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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 zluienim 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 podl'a pokynov vyrobcu.

Izolované mikrovezikuly boli podrobené tepelnej denaturdcii 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 sposobom zo séra bez predchadzajice;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 mikrovezikul, 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 zndmy, 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 vezikulach a preto Studium tejto problematiky
predstavuje vysoky vedecky potencidl. V d’alSich krokoch sa budeme venovat’ proteomickej analyze
obsahu mikroveziktl 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 *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
[1-3C]-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 t2s 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.

.4 v - /,, -
N
=

Fig. 1  Perfusion system for in vivo NMR described by Chorao et al. 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 KHCO3, 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 3C NMR spectra from kinetic of the [**C-1]-
glucose degradation and those of the supernatant samples ts and t24 have shown that succinate, lactate
and acetate were the most abundant metabolites. In the sample taken ts the 13C 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
ts and t24 prepared from broken cells in sediments, the diagnostic anomeric H1 NMR signal at § 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 - 1*C Glc t96 and 89h- 13C Glc t89), and not labelled [*2C-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 81 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 611 5.167 a doublet signal, with chemical shift
corresponding to 8u1 5.167 of MBA. It was split due to an interaction with **C1 (2Jm1-3¢ 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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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 minut. Zlyofilizovany supernatant mocu
(150 pl) bol rozpusteny vo fosfatovom pufri pH 7.4 (230 ul) obsahujuceho 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 $tandardu.



Vysledky a diskusia

Pre Pompe ochorenie sa na vyhodnotenie koncentracie Specifického tetrasacharidu Glc4
vyuziva relativne dobre rozlisSeny H1 anomérny signal termindlnej 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.

0
o
00
0

2 2020 3_2020 4_2020 1 2021 2 2021 3 2021 4 2021 1 2022 2_2022 3 2022
Datum odberu mocéu  Stvrtrok / Rok

B Pacient1 mPacient2 M@ Pacient3

L |

-
(=)}
-

T 62,4
. 1298
- 176
M 61,5
_— 172,6
B 34,7
—— 187,1
B 38,4
145

310,8
1539
== 196,2
B 38,1

E 144,6

(]

Koncentracia Glc4 pM /mM Cr

Obr.1: Vyvoj koncentracii Glc4 v moci pacientov s ochorenim Pompe.
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Uvod

Vsetky bunky organizmu obsahuji vo svojej Strukture oligosacharidové zlozky — glykany,
podiel'ajuce sa na mnohych kl'icovych biologickych procesoch (ochrana, bunkova komunikacia,
diferenciacia, Strukturna funkcia, imunitné reakcie). Zastupenie celkovych glykanov (glykom) buniek
sa meni v zavislosti od stavu organizmu, ktory moze 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 doleziti funkciu najma pri fyziologickej reparacii tkaniv a regeneracii koze [2].
Pozorovanie zmien v Struktire glykdnov buniek organizmov mdze 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 préce je optimalizovany protokol pre izolaciu glykénov z fibroblastov, ktory bude
d’alej vyuzivany pre §tudium zmien glykému v spojeni s vrodenymi poruchami glykozylacie.

Material a metody

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

A) vyuzitie denatura¢nych vlastnosti mocoviny (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, pri€om boli nasledne od inych biomakromolektl separované na SPE
kolonkach a modifikované permetylaciou na stabilizaciu N-glykanov. Na identifikaciu glykanovych
struktir bol pouzity MALDI-TOF/TOF hmotnostny spektrometer Bruker UltrafleXtreme. Vysledky
boli vyhodnotené v programe vyvijanom na oddeleni glykobiologie SAV — matchMass.
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Obr. 1: Porovnanie metdd izolicie na zaklade zastipenia glykanov ziskanych danou metodou.

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

Pri optimalizacii metdd pre lyzu fibroblastov a izolaciu glykdnov 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 narusenia 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-manoziddza (AM) je ultravzacne lyzozomové ochorenie s autozémovo recesivnou dedi¢nost’ou.
Odhadovana prevalencia je 1:500000 az 1:1000000. Pri¢inou ochorenia je znizena enzymova aktivita
lyzozémovej a-manozidazy (EC 3.2.1.24) v dosledku heterogénnych mutacii v MAN2B1 géne. a-
manozidaza v lyzozomoch katalyzuje hydrolyzu manozidovych vézieb v degradacnej drahe N-
viazanych oligosacharidov glykoproteinov. Medzi klinické priznaky patria poruchy sluchu, mentalna
zaostalost’, imunodeficiencia a znizené motorické funkcie [1, 2]. Nedegradované vysokomandzové
oligosacharidy (Man2-GIcNAc — Man9-GlcNAc) sa akumuluji vo vSetkych tkanivach a su
detegovatelné¢ vmoci alebo krvnom sére, napr. tenkovrstvovou chromatografiou (TLC),

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

Cielom prace bola kvantifikacia Specifickych oligosacharidovych biomarkerov alfa-manozidozy
v moc¢i Styroch pacientov a urenie zmeny ich hladin medzi jednotlivymi odbermi.

Material a metody

Ekvivalent mocu obsahujtici 10 pg kreatininu bol zriedeny ultracistou vodou na 1 ml. Vzorky 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 oznac¢ené 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 pm, 70 A, 50 mg). Eluat 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 a jednému 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].
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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 INCAx-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 CHy 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**VPLE = 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
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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™.

Fkkk

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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Hexahydropyridoindoles as potential inducers of cellular antioxidant
and anti-inflammatory response
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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 sucasnosti 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 komer¢ne 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 material, 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 najnebezpecnejSie moZzeme
zaradit’ uz popisany efekt zvysSenej rezistencie baktérii proti striebru (Graves et al., 2015). S cielom
objasnit’ antimikrobialny efekt striebra na rast mikroorganizmov a sledovat’ jeho ddvku nevyhnutnti
pre zachytenie inhibi¢ného efektu sme v §ttidii ako modelovy organizmus vyuZzili 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. Néasledne bola no¢na kultura 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 kazdu 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 metoda 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).

2
1,8 B
16
14
1,2
g
o 1 ..
© o8 o088
0,6
04 e .
02 1 e e
............... -
0 @:issssaaisiaiiiiinil B iiieeaeneee @
1 5 ; ; 5 |
Cas [hod] o E. coli + Ag
E. coli

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 sposobeného pritomnost'ou striebra 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 Vv 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 metdédy 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, morfoldgia fytopatogénnej vldknitej mikroskopickej huby. Pri
vysokych davkach striebra, ktoré by sa mohlo uvolnit’ do zivotného prostredia moze 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 ludi 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¢éného vplyvu na kliiace spory vldknitej
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% gluko6za, 20% zemiakovy extrakt, pH 5,6; v
pripade PDA 2% agar] (Mac Faddin, 1985). Po dvoch tyzdnoch 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.
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Vysledky a diskusia

Cielom prace bolo zhodnotenie antifungalneho potencidlu pripravenych nanostruktirnych
materialov 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 terc¢a. Pri najniz§om 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 platni¢iek s AQNP
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 sporami Trichoderma harzianum
(Panacek et al., 2009).

100 (== === == m e e e e m - -

60 -
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Rast [%]

Ag dep 20 Ag dep 21 Ag dep 22

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 vlaknitej mikroskopickej huby
Trichoderma harzianum mozno jednoznaéne pripisat’ rozdielom v priprave vrstvy AgNP. Mozno
konStatovat’, Ze pri zachovani konStantnej plochy s nanesenymi AgNP sa zvySuje uroven inhibicie
so zvySovanim vykonu klastrovacieho zdroja na Ag terci. NajvysSiu uroven inhibicie mozno
sledovat’ pri 100 W nastaveni Ag ter¢a. ZvySenim vykonu na 200 W sa efektivita inhibicie znizila,
¢o s velkou pravdepodobnostou sposobilo zniZzenie dostupnych AgNP schopnych reagovat’ so
sporami Trichoderma harzianum (Bocate et al., 2019).



Na zéklade ziskanych dat o inhibi¢nom efekte pripravenych AgNP na kremikovych
platnickdch mézeme odporudit’ vyuzitie pripravenej vzorky Ag dep 20 s ciel'om testovania
inhibicie d’alSich vyznamnych patogénnych vléknitych mikroskopickych hubéch.
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Uvod

V dosledku zvySovania rezistencie patogénnych mikroorganizmov proti konvenénym
antibiotickym preparatom je podl'a Svetovej zdravotnickej organizacie hl'adanie alternativ ochrany
verejného zdravia jednou z najakutnejSich otazok vyskumu v tejto oblasti. Striebro je dobre
znamym antimikrobidlnym agensom, priCom v kombinécii s dostupnymi modernymi metédami
jeho aplikacie na rozne bezne vyuzivané materialy je mozné dosiahnut’ sI'ubné vysledky v boji proti
patogénom so zvySenou rezistenciou vocli antibiotikam (Bruna et al., 2021). Mechanizmus
interakcie striebra s mikroorganizmom je postupnou kaskadou procesov veducich k celovému
kolapsu bunky. Pri kontakte dochadza najprv k blokacii respiracie, elektronového transferu
a protonovej pumpy mikroorganizmu. Disrupcia bunkovej membrany ndsledne umoznuje prechod
striebra do cytoplazmy bunky, kde dochadza k d’alSiemu poSkodeniu formovanim komplexov
striebra s nukleovymi kyselinami, tiolovymi skupinami enzymov a k zvysenej tvorbe reaktivnych
foriem kyslika (Gordon et al., 2010; Mijnendonckx et al., 2013). Jednou z otazok SirSej
vyuzitel'nosti striebra je jeho mozna environmentalna toxicita a akumulacia v prostredi. Z tohto
dovodu je nutné presné stanovenie obsahu striebra potrebného k dostato¢nej biologickej kontrole
patogénneho organizmu pri suc¢asnej najvyssej moznej eliminacii pripadnych negativnych vplyvov
na prostredie Ci zdravie ¢loveka. Iba presné analytické metddy su schopné poskytnit’ informéacie
0 koncentracii striebra, ked je jeho zastupenie v testovanej vzorke vel'mi nizke (lglesias a Torrent,
2021). Metoda optickej emisnej spektrometrie s indukéne viazanou plazmou (ICP-OES) umoziuje
rychle, rutinné a naymé reprodukovatel'né vysledky stanovenia obsahu striebra a d’alSich zloziek
v analyzovanej vzorke (Saskova et al., 2016; Rezi¢ et al., 2022).

V praci sme sa zamerali na stanovenie obsahu uvol'neného striebra metédou ICP-OES
Z pripravenych vzoriek pomocou magnetrénu a tiez zhodnotenie ich inhibi¢ného potenciélu proti
gram-negativnej baktérii E. coli.


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

Material a metody

V praci bola ako modelovy organizmus vyuzita gram-negativna baktéria Escherichia coli
DHS5aF '/ gyrA96 (Nalr) recAl relAl endAl thi-1 hsdR17 (rk-mk+) glnV44 deoR A(lacZY A-argF)
U169 [®80dA(lacZ)M15] (Woodcock et al., 1989). Baktérie boli kultivované v tekutom LB médiu
[1% (wW/v) peptdn; 0,5% (w/v) kvasnicny autolyzat; 1,5% (w/v) NaCl] pri 37°C s trepanim pri 180
rpm pocas noci. Nasledne bola no¢na kultara inokulovana do nového LB média a kultivovana do
ODesoo 0,08 — 0,12 (0,5 MFU). Takto pripravena suspenzia buniek bola pridana do 96-jamkovej
mikrotitraénej platni¢ky s testovanym materidlom (kremikova platnicka/polypropylénova vrstva
5*8 s nanesenym striecbrom), pripadne s kontrolnym materidlom (kremikova
platni¢ka/polypropylénova vrstva 5*8 mm) vo findlnej koncentracii 1,5 *10° buniek/ml a findlnom
objeme 300 ul. Meranie optickej denzity (OD600) bolo realizované po 3 hodinach, v minimalne 3
biologickych replikatoch.

Analyzy koncentracie striebra v jednotlivych vzorkdch sa uskuto¢novali s pomocou
optického emisného spektrofotometra ICP Thermo ICAP 7000 Dual (Thermo Fisher Scientific,
Waltham, Massachusetts, USA), ktory vyuziva indukéne viazant plazmu. Na kalibraciu sa pouzil
Standardny roztok striebra (Sigma-Aldrich Production GmbH, Svajéiarsko) s koncentraciami
striebra 49,7 mg.L‘l; 497 mg.L'l; 0,497 mg.L'1 a0,0497 mg.L'1 Na zaklade zostrojenej kalibracnej
krivky boli automaticky vyratané koncentracie striebra v analyzovanych vzorkéch.

