMey groups observed at ~1263 cm [10], [13]
exhibits a slight shift to higher wavenumbers with increase of Ag concentration. Together with appearance of absorption
peak at ~843 cm? related to antisymmetric rocking of CHs in SiMe; and decrease of absorption peak at ~806 cm
attributed to antisymmetric rocking of CHs in SiMe; it can indicate on decrease of SiMe, and increase of SiMes
simultaneously with increase of silver content in the studied films. A wide region of strong absorption observed between
1240 and 520 cm™ is composed from Si-O-Si peak (1000-1200 cm-t), H-Si-O bond bending at ~886 cm™, antisymmetric
rocking of CH3 in SiMe; at ~843 cm™ and antisymmetric rocking of CHs in SiMe; at ~806 cm™, symmetric stretching
vibrations in Si-O-Si groups of the SiO network at ~700 cm [14], [15]. Its intensity increases with addition of silver but
decreases with monomer vapor pressure decrease. In addition, an intense absorption band observed at ~970 cm-1 in Agl
film is attributed to symmetric stretching of Si-O-C bonds[13]. It shifts to higher wavenumbers and increases its intensity
with increase of Ag concentration or decrease of monomer vapor pressure alternatively. As this absorption band isn’t
observed in spectra of films with lower Ag concentration and in Ag-free film, it becomes impossible to distinguish the
effect of silver incorporation and monomer vapor pressure change on Si-O-C bonds. The major contribution to peak at
~886 cm! in the studied films can be attributed only to H-Si-O bond bending in which each silicon atom has three oxygen
neighbors [10].

Si-O-Si band can be fitted using 3 main peaks that are attributed to antisymmetric stretching of Si-O-Si bond at
different bonding angles. Peak at 1150-1160 cm™ is attributed to larger angle Si—-O-Si bonds in a cage structure with a
bond angle of approximately 150° [10]. It appears at 40%z. concentration of silver and increases with its increase. Peak
between 1100 and 1050 cm™ is assigned to network structure of silicon oxide with bonding angle ~144°. In fully relaxed
high-temperature stoichiometric silicon oxide it is observed at 1080 cm and shifts to lower stretching frequencies in low-
temperature silicon oxides [17] and organosilicon plasma polymers [10]. Peak located in range 1000-1040 cm™ is
attributed to antisymmetric stretching of Si-O-Si bonds in silicon suboxide structure with bonding angle <144° [17], [18].
Shift of Si-O-Si peak components to higher wavenumbers together with appearance of peak corresponding to vibrations
in cage structure is observed with silver content increase. The contribution of each component (cage, network, suboxide)
with silver content increase is present in Fig.4.

The contribution of suboxide component decreases with addition of silver and decrease of monomer vapor
pressure as well while contributions of network and cage structure components increase. The effects of silver incorporation
and HMDSO vapor pressure decrease can be easily distinguished on the concentration curves of suboxide and network



components as reference Ag-free film is obtained at the same monomer vapor pressure as film with 40%;. of silver. The
influence of monomer vapor pressure has more significant effect than addition of silver but changes are similar. Thus,
addition of silver changes the Si-O-Si skeleton from suboxide towards silicon oxide cage structure the same way as
transition from “soft” to “hard” plasma conditions. The transition from suboxide to network and cage structure is also
confirmed by increase of oxygen content. The decrease of polymer matrix density can be caused by nanopores typical for
cage structure.

The ratio of total area under SiMe peaks to total area under Si-O-Si peaks decreases with silver content increase
as well as with decrease of monomer vapor pressure (Fig.5) indicating the decrease of bonded carbon. Together with
increase of total carbon content observed in EDS spectra it can be an evidence of unbonded amorphous carbon present in
the polymer with decreasing HMDSO pressure as a result of hydrogen loss in CHy species in plasma and graphitization.
At the same time contribution of SiMe; termination groups increases with increase of silver content and decrease of
monomer vapor pressure the similar way as reported by Saulou et al. [8]. This can be an evidence of increased HMDSO
molecule fragmentation in plasma and crosslinking in the resulting organosilikon polymer matrix caused by addition of
metal silver during films growth. Thus, addition of silver changes the organosilicon polymer matrix from soft PDMS-like
plasma polymer to “harder” plasma polymer with structure peculiarities more typical for inorganic non-stoichiometric
SiOy films.
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Fig. 4. Contribution of cage (1), network (2) and Fig. 5. Ratio of SiMe to SiOSi area (1) and contribution of

suboxide (3) components into Si-O-Si absorption band SiMes in total SiMe environments (2) vs. Ag concentration.
vs. Ag concentration.

The small peak at the long-wavelength edge of the FTIR spectrometer range between 440 and 460 cm™* associated
with bending of O-Si-O structural units and ring opening vibrations [10] is increased with increase of silver content and
decrease of HMDSO vapor pressure as well. Thus, addition of silver acts the same way as decrease of monomer vapor
pressure and leads to increased formation of -Si-O-Si-O- rings in the structure of organosilicon polymer matrix.
Additionally, observed peak demonstrates red shift with Ag concentration increase that is the evidence of vibration
frequency decrease caused by decrease of O-Si-O angle in ring structures due to decrease of rings average length. At the
same time, FWHM of the observed peak is decreased with addition of silver but further increase is observed together with
decrease of monomer vapor pressure. Thus, transition to “hard” plasma conditions leads to larger variety of rings due to
intensified fragmentation of HMDSO molecules and this effect becomes dominant over the effect of silver incorporation.
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ABSTRACT:

In the end of 2019, the acute respiratory virus SARS Cov-2, became pandemic. Disease invoked the
need for development of protective measures against the rapid spread among the people and prevention of
infection, in the most serious cases, leading to death.

One of the possible solution is the use of PVD technology to coat the surface with antimicrobial element
(Ag, Cu, Ti, ...), specially in form of nanoparticles. Due to the higher volume to surface ratio, compared to
conventional thin films, nanoparticle based thin films posses potentially higher chance for virus inactivation.

In this paper, we focus on the preparation of thin films based on Ag nanoparticles embedded in an
amorphous polymer matrix Si-O-C-H, using the High Target Utilization Sputtering (HiTUS) technology, where
we investigate the influence of HMDSO amount (polymer matrix base) on adhesion and mechanical properties
on different types of substrates.

KEYWORDS (HiTUS, nanoparticles, silver, adhesion, mechanical properties)

INTRODUCTION

Infamous Covid 19 disease is caused by rapidly spreading acute respiratory syndrome coronavirus.
Until november of 2022, the total of more than 633 milion infection cases are known with 6.6 milion of
confirmed deaths. Due to such sorrowful statistics, demand for developement of effective protective measures
against spread and infection arise [1, 2].