Vysledky a diskusia

Cielom prace bolo zhodnotit obsah uvolneného striebra pomocou metody ICP-OES
a inhibi¢ny potencidl antimikrobidlnej vrstvy pripravenej technoldégiou magnetron upevnenej na
kremikovom (Si) a polypropylénovom (PP) nosi¢i. Na ziklade ziskanych dat bolo mozné
pozorovat’ rozdiely v obsahu striebra aj v inhibi¢nej efektivite v zavislosti od typu pouzitého nosica
a dizky expozicie pri priprave vzoriek (Tian et al., 2013). Vzorka ¢. 1 pripravena 100 s expoziciou
podla ogakavani pri ICP-OES meraniach vykéazala najvyssi obsah striebra 0,680 mg.L™? pre
kremikovy nosi¢ a 0,580 mg.L™? pre polypropylénovy nosi¢. Inhibi¢na aktivita rastu E. coli sa
pohybovala na pri kremikovom nosi¢i na urovni 79% a pri polypropylénovom nosi¢i na urovni
67%. Znizenie Casu expozicie pri priprave vzorky €. 2 na 60s viedlo aj k zniZeniu obsahu
nameraného striebra na 0,620 mg.L! (Si) resp. na 0,505 mg.L™? (PP). Potlagenie rastu E coli sa
taktieZ znizilo na 71% (Si), resp. 59% (PP), tento pokles vSak nebol preukazny. Viaceré Studie
potvrdili, Ze inhibi¢ny u¢inok je zavisly najmé od tvaru pripravenych castic (Gao et al., 2013; Liu
et al., 2010). Ak sa pri vzorkach nemeni technologia pripravy, ale len ¢as expozicie, mozno
ocakavat’ vysoku zavislost’ inhibi¢ného G¢inku najma od koncentracie striebra (Cheon et al., 2019).
V pripade expozicie 22 s pri priprave vzorky €. 3 sa namerané hodnoty obsahu striebra pomocou
ICP-OES pohybovali urovni 0,306 mg.L™? (Si) resp. na 0,100 mg.L (PP). Inhibi¢ny efekt
pripravenych materidlov sa preukazatel'ne znizil na uroven 44% (Si), resp. 27% (PP) (Obr. 1).
Mozno tiez sledovat’ trend zniZenej miery uvolfiovania striebra pri vSetkych vzorkach
aplikovanych na polypropylénovom nosi¢i, ¢o s velkou pravdepodobnostou moZno pripisat
zvySenej odolnosti vrstvy aplikovanej na flexibilnom materiali pri inkubacii s trepanim (Ghorbani
a Molaei, 2017).
Porovnanim obsahu uvolneného striebra a inhibi¢nou efektivitou medzi vzorkami pripravenymi
rozdielnou dobou expozicie mozno zhodnotit, Z7e znizenie doby expozicie na 60 s nemalo
preukdzatelny vplyv ani na schopnost’ inhibicie, ani na mieru uvolfiovania striebra. Znizenie



expozicie na 22 s viedlo k najmé pri polypropylénovom nosi¢i k vyraznému zniZeniu inhibi¢nej
aktivity. Na zdklade tohto zistenia mozno odporucit’ 60 s interval pripravy vrstvy s cielom
dosiahnutia optimalneho pomeru mnozstva aplikovaného striebra a inhibicného potencidlu
materialu.Znizenie expozicie na 22 s viedlo k najmé pri polypropylénovom nosic¢i k vyraznému
znizeniu inhibi¢nej aktivity. Na zdklade tohto zistenia mozno odporucit’ 60 s interval pripravy
vrstvy s cielom dosiahnutia optimalneho pomeru mnozstva aplikovaného striebra a inhibi¢ného
potencialu materidlu.
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Obr.1: ICP-OES meranie obsahu striebra a inhibi¢ny efekt testovanych vzoriek na rast E.
coli. Si — vrstva striebra na kremikovej platnicke, PP — vrstva striebra na polypropylénovom
nosici. 1 —expozicia na Ag ter¢i 100 s, . 2 — expozicia na Ag ter¢i 60 s, . 1 — expozicia na Ag
terci22 s
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Uvod

Pocas pandémie ochorenia COVID- 19 sposobenej koronavirusom SARS-CoV-2 ajeho
transmisiou v spolo¢nosti sa stalo nevyhnutnost'ou riesit’ otazku spojenu s dezinfekciou povrchov,
zariadeni, ako aj ochrannych pomdcok. Za ic¢elom spomalenia prenosu respiraénych ochoreni bolo
vykonanych uz viacero Studii, ktoré sa zaoberali antimikrobidlnym uc¢inkom komplexu striebra
a oxidu kremicitého [1]. Technoldgia pripravy povrchov bola patentovand a vyuziva sa pri
biomedicinskych implantatoch [2], prirodnych a technickych textiliach [3,4], ¢i filtroch [5].
Balagna a kol. [6] popisali aplikaciu striebra na medicinske ochranné pomoécky, pricom bol
dosiahnuty znaény virucidny efekt. Stadia testujiica i¢inok nanodastic striebra proti virusu chripky
A (H1N1) potvrdila jeho antivirusovy ucinok [7].

V predlozenej stadii sa sledoval antivirusovy ucinok striebornych Castic pripravenych pomocou
metody High Target Utilization Sputtering (HiTUS) [8] proti niektorym modelovym virusom.

Material a metody

Bunkova kultura, propagacia virusov a sledovanie antivirusového ucinku

Na stanovenie antivirusového ucinku bola pouzitda RD(A) bunkova linia- derivovana z maligneho
embryonalneho rhabdomyosarkému kultivovana v Eaglovom minimalnom esencialnom médiu
s L-glutaminom. Na stanovenie TCIDso bolo pouzité riedenie 10 virusovych ¢astic.

Pouzité virusy: Enterovirusy- ¢el'ad’ Picornaviridae, genom tvori jednovlaknova (ss) RNA

e Poliovirus typ 1
e Poliovirus typ 3
e Virus coxsackie A7

Suspenzia virusovych Castic bola vystavené ucinku striebornych povlakov typ Ag 1, Ag 5 a Ag 6
[8] v roznych ¢asovych intervaloch - 30, 60, 90 minut. Nasledne, virusova suspenzia bola nanesena
na bunkové kultiry, ktoré sa inkubovali v Sikmych kultiva¢nych skimavkach v sikmom stojane
pod 5° uhlom plochou-kultiva¢nou stranou smerom dole. Bunkové kultary boli sledované po dobu
5 dni az do prirodzeného rozpadu buniek a vySetrené v minimalne dvoch pasédzach. Do d’alSej
pasaze boli skimavky z predchadzajticej kultivacie uchovavané pri teplote —20° C £3° C. Ku
kazdej bunkovej kulture s inokulovanou virusovou suspenziou bola zaradena negativna kontrola
(¢istd bunkova monovrstva) a pozitivna kontrola virusu (vitalny virus na bunkovej monovrstve).


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

Vysledky a diskusia

Testované strieborné povlaky Ag 1, Ag 5 aj Ag 6 vykazali inhibi¢ny G¢inok na selektovanych
virusovych kultarach. Virusové kultiry Polio typ 1 aj Polio typ 3 boli citlivé na pritomnost’
striebornych povlakov uz po 30 minitovej expozicii a inhibi¢ny efekt bol pozorovany rovnako aj
pri 60 a 90 minutovej expozicii pri oboch testovanych bunkovych pasazach.

Podobne aj kultura virusu Coxsackie bola citlivd na vsetky 3 typy testovanych striebornych
povlakov. V prvej bunkovej pasazi bola pozorovana neporuSena bunkova vrstva, t.j. virus bol
inaktivovany po vSetkych expoziciach striebra, ale v druhej bunkovej paséazi uz bol pozorovany
cytopaticky efekt CPE po 30 minutovej expozicii. Po 60 a 90 minutovej expozicii uz cytopaticky
efekt pozorovany nebol, virus bol inaktivovany (Tab.1. a Tab.2).

Tabulka 1

Virus Cas vystavenia virusov Géinku striebornych povlakov
30 minut 60 minut 90 minut
Poliovirus typ 1 - - -
Poliovirus typ 3 - - -
Coxsackie virus - - -

Hodnotenie antivirusového ucinku striebornych povlakov na virusové kultary po 30, 60 a 90 minutovej expozicii
V prvej pasazi: + (tvorba CPE, bez inhibi¢ného u¢inku Ag), - (bez CPE, inhibi¢ny ucinok Ag)

Tabulka 2

Virus Cas vystavenia virusov éinku striebornych povlakov
30 minat 60 minut 90 mint
Poliovirus typ 1 - - -
Poliovirus typ 3 - - -
Coxsackie virus + - -

Hodnotenie antivirusového ucinku striebornych povlakov na virusové kultury po 30, 60 a 90 minutovej expozicii v
druhej pasazi: + (tvorba CPE, bez inhibi¢ného t¢inku Ag), - (bez CPE, inhibi¢ny u¢inok Ag)

Podobne ako v uz publikovanych Stadiach aj v naSich experimentoch sme potvrdili schopnost’
striebra inaktivovat’ niektoré virusové kmene, konkrétne Poliovirus typ 1, Poliovirus typ 3
a Coxsackie virus. Antivirusovy uc¢inok striebornych molektl nanesenych na kremikovy povrch
metodou HiTUS je porovnatelny sinymi metédami pripravy striebornych nanostruktar [7].
Ziskané vysledky naznacuji moznosti vyuZitia tejto technologie a potencial striebornych
nanoStruktir inaktivovat’ d’alSie vyznamné patogénne virusové kmene.

Pod’akovanie

Tato publikacia vznikla vd’aka podpore v ramci Operaéného programu Integrovana infrastruktira pre
projekt: Vyvoj nanostrukturovanych povlakov s inaktivaénym ucinkom na virusy a baktérie pre rozne typy
flexibilnych materialov, ITMS: 313011AUH4, spolufinancovany zo zdrojov Europskeho fondu
regionalneho rozvoja.



Literatura

[1] Ferraris M., Perero S., Miola M., Ferraris S., Gautier G., Maina G., Fucale G., Verné E.
Chemical, mechanical, and antibacterial properties of silver nanocluster— silica composite
coatings obtained by sputtering. Adv. Eng. Mater. 2010;12:B276-B282.

doi: 10.1002/adem.200980076.

[2] Muzio G., Perero S., Miola M., Oraldi M., Ferraris S., Verné E., Festa F., Canuto R.A., Festa
V., Ferraris M. Biocompatibility versus peritoneal mesothelial cells of polypropylene prostheses
for hernia repair, coated with a thin silica/silver layer. J. Biomed. Mater. Res. B Appl.

Biomater. 2016;105:1586—1593. doi: 10.1002/jbm.b.33697

[3] Irfan M., Perero S., Miola M., Maina G., Ferri A., Ferraris M., Balagna C. Antimicrobial
functionalization of cotton fabric with silver nanoclusters/silica composite coating via RF co-
sputtering technique. Cellulose. 2017;24:2331-2345. doi: 10.1007/s10570-017-1232-y.

[4] Balagna C., Irfan M., Perero S., Miola M., Maina G., Santella D., Simone A.
Characterization of antibacterial silver nanocluster/silica composite coating on high performance
Kevlar® textile. Surf. Coating. Technol. 2017;321:438-447. doi: 10.1016/j.surfcoat.2017.05.009.

[5] Balagna C., Perero S., Bosco F., Mollea C., Irfan M., Ferraris M. Antipathogen
nanostructured coating for air filters. Appl. Surf.
Sci. 2020;508 doi: 10.1016/j.apsusc.2020.145283. 145283.

[6] Balagna C., Perero, S., Percivalle, E., Nepita, E.V., Ferraris, M. Virucidal effect against
coronavirus SARS-CoV-2 of a silver nanocluster/ silica composite sputtered coating. Open
Ceramics. 2020; doi: 10.1016/j.oceram.2020.100006.

[7] Xiang D., Chen Q., Pang L., Zheng C. Inhibitory effects of silver nanoparticles on HIN1
influenza A virus in vitro. J. Virol. Methods. 2011;178:137-142.
doi: 10.1016/j.jviromet.2011.09.003.

[8] Izai, V., Fiantok, T., Vidi§, M., Truchly, M., Satrapinskyy, L., Nagy, S., Roch, T.,
Turini¢ova, V., Kus, P., Mikula, M. Structure and chemical composition of thin-film
nanocomposites based on silver in organosilicon amorphous matrix prepared by High Target
Utilization Sputtering. Thin Solid Films, 2023, 765, 139643. doi.org/10.1016/j.tsf.2022.139643.



Antibody-mediated immune responses against rare facultative pathogen
Candida utilis in atopic patients with vulvovaginal candidiasis. Glucomannan

as a new serologic biomarker

Ema Paulovi¢oval, Martin Hrubisko?