Main disadvantage of current protective measures is time-limited protective effect and necessity for
frequent replacement or frequent repeated disinfection. Solution to retain protective effect is the application of
coatings based on antimicrobial elements (Ag, Cu, Ti, ...). It is widely known that silver posses strong
antibacterial activity in combination with high biocompatibility [3, 4, 5]. Furthermore, literature shows that
further increase in antimicrobial activity can be obtained by modification of thin film nanostructure —
preparation of nanoparticles (NPs) based thin film. As a result, NPs based thin film intrinsically exhibit higher
surface to volume ratio than conventional thin film. Such NPs have been described to damage bacterial structure
cell via prolonged release of Ag+ ions more effectively than conventional films. Due to high antimicrobial
activity and low cytoxity Nps based thin films have been widely employed in medicine [4, 5]. Nowadays,
different approaches are developed and investigated to find the most reliable, eco-friendly, stable, economically
favorable method to produce NPs with sufficient adhesion on different types of substrates [6, 7].

In our work, we investigate specific Physical Vapour Deposition (PVD) method — High Target
Utilization Sputtering (HiTUS). Here, we prepare Ag NPs embedded in organosilicon polymer matrix based
on condensed Hexamethyldisiloxane (HMDSO). Thin films based on HMDSO are very well known for their
superhydrophobic and adhesion improving properties [8]. Therefore, the effort is to prepare thin films with
combination of excellent antimicrobial activity and hydrophobic behaviour with sufficient adhesion. However,
in this work, main focus is dedicated to the investigation of an influence of amount of HMDSO on physical
properties - the chemical composition, morphology, structure, adhesion and mechanical properties of NPs
embedded in organosilicon polymer matrix.
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EXPERIMENTAL DETAILS

The samples were prepared by the technology of HITUS by sputtering from Ag (100 mm in Dia.,
99.95%) target and condensation of organosilicon compound HMDSO into polymer matrix. The substrates
were mirror polished, ultrasonically and chemically (3 x 5 minutes in acetone, isopropyl alcohol and distilled
water) cleaned c-cut sapphire (0001) and silicon (001) wafers (8 x 8 mm?), placed opposite to the center of the
target, in the distance of approximately 25 cm. The base vacuum pressure was below 1 x 10 Pa for each of
the deposition processes. Chamber was filled with Ar gas to total pressure of 0.65 Pa. Power density on the Ag
target was set to constant 6.37 W/cm? (500 W). HDMSO partial pressure was changed from 0 Pato 0.5 Pa. All
depositions were conducted at room temperature.

Chemical composition characterization was performed by scanning electron microscopy (SEM,
Thermofisher Scientific Apreo 2) in combination with energy dispersive X-ray spectroscopy (EDS, INCA
Oxford Instruments). Detailed investigation of nanostructure of the selected samples was conducted by
scanning transmission electron microscopy (STEM, FEI Titan) operated at 200 kV. Phase analysis of the
samples was carried out via X-ray diffraction (XRD) method in Bragg-Brentano geometry, using PANalytical
X’Pert diffractometer with Cu Ka radiation. Hardness H and Young‘s modulus E were measured using a
nanoindenter Anton Paar NHT? equipped with Berkovich diamond tip and determined via the Oliver and Pharr
method [9]. During measurement, constant load of 0.5 mN was applied. The results were obtained by average
over 16 measurements. Adhesion measurements were carried out using empirical method — scratch test using
Bruker equipped with Rockwell diamond tip, with increasing load up to 30 N and total distance of 3 mm as an
average over 5 values at each sample. In this work, adhesion was defined as a critical load at which_coating
delamination occurs.

RESULTS

Elemental EDS analysis of the samples (TABLE 1.) revealed strong influence of the partial pressure of
HMDSO on the chemical composition. As it was expected, a gradual decrease in Ag amount can be seen at the
expense of C, O and Si, by increasing partial pressure of HMDSO.

TABLE |. Chemical composition of the samples from deposition series with different partial pressure of
HMDSO (p(HMDSQ)) during deposition, P/Sqarg is the power density on the Ag target.

Chemical composition (at. %)
P/S(targ) = 6.37 W/cm?
SAMPLE
No p(HMDSO) (Pa) Ag 0 Si C
SAMPLE 1 0.1 57.23 | 7.83 | 15.27 | 19.66
SAMPLE 2 0.2 39.93 | 12.45 | 24.26 | 23.36
SAMPLE 3 0.5 16.01 | 18.24 | 33.78 | 31.97

As can be seen in fig. 1, in the diffraction pattern of the sample with highest amount of Ag, we identified
reflexions belonging to cubic Ag (Fm-3m) phase. Amorphous backround from polymer matrix is not possible
to identify without sufficient standard calibration. However, as was expected, increasing of HMDSO partial
pressure results in decrease of Ag amount (table I) and leads to reduction of the intensity of all Ag reflexions.

From the view of mechanical properties (fig. 1), increase of HMDSO partial pressure leads to increase in the
values of hardness from H*VPLEL = 0.7 GPa to H**VPLE3 = 2.4 GPa, Young’s moduli from ES*MPLEL = 16 GPa to
ESAMPLES = 28 GPa and critical load for delamination LSAMPEL = 8,1 GPa to LSAMPES = 21.9 GPa. In pure HMDSO
matrix, no crack propagation was observed below load of 50 N.
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Fig. 1. XRD patterns of the as-dep samples from deposition series with different HMDSO partial pressure
p(HMDSO) with corresponding hardness H, Young’s moduli E, and critical load value for coating
delamination L.
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Detailed investigation of the nanostructure on atomic scale provided planar view from STEM (Fig. 2). Planar
view confirmed presence of nanoparticles embedded in polymer matrix. Moreover, elemental EDS analysis
clearly confirmed chemical separation between Ag NPs and polymer matrix.



CONCLUSION

We verified the usage of the technology of HiTUS for preparation of silver nanoparticles based thin
films embedded in polymer matrix based on Si-O-C-H. We showed that the HMDSO partial pressure has
a significant role in resulting chemical composition. Based on the results from XRD and STEM, it has been
shown that our films have crystalline character, exhibiting cubic (Fm-3m) Ag nanoparticles embeded in
organosilicon polymer matrix. Moreover, increase of HMDSO partial pressure resulted in improvement of the
mechanical properties, specifically increase in hardness and adhesion. Results were identical, independently on
the substrate selection. We believe, there will be an optimal candidate between our samples with sufficient
adhesion, hydrophopic and antimicrobial properties. However, these considerations have not been
experimentally verified yet and call for further experiments.
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Uvod

Fyzikélna depozicia z par (PVD) je suchy proces, ktory umoziuje pripravu antibakteridlnych
Ag vrstiev bez produkcie vedl'ajsich tekutych produktov kontaminovanych Ag. Napriek tomu, Ze aj
jednozlozkové magnetronom naprasované Ag tenké vrstvy maju vyrazny antibakteridlny ucinok [1],
takéto vrstvy nie st vhodné pre praktické aplikéacie. Ked'ze Cisté Ag je méakky kov, jeho tenka vrstva
by mala nedostatocni mechanicku odolnost’ a vyrazne obmedzenli vydrz. Preto sa v sucasnosti
Studuji kompozitné povlaky Ag ulozené¢ v mechanicky pevnejSej matrici. Typickym prikladom je
kompozit Ag nano€astic uloZzenych v polymérnej matrici HMDSO [2]. Takato technologia umoziuje
zvysit odolnost’ povlaku a kontrolovat’ rychlost’ uvol'fovania Ag.

Dal§im vhodnym kandiddtom na mechanicky odolnii matricu je diborid titdnu, dobre znamy
ako supertvrdy materidl s vynikajucou chemickou stabilitou [3]. Okrem toho bolo preukézané, ze TiB>
je biokompatibilny material [4]. Pridanie TiB2 do Ag sa Casto skuma pre aplikacie v elektronike ako
kontaktny material odolny voci elektrickému obluku [5]. Takyto materidl vSak pozostava prevazne z
Ag s koncentraciou TiB2 len niekol’ko percent a jeho antibakterialne vlastnosti neboli skimané. V
tejto praci sme pripravili kompozitné vrstvy Ag/TiB:2 so Sirokym rozsahom koncentracie Ag od 0 do
21.2 atomarnych percent (at.%) a skiimali ich chemické, mechanické a antibakterialne vlastnosti.

Material a metody

Kompozitné vrstvy Ag/TiB: sa pripravili magnetronovym naprasovanim z Ag a TiBz terCov.
Vykon na TiB: terci bol udrziavany na 1000 W, vykon na Ag ter¢i bol nastaveny na 0, 10, 20, 50,
100 W. Zafirové, kremikové a ocelové substraty K100 boli pred depoziciou ultrazvukovo cistené v
acetone, izopropylalkohole a destilovanej vode. Na zvySenie adhézie sa pouzila 150 nm hruba
chromova vrstva.

Prvkové zlozenie sa analyzovalo energeticky disperznou rontgenovou spektroskopiou (EDS,
INCA Oxford Instruments). Krystalograficka struktura vybranych vrstiev bola analyzovana pomocou
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rontgenovej diffrakie (XRD, PANalitical X'Pert Pro) v symetrickom uspororiadani. Mechanické
vlastnosti boli merané na Al,O3 substratoch pomocou nanoindentora (Anton Paar NHT2) s pouzitim
Berkovichovho diamantového hrotu a hibky vtladenia men3ej ako 10% hrubky vrstvy. Koeficient
trenia (COF) bol merany tribometrom (Brucker UMT 2) v konfigurécii ball-on-disk pri zatazeni 5 N.

Antibakterialny u¢inok sa analyzoval testom inhibicie rastu E. coli vykonanym v
mikrotitraénej platnicke v objeme 300 pL s hustotou kultary 1.5 x 10° buniek/ml. Ako kontrola bol
pouzity material bez strieborného povlaku. Po 3 hodinach inkubacie pri 37 °C sa meral rast E. coli
odcitanim absorbancie pri 590 nm. Ziskané hodnoty optickej hustoty sa pouzili na vyhodnotenie
inhibi¢ného u¢inku testovanych vrstiev.

Vysledky a diskusia

Prvkova EDS analyza ukazuje rasticu koncentraciu Ag vo vrstvdch so zvySujucim sa
vykonom na Ag ter¢i ako je znazornené na obr. 1. Maximalna koncentracia Ag dosahuje 21.2 at.%
pre vzorku pripravenu s vykonom 100 W na Ag terci.

Struktira AgB: nie je termodynamycky stabilna a preto sa neo¢akava tvorba tuhého roztoku
AgyTi1yB2. Namiesto toho sa o¢akava, ze v matrici TiB2 sa vytvori kovova Ag faza, ¢o bolo potvrdené
aj pomocou XRD, ako je mozné vidiet’ na obr. 2. Difrakény obrazec referen¢nej TiBz vrstvy (0 W na
Ag terci) ukazuje iba jedno difrak¢né maximum pri 44.5°, ¢o zodpoveda (101) difrakcii hexagonalnej
fazy TiB2. VO vrstve obsahujucej 21.2 at.% Ag sa objavuji d’alSie maxima pri 38.1°, 44.4° a 64.6°
zodpovedajuce (111), (200) a (220) difrakcii kubickej Ag fazy. Okrem toho pridanie Ag vedie k
roz§ireniu maxima TiB2 (101), ¢o naznacuje zjemnnie kryStalickej Struktiry.

Tenké vrstvy diboridu titdnu st zndme svojou vysokou tvrdost’ viac ako 40 GPa [6]. Ich
koeficient trenia (COF) je vSak vysoky, ¢o obmedzuje ich praktické aplikécie. Na druhej strane
striebro ma nizky COF a mo6ze byt pouZité ako tuhé mazivo. Vplyv Ag na COF v kompozite
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Obr.2: XRD skeny v symetrickom 6/20

usporiadani pre vzorky pripravené s vykonom 0
a 100 W na Ag terci.

Obr.1: Koncentrdcia stribera v Ag/TiB; vrstvdch
pre vzorky s r6znym vykonom na Ag terci.



AQ/TiB: je znazorneny na obr. 3. M6zeme vidiet, Ze pridanie Ag do TiB2 vyznamne zniZilo trenie
pri koncentracii Ag nad 13.3 at.%. Celkovo sa COF znizuje z 0.7 pre cisty TiB2 na 0.3 pre
kompozitné Ag/TiB, s 21.2 at.% Ag. V porovnani s referencnym TiB; sa tvrdost’ Ag/TiB2 s 21.2
at.% Ag znizila na 4.7 = 0.3 GPa, ¢o je vSak stale viac ako tvrdost’ napriklad nehrdzavejicej ocele
a ovel'a vysSie ako u Cistej Ag vrstvy.

Antibakterialny u¢inok vrstiev v porovnani s nepovlakovanymi Si substratmi je znazorneny
na obr. 3. Inhibicia rastu dosahuje 52% aj pre referen¢nt TiB2 vrstvu. Pridanie Ag vedie k zvyseniu
antibakteridlneho U¢inku, ktory dosahuje maximdlnu hodnotu 92% pri vrstve s 13.3 at.% Ag
pripravenej s vykonom 50 W na Ag terci. Uvedené hodnoty st priemerom 6smich merani.
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Obr. 3: Koefficient trenia oproti ocelovej gulicke Obr. 4: Inhibicia rastu E. Coli pre vrstvy
pre vrstvy pripravené na ocelovom substrdte pripravené na Si substrdte.
K100.
Zaver