L Immunol. & Cell Culture Labs, Dept. Glycoconjugate Immunochemistry, Center for Glycomics, Institute
of Chemistry, Slovak Academy of Sciences, Bratislava, Slovakia

2Dept.Clin.Immunol.and Allergy, Oncology Institute of St. Elisabeth and Slovak Medical University,
Bratislava, Slovakia

C sitwcans manvan

C atscans ghcan e

10004 L C veés gucomancan . i
{ $ corovisee macnun

| c gocrate morvar. ’
\

o0 4
2
2
§ 1
g e
&
< »
|
0 . . e | =
- i = | 2
= i ; N
0 s . SN
"

L IgA L)

I E g :::: ;::nw M Antiglycan class antibodies

| B et IR LY U VI
2 2 : 2 :

T T 1 '
MM M M M
3 >

© ] {718 covevisoe mannan
]

Seccpositity [%]

| | 1
M M M M
2

t
M Y:I' (3-'M)

1
[

Introduction

Vulvovaginal candidiasis is one of the most commonly reported female genital tract infections,
affecting approximately 70-75% of childbearing age women at least once during their lifetime. The fungal
cell wall represents the important host-invader interface. Cell-wall polysaccharides represent biological
response modifiers and the pathogen-associated molecular patterns and virulence factors. The most
dominant cell-wall antigenic structures of Candida species as B-glucan, a- and -mannans, glucomannan
and other immunogenic polysaccharides are of particular relevancy for specific in vitro diagnosis and long-
term follow-up of the Candida infection. The vaginal mycobiome represents the part of human mycobiome
and covers approx. 0.1% of all fungal constituents of total human microbiome. Approximately 75% of
women suffer at least one episode of vulvovaginal candidiasis in their life and approximately 40-50%
experienced a recurrence. In general, the factors associated with vaginal colonisation and developing of
vulvovaginal candidiasis are multifactorial i.e. changes in the physiological mucosal flora, dysbiosis,



pregnancy, active sexual life, systemic or intravaginal antibiotics therapy, oral contraceptive usage, estrogen
therapy, hormone replacement therapy, diabetes mellitus type 2, cystic fibrosis, HIV, systemic
immunosuppression, deteriorated local cell immunity, secondary and primary immunodeficiency, decrease
of mannose binding lectin, allergy/atopy. (Sobel,2007; Denning et al.,2018; Hrubisko et al.,2003; Faria-
Gongalves, 2020; Gongalves, 2016; Kriiger et al., 2019; Hall and Noverr, 2017, Lines et al.2020, Ardizzoni
et al.,) Recently, the studies of genetic predisposition to vulvovaginal candidiasis revealed polymorphism
in the SIGLEC15 gene that was associated with RVVC (Jaeger et al.,2019). The relationship between
polymorphism in the NLRP3 gene, higher production of IL-1a , low IL-1Ra levels and persistent
hyperinflammatory state in RVVC patients has been studied (Rosati et al. 2020). Next, the association
between Dectin-1 deficiency (Ferwerda et al.,2009), mannose-binding lectin codon 54 gene polymorphism
(Woijitani et al., 2012; Nedovic et al., 2014), and interleukin-1 receptor antagonist gene polymorphism
(Wojitani et al., 2012) and RVVC has been mentioned. The relationship between atopy/allergy and RVVC
has been suggested by Bernstein (Bernstein et al., 2015) and Dondores (Dondores et al., 2018), based on
the hypothesis that vulvovaginal candidiasis is an allergic reaction to the ability of Candida-specific IgE and
prostaglandin E2 to inhibit vaginal cell-mediated immune response (Bernstein et al., 2015).

In this study we assessed the immunobiological activity of facultative pathogen Candida
utilis cell glucomannan and its effectivity as in vitro serological marker for antibody testing. The
novel serologic assay has been developed and optimized for C. utilis serodiagnosis. The
comparison assays were performed to establish relationship between antibodies against C. utilis,
C. albicans and S. cerevisiae main cell-wall antigens in patient sera.

Material and methods

The serological assays were performed in a patient cohort comprising 35 female participants (31.3 £ 5.2
years) with atopy and a history of recurrent vaginal mycosis (Department of Clinical Immunology and
Allergy, Oncology Institute of St. Elisabeth, Bratislava, Slovakia).

Yeast strains C. glabrata CCY 26-20-1, C. albicans CCY 29-3-32, S. cerevisiae CCY 21-4-13 and
C. utilis CCY 29-38-18 (all from Culture Collection of Yeasts, Institute of Chemistry, Center for
Glycomics, Slovak C. glabrata CCY 26-20-1, C. albicans CCY 29-3-32, S. cerevisiae CCY 21-4-
13 cellular mannans were prepared and analysed as previously published (Peat, et al., 1961), C.
utilis CCY 29-38-18 glucomannan has been isolated and characterised by Kogan et al. (Kogan et
al.,1993). C. albicans glucan was also obtained from Dr. Kogan.

ELISA assay and determination of specific anti-C. utilis CCY 29-38-18 glucomannan, anti-C. albicans
CCY 29-3-32 mannan and glucan, anti-C. glabrata CCY 26-20-1 mannan and anti-S. cerevisiae CCY 21-
4-13 mannan 1gG, IgM and IgA antibodies were modified based on diagnostic kits Biogema a.s. Kosice.

Results and discussion

The present study reports the evaluation of unconventional opportunistic pathogen C. utilis cell
wall glucomannan as serodiagnostic antigen and inducer of antigen specific antibody isotypes in



the cohort of atopic female subjects with recurrent Candida vulvovaginitis. Statistically significant
sera values of specific anti-glycan IgM and IgA class antibodies were revealed. The results are
suggestive for efficient serological application of C.utilis glucomannan as in vitro disease marker
and prospectively for follow-up of the specific long-term antimycotic therapy. Generally, the
highest values within the concentration range have been determined for anti-glycan specific
isotypes IgM and IgA, followed by specific IgG (Table 1). Specific IgM anti-C. albicans mannan
and B-glucan and anti-C. glabrata mannan exerted high degree of statistical significance (P <
0.001), while sera values of specific IgM anti-S. cerevisiae mannan and anti-C. utilis glucomannan
were lower, although statistically significant (P < 0.01). Next most profound reactive isotype has
been IgA anti-C. albicans mannan and B-glucan (P < 0.001), IgA anti-C. glabrata while anti-S.
cerevisiae mannan and C. utilis glucomannan were produced to a lesser extent (P < 0.01). The
specific 1gG anti-C. albicans mannan and p-glucan sera levels have been lower in comparison with
IgM and IgA isotypes (P < 0.01). The determination of specific IgG anti-C. glabrata and anti-S.
cerevisiae mannan and C. utilis glucomannan demonstrated the lowest levels of anti-glycan
antibodies (P < 0.05). Evaluation of distribution of positive results revealed the majority of positive
results over normal reference interval with IgM isotype antibodies against C. albicans p-glucan
and mannan, C. glabrata mannan, to lesser degree in the case of S. cerevisiae mannan and C. utilis
glucomannan (Figure 1 and 2).
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Fig.1. Serological profile of antiglycans 1gG, IgA and IgM class antibodies. All data are presented as
Mean + 3SD. Serological tests were assayed in duplicate. Statistical significance of differences (one-way
ANOVA, post-hoc Bonferroni's test) is expressed as: *** P < 0.001, ** 0.001 <P < 0.01, *0.01 <P <
0.05.
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Fig.2. Distribution of positive results of glycan-specific 1gG, IgM and IgA class antibodies in study
population. The cut-off values for diagnostic tests were calculated according to blood donors’ IgG/IgM/IgA
anti-glycan antibodies” values (average+3SD).

Tab.1. Concentration range (min and max values (UmL™)) of specific anti-C. albicans, C. glabrata, S.
cerevisiae, and C. utilis anti-glycan 1gG, IgM and IgA antibodies in patient cohort.

C. albicans C. albicans C. utilis S. cerevisiae C. glabrata

mannan glucomannan mannan mannan
B-glucan

IgG 48.08 930.2 64.3 720.3 35.2 2103 418 288.2 31.7 418.2

IgA 53.54 12115 38.2 1851 25.8 268.1  34.7 332 32.6 559.3

IgM 47.63 36523 40.7 31776 38.6 480.2 45.2 383 45.3 603.2

Antibody mediated antifungal immunity is engaged in protection against fungal pathogens and
consequently against fungi-mediated local or systemic inflammation. As mentioned before, the main
etiological agent of fungal vulvovaginal mycoses C. albicans accounts for 80-95% of all episodes of
vulvovaginal candidiasis. The increase of non-albicans spp. (Mushi et al., 2019), and participation of the



other yeasts as S. cerevisiae has been demonstrated (Sobel et al.,1993, Holland et al., 2003). Generally, the
specific antibodies against critical fungal cell virulence factors might play important protective or
therapeutic role. Several mechanisms of effective antibody protection as direct neutralization of fungi and
fungal cell antigens, growth inhibition capacity, inhibition of exopolysaccharide cell release and biofilm
formation were reviewed (Elluru et al., 2015). Antibodies are engaged in process of opsonophagocytosis,
activation of complement cascade and participate in antibody-dependent cytotoxicity. Moreover, antifungal
antibodies have an important role in immunomodulation and in preventing inflammation-mediated tissue
damage (Casadevall and Pirofski, 2003 and 2012; Lionakis et al., 2017).

The serologic analysis of anti-glycan antibodies in a cohort of atopic females with episodes of mycotic
colpitis revealed, that the highest concentrations of anti-glycan antibodies are of IgM isotype, followed by
IgA class antibodies (Figure 1, Table 1). Highest values resulted principally for C. albicans p-glucan,
followed by mannan, this order could be presumably associated with re-arrangement of B-glucan masking
in the cell wall of C. albicans following morphoforms switch from yeast to filamentous growth associated
with infection and B-glucan exposure (Goodridge et al., 2009). As concerned seropositivity (Figure 2) the
majority of positive results over normal reference interval is observed with IgM isotype antibodies against
C. albicans B-glucan and mannan, followed by C. glabrata, to lesser extent in the case of S. cerevisiae
mannan and C. utilis glucomannan (Table 1). The seropositivity of IgA isotype antiglycan antibodies
reflected IgM trend. Detection of serum specific IgA antibodies to C. albicans in parallel with specific 19gG
in women with recurrent genital candidiasis has been evaluated (Tasic et al., 2003). The anti-Candida B-
glucan and mannan and Saccharomyces mannan specific IgM prevalence in different patient cohorts with
vulvovaginal mycosis was previously reported (Paulovicova et al. 2015; Paulovicova et al., 2017;
Paulovicova et al., 2019). The increased specific IgM anti-mannan isotype antibodies over IgG-anti mannan
isotype antibodies were recorded in candidemia patients (Meng et al., 2020).
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Priprava a antimikrobialne vlastnosti kvarternizovanych polysacharidov
mikrobiilneho povodu

Romana Vrzonova, Alzbeta Cizova, Jana Mecarova, Slavomir Bystricky

Chemicky ustav SAV, V. V. i., Dubravska cesta 9, 845 38 Bratislava, Slovensko

Uvod

Prudky ndrast rezistentnych patogénnych mikroorganizmov spolu s pomalym vyvojom novych
antibiotik predstavuje velké a celosvetovo rastuce zdravotné riziko [1,2]. Naro¢nou vyzvou pre
sucasnu vedu je prevencia vo¢i mikrobidlnym infekciam spdsobenym najma multirezistentnymi
baktériami, ktoré s spolo¢ne oznacované ako ESKAPE patogény (Enterococcus faecium,
Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas
aeruginosa adruhy rodu Enterobacter) [3]. Hlavnou pri¢inou vzniku a Sirenia tychto
multirezistentnych nozokomidlnych patogénov je intenzivne a dlhodobé, €asto aj neopodstatnené
pouzivanie antibiotik naprie¢ celym systémom zdravotnej starostlivosti [4].

V poslednych rokoch sa ako potencidlne antimikrobidlne materidly zacali skumat’ kationové
polysacharidy [5]. Ich uCinnost zavisi od rdznych faktorov, akymi sa: druh ciel'ového
mikroorganizmu, hustota naboja, rozpustnost’ vo vode a ich velkost. Zatial’ ¢o Struktiry s nizkou
moélovou hmotnostou mozu preniknit do bakteridlnej bunky, polyméry s vysokou mdlovou
hmotnost'ou pravdepodobne vytvaraji film na povrchu bunky, ¢im inhibuju transport Zivin [6].
Viacero S§tadii potvrdilo antimikrobidlnu aktivitu kvarternizovaného chitozanu a dalSich
polysacharidov rastlinného alebo mikrobidlneho povodu [7,8].

Cielom tejto prace bolo pripravit’ kvarternizované dextrany roznej molovej hmotnosti a Studovat’
ich antibakterialny u¢inok voc¢i meticilin rezistentnej gram-negativnej baktérii Staphylococcus
aureus (MRSA).

Material a metody

Dextrany D10 a D500 (Pharmacia Fine Chemicals, Svédsko), D70 (Biotika, Slovensko) a D2000
(Biosynth Carbosynth, UK) s porovnatelnym stupiiom vetvenia (3—5%) a ré6znymi moélovymi
hmotnostami sme chemicky modifikovali kvarternizaciou s (3-chloro-2-hydroxypropyl)
trimetylamonium chloridom (CHPTAC; 72.0% vodny roztok; TCI, Japonsko) za vodno-
alkalickych podmienok (NaOH:CHPTAC 1:1; 6 h; 60 °C) do priblizne rovnakého stupna
kvarternizacie (DSq). DSq sa stanovil na zaklade percentudlneho obsahu dusika (%N)
elementarnou analyzou pomocou nasledujiceho vztahu:

DSq = (162 x %N) / (14 x 100) x (152 x %N))



Uspesnost’ kvarternizacie bola d’alej sledovand NMR spektroskopiou v D20 (99.97% D) pri 65 °C
pomocou Bruker AVANCE |11 HD 400 MHz (Bruker BioSpin, Nemecko) NMR spektrometra so
Sirokopasmovou BB-(H-F)-D-05-Z Prodigy sondou chladenou tekutym dusikom. Spektra boli
nastavené na signal interného acetonového Standardu (2.225 ppm).