Pridanie Ag do TiB: vedie k vytvoreniu nanokompozitu zlozeného z Ag Castic ulozenych
v tvrdej matrici TiB2. Kompozit s obsahom Ag 21.2 at.% vykazuje znizeny koeficient trenia 0.4 v
porovnani s 0.7 pre referen¢nt vrstvu TiB2. Vzorka s najvys$$im antibakteridlnym t¢inkom 92%
obsahuje 13.3 at.% Ag a vykazuje tvrdost’ 17.7 GPa. Napriek nizsej tvrdosti vysledného povlaku
je AgQ/TiB, stale tvrdsi ako nehrdzavejuca ocel, ¢o naznaCuje zlepSenti odolnost’ proti
opotrebovaniu a zvySenu odolnost’ antibakteridlnych povlakov na baze striebra.
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Introduction

Metabolic syndrome (MetS) is a cluster of cardio-metabolic risk factors and comorbidities
conveying high risk of both cardiovascular disease [1] and type 2 diabetes mellitus (T2DM). The
underlying aetiology of this clustering has been the subject of much debate [2]. Criteria for clinical
diagnosis of MetS include elevated waist circumference, blood pressure (BP), levels of serum
triglycerides and fasting glucose, and reduced levels of high-density lipoproteins (HDL) cholesterol
[3]. Several studies, based on the clinical, patophysiological, genetic, translational or proteomic
background of MetS were published [4-6], however, the effect of posttranslational modifications
and their role in MetS still raises many questions.

Thus, the basic experimental rat models might offer a reliable alternatives for studying
MetS pathologies. Up to this date, little is known regarding the changes in N-glycans during MetS
in rodents, but observed similarities between the glycomic profile of rat and human sera provided
important selection criteria for choosing an appropriate animal model for pathological and further
pharmacological studies [7]. Wistar rats (W) are an albino strain widely used in biological and
medical research for their common attributes providing satisfactory scale-up outcomes for pre-
clinical predictions [8]. Spontaneously hypertensive rats (SHR) have been developed as animal
models for human essential (idiopathic or primary) hypertensions [9-10].

The main goals of our pilot study were: i) to describe the glycoprofiles of two different rats
strains; ii) to evaluate their physiological and pathophysiological liaisons to the possible metabolic
distrubances.

Material and Methods

All experimental procedures involving animals were approved by the Ethical Committee of
the Institute of Experimental Pharmacology and Toxicology, Animal Health and Animal Welfare
Division of the State Veterinary and Food Diet Administration of the Slovak Republic (the number
of the permit 3635/14-221) and they conformed to Directive 2010/63/EU on protection of animals
used for scientific purposes. Adult male W and SHR rats aged 15 weeks were from the Breeding
Station of the Institute of Experimental Pharmacology and Toxicology (Dobra Voda, Slovakia).
The rats had free access to water and food and were kept on 12h/12h light/dark cycle and housed
5 animals per cage. Animals were divided into two experimental groups (n = 10 rats/group) and
fed standard diet.



The blood was collected from plexus chorioideus. ELISA diagnostics kits (Erba Lachema,
CR) kits were used to determine the lipid profile from the blood serum. We measured levels of
total cholesterol (CHOL), low-density lipoprotein (LDL), HDL, triacylglycerols (TAG) and
glucose (Glu). The absorbances of the resulting colored compound was measured
spectrophotometrically at 500 nm on LabSystems 352 Multiskan MS Microplate Reader
(ThermoFisher Scientific, U.S.).

The level of BP of the animals was measured by non-invasive tail-cuff pletysmografic
approach [11].

The analyses of serum N-glycoprofile by MALDI-TOF/MS equipment were done as
follows: 10 pl of serum was premixed with 40 pl 10 mM Tris, pH 7.5 + 0.1% SDS and incubated
with dithiothreitol (DTT) and iodoacetamide (IAA) according to standard protein reduction and
alkylation protocols [12]. To release the N-glycans, serum was incubated with 1 enzyme unit (U) of
PNGase F (peptide-N-glycosidase F, Roche) at 37°C overnight. Isolation of N-glycans was
performed by PGC SPE (100 mg Supelclean ENVI-Carb, Supelco) as described previously [13] by
60% ACN + 0.1% TFA. To increase the signal intensities and stabilize the sialic acid, N-glycans
were subjected to permethylation [14]. Permethylated N-glycans were analyzed by UltrafleXtreme
MALDI TOF/TOF mass spectrometer (Bruker Daltonics) in reflectron positive ion mode with 20
mg/ml DHB in 30% ACN + 1 mM NaOH as the matrix solution. Analyzed data were processed by
FlexAnalysis (Bruker Daltonics) and GlycoWork Bench [15] software. Obtained MS and
representative MS/MS spectra of free and permethylated N-glycans were compared and evaluated
with a special focus on their N-glycan type.

The data were statistically evaluated using GraphPad Prism 6 Software (La Jolla, USA).
Data were expressed as means = SEM. One-way analysis of variance (ANOVA) was used to
evaluate the difference among all experimental groups (using the Bonferroni multiple comparison
test). The level of p <0.05 was considered as statistically significant difference. The asterisks were
used to mark significancy as follows: “p < 0.05; ™ p < 0.01; ™ p < 0.001 when comparing SHR vs
W rats.

Results and Discussion

First, the basal biochemical parameters of lipid profile and BP levels of two different rats
strains from healthy individuals were compared. The corresponding data are registered in Tab. 1.
The glucose level did not differ among the experimental animals W vs SHR, however, in all other

Tab. 1.: The lipid profile and BP levels of W and SHR rats.

Glu TAG CHOL HDL LDL BP
(mmol/l)  (mmol/l) (mmol/l) (mmol/l) (mmol/l) (mmHg)

W 6.86+0.25 1.00+0.11 1.56+0.09 1.02+0.03 0.52+0.01 119.3+1.4

*hk EE3

SHR 6.78+0.23 0.47+0.05™"  1.19+0.03 0.87+0.01 0.41+0.03™  191.5+1.7™"




parameters of lipid profile as well as BP level, there were observed significant changes in SHR
group compared to W rats. Since, within chronic civilization diseases, e.g. MetS or T2DM, are
multifactorial the key role in their development act not only the environment factors (diet, physical
activity, stress, life style) but also genetic predispositions. Thus, the use of different rats strains
provides the opportunity to elucidate the interrelation between glycosylation changes and the
pathophysiological conditions involved that might be reflected also within their glycoprofiles
[16,17].

Second, the acquisition and characterization of glycomic profiles derived from blood sera
of two different rats strains from healthy individuals were done. N-glycoprofiling of serum samples
from two different rat’s strains, led to the identification of more than 100 N-glycan structures. Out
of them, accurately 38 relevant and most abundant N-glycan structures were selected. N-glycans
were distributed in to the following structural classes according to their glycan type (values
expressed as m/z that represents mass-to-charge ratio [M + Na]*): High mannosylated (High —
Man) - 1579.8; 1783.8; 1988.1; 2192.2; 2396.4; Complex Bi-antennary (C-Bi) — 1865,9; 1981.9;
2070.1; 2227.1; 2431.2; 2792.4; Complex Bi-antennary fucosylated (C-Bi—Fuc) — 1590.8; 1835.9;
2040.0; 2244.1; 2605.3; 2966.4; Complex Tri-antennary (C—Tri) —2111.0; 2880.4; 3241.6; 3602.7;
Complex Tri-antennary fucosylated (C-Tri—Fuc) — 3415.7; 3776.8; Hybrid - 2186.1; 2390.2;
2472.2; 2635.3; 2676.3; Hybrid fucosylated (Hybrid-Fuc) — 2081.1; 2285.1; 2489.3; 2663.3;
2807.4; 3837.4 and truncated sialylated (High — Sial) N-glycans — 3153.6; 3327.7; 3514.7; 3963.9.
The relative intensities of N-glycans within different rat’s strains, sorted into groups according to
their glycan type are displayed in Tab. 2.