Meticilin rezistentny S. aureus ZPM 24 (Narodné referenéné centrum — Zbierka kultar
patogénnych mikroorganizmov SZU, Slovensko) bol kultivovany v pritomnosti kvarternizovanych
dextranov (1000-7.81 pg/mL). Standardizovanou mikrodilu¢nou technikou [8] sa stanovila
antibakterialna aktivita kvarternizovanych dextranov ako minimalna inhibi¢na (MIC), minimalna
baktericidna koncentracia (MBC) a minimalna koncentracia inhibicie tvorby biofilmu (MBIC).

Vysledky a diskusia

Dextran je extraceluldrny neutralny vetveny polysacharid produkovany laktobaktériami ako
Leuconostoc mesenteroides a je komeréne dostupny v réznych mélovych hmotnostiach.
Pozostava z hlavného ret'azca a-1,6-viazanej D-glukdzy s réznym percentom a-1,4-, a-1,3- a a-
1,2-viazanych bo¢nych gluk6zovych vetiev v zavislosti od konkrétneho kmena [9]. Chemickou
modifikaciou vol'nych —OH skupin s CHPTAC (Obr. 1) sme pripravili kvarternizované derivaty
S pozitivhym nébojom.
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Obr. 1: Reakény mechanizmus kvarternizacie dextranu zahifia tvorbu alkoxidov z —OH skupin
dextranu v alkalickom prostredi a ich naslednu reakciu s (2,3-epoxypropyl)trimetylamoénium
chloridom (EPTAC), ktory sa vytvara in situ reakciou CHPTAC s NaOH [10].

Pritomnost’ kvartérnej amoniove] skupiny potvrdila elementdrna analyza ako aj NMR
spektroskopia. V spektrach kvarternizovanych derivatov sa okrem signalov prislichajucich
dextranu objavili aj nové signaly pri 3.23, 3.50, 3.73 a 4.42 ppm patriace deviatim protonom
kvartérnej amoéniovej skupiny (-N*—(CHas)z), Styrom protonom -CH>-N- a —O-CHx>-
metylénovych skupin a jednému protonu —CHOH- skupiny. Novy signal v anomérnej oblasti pri
5.14 ppm tiez indikuje uspesnost’ kvarternizacie. Stupen kvarternizacie DSq sa pohyboval okolo
0,50 (Tab. 1).



Tab. 1: Vysledky kvarternizacie dextranov réznych mélovych hmotnosti za vodno-alkalickych
podmienok (NaOH:CHPTAC 1:1; 6 h; 60 °C) a ich antimikrobialna G¢innost’ voci MRSA
vyjadrend ako minimalna inhibi¢nd (MIC), minimalna baktericidna koncentracia (MBC)

a minimalna koncentracia inhibicie tvorby biofilmu (MBIC).

Vzorka Mw CHPTAC/AU? DS6 RUP MIC MBC MBIC
(kDa) (mol/mol) (%) (ug/mL) (ug/mL) (ug/mL)
D10Q 10 8 0,50 6,3 >1000 >1000 >1000
D70Q 76 7 052 74 125 125 125
D500Q 410 7 050 7,2 31,25 31,25 31,25
D2000Q 2000 8 0,49 6,2 31,25 31,25 31,25

& AU — anhydrosacharidova jednotka
bReakéna u¢innost’ (RU) = DSq / DSteor. X 100, kde DSq je stupeii substitiicie a DStheor. j€
teoreticky stupeni substitlicie, ktory by bol dosiahnuty v pripade, ze vSetok CHPTAC zreagoval.

Pripravené kvarternizované dextrany inhibovali rast MRSA v zévislosti od molovej hmotnosti
(Tab. 1, Obr. 2A). V pripade derivatu D10Q s najnizSou moélovou hmotnostou sme v danom
koncentracnom rozsahu nezaznamenali minimalnu inhibiénl ani baktericidnu koncentraciu. U
derivatov s vy$Sou molovou hmotnost'ou sa ale inhibi¢ny i1 baktericidny G€¢inok prejavil, konkrétne
pri koncentracii 125 pg/mL (D70Q) resp. 31,25 pg/mL (D500Q a D2000Q). Podobny trend sme
pozorovali aj Vv pripade inhibicie tvorby biofilmu (Obr. 2B). Nemodifikované dextrany
nevykazovali ziadnu antibakteridlnu G€innost’ bez ohl'adu na ich moélovi hmotnost’.

A
120 - _ y D10Q D10Q
s S orea,
£ 80 i - pDs00Q X
s & —+—D2000Q & && —e—D2000Q
3 5
8 40 - T 8
> >
20 -
0 -—— P ——,
Q9D P .9 O O O QP P 9290 O O
Ve p V@ S RN AU
Koncentracia (pg/mL) Koncentracia (pg/mL)

Obr. 2: Vysledky stanovenia viability (A) a inhibicie tvorby biofilmu (B) MRSA v pritomnosti
kvarternizovanych dextranov réznych moélovych hmotnosti. Vysledky su uvedené ako priemer
troch stanoveni + smerodajna odchylka. Statisticky vyznamné rozdiely vo viabilite (%) vzhl'adom
k neopracovanym bunkam (100%) st naznacené prisluSnymi symbolmi pre jednotlivé derivaty
(D10Q: "p < 0,05, “p < 0,01, “p < 0,001; D70Q: *p < 0,05, #p < 0,01, **p < 0,001; D500Q: %p
< 0,05, 4&p < 0,01, 4%&p < 0,001; D2000Q: ®p < 0,05, *p < 0,01, **¥p < 0,001).



Vplyv moélovej hmotnosti na antimikrobidlnu aktivitu kationovych polysacharidov bol intenzivne
Studovany na chitozane [11]. Publikované prace su v§ak rozporuplné. Nase vysledky naznacuju, ze
je potrebna urcitd minimalna moélovad hmotnost (>10 kDa), aby boli kvarternizované dextrany
antimikrobialne G¢inné vo¢i MRSA. Uginok so zvysujucou sa mélovou hmotnostou narastal, az
kym nedosiahol svoje maximum (~410 kDa). Dalsie zvy$ovanie mélovej hmotnosti sa uZ
neprejavilo vys$Sou antibakteridlnou aktivitou. K podobnym zaverom dospeli aj No a kol. [12]
Vv pripade chitozéanu.

Prezentované vysledky su ,,odrazovym mostikom™ pre hlbSie Studium vztahu Struktary
kvarternizovanych polysacharidov a ich antimikrobidlneho Gc¢inku. Poznanie tohto vztahu umozni
cieleni pripravu G¢innych biomaterialov na baze polysacharidov vhodnych na prevenciu
a eradikéaciu nozokomialnych infekeii.
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Porovnanie modelov glykozidtransglykozylaz vytvorenych pomocou

programov Modeller a AlphaFold

Barbora Stratilova, Stanislav Kozmon, Kristina Vadinova, Eva Stratilova
Chemicky ustav SAV, v. V. i., Dubravska cesta 9, SK-845 38 Bratislava

Uvod

Homol6égne modelovanie proteinov je vypoctovd metdoda vyuzivand na vytvorenie
trojdimenzionalneho (3D) modelu proteinu na zdklade znalosti jeho primarnej Struktary
a experimentalne stanovenej terciarnej Struktury homoldégneho proteinu (templatu) [1]. Medzi
najCastejsie pouzivany softvér na homoldgne modelovanie patri Modeller [2]. Alernativu k tomuto
pristupu predstavuje napr. AlphaFold [3], ktory je systémom umelej inteligencie a predikuje 3D
Struktaru proteinov zich aminokyselinovej sekvencie. V tejto praci porovname modely
glykozidtransglykozylaz vytvorenych tymito dvomi softvérmi.

Material a metody
Ako vzorové glykozidtransglykozylazy boli pouzité dve formy xyloglukdnendotransglykozylazy

(XET), ktoré st v databaze UniProtKB [4] uloZené pod ¢islami P93671 a P93672. V tejto praci
figuruju enzymy pod skratkami HvXET3 a HvXET4. Ako templat pre homologne modelovanie
bola pouzita jedind zndma kryStalograficka Struktara XET, 1UN1.pdb [5].

Na vytvorenie homoldgnych modelov sa pouzila verzia programov Modeller9v6 [6] a AlphaFold
v2 (DeepMind) [3].

Vysledky a diskusia
Porovnanie priméarnych Struktdr HvXET3 a HvVET4 s farebnym vyznacenim hydrofobicity

aminokyselin ukazalo, Ze najvyraznejsi rozdiel medzi tymito izoformami spociva v rozdielnom
pocte aminokyselin tvoriacich ich §truktaru (Obr.1), pricom HvXET3 obsahuje viac hydrofobnych
aminokyselin.

HVXET3 = 39

HVXET4 40

HVXET3 79
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Obr.1: Zarovnanie primarnych Struktar HvXET3 a HVXET4 s vizualizaciou hydrofobicity jednotlivych
aminokyselin. Hydrofobicita aminokyselin klesa od ¢ervenej cez ruzovu a fialovi po modru.



Prekrytie modelov tercidlnych Struktar vytvorenych programom Modeller ukazalo, Ze tento rozdiel
by nemal ovplyviiovat’ Struktiru aktivneho miesta enzymov, kedze sa nachadza v periférnej
oblasti, ktora je od neho dostatocne vzdialena (Obr.2). Vzhladom na pritomnost B-listov
v HVXET3 v mieste, kde je HvXET4 skratena, by sa mohol do urcitej miery prejavit’ v stabilite
molekul vystavenych r6znym podmienkam.

Obr.2:  Prekryv homolognych modelov

HvXET3 a HvXET4 vytvorenych programom
\ ¥ Modeller. V ram¢eku je vizualizovana oblast’
S najvacsimi Strukturdlnymi rozdielmi.
Aktivne miesto enzymov je tvorené B-listami,
ktorych usporiadanie umoziiuje viazanie
( HvXET4 donorovych a akceptorovych substratov.

P @ HvXET3

V d’alsom kroku boli vytvorené modely HvXET3 a HVXET4 programom AlphaFold. RMSD (root
means square deviation) medzi tymito modelmi a modelmi vytvorenymi pomocou programu
Modeller (Obr. 3) bolo priblizne rovnaké pre HvXET3 (1,740 A) aj HvXET4 (1,795 A). Takato
nizka hodnota reprezentuje vysoku podobnost’ oboch modelov, pricom vizualne moéZeme sledovat’
hlavny rozdiel opét’ v oblasti s rtdznym poctom aminokyselin zvyraznenym na Obr. 2. V pripade
HvXET3, kde Modeller naznadil v tejto oblasti urcité usporiadanie do B-listov, nechal AlphaFold
Struktaru v tejto oblasti neusporiadanu, pokym v pripade HvXET4, v ktorej podl'a Modelleru bola
tato oblast’ neusporiadana, sa podl'a AlphaFoldu objavila a-helikalna $truktara (Obr. 3). Dalsi
skrateny o-hélix sa objavil v C-terminalovej Struktire napriek tomu, Ze v HVXET3 sa takéto
usporiadanie neobjavilo.

Experimentalna charakterizacia tychto enzymov [7] ukazala, Ze napriek vysokej podobnosti
Struktr (Obr. 1) a biochemickych vlastnosti (identické teplotné a pH optimum) je HvXET3 v
porovnani s HvXET4 menej odolna voci nahlym zmenam teplot a mé o nieco niZsiu pH stabilitu.
Toto by mohlo byt zapri¢inené prave zamenou neusporiadane;j Casti Struktiry za a-helikalnu, ktort
navrhol AlphaFold pre HYXET4. Na druhe;j strane bola HvXET3 o nieco odolnejsia voci vysokym
teplotam, ¢o by sa dalo skor pripisat’ jej mierne vyssej hydrofobicite (Obr. 1).
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Obr. 3 Prekrytie homoloégnych modelov HvXET izoforiem vytvorenych programami AlphaFold
a Modeller.

Zaver

Program AlphaFold vytvoril v pripade izoformy HvXET4 a-helikalnu §truktiru, ktora by mohla
prispievat k vyssej stabilite tohto enzymu voci ndhlym zmendm teplot a k jeho vySsej pH stabilite
v porovnani s HvXET3. Tieto vysledky m6zu naznacovat’ vyssiu presnost’ modelov vytvorenych
AlphaFoldom ako Modellerom. Rozdiely v modeloch sa prejavili vyluéne v neusporiadanych
oblastiach $truktur, oblast’ aktivneho miesta tvorena sendvi¢ovou $truktiirou zlozenou z B-listov a
ukoncend a-hélixom bola dand krystalografickou Strukturou templatu, na zaklade ktorého pracuji
algoritmy oboch programov.
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Ciasto¢na biochemicka charakterizacia proteinu UniProtKB Q75XT0

Barbora Stratilova, Sergej Sestak, Kristina Vadinova, Eva Stratilova
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Uvod

Prudky rozvoj nukleotidovych a proteinovych databaz spojeny s vyvojom vypoctovej techniky
viedol k vyznamnym zmenam v metddach prace s neznamymi bielkovinami, ktora sa prejavila napr.
Vv ¢iastocnom nahradeni ich komplikovanych purifikacii zo surovych prirodnych materidlov s ciel'om
stanovit’ ich kompletnu $truktiru a charakteristiky, na pracu s databazami, pripravu syntetickych
génov a expresiu cielovych proteinov na zdklade ich ¢iasto¢nej biochemickej charakterizacie. Na
otestovanie spdsobilosti takejto metdody sme z databazy UniprotKB [1] vybrali protein Q75XTO,
ktory by mal na zaklade Struktary reprezentovat’ glykozidhydrolazu (GH) z rodiny 28 [2].