Tab. 2: The relative intensities of N-glycans in W and SHR rats according to their glycan type.

w SHR
High-Man 38.83 +£3.52 17.01 £2.67 ™
C-Bi 29.46 + 6.58 32.72 +3.48
C-Bi-Fuc 17.08 +2.68 2631+3.22"
C-Tri 0.22+0.18 248 +1.04
C-Tri-Fuc ND 0.91 +0.19 ™
Hybrid 8.39 +0.50 7.57 +0.80
Hybrid-Fuc 6.02+ 1.14 8.00 £ 0.97
High-Sial ND 500+1.727

The comparison of the relative quantitative intensities of N-glycans between W and SHR
strains, revealed the most significant changes in the contribution of High-Man and C-Tri-Fuc type
of N-glycans. The relative proportion of all High-Man N-glycans in SHR rats was, on average, at
half of the level of their presence in W group. Interstingly, there were not detected (ND) any of C-
Tri-Fuc or High-Sial N-glycans in W experimental group, while observed in SHR group. The level



C-Bi-Fuc and High-Sial were noticeably higher in SHR compared to W. That implies towards the
respectable role of fucosylation and sialylation found in other studies as well [18,19]. The complex
molecular bases of the glycomic changes are still under intensive research [20,21].

Our findings support the importance of prospective research into glycosylation alterations in
different rats strains [22]. These data of blood sera glycoprofiling in experimental animals might
assume as a possible tool for basic research to test therapeutic perspectives within various
civilization and metabolic diseases. Further impact on clinical studies tendencies might be
considered.
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Introduction

The field of ageing research has been rapidly advancing in recent decades and it had
provided insight into the complexity of ageing phenomenon [1,2]. The biological age of an
individual is relevantly influenced by metabolic state of the body, which is, in turn, linked to a life
style and nutritional habits [3]. Nutritional interventions been shown to provide health benefits,
including the life prolonging effect, in a range of experimental animals [4]. The results of recent
human studies show that e.g. mild caloric restrictions can have beneficial effects in humans [5,6].
Since the nutrition is an important and readily modifiable risk factor for disease prevention, many
studies have consistently proven steady relationship between diet and health including in older
adults [7-9]. The regulatory hormones of glucagon and glucagon-like peptide 1 (GLP-1), both play
an important role in glucose homeostasis [10]. The plasminogen activator inhibitor type 1 (PAI-1)
is the major determinant of fibrinolytic activity and its concentrations are elevated in obesity, type
2 diabetes and metabolic syndrome [11].

In order to investigate the potential alterations in glucose metabolism regulation within
aging, the blood serum levels of glucometabolic hormones were assessed on offspring of Sprague
Dawley (SD) rats. SD is an albino outbred rats strain widely used in biomedical research including
toxicology and pharmacology for its common attributes providing satisfactory scale-up outcomes
for pre-clinical predictions [12]. istarTo mimic the nutritional preferences of the western-style diet
rich in high-fat, first we fed parental generation either with control (C) standard diet or high-fat
diet (H, 1% cholesterol and 7.5% lard). Then, the type of diet continued within offspring
generation: male SD rats were continously fed with either control standard (C-C) or high fat diet
(H-H, 1% cholesterol and 7.5% lard) until adulthood, almost two years.

The main goal of our study was to assess and evaluate the levels of glucometabolic
hormones glucagon, GLP-1 and PAI-1 in aging offspring SD rats in respect of the administered
nutritional differences with either standard or high-fat diets.

Material and Methods

All experimental procedures involving animals were approved by the Ethical Committee of
the Institute of Experimental Pharmacology and Toxicology, Animal Health and Animal Welfare
Division of the State Veterinary and Food Diet Administration of the Slovak Republic (the number
of the permit 3693/19-221/3) and they conformed to Directive 2010/63/EU on protection of



animals used for scientific purposes. SD rats were from the certified Breeding Animal Facility
(Velaz, Czech Republic). The rats had free access to water and food and were kept on 12h/12h
light/dark cycle and housed 5 animals per cage. Animals were divided into experimental groups (n
= 10 rats/group). Parents animals (male and female) were fed with either control standard (C) or
high-fat diet (H, 1% cholesterol and 7.5% lard) for 8 weeks prior mating, and then during pregnancy
and lactation. Subsequently, the posterity continued in the type of parent’s diet so it was fed with
either control standard (C-C) or high fat diet (H-H, 1% cholesterol and 7.5% lard) until adulthood,
up to 21 month.

The blood was collected from plexus chorioideus at the indicated time points of offspring
life span (1%, 15" and 21% month). The serum levels of glucagon, GLP-1 and PAI-1 were
thoroughly assessed by Multiplex magnetic bead—based immunoassays on Bio-Plex 200 systems
(Bio-Rad, U.S.).

The data were statistically evaluated using GraphPad Prism 6 Software (La Jolla, USA).
Data were expressed as means = SEM. One-way analysis of variance (ANOVA) was used to
evaluate the difference among all experimental groups (using the Bonferroni multiple comparison
test). The level of p <0.05 was considered as statistically significant difference. When comparing
C-C vs H-H rats at all of the selected time points, the asterisks were used to mark significancy as
follows: “p < 0.05; "p < 0.01; ™“p < 0.001 and ““p < 0.001. For further comparisons the other
types of symbols were used as listed here: # H-H: 15" vs 1% resp. C-C: 15" vs 1%, \ H-H: 21%t vs 1t
resp. C-C: 21% vs 1st; A H-H: 21 vs 15" resp. C-C: 21 vs 15™.

*kk

Results and Discussion

The assessment of glucometabolic hormones levels in blood serum of aging offspring SD
rats were evaluated at specified time points such resembled the life span of rodents as follows: 1%
month represented for pups, then 15" month constituted for adults animals and finally 21t month
established for old ones. The appraisal of the acquired data was done in respect of the administered
nutritional differences while fed either control standard or high-fat diet. The corresponding values
are listed in Tab. 1.

Tab. 1.: The levels of glucometabolic hormones within the offspring of aging SD rats.

GLP-1 Glucagon PAI-1
(pg/ml) (pg/ml) (pg/ml)
C-C-1¢t 235.5+524 3780.9 + 176.8 61.3+4.9
H-H-1st 359.4+215" 7137.7 £ 149.9 ™ 5347+579™
C-C-15th 2473 +10.9 8975.1 + 3493.6 ¥ 258.4 + 18.4 ###

H-H-15"  952.3+96.7" "™ 253759 £5291.7 "% 14499 + 4487 "

C-C-21* 193.7£51™ 14402.5 +701.9 "W 921,01 +76.5 YW
H-H-215t 19534 +231.8™ W™ 23782 7+859.0™" "W 3796.5 + 247 2" W




When comparing H-H vs C-C experimental goups, at all selected time points (1%, 15" and
21 months of age) there were remarkable shifts upwards within all of the measured parameters,
namely glucagon, GLP-1 and PAI-1. Moreover, there was also obvious certain dynamics of glucose
metabolims correlated with the age progression of W offspring rats: e.g. i) the level of GLP-1 in
H-H group was progressively increasing, correlating with the duration of the experiment, while in
C-C group stays stable; ii) similarly the level of PAI-1 in both C-C and H-H group were gradually
increasing, correlating with the duration of the experiment; iii) the level of glucagon dramatically
increased when comparing H-H:15" vs 1%t month of the experiment, then stays rigid, however while
considering C-C group correlated along with the proceeding age of the animals.

By monitoring nutrient-induced GLP-1 secretion over time during diet-induced obesity
development in rats, Hira et al., showed that GLP-1 secretion was enhanced in diet-induced obese
rats compared with control rats [13]. Thus, the postprandial GLP-1 response is likely to play a
protective role against glucose intolerance [14].

PAI-1 is closely related to the development of metabolic syndrome, glucose homeostasis
impairment and lipid metabolism disbalances [15]. Recent studies showed that PAI-1 might
contribute to the development of glucose intolerance, and have pro-atherogenic properties [16].

Our findings are in good agreement with studies supported the importance of the evaluation
of glucometabolic hormones levels within pathophysiology of aging [17], especially when
combined and potentiated with western-type diet rich in fat [18]. These data from long-term in vivo
experiment on aging offspring of SD rats might possibly elucidate the glucose metabolism
variations related to the nutritional preferences. Moreover, the further insights into mechanisms of
senescense might be clarified with perspective towards the research of various civilization and
metabolic diseases. Additional impact on clinical studies tendencies might be also considered.
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Introduction

Among the various synthesized hexahydro-pyridoindole derivatives, the compound (£)-Cis-
8-methoxy-2,3,4,4a,5,9b-hexahydro-1H-pyrido[4,3-b]indole-2-carboxylic  acid  ethyl ester
(SMelEC?2) [1] has been subjected to several preclinical studies. In particular, it showed significant
neuroprotective and antioxidant effects in the murine model of acute head trauma [2], rat
hippocampal slices exposed to reversible hypoxia/low glucose [2, 3], brain cortex homogenates of
young rats treated with Fe?*/ascorbic acid pro-oxidative system [4] and HT22 hippocampal
neuronal cells subjected to high glucose [5]. Moreover, in our in vivo study, 8-week
supplementation with SMe1EC2 showed a moderately enhancing effect on cognitive function in
aged rats [6]. SMelEC2 also improved cardiometabolic parameters and reduced oxidative stress
and inflammatory markers in our experimental model of metabolic syndrome [7].

In the present study, we assessed the potential effect of SMelEC2 on the expression levels
of antioxidant and anti-inflammatory mediators and pro-inflammatory markers in activated murine
BV-2 microglial cells.

Materials and Methods

Cells were plated in a 6-well plate at the density of 60,000 cells/cm?, grown for 24 h followed by
16h incubation in DMEM with LPS (2ug/ml) with or without SMelEC2 (200umol/l). Next, the
cells were lysed in Cell Lysis Buffer (1X, Cell Signalling Technologies, Inc.) with ImM PMSF
and homogenized by passing 15 times through a 25G-needle followed by 20 min incubation on ice
and centrifugation (12 000 rpm, 4°C, 15 min). Then, equal amounts (30ug) of proteins were
denatured and separated by SDS-polyacrylamide gel electrophoresis. Next, proteins were
transferred by Western blotting to the nitrocellulose membrane. Membranes were afterward
blocked with 3 % BSA or 5 % non-fat milk in PBS-T (PBS with 0.1 % (v/v) Tween-20) for 2h and
incubated with primary antibodies against inducible NO synthase (iINOS), cyclooxygenase-2
(COX-2), heme oxygenase-1 (HOX-1) and B-actin (Cell Signalling Technologies, Inc.) overnight
at 4°C. After four washes with PBS-T, membranes were incubated with a secondary anti-rabbit
horseradish peroxidase-conjugated antibody and detected using a western blotting luminol reagent.
Densitometric analyses were performed by using ImageJ software. The levels of 15-deoxy-A12,14-
prostaglandin J2 (15-d-PGJ2) in the culture medium were analyzed using the commercial kit (Enzo



Life Sciences) following the manufacturer’s protocol. Experiments were repeated minimally three
times. All the values were expressed as mean + standard error of the mean (S.E.M.). For multiple
comparisons, p values were calculated using a one-way analysis of variances (ANOVA) with
Tukey’s post hoc analysis, where homogeneity of variances was met. Otherwise, Games-Howell

post hoc analysis was used.

Results and Discussion

In our study, SMelEC2 downregulated LPS-elicited proinflammatory iNOS expression
(Fig. 1A, E) along with a significant increase in 15d-PGJ2 production (Fig. 1B) and mild
enhancement of the levels of HO-1, an Nrf2-regulated phase Il detoxifying enzyme with
antioxidant and anti-inflammatory roles (Fig. 1A, C). Unpredictably, SMe1EC2 also enhanced
the COX-2 levels induced by LPS treatment (Fig. 1A, D).
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Figure 1. The effect of SMelEC2 on the expression levels of antioxidant and anti-inflammatory
mediators and pro-inflammatory markers in LPS-activated murine BV-2 microglial cells. A:
Representative Western blots of proteins HO-1, COX-2, and iNOS; B: 15-deoxy-A!214-
prostaglandin J2 (15-d-PGJ2) levels measured by ELISA in culture medium. C, D, E:
Densitometric analysis of proteins. Protein levels were normalized to B-actin. ***p < 0.001, **p <
0.01, *p < 0.05 vs. control cells, #p < 0.01, *p < 0.05 vs. LPS-stimulated cells; LPS —

lipopolysaccharide; CON — control.