Material a metody

Na zaklade bioinformatickej analyzy [3] sme potvrdili, ze hypoteticky protein Q75XTO vykazuje
pritomnost’ aminokyselin esencidlnych pre viazanie a hydrolyzu substratov typickych pre enzymy
rodiny GH 28. V databazach sme vyhladali jeho nukleotidova Struktaru (ENA, BAC87792),
komercnou cestou dali pripravit’ synteticky gén (ProteoGenixSAS) a transformovali ho do Pichia
pastoris GS115 [4]. Ciel'ovy protein bol ziskany rovnakym postupom ako protein AOA161ZKUS [5]
a rovnako bol néasledne ¢iastocne charakterizovany. Expresia proteinu Q75XTO bola v kultivacnom
médiu potvrdena hmotnostnou spektrometriou (Orbitrap Elite, ThermoScientific) [6], pricom boli
sucasne stanovené kontaminujuce proteiny pochadzajtice z P. pastoris.

Vysledky a diskusia

Bioinformatickd analyza ukézala, ze Ziaden z kontaminujucich proteinov, ktoré¢ pochadzaju
z produkéného kmena P. pastoris, neobsahuje aminokyseliny, ktoré su esencialne pre katalyticka
aktivitu rodiny GH 28, t.j. nemoze ovplyviovat vysledky zistené na zaklade stanovenia enzymovej
aktivity Q75XTO. Proteinovy profil prezraZzanych proteinov separovanych podla ich molekulovej
hmotnosti (Mh) je zobrazeny na Obr. 1. Najvyssia enzymova aktivita sa zistila vo frakcii 12,5 ml,
ktora koresponduje s Mh Q75XTO0 vyplyvajucej z jeho Struktary.
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Obr. 1. Proteinovy profil prezrazaného kultivaéného média na kolone Superose 1 zapojenej do zariadenia
NGC (Bio-Rad).



Stanovenie aktivity na polysacharid a jeho pentamér ukézalo, Ze aktivita na polysacharid je priblizne
2,7 x vyssia ako na pentamér. V porovnani s izoformou AOA161ZKUS bol tento pomer radovo nizsi,
ked’ze v pripade AOA161ZKU8 bol tento pomer v prospech polyméru vyssi viac ako 20x.

Dali rozdiel medzi tymito dvomi formami sa zistil pri stanoveni pH optima, ktoré mala izoforma
Q75XTO priblizne 4,3 na rozdiel od pH optima A0OA161ZKUS, ktoré bolo okolo pH 4,0 (Obr. 2A).
Teplotné optimum mali rovnako vysoké, 70 °C (Obr. 2B), ¢o je hodnota typicka pre tieto enzymy [7].
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Obr. 2. Charakterizacia Q75XT0. A - pH optimum, B — teplotné optimum

Zaver

Protein Q75XTO0 je rovnako ako protein AOA161ZKUS [4] typickou glykozidhydrolazou, ktora patri
do GH rodiny 28. Ma preferenciu pre vysokomolekularne substraty, od AOA161ZKU8 sa lisi pH
optimom, kym teplotné optimum maju identické. Ide o prvu Ciasto€nu charakterizaciu tohto enzymu
na urovni jeho experimentalne stanovenej aktivity.
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Elektrostaticky potencial povrchov exoglykozidhydrolaz rodiny 28
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Uvod

V pripade enzymov, ktoré katalyzujii hydrolyzu polysacharidov zlozenych z kyslych jednotiek,
modze zohravat vyznamnu ulohu v Specificite tychto enzymov elektrostaticky potencidl ich
povrchu. Takymito enzymami moézu byt napr. izoformy exoglykozidhydrolaz (exoGH) rodiny 28
[1]. Pritomnost viacerych izoforiem sa zistila uz v starSich pracach, ktoré sa zaoberali
charakterizdciou tychto enzymov na drovni stanovenia enzymovej aktivity v surovych
proteinovych extraktoch [2,3]. Struktiry enzymov sa vybrali na zaklade pritomnosti esencialnych
aminokyselin nevyhnutnych pre katalytické vlastnosti tejto skupiny bioinformatickou analyzou
proteinov [4] v databaze UniProtKB [5]. Z desiatich vybranych $truktar boli zatial dokazané
predpokladané glykozidhydrolazové aktivity pre dva proteiny, AOA161ZKUS8 [6] a Q75XTO.

Material a metody

Proteinové $truktiry desiatich ¢iasto¢ne charakterizovanych a potencidlnych izoforiem exoGH 28
boli vybrané na zaklade §tudie Stratilovej a kol [4]. Fylogeneticky strom bol vytvoreny v programe
MEGA v7.0.26 [7] a Clustal Omega [8]. Ako modely ich terciarnych strukttr boli pouzité prislusné
3D modely z databazy AlphaFold [9]. Elektrostaticky potencial ich povrchov bol zobrazeny
v programe PyMol [10].

Vysledky a diskusia

Fylogeneticky strom vytvoreny pre dve Struktary s potvrdenou aktivitou exoglykozidhydrolaz
rodiny GH 28 (A0OA161ZKUS8 a Q75XT0) a d’alsich osem Struktur, ktoré by mohli mat’ tieto
aktivity na zaklade vysledku bioinformatickej analyzy ukézal, Ze tieto Struktury tvoria dve
fylogenetické skupiny (Obr. 1).
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Obr. 2. Elektrostaticky potencial povrchov ¢iasto¢ne charakterizovanych (AOA161ZKU8 a Q75XT0) a
potencialnych izoforiem exoGH 28



Zobrazenie elektrostatického potencialu povrchov modelov z AlphaFold databazy poukézalo na

vyrazné rozdiely potencidlov jednotlivych Struktur, ktoré zahrnovali aj aktivne miesta enzymov
(Obr. 2).

Porovnanim elektrostatickych potencialov povrchov Struktur a ich zaradenim do fylogenetického
stromu vytvorené¢ho programom MEGA sme nezistili medzi nimi Ziadnu korelaciu. Z tohto dovodu
sme vytvorili aj fylogeneticky strom programom Clustal Omega, ktory vyjadroval vztah medzi
povrchmi podstatne lepsie (Obr. 3).

_I: trlADA175YNS4|A0A175YNI4_DAUCS 0.09329
trlA0OA165Y5R2|A0A165Y5R2_DAUCS 0.10466

trjQ75XTO|Q75XTO_DAUCA 0.00758
trlAOA1TSYLI1|ACA1TSYLI1_DAUCS 0.00788
tr]/A0A161X054|A0A161X054_DAUCS 0.17234
trlADAT7SYMXOJADAT7SYMXO_DAUCS 0.1531
trlADA161ZKUB|A0A161ZKUS_DAUCS 0.14537

— tr|AOA175YGE1|ACATTSYGE1_DAUCS 0.11762

— tr|AOA1645UF4|ADA16845UF4_DAUCS 0.11289

- tr|ADATTSYMYZ2|ADATTSYMY2_DAUCS 0.1024

Obr. 3. Fylogeneticky strom ¢iasto¢ne charakterizovanych (AOA161ZKU8, Q75XTO0) a potencialnych
izoforiem exoGH 28 vytvoreny programom Clustal Omega [8].

Zaver

Exoglykozidhydrolazy rodiny GH 28 sa vyskytuju v podobe viacerych izoforiem, ktoré vykazuji
vyznamné rozdiely v elektrostatickych potencidloch svojich povrchov, priCom sa tieto rozdiely
daji pozorovat’ aj v aktivnych miestach enzymov. Vplyv tychto rozdielov na viazanie a hydrolyzu
nabitych polysacharidov bude predmetom d’alSieho vyskumu.
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Uvod

Glykozidtransglykozylazy podrodiny GH 16 20 [1] katalyzuju Stiepenie vysokomolekularneho
sacharidového substratu, pricom nasledne prendsaju fragment s pévodnym neredukujicim koncom
(donorovy substrat) na iny poly- alebo oligosacharid (akceptorovy substrat). Enzymy sa odlisuja
réznou donorovou a akceptorovou Specificitou, napr. pre enzym TmXET6.3 bola experimentalne
stanovend Sirokd akceptorova Specificita pre neutralne oligosacharidy [2], kym pre Strukturalne
najlepsie charakterizovany enzym ztejto skupiny, PttXET16A [3], bola stanovena striktna
Specificita aj pre donor aj pre akceptor. Simulacie stability komplexov enzym-donor-akceptor [4]
ukazali, ze kym komplexy TmXET6.3 boli stabilné so vSetkymi akceptormi, stabilita PttXET16A
vyZzadovala $pecifickt 1,3- alebo 1,4-vdazbu medzi vyluéne glukézovymi jednotkami. V tejto praci
sme testovali, ¢i takto ziskané teoretické vysledky zodpovedaju experimentadlnym aj v pripade
vzacnej skupiny enzymov, ktora operuje aj na akceptoroch s nabojom [5].

Material a metody

Homologne modely TmXET®6.3, jej dvojitého mutanta TMXET6.3_ W75H/Y110R a HVXETS3 boli
zostrojené na zaklade koordinatov ziskanych z krystalografickej struktury PttXET16A (templat)
[3]. Homologne modely boli generované v Modeller9v6 [6]. Ako donor sluzil xyloglukan
heptaoligosacharid (XG-0S7), ktory bol dokovany podl'a koordinat pre xyloglukan nonasacharid
po odstraneni dvoch termindlnych galaktézovych rezidui [7]. Ako akceptor sluZzili neutralne
oligosacharidy [4], v tejto praci konkrétne Xxylotetrasacharid (Xyl-OS4). Jeho Struktira bola
pripravena pomocou GLYCAM-web serveru [8] a upravena pre dokovanie v LigPrep tool [9].
Proteinové Struktary boli pripravené pre dokovanie v Protein Preparation Wizard [10]. Samotné
dokovanie bolo robené v programe Glide [11] a redokované pomocou Induced Fit Docking
Protocol [12]. Pre simulacie molekulovou dynamikou sa Struktury komplexov enzym-donor—
akceptor pripravili v tleap, ktory je sti¢astou programového balika Amber16 [13], aplikovali sa
parametre silového pol'a Amber ff99SB na proteiny a parametre GLYCAMOG6 pre sacharidy,
solvatovalo sa molekulami vody TIP3P [14]. Potom boli Struktary ekvilibrované a pouzité pre
simulacie molekulovou dynamikou [4].



Vysledky a diskusia

Glykozidtransglykozylazy TmXET6.3, TmXET6.3_W75H/Y110R a HvXET3 sa vyznacuju
nezvyklo Sirokou akceptorovou Specificitou, t.j. sit schopné prenasat’ fragmenty donora na celé
spektrum $trukturalne odlisSnych neutralnych poly- alebo oligosacharidov [2,5]. HvVXET3 sa od
TmXET6.3 1i8i schopnostou vyuzivat ako akceptor aj nabité oligosacharidy [5]. Dvojbodova
mutacia TmXET6.3, TMXET6.3_W75H/Y110R viedla k ziskaniu schopnosti katalyzovat’ prenos
na nabité substraty rovnako, ako tomu bolo v pripade skupiny enzymov Strukturdlne podobnych
s HVXET3 [5].

Pokus 0 simulaciu pomocou molekulovej dynamiky komplexu enzym-XG-OS7-Xyl-OS4, ktory sa
osvedcil v pripade TmXET3 a PttXET16A [4], viedol napriek experimentalne stanovenej aktivite
na tento akceptor k postupnému uvolfiovaniu akceptora z vdzobného miesta, priCom V Case
ukoncenia simulacie sa akceptor nachadzal mimo aktivneho miesta enzymu (Obr. 1). Rovnaky
vysledok ukazala simulacia s dvojitym mutantom TmXET6.3 W75H/Y 110R, ktory je tiez na tento
akceptor aktivny.

Obr.1: Simulacia molekulovej dynamiky stability komplexov enzym (TmXET6.3, siva alebo HvXET3,
modra) — donor (XG-OS7, tyrkysova) — akceptor (Xyl-OS4, ruzova) na pociatku simulacie (0 ns) a na jej
konci (1000 ns).