In a paradox, COX-2 is also a well-accepted mediator of anti-inflammatory processes
since it also plays a role in the resolution of inflammation and establishment of the acute
inflammatory response [8]. COX-2 has been recognized as a pro-inflammatory enzyme
promoting the synthesis of prostaglandin E2 (PGEZ2), an essential component of the inflammatory
cascade [9]. Nevertheless, COX-2 was found to mediate the intracellular accumulation of 15d-
PGJ2, a cyclopentenone PG, which employs its anti-inflammatory activity through activation of



peroxisome proliferator-activated receptor-y (PPAR-y) [10, 11] or by directly inhibiting NF«xB
activation by binding covalently to the 1«B kinase [12]. Furthermore, COX-2 was shown to
activate Nrf2, which in turn regulates the expression of antioxidant enzymes in activated
inflammatory macrophages [13, 14]. Moreover, the results of Luo et al., 2015 pointed to a novel
role of Nrf2 in inducing COX-2 expression through binding to promoter ARE in the absence of
increased ROS in rat preglomerular vascular smooth muscle cells [15].

15d-PGJ2 exerts protective properties in diverse cell systems [16]. It was reported to
suppress the p22phox expression to protect against apoptosis of neurons in a PPAR-y-dependent
manner [17]. Also, 15d-PGJ2 induced negative regulator of ROS (NRROS) expression mediated
through a PI3K/Akt-dependent FoxO1 and Spl phosphorylation and Nrf2 cascade suppressing
ROS generation in astrocytes [18].

Thus, the enhancing effect of SMelEC2 and potentially of other pyridoindole congeners
on 15d-PGJ2 release can contribute to restoring intracellular redox homeostasis and suppressing
inflammatory processes mediated by activated microglia in the CNS.
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Uvod

Antimikrobialny efekt striebra (Ag) je dobre znamy uz viac ako 2000 rokov (Wesley, 2009).
V stcasnosti sa ako velmi perspektivna cesta v boji proti mikroorganizmom so zvysenou
rezistenciou proti antibiotikdm ukazuje prave vyuzivanie produktov s obsahom striebra, pricom
striebro bolo zakomponované vo viacerych zdravotnickych komeréne dostupnych produktoch
(Percival et al., 2005; Sievert et al., 2013). Vel'mi aktualnou sa stala otazka ochrany zdravia
populacie proti virusu Coronavirus SARS-CoV-2, kedy prvé vysledky naznacili, ze aplikaciou
striebra na ochranné pomocky sa dosiahol zna¢ny virucidny efekt (Balagna et al., 2020). Aplika¢né
metddy striebra na zdravotnicky materidl, pripadne na vel'mi Casto exponovany material vo
verejnych priestoroch, so sebou prinasaju otazku moznej neziaducej nadmernej expozicie striebra
do prostredia, ¢o by mohlo viest’ k environmentalnym dopadom. Medzi najnebezpecnejsSie moZzeme
zaradit’ uz popisany efekt zvysenej rezistencie baktérii proti striebru (Graves et al., 2015). S cielom
objasnit’ antimikrobialny efekt striebra na rast mikroorganizmov a sledovat’ jeho ddvku nevyhnutn
pre zachytenie inhibi¢ného efektu sme v studii ako modelovy organizmus vyuzili gram-negativnu
baktériu Escherichia coli (E. coli). Material, na ktorom boli aplikované molekuly striebra pomocou
metody High Target Utilization Sputtering (HITUS) (Mwema et al., 2021), bol kokultivovany
s baktériami E. coli, priCom sa sledovali rozdiely v rastovych krivkach spdsobené pritomnost'ou
striebra, ¢o ndsledne umoZnilo kvantitativne vyjadrenie inhibi¢ného efektu pripraveného materialu.

Material a metody

V praci bola ako modelovy organizmus vyuzita gram-negativna baktéria Escherichia coli
DHS50oF’/ gyrA96 (Nal") recAl relAl endAl thi-1 hsdR17 (rk-mi+) glnV44 deoR A(lacZY A-
argF) U169 [®80dA(lacZ)M15] (Woodcock et al., 1989). Baktérie boli kultivované v tekutom LB
médiu [1% (w/v) pepton; 0,5% (w/v) kvasni¢ny autolyzat; 1,5% (w/v) NaCl] pri 37°C s trepanim
pri 180 rpm pocas noci. Nasledne bola no¢né kulttra inokulovana do nového LB média
a kultivovana do ODeoo 0,08 — 0,12 (0,5 MFU). Takto pripravend suspenzia buniek bola pridana
do 96-jamkovej mikrotitracnej platnicky s testovanym materidlom (kremikova platnicka 5*8
S nanesenym striebrom), pripadne s kontrolnym materidlom (kremikova platnicka 5*8 mm) vo
finalnej koncentracii 1,5 * 10° buniek/ml a finalnom objeme 300 ul. Meranie optickej denzity
(ODeoo) prebiehalo kazda hodinu (1 — 6 hodin), v minimalne 3 biologickych replikatoch.


https://www.sav.sk/?lang=sk&doc=ins-org-ins&institute_no=6

Vysledky a diskusia

V praci sme sa zamerali na potvrdenie antibakteridlneho efektu molekul striebra
aplikovanych na kremikovu platnicku metédou HiTUS prostrednictvom zostrojenia rastovych
kriviek E. coli, pricom tato metéda bola pouzitd na stanovenie antimikrobidlneho efektu vo
viacerych publikovanych pracach (Bao et al., 2015; Priester et al., 2014; Geethalakshmi a Sarada,
2013). Koncentracia baktérii v tekutom LB médiu (ODeoo) bola monitorovana priebezne pocas 6
hodin kultivacie kazda hodinu (Obr. 1).
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Obr.1: Rastova krivka E. coli v pritomnosti kremikovej platni¢ky s povlakom striebra (rad E. coli
+ Ag) a bez striebra (rad E. coli).

Inhibi¢ny efekt bolo mozné preukdzatelne zachytit uz po jednej a dvoch hodinach
inkubacie, kedy sa vplyv pritomnosti striebra prejavil spomalenim prirastku biomasy o priblizne
60%. Mozno povedat’, ze v tomto Case sa E. coli nachadzala v lag-faze bunkového cyklu, kedy este
nedochadza k vyraznému deleniu buniek baktérii (Bertrand, 2019). VSeobecne uznavana
charakteristika lag-fazy bunkového cyklu hovori o spusteni adaptaénych mechanizmov baktérii
Vv novom prostredi a tieZ o tom, Ze baktérie su pocas lag-fazy metabolicky aktivne (Rolfe et al.,
2012). Publikované Studie popisuju, Ze vplyvom stresu sposobené¢ho pritomnost'ou stricbra sa
bunky baktérii ¢asto dostavaju do tzv. ABNC §tadia (active but nonculturable), coho vysledkom je
absencia schopnosti prejst’ do exponencialnej fazy rastu (Jung et al., 2008). Pri merani optickej
hustoty po 3 a 4 hodindch inkubécie moZzno pozorovat, Ze baktérie v prostredi bez striebra postupne
prechadzaju do exponencidlnej fazy rastu, avSak v pripade v pritomnosti striebra je prirastok
biomasy o priblizne 75% nizsi. K celkovému prechodu do ABNC fazy vsak nedochadza a cast’



buniek si zachovava schopnost’ delit’ sa. Pri 5 a 6 hodindch kultivacie sa bunky v pritomnosti
striecbra zaCinaji vyraznejSie delit aaj V pritomnosti striebra dochadza k prechodu do
exponencialnej fazy rastu. Inhibicia prirastku biomasy medzi baktériami v prostredi s obsahom
striebra a bez neho sa znizuje pri 5 hodinach na 55% a pri 6 hodinach na 32%. Merané hodnoty sa
postupne dostavaji nad 1, takze sa blizia ku kvantifikacnému limitu metddy merania.