Zaver

Z vysledkov vyplyva, ze v pripade enzymov podrodiny GH 16 20, ktoré su schopné vyuzivat
okrem Sirokého spektra neutrdlnych oligosacharidov ako akceptory aj nabité poly-
a oligosacharidy, nie je medzi experimentalne stanovenymi aktivitami a vysledkami stadii stability
komplexov enzym-donor-akceptor zhoda, ako tomu bolo v pripade $pecifickych enzymov alebo
enzymov operujucich na neutralnych poly- a oligosacharidoch. Predpokladame, ze chyba méze byt
v pozmenenej 3D Struktare aktivneho miesta enzymov s mutaciami, ktoré im umoziuju viazat’
v aktivnom mieste aj substraty s nabojom, v porovnani s pouzitym templatom a/alebo s tym
stvisiacim dokovanim. V désledku tohto mézu byt potom vychodzie modely enzym-donor-
akceptor pre tato skupinu enzymov chybné. Preto povazujeme za nutné uskutocnit’ krystalografické
studie aj enzymov podrodiny GH 16 20, ktoré vykazuji schopnost transferu na nabité substraty.
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Uvod

Transglykozylazy reprezentuju zvlastnu skupinu hydrolytickych enzymov, ktoré po rozstiepeni
polysacharidu neprenasaju jeho fragment s pdvodnym neredukujicim koncom na vodu ale na iny
poly- alebo oligosacharid [1]. V minulosti boli na zaklade aktivity povazované za skupinu
transferdz [2], aktualne sa preferuje klasifikécia na zaklade Strukturalnych rysov, podla ktorej
patria medzi hydrolazy [3]. Glykozidtransglykozylazy podskupiny 16 20 [4] sa liSia donorovou
a/alebo akceptorovou Specificitou, pricom vicsSinou sa tieto aktivity tykaju vylucne neutralnych
sacharidov [5]. Niektoré¢ enzymy vSak dokazu katalyzovat’ prenos neutralnych fragmentov donorov
na nabité akceptory. Boli identifikované aminokyselinové zvysky nachadzajtce sa v zdkladnej Casti
vizobného miesta [6], pricom bol pouzity enzym TmXET6.3, ktory méa v C-terminalovej oblasti
rovnako ako HvXET bazické aminokyseliny, takZe o tejto oblasti neposkytol Ziadne nové udaje.
V tejto praci sa pokusime o korelaciu Strukturdlnych tdajov tykajucich sa predmetnych C-
termindlovych sekvencii a aktivit na dané akceptory.

Material a metody

Zarovnanie primarnych Struktir z UniprotKB [7] sa robilo programom ClustalOmega [8], 3D
Struktary enzymov boli modelované na zaklade kryStalografickej Struktiry lunl.pdb [9]
programom Modeller 9v6 [10] a zobrazené v programe PyMol [11]. Aktivity na substratovy par
neutrdlny donorovy polysacharid/negativne nabity oligosacharid boli stanovené delenim
fluorescen¢ne znacenych produktov reakcie a pdvodného znaceného akceptora na molekulovom
site zapojenom do HPLC s fluorescenénym detektorom [5]. Priebeh reakcie bol sledovany na
zéklade narastajiicej plochy piku produktu v zavislosti od dizky enzymovej reakcie.

Vysledky a diskusia

Zarovnanie C-terminalovych sekvencii vybranych glykozidtransglykozylaz podskupiny 16 20 je
zobrazené na Obr.1l. Tieto enzymy, s vynimkou TmXET6.3, boli vybrané na zaklade ich
schopnosti katalyzovat’ reakcie medzi neutralnymi donormi a nabitymi akceptormi [6]. TmXET6.3
takito schopnost’ ziskala po mutaciach W75H a Y110R (TmXET6.3 W75H/Y110R) [6]. Iné
enzymy, ktoré patria do tejto podskupiny a nemali v uvedenej sekvencii lyzinové zvysky, takuto
aktivitu nemali.



Umiestnenie a polohy konzervovaného argininového zvySku a okolitych lyzinovych rezidui v
modeloch enzymov zobrazuje Obr. 2. Vsetky tieto zvySky st aj bez opacne nabitého substratu
naklonené smerom k miestu jeho potencialneho viazania.

V5ZEF7_TmXET6.3 WVRDNYMIYDYCIDFIRFSQGLPRECSVN——— 250
P93671_HVXET3 WVQSNYMIYNYCTDPIRVAIGVPAECSM———— 272
P93672_HVXET4 WVQRKFMIYNYCTDPIRVAQGVPAECKLR-—- 266
B1P1S7_HVXET6 WVQKNYMIYNYCTDTWRFIDGAPPECASK--— 259

kK. . Kk.oKk kK

Obr.1: Zarovnanie C-terminalovych sekvencii vybranych glykozidtransglykozylaz podskupiny 16 20.

Obr.2: Umiestnenie a polohy argininového a lyzinovych rezidui v C-terminalovej sekvencii vybranych
glykozidtransglykozylaz podskupiny 16 20. A - TmXET6.3_W75H/Y110R, B — HVXET3, C — HVXET4,
D — HvXET®.



Pocet a pozicie lyzinovych zvySkov v tejto oblasti enzymov a ich aktivity na dany substratovy par
st zhrnut¢ v Tab. 1. Najaktivnej$i bol mutant TmXET6.3 s dvomi lyzinovymi zvySkami
umiestnenymi Vv tesnej blizkosti pred konzervovanym argininovym zvySkom nasledovany
HvXET3, ktora ma identicky umiestneny jeden zvysok tesne pred argininovym a druhy pomerne
blizko za nim, a potom HvXET4, ktora ma len lyzinovy zvySok pred argininovym. HvXET6 ma
len jeden lyzinovy zvysSok za argininovym a najniz$iu aktivitu.

Tab.1: Vyskyt bazickych aminokyselinovych zvyskov (K, lyzin a R, arginin) v C-terminalovej sekvencii
glykozidtransglykozylaz podskupiny 16 20 a ich aktivita na nabité akceptory.

Enzym K234t K237t R238t K240t K241t Aktivita na

nabité akceptory

TmXET6.3_W75H/Y110R K234 K237 R238 - - +H+
HVXET3 (P93671) - K260 R261 - K264  ++(+)
HVXET4 (P93672) - K253  R254 - - +(+)
HVXET6 (B1P1S7) - - R247 K249 - +

T Cislovanie aminokyselinovych zvyskov v TmXET6.3

Zaver

Vyskyt bazickych lyzinovych rezidui v okoli konzervovaného argininového zvysku, ktory sa
nachadza v C-terminéalovej oblasti glykozidtransglykozylaz podskupiny 16 20 je d’alSim faktorom,
ktory ovplyviiuje schopnost’ tychto enzymov prendsat’ fragmenty neutralnych polysacharidov na
kyslé akceptorové substraty.
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Elektrostaticky potencial C-terminalovej sekvencie glykozidtransglykozylaz

podrodiny 16 20

Barbora Stratilova, Stanislav Kozmon, Kristina Vadinova, Eva Stratilova

Chemicky ustav SAV, v. V. i., Dubravska cesta 9, SK-84538 Bratislava

Uvod

Glykozidtransglykozylazy podrodiny GH 16 20 [1] katalyzuja Stiepenie polysacharidov (donor),
ale na rozdiel od glykozidhydrolaz neprenasaju fragment s povodnym neredukujicim koncom na
vodu, ale na iny poly- alebo oligosacharid (akceptor). Enzymy sa odliSuju donorovou a
akceptorovou $pecificitou. Kym pre strukturalne najlepsie charakterizovany enzym z tejto skupiny,
PttXET16A [2], bola stanovena striktna Specificita aj pre donor aj pre akceptor, pre enzym z tej
istej fylogenetickej skupiny, HvXETS, boli popisané aj aktivity na Strukturadlne podobné donory a
akceptory [3]. Enzymy druhej fylogenetickej skupiny [4] sa vyznacuji zna¢nou promiskuitou
ohl'adom najma akceptorovych substratov, ale opét’ sa daju medzi nimi pozorovat’ rozdiely, ked’ze
napr. TmXET6.3 mala sice experimentalne stanovenu Siroku akceptorovu Specificitu na neutralne
oligosacharidy [5], ale nebola schopnd katalyzovat’ prenosy fragmentov na nabité oligosacharidy
ako napr. HvXET3, HvXET4 alebo HvXET®6 [6]. Tento rozdiel sa sice vysvetlil pomocou mutacne;j
analyzy aminokyselin vizobného miesta [6], ale stale zostala nezodpovedana otazka tykajlica sa
moznej éasti bazickych aminokyselinovych zvyskov predizenej C-terminalovej sekvencie, ktora
je typickou ¢&rtou podrodiny 20, na viazani kyslych akceptorov. V tejto praci sme Studovali
elektrostaticky potencial povrchu popisanych enzymov zamerany prave na tuto C-terminalovi
sekvenciu.

Material a metody

Ako vzorové glykozidtransglykozylazy podrodiny 16 20 boli z databazy UniProtKB [7] vybrané
formy xyloglukanendotransglykozylazy (XET), ktoré sa vyznaCuji ro6znou substratovou
Specificitou [2,3,5,6]. V tejto praci st enzymy oznacené skratkami HvXET3-6, TmXET6.3 a
PttXET16A. Ako templat pre homoldégne modelovanie bola pouzitd jedind znama krystalograficka
Struktira XET, 1UN1.pdb [2], ktord patri PttXET16A. Na vytvorenie homolégnych modelov sa
pouzil program Modeller9v6 [8]. Elektrostaticky potencidl povrchov enzymov bol zobrazeny
v programe PyMol [9].

Vysledky a diskusia
Elektrostaticky potencial vybranych glykozidtransglykozyldz podrodiny GH 16 20 je zobrazeny

na Obr.1. Kym ¢ast’ C-terminalovej sekvencie (v raméeku), ktora predlzuje vdazobné miesto pre
akceptor je v pripade HvXETS a PUXET16A kysla (Cervena), t.j. nesie zaporny naboj, je v
HvXET3, HvXET4, HvXET6 a TmXET6.3 bazickd (modrd), t.j. obsahuje aminokyselinové
zvySky, ktoré st schopné interagovat’ s kyslymi sacharidmi.



Obr.1: Elekrostaticky potencial povrchov glykozidtransglykozylaz podskupiny 16 20. C-terminalova
sekvencia $truktar je oramovana.



V sulade s tymto enzymy HVXETS a PttXET16A nevykazuji na kyslé akceptory Ziadnu aktivitu
na rozdiel od HVXET3 a HvXET4 [6]. HVXET6 ma v tejto oblasti nizsi pozitivny naboj ako
HVXET3 a HvXET4 a jeho aktivita je na dany akceptor znacne niz$ia [6]. V pripade TmXET6.3,
ktorej usporiadanie a elektrostaticky potencial C-terminalu je podobny ako v pripade HvXET3
a HvXET4, bola pri¢ina absencie aktivity na kyslé oligosacharidy v aminokyselinovych zvyskoch
V poziciach 75 a 110. Mutacia tychto zvyskov W75H a Y110R viedla k enzymu TmXET6.3
W75H/Y110R schopnému vyuzivat’ negativne nabité oligosacharidy ako akceptory.

Zaver

Zobrazenie elektrostatickych potencialov povrchov glykozidtransglykozylaz podrodiny GH 16_20
ukazalo, ze existuje korelacia medzi hodnotami potencialov C-terminalovej ¢asti enzymov a ich
schopnostou katalyzovat’ prendSanie donorovych fragmentov na kyslé oligosacharidy v pripade,
ze je splnena aj podmienka pritomnosti esencidlnych béazickych aminokyselinovych zvyskov
V poziciach v okoli katalytického miesta enzymov.
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Vplyv polohy 1,3-glykozidickej vizby na stabilitu komplexu enzym
(PttXET16A) — donor — akceptor B-(1,3;1,4)-D-glukotetrasacharid)

Barbora Stratilova, Stanislav Kozmon, Kristina Vadinova, Eva Stratilova

Chemicky ustav SAV, v. V. i., Dubravska cesta 9, SK-84538 Bratislava

Uvod

PttXET16A jejedina glykozidtransglykozylaza podrodiny 16 20, ktora ma stanovenu
krystalograficka Struktaru [1]. Napriek tomu, Ze experimentadlne neboli stanovené ziadne
heterotransglykozylacné reakcie tohto enzymu, t.j. povazuje sa za striktne Specificky, teoretické
studie stability jeho komplexov s donorovym substratom a viacerymi Strukturdlne rdéznymi
akceptormi naznacili, ze by mohol mat potencial prenasat’ fragmenty donora na akceptory, ktorych
zakladny retazec je tvoreny glukdzovymi jednotkami, ktoré su viazané glykozidickymi B-(1,3)-
alebo B-(1,4)-vdzbami [2]. Teoretické vysledky podporuje aj fakt, Ze enzym HvXETS, ktory patri
do identickej fylogenetickej skupiny ako PttXETI16A, transfer na takéto donory katalyzuje [3].
V tejto praci sa venujeme Stidiu stability komplexov tohto enzymu so substratmi, v pripade
ktorych sa akceptory, glukotetrasacharidy, liSia polohou glykozidickej 1,3-vizby medzi 1,4-
véizbami (Mlg-OS4).

Material a metody

MIg-OS A-C (akceptory) sa lisia poziciou glykozidickej 1,3-vdzby medzi 1,4-vdzbami, pricom A
—1,3-vézba sa nachadza najblizsie k neredukujucemu koncu tetrasacharidu, B — v jeho strede, C —
najblizSie k redukujucemu koncu. Ako donor sluzil xyloglukan heptaoligosacharid, ktory bol
dokovany podla koordinat pre xyloglukan nonasacharid po odstrdneni dvoch terminalnych
galaktozovych rezidui [4]. Struktiry akceptorov boli pripravené pomocou GLYCAM-web serveru
[5] a upravené pre dokovanie v LigPrep tool [6]. Proteinovéa Struktira bola pripravena pre
dokovanie v Protein Preparation Wizard [7]. Samotné dokovanie bolo robené v programe Glide [8]
a redokované pomocou Induced Fit Docking Protocol [9]. Pre simulacie molekulovou dynamikou
sa Struktiry komplexov enzym-donor—akceptor pripravili v tleap, ktory je sucast'ou programového
balika Amber16 [10], aplikovali sa parametre silového pol'a Amber ff99SB na proteiny a parametre
GLYCAMO6 pre sacharidy, solvatovalo sa molekulami vody TIP3P [11]. Potom boli $truktary
ekvilibrované a pouzité pre simuldcie molekulovou dynamikou [2].

Vysledky a diskusia

Casové zavislosti vzdialenosti Cl donorového substratu a O4 akceptorov umiestnenych
v aktivnom mieste PttXET16A Studované pomocou simulécii molekulovou dynamikou, ukazali,



ze vzniknuté komplexy enzym-donor substrat si pomerne stabilné (Obr. 1). Ked'ze medzi C1
donora a O4 akceptorov sa Vv priebehu katalyzy vytvara glykozidicka védzba, mali by zistené
vzdialenosti umoziovat’ enzymu katalyzovat transfer fragmentu donora na dané akceptory.

31
2% PHXET16A; Mig-OSA
FAVG: 5,15 A; Min: 2,79 A; Max: 10,21
21
16

11

6 N
.MWMW
1 [ 1 1
PHXET16A; Mig-OSB

26 | AVG: 3,57 A; Min: 2,75 A; Max: 5,62
21

16
11
6
1

Vzdialenost [A]

meumm

PHXET16A; Mig-OSC
26 | AVG: 4,62 A; Min: 2,94 A; Max: 8,93

21
16
11

6 NWMM
1 1 Il 1

0 200 400 600 800 1000
Cas [ns]

Obr.1: Casova zavislost' vzdialenosti C1 donora a O4 akceptorov (MIg-OS) v aktivnom mieste PttXET16A
Vv priebehu simulacii molekulovou dynamikou.

Vizualizacia pozicii donora a nadokovanych akceptorov v aktivnom mieste enzymu na zaciatku
simulacie MD a po 1000 ns (Obr. 2) tento predpoklad podporuje, pricom rovnako ako v pripade
nespecifickej TmXET6.3 [2] sa ako najnevyhodnejsi akceptor prejavovali Mlg-OSA, ktoré mali
glykozidicka B-(1,3)-vdzbu umiestnent najblizsie ku katalytickému miestu enzymu. TmXET6.3
vykazovala na tento substrat aj najniz8iu experimentalne stanovenu aktivitu [12]. Hodnoty volnej
viazbove] energie komplexu PtXETI6A sakceptormi MIg-OS4 ziskané na zaklade
MM(PB/GB)SA vypoctov a pocitané z posledného casového useku simulacii molekulovou
dynamikou (800-1000 ns) ukazali, ze voI'na vizbova energia je najnizsia v pripade MIg-OSC, t.j.
Vv pripade substratu, ktory ma glykozidicka B-(1,3)-vdzbu najviac vzdialenti od katalytického
miesta enzymu (Tab. 1). Tento substrat bol tiez favorizovany TmXET6.3 [2,12].



Tab.1: Hodnoty vol'nej vdzbovej energie komplexu PtXET16A s akceptormi MIg-OS4 ziskané na zaklade
MM(PB/GB)SA vypoctu. Hodnoty st pocitané z ¢asového useku 800-1000 ns.

Akceptor PB GB

Eint [kcal/mol] +0 Eint [kcal/mol] 0
Mlg-OSA -30,66 91 -30,1 9,7
MIlg-OSB -29,45 551 -30,52 5,27
Mlg-OSC -43,33 9,72 -51,5 9,46

Obr. 2: Vizualizacia donora a nadokovanych akceptorov Mlg-OS4 na za¢iatku simulacie MD a po 1000 ns.



Zaver

Z vysledkov studia stability komplexov PttXET6.3 — donor — MIg-OS4 vyplyva, Ze aj tento enzym,
ktory je oznaCovany ako striktne Specificky, by mal viazat’ takéto akceptory a teda katalyzovat’
transfer nielen na poly- aoligoglukozové retazce, v ktorych st glukdézové rezidud viazané
glykozidickymi B-(1,3)- alebo B-(1,4)-védzbami [2], ale aj na akceptory, v ktorych su tieto viazby
zmieS$ané. V takomto pripade by mala byt aktivita enzymu ovplyvnena polohou B-(1,3)-védzby a to
tak, ze ¢im by bola umiestnena d’alej od miesta, v ktorom prebieha reakcia, tym by bola aktivita
enzymu vys$ia rovnako, ako to bolo v pripade neSpecifickej TmXET6.3 [12].
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Vplyv mutacie Q108R na stabilitu komplexu enzym (TmXET6.3) — donor -

akceptor

Barbora Stratilova, Serge;j Sestak, Kristina Vadinova, Eva Stratilova
Chemicky ustav SAV, v. V. i., Dubravska cesta 9, SK-84538 Bratislava

Uvod

Na zéaklade bioinformatickej analyzy Specifickych a neSpecifickych glykozidtransglykozylaz
podrodiny 16 20 boli navrhnuté aminokyselinové zvysky, ktoré by mohli zodpovedat’ za rozdielnu
akceptorovu $pecificitu jednotlivych enzymov. Spravnost’ tychto teoretickych predpokladov bola
experimentalne potvrdend pomocou mutacnej analyzy [1]. Pracovalo sa s neSpecifickym enzymom
TmXET6.3, v ktorom sa ako najvyznamnej$ie pre Specificitu enzymov ukazali aminokyselinové
zvysky v polohe 94 a108. Po mutacii Q108R, priCom R108 sa povazuje za jeden z
charakteristickych aminokyselinovych zvySkov Specifickej skupiny enzymov 1a Q108 za
charakteristicky zvySok neSpecifickej skupiny II [2], bola ¢iastoéne pozmenend substratova
Specificita enzymu v sulade s predpokladom, t.j aktivita na akceptor Cello-OS bola zvysena a na
Xyl-OS klesla [1]. Tieto dva akceptory boli vybrané na zaklade toho, ze Cello-OS sluzili ako
akceptory pre enzymy aj skupiny I aj skupiny II, kym Xyl-OS boli $pecifické pre skupinu II [3,4].
V tejto praci sa zaoberame teoretickou stabilitou komplexov mutant (TmXET6.3_Q108R) — donor
— akceptor (Cello-OS alebo Xyl-OS). Vysledky boli porovnané s tymi, ktoré sa ziskali pre nativny
enzym TmXET6.3 [3,4].

Material a metody

Ako donor sluzil xyloglukdan heptaoligosacharid, ktory bol dokovany podla koordinat pre
xyloglukan nonasacharid po odstraneni dvoch terminalnych galaktézovych rezidui [5]. Struktary
akceptorov boli pripravené pomocou GLYCAM-web serveru [6] a upravené pre dokovanie v
LigPrep tool [7]. Proteinova Struktura bola pripravena pre dokovanie v Protein Preparation Wizard
[8]. Samotné dokovanie bolo robené v programe Glide [9] a redokované pomocou Induced Fit
Docking Protocol [10]. Pre simuldcie molekulovou dynamikou sa Struktiry komplexov enzym-
donor—akceptor pripravili vtleap, ktory je sucastou programového balika Amberl6 [11],
aplikovali sa parametre silového pola Amber ff99SB na proteiny a parametre GLYCAMOG6 pre
sacharidy, solvatovalo sa molekulami vody TIP3P [12]. Potom boli Struktury ekvilibrované a
pouzité pre simuldcie molekulovou dynamikou (MD) [4].

Vysledky a diskusia

Simulacie MD Cello-OS4 a Xyl-OS4 v aktivhom mieste TmXET6.3 Q108R ukazali, Ze oba tieto
substraty boli pomerne stabilné (Obr. 1). Cello-OS bol porovnatelne stabilny ako v aktivhom
mieste TmXET6.3, kym v pripade Xyl-OS dochéadzalo k vacsim vykyvom vo vzdialenosti C1
donora a O4 akceptora [4].
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Obr.1: Casova zavislost’ vzdialenosti C1 donora a 04 Cello-OS4 a Xyl-OS4 ako akceptorov v aktivnom
mieste TmXET6.3 Q108R v priebehu simulacii MD.

Interakcie medzi aminokyselinovymi reziduami TmXET6.3 Q108R a Cello-OS4 (Tab. 1), boli
porovnatel'né s TmXET6.3 [4], pricom hlavny rozdiel spocival v interakcii so zamenenym
aminokyselinovym zvySkom R108 s druhou a tretou sacharidovou jednotkou akceptora od
neredukujuceho konca. Podobne v pripade akceptora Xyl-OS4, R108 interagoval s tretou
xylézovou jednotkou od neredukujiceho konca, pricom v pripade TmXET6.3 k interakcii
s GIn108 nedochadzalo [3.,4].

Tab.1: Rezidua TmXET6.3 Q108R, ktoré interagovali s akceptoromi Cello-OS a Xyl-OS dlhSie ako 50%
¢asu simulacie MD do vzdialenosti 4 A.

Akceptor Interagujtice rezidua (protein)
Cello-0S4 His94, Asn96, Glu106, Arg108, Trp166, Trpl71, Gly175, Arg238
Xyl-0S4 Asp79, His94, Asn,96, Argl08, Trp171, Gly1l75

Stabilna poloha, ktoru Cello-OS4 aj Xyl-OS4 zaujali pocas simulacie, zodpovedala tej
v TmXET6.3 [3,4] (Obr. 2).

Hodnota vol'nej vizbovej energie (Tab. 2) pre Cello-OS4 v komplexe s TmXET6.3_Q108R bola
nizSia ako pre Xyl-OS4, Co je v sulade s experimentdlym stanovenim aktivit, podl'a ktor¢ho
mutaciou Q108R aktivita na Cello-OS4 vzrastla a na Xyl-OS klesla [1].

Tab. 2 Hodnoty vol'nej vdzbovej energie komplexu TmXET6.3 Q108R s akceptoromi Cello-OS4 a Xyl-
0S4 ziskané na zdklade MM(PB/GB)SA vypoctu. Hodnoty st pocitané z ¢asového useku 800-1000 ns.

MMPBSA MMGBSA
Akceptor Eint [kcal/mol] to Eint [kcal/mol] to
Cello-0S4 -32,49 8,56 -32,23 6,97
Xyl-0S4 -23,64 6,16 -26,25 5,71




Cello-OS4

Obr. 2: Vizualizacia donora, nadokovanych akceptorov Cello-OS4 a Xyl-OS4 a s akceptorom
interagujucich aminokyselinovych rezidui TmXET6.3 Q108R na zaciatku simulécie MD a po 1000
ns.



Zaver

Simulécie molekulovou dynamikou stability komplexov mutanta TmXET6.3 Q108R ukézali, ze
mutacia neviedla k vyraznému znizeniu stability s Cello-OS alebo Xyl-OS ako akceptormi
transglykozyla¢nej reakcie. Kym vsak boli Cello-OS porovnateI'ne stabilné vo vdzobnom mieste
mutanta ako v nativnej TmXET6.3, v pripade Xyl-OS dochadzalo k vy$sim vykyvom vo
vzdialenosti C1 donora a O4 akceptora, ¢o sa pravdepodobne prejavilo znizenim aktivity na tento
akceptor. VoI'na vézbova energia komplexu bola nizsia pre Cello-OS4, ¢o bolo tiez v sulade
s experimentalym stanovenim aktivit, podl'a ktorého aktivita mutanta Q108R na Cello-OS4 bola
vyS$8ia ako na Xyl-OS4. Vo vSeobecnosti sa da konstatovat’, Ze sa potvrdil ocakavany vysledok
a mutacia Q108R prispieva k potlaceniu heterotransglykozylaénych aktivit typickych pre enzymy
skupiny Il, aj ked’ nie az do takej miery, ako sa oCakavalo na zaklade vysledkov experimentov [1].
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Vplyv mutacie H94Q na stabilitu komplexu enzym (TmXET6.3) — donor -

akceptor
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Uvod

Na zéklade bioinformatickej analyzy Specifickych a neSpecifickych glykozidtransglykozylaz (GH)
16 20 boli navrhnuté¢ aminokyselinové zvysky, ktoré by mohli zodpovedat’ za rozdielnu
akceptorovu Specificitu enzymov I all skupiny tejto podrodiny [1]. Spravnost teoretickych
vysledkov bola experimentdlne potvrdend pomocou mutacnej analyzy [2]. Pracovalo sa
s neSpecifickym enzymom TmXET6.3, v ktorom sa ako esencidlne aminokyselinové zvysky pre
akceptorovu promiskuitu identifikovali tie, ktoré sa nachadzali v polohe 94 a 108. Po mutacii
H94Q, pricom Q94 sa neskor zacal povazovat’ za jeden z charakteristickych aminokyselinovych
zvyskov $pecifickej skupiny enzymov I a H94 za charakteristicky zvySok nespecifickej skupiny II
[1], bola ¢iastocne pozmenena substratova Specificita enzymu v sulade s predpokladom, t.;. aktivita
na akceptor Cello-OS bola zvysena a na Xyl-OS klesla [1]. V tejto praci sa zaoberame teoretickou
stabilitou komplexov mutant — donor — akceptor, pricom ako akceptory slizia
tetracelooligosacharidy (Cello-OS) a xylooligosacharidy (Xyl-OS). Ako sa zistilo na zaklade
experimentalnych merani, Cello-OS sluzili ako akceptory pre enzymy aj skupiny | aj skupiny 11,
kym Xyl-OS boli Specifické pre skupinu II [3.,4].