Na zéklade tychto zisteni mozno pozorovat, Ze vplyvom pritomnosti striebra v nastavenych
podmienkach prostredia sa lag-faza bunkového cyklu E. coli predlzuje, pricom sa pravdepodobne
samotna maximalna Specificka rychlost’ rastu vyrazne nemeni. Podobné zistenie bolo uz pri E. coli
publikované (Haque et al., 2017). Tuto hypotézu bude potrebné overit’ sledovanim vitality baktérii
Vv prostredi s obsahom striebra.
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Uvod

Otazka zvySovania rezistencie vlaknitych mikroskopickych fytopatogénnych hub proti
komeréne dostupnym fungicidnym pripravkom sa v sti¢asnosti stava vel'mi aktualnou (Goffeau,
2008). Preto je hladanie novych alternativnych pristupov ich kontroly a zneSkodnenia
perspektivnou cestou vyskumu novych materidlov. Moderné techniky pripravy nanostruktirnych
materidlov so zvySenou antifungalnou aktivitou su z tohto hl'adiska sI'ubnym kandidatom Stadia
V danej oblasti. Jedine¢né vlastnosti nanomateridlov, najméd néarast pomeru povrchu Struktiry
k celkovému objemu, v porovnani s antimikrobialnymi agensmi vo forme i6nov alebo soli, vedu
Castokrat k vyraznému zvySeniu antifungalneho potencialu (Kanhed et al., 2014). Nanocastice
striebra (AgNP) sa vyznacuju vysokou chemickou stabilitou a boli viackrat vyuzité vo viacerych
oblastiach priemyslu ako antimikrobialne agensy (Necula et al., 2009; Bernardo-Mazariegos et al.,
2019). Antifungalny efekt AgNP je zavisly od mnohych faktorov, akymi st koncentrécia striebra,
Cas expozicie, velkost’ nanocastic, morfologia fytopatogénnej vldknitej mikroskopickej huby. Pri
vysokych davkach striebra, ktoré by sa mohlo uvolnit’ do zivotného prostredia modze dojst” aj
k negativnemu ovplyvneniu prospesnej mikroflory (Vera-Reyes et al., 2022). Znizenie
koncentracie striebra moze byt efektivnou cestou vytvarania produktov uréenych na ochranu
zdravia l'udi apotravin (Zhao et al., 2021). Cielom s$tudie bola charakteristika troch typov
pripravenych nanocastic striebra s roznou intenzitou expozicie striebra na nosni kremikovu
Struktiru so zameranim na popisanie ich inhibi¢ného vplyvu na kli¢iace spory vlaknite;
mikroskopickej huby Trichoderma harzianum v in vitro podmienkach.

Material a metody

Vlaknitd mikroskopickd huba Trichoderma harzianum CCM F-340 (Ceskd sbirka
mikroorganismi, Brno) bola kultivovana na zemiakovo-dextrézovom pevnom alebo tekutom
médiu (potato dextrose agar/broth; PDA/PDB) [2% glukodza, 20% zemiakovy extrakt, pH 5,6; v
pripade PDA 2% agar] (Mac Faddin, 1985). Po dvoch tyzdioch kultivacie na PDA pri 25°C boli
izolované spory, ktoré boli inokulované do 300 pul PDB s testovanym materialom vo finalnej
koncentracii 10° spér/ml. Kultivacia prebiehala v 96-jamkovej mikrotitraénej platnicke
S testovanym materidlom (kremikova platnicka 5*8 snanesenym striebrom), pripadne
S kontrolnym materidlom (kremikova platnicka 5*8 mm). Kokultivacia s testovanym materidlom
prebiehala pri 25°C a 130 rpm pocas 18 hodin. Po 18 hodinach kokultivacie bol merany prirastok
biomasy (ODsoo). Test inhibicie rastu bol realizovany v 3 biologickych replikatoch.


https://www.sav.sk/?lang=sk&doc=ins-org-ins&institute_no=6

Vysledky a diskusia

Cielom prace bolo zhodnotenie antifungalneho potencidlu pripravenych nanostruktirnych
materidlov s obsahom striebra ukotvenych na kremikovej matrici proti vlaknitej mikroskopickej
hube Trichoderma harzianum.

AgNP boli pripravené pomocou klastrovacieho zdroja, pricom rozdiel medzi vzorkami bol
vo vykonovom nastaveni Ag terca. Pri najnizSom nastaveni vykonu 50 W (vzorka Ag dep 22) bolo
mozné pozorovat inhibicny efekt na prirastok biomasy vlaknitej mikroskopickej huby
Trichoderma harzianum na trovni priblizne 55%. ZvySenim vykonu na Ag ter¢ina 100 W (vzorka
Ag dep 20) a 200 W (vzorka Ag dep 21) sa preukazatel'ne zvysila aj efektivita inhibicie, kedy bola
V porovnani s kontrolnou vzorkou zaznamenand inhibicia 94% (Ag dep 20), resp. 74% (Ag dep
21) (Obr. 1). Mozno konstatovat, ze rozdiely v spdsobe pripravy kremikovych platnic¢iek s AGNP
preukazatel'ne ovplyviuju antifungalne vlastnosti pripravenej nanocasticovej vrstvy, ¢o koreluje
s uz publikovanymi $tadiami vplyvu AgNp na fytopatogénne huby (Mahdizadeh et al., 2015; Zhao
et al., 2021). Pri vzorkach Ag dep 20 a Ag dep 21 troven inhibi¢nej aktivity nekoreSponduje
S nastavenim vykonu na Ag ter¢i. Dovodom tohto rozdielu je pravdepodobne rozdielna uroven
dostupnych AgNP, ktoré mézu priamo reagovat’ s kli¢iacimi spoérami Trichoderma harzianum
(Panacek et al., 2009).
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Obr.1: Rast vlaknitej mikroskopickej huby Trichoderma harzianum Vv pritomnosti
kremikovych platniciek s povlakom striebra pripravenych tromi depozi¢nymi metédami (Ag dep
20 — Ag dep 22) v porovnani s kontrolnou vzorkou (100% rast).

Zistené rozdiely v efektivite inhibicie prirastku biomasy vldknitej mikroskopickej huby
Trichoderma harzianum mozno jednoznaéne pripisat’ rozdielom v priprave vrstvy AgNP. Mozno
konStatovat’, Ze pri zachovani konStantnej plochy s nanesenymi AgNP sa z