Material a metody

Ako donor sluzil xyloglukdn heptaoligosacharid, ktory bol dokovany podla koordinat pre
xyloglukan nonasacharid po odstraneni dvoch terminalnych galaktézovych rezidui [5]. Struktary
akceptorov boli pripravené pomocou GLYCAM-web serveru [6] a upravené pre dokovanie v
LigPrep tool [7]. Proteinova Struktara bola pripravend pre dokovanie v Protein Preparation Wizard
[8]. Samotné dokovanie bolo robené v programe Glide [9] a redokované pomocou Induced Fit
Docking Protocol [10]. Pre simuldcie molekulovou dynamikou (MD) sa Struktiry komplexov
enzym-donor—akceptor pripravili v tleap, ktory je sucast'ou programového balika Amberl6 [11],
aplikovali sa parametre silového pol'a Amber ff99SB na proteiny a parametre GLYCAMOG6 pre
sacharidy, solvatovalo sa molekulami vody TIP3P [12]. Potom boli Struktury ekvilibrované a
pouzité pre simulacie MD [4].

Vysledky a diskusia

Casova zavislost’ vzdialenosti C1 donora a 04 Cello-0S4 a Xyl-OS4 ako akceptorov v aktivnom
mieste mutanta TmXET6.3_H94Q v priebehu 600 ns simulacii MD je zobrazena na Obr. 1 a
vizualizacia pozicii donora a akceptorov na zaciatku simulacie a po 600 ns na Obr. 2.
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Obr.1: Casova zavislost’ vzdialenosti C1 donora a 04 Cello-OS4 a Xyl-OS4 ako akceptorov v aktivnom
mieste TmXET6.3 H94Q v priebehu simulacii MD.

Obr. 2: Vizualizacia donora a nadokovanych akceptorov Cello-OS4 a Xyl-OS4 v aktivnom mieste
mutanta TmXET6.3_H94Q na zaciatku simulacie MD a po 600 ns.



V pripade Cello-OS4 sa pociatocna vzdialenost’ mrdzi C1 donora a O4 akceptora ustélila na
hodnotach (priemerna vzdialenost’ 5,84 A), ktoré umoziiuju vznik glykozidickej vizby medzi
tymito atdbmami. V pripade Xyl-OS4 sa sice tiez po priblizne 130 ns simulacie vzdialenosti
relativne ustalili, ale atémy ostali od seba vzdialené (priemern4 vzdialenost’ 11,71 A) (Obr. 1).
Vizualizécia pozicie donora a akceptorov v aktivnom mieste mutanta (Obr. 2) na zaciatku a na
konci simulécie jasne preukézala, ze kym Cello-OS ostali naviazané v akceptorovom vézobnom
mieste, Xyl-OS sa z neho uvolnili a stabilizovali v polohe, ktora vznik glykozidickej vizby
neumoznovala.

Zaver

Mutacia H94Q viedla v pripade Xyl-OS4 k destabilizacii polohy tohto akceptora v aktivnom
mieste enzymu, v dosledku ¢oho doslo k takému vzdialeniu C1 donora a O4 akceptora, zZe
transglykozyla¢na reakcia sa nemohla zrealizovat’. Toto je v stilade so zistenim, Ze enzymy
skupiny I, ktoré maja v polohe 94 GIn (Q), Xyl-OS ako akceptor vyuzivat’ nevedia. Komplex
mutant — donor — Cello-OS4 bol stabilny podl'a o¢akévania v priebehu celej simulacie MD.
Vysledky naznacuju, Ze v pripade, ak su akceptormi oligosacharidy s inymi ako gluk6zovymi
reziduami v zéakladnom ret'azci, mutacia H94Q destabilizuje komplex enzym — donor — akceptor
viac, ako mutédcia Q108R, ktorej vplyv na heterotransglykozyla¢né aktivity sa posudzoval na
zaklade experimentalne stanovenych aktivit nativneho enzymu a jeho mutantov [2].
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Uvod

Protein AOA175YMXO0 bol vybrany na zdklade databazového vyhladavania [1] a naslednej
bioinformatickej analyzy zameranej na esencidlne aminokyselinové zvysky glykozidhydrolazove;j
(GH) rodiny 28 [2] bol identifikovany ako potencialny Clen tejto rodiny [3]. Neskor bol pripraveny
jeho synteticky gén, ktory po inkorporacii do Pichia pastoris GS115 slazil na produkciu tohto
proteinu do metanolového kultivaéného média, z ktorého bol izolovany a ¢iastocne biochemicky
charakterizovany [4]. V tomto prispevku sa zaoberame interakciami jeho esencialnych
aminokyselin s atoémami oligosubstratov s réznym polymerizacnym stupnom (DP), ktoré
umoznuju viazanie substratov do aktivneho miesta enzymu a samotnu katalyzu hydrolytickej
reakcie.

Material a metody

Bola pouzita 3D Struktira AOA175YMXO0 z databazy AlphaFold [5]. Substraty s polymerizaénym
stupiom 2-4 boli dokované podla krystalografickej Struktary enzymu z Yersinia enterolytica
2uvf.pdb [6]. Interakéné diagramy enzymu so substratmi boli robené v Maestro [7].

Vysledky a diskusia
3D model proteinu AOA175YMXO0 =z databidzy AlphaFold s vyznafenymi esencidlnymi
aminokyselinovymi zvySkami GH 28 je zobrazeny na Obr. 1
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Obr.1: Model 3D Sstruktury proteinu AOA175YMXO0 (AlphaFold) s vyznacenymi esencialnymi
aminokyselinami, ktoré mu umoziiuju viazat’ kyslé oligo- alebo polysacharidy a katalyzovat’ ich hydrolyzu.



Obr. 2 zobrazuje interakéné diagramy AOA175YMXO s oligogalakturonovymi kyselinami s DP 2
(A), 3 (B) a 4 (C). Na dokovanie substratov sa pouzila krystalograficka Struktira enzymu s
dimérom, 2uvf.pdb, ktora podl'a nazvu enzymu v databaze a prislusnej literatare [6] by mala
zodpovedat AOA175YMXO0. Vzhl'adom na to, Ze sa v pripade tohto enzymu predpokladalo na
zaklade jeho povodu aspdsobu ucinku Stiepenie polymérneho substratu po monoméroch
z neredukujticeho konca oligosacharidu, je zrejmé, Zze diagramy su zatazené zavaznou chybou.,
ked’ze k Stiepeniu evidentne dochadza od redukujuceho konca oligosacharidu.

GLY
LEU = 579

SER -~ 228

B 227

ASN

— 5 LYS
220
SER\ . \u, ‘228 PHE
GLY \-w,-,/"G{Y SER / it 150
- 224 X226 180
AGI, 229 227,
o L‘EU ASP™ JAsH
198 199
228 > 4 T

202

PHE
150

Obr.2: Interakéné diagramy AOA175YMXO0 so substratmi s roznym polymeriza¢nym stupiiom. A — dimér,
B — trimér, C — tetramér.



Zaver

Vzhladom na orientaciu substratov v aktivnom mieste enzymu vyplyvajucu z interakénych
diagramov sa domnievame, Ze kryStalograficka Struktara 2uvf.pdb nepatri enzymu s EC 3.2.1.67,
ktory hydrolyzuje Stiepenie substratu po jednom sacharidovom zvysku od neredukujiuceho konca
ako je uvedené [6], ale enzymu s EC 3.2.1.82, ktory odStepuje diméry [2]. Dimér sa potom
Vv krystalografickej Struktare 2uvf.pdb nachadza v pozicii produktu a nie substratu, v dosledku
¢oho sa neda pouzit' ako model pre dokovanie substratov s vyssim DP, kedze katalytické
aminokyselinové zvysky reaguji s redukujucou jednotkou oligosacharidov namiesto s
neredukujucou, v désledku ¢oho sa katalyza nema ako zrealizovat. Ked'Ze v si¢asnosti Ziadny iny
vhodne;jsi templat k dispozicii pre tento typ enzymov K dispozicii nie je, je nevyhnutné stanovit
krystalografickt struktaru pre EC 3.2.1.67.
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Abstrakt

V praci prinasame vysledky nasho $tudia in silico polyfenolickych latok a ich afinite vo¢i enzymu
MP™ koronavirusu SARS-CoV-2. Vybrali sme set 6smich polyfenolickych prirodnych latok:
baikalein, kurkumin, hesperetin, myricetin, naringenin, kvercetin, resveratrol a rutin a zistili sme
moznosti predikcie inhibi¢nej aktivity pomocou dokovacieho skore a zmeny konformacnej
energie. Pre celkovi afinitu latok zohrava Glohu okrem interakcie s katalytickymi aminokyselinami
His41 a Cys145 aj interakcia s Glu166, ktora je kI"i¢ova pri tvorbe funkénych dimérov proteinu.

Uvod

Koronavirus SARS-CoV-2 (z angl. severe acute respiratory syndrome coronavirus 2) vyvolava
zavazné ochorenie COVID-19 (z angl. Coronavirus disease 2019). Jedna sa o vysoko prenosné
respiracné ochorenie, ktoré negativne ovplyvnilo celosvetové verejné zdravie. Z tohto dévodu je
nutné hl'adat’ G¢inné antivirusové stratégie na boj prott COVID 19. Protivirusové pristupy su
zalozené na blokovani replikécie betakoronavirusu, po¢nic od véizby na receptor, vstup, fuziu az
po samotn replikaciu. Hlavna protedza tohto virusu (MP™) patri medzi nestrukturalne proteiny
SARS-CoV-2 virusu. Bola zaradena medzi perspektivne virusové ciele kvoli jej vyznamu pri
replikacii SARS-CoV-2 a vysokej miere zachovania sekvencie v ramci r6znych koronavirusov [1].
Doteraz bolo identifikovanych mnozstvo zlG¢enin s inhibiénym potencialom vo¢i MP™, len par z
nich vSak vstipilo do klinickych stadii. Kedze metddy pocitatového modelovania umoziuji
predikovat’ inhibi¢nti aktivitu latok so znamou Struktarou vo¢i MP, vybrali sme set 6smich
prirodnych latok: baikalein [2], kurkumin [3], hesperetin [4], myricetin [5], naringenin [6],
kvercetin [3], resveratrol [3] a rutin [7] a porovnali sme predikované afinity s experimentalnymi
hodnotami.



Metody

In silico Stadium bolo urobené pomocou programu MOE 2019.01 (Chemical Computing Group
ULC, 2022). Pouzili sme Strukturu virusovej proteazy s pdb kodom 6y2e ziskanej z proteinove;j
databanky (https://www.rcsb.org/structure/6Y2E). Struktira proteinu bola upravend pomocou
protokolu Structure Preparation, ktory umoziuje opravit' pripadné chyby v prevzatej geometrii
anasledného protonacného protokolu Protonate 3D Tool pri fyziologickom pH. Po
zoptimalizovani geometrie pomocou silového pol'a Amber10:ETH boli v proteine vybrané miesta
na doking pomocou funkcie Site Finder.

Struktary polyfenolickych latok boli zostrojené a predoptimalizované v programe Spartan
(SPARTAN’08 (Wavefunction Inc., Irvine, CA92612, USA). Databaza latok (ligandov) bola
nasledne upravena v programe MOE metddou Quick Preparation. Latky boli dokované pomocou
protokolu Triangle Matcher a vyhodnotené pomocou funkcie London dG scoring function.
Najlepsich 30 umiestneni ligandu bolo vzdey prehodnotenych pomocou metodologie Induced Fit
a bodovacej funkcie GBVI/WSA dG, ktora poskytla 5 umiestneni s najleps§im skore. Okrem
hodnoty skore sme posudzovali aj zmenu v konformacnej energii Econf, ktora umoznila posudit’

vyhodnost’ resp. nevyhodnost’ ziskanej konformacie oproti geometrii neviazaného ligandu.

Vysledky a diskusia

V tabulke 1 st uvedené hodnoty dokovacieho skore, zmeny v konformacnej energii Econt
a experimentalnych hodnét ICso pre inhibiciu MP™ enzgymu. Zo ziskanych hodnot skore a Econt je
zrejmé, Ze zmena konformacnej energie do velkej miery ovplyviiuje predikovant afinitu voci
enzymu MP | ¢o ukazujii vyhodné zmeny v konformacnej energii pre baikalein a naringenin, kym

V pripade rutinu mo6Zeme hovorit’ o vyraznej konformacnej penalte.

Analyzou interakénych diagramov sme zistili, ze Studované ligandy najcastejSie vytvaraju
vodikové vizby so zvySkami His41, Phe140, Ser144, Cys145 a Glu166. Porovnali sme interakéné
diagramy dvoch najucinnejSich latok — baikaleinu a naringeninu (Obr. 1). Obidve latky vytvaraja
vodikové vizby s katalytickym zvySkom Cys145, ale naringenin naviac tvori vodikova vizbu aj

s Glul66, zodpovednou za dimerizaciu MP™.

Zaverom mozno povedat’, ze vypracovany protokol na dokovanie polyfenolickych latok poskytuje
moznosti odhadu inhibi¢nej aktivity tychto latok vo¢i Mpro enzymu, pricom vyznamni Ulohu

zohrava zmena konformacnej energie ligandu pri vytvoreni komplexu s proteinom.


https://www.rcsb.org/structure/6Y2E

Tabul’ka 1. Hodnoty dokovacieho skore, zmeny v konformacnej energii Econf @ experimentalnych
hodn6t ICsp pre inhibiciu MP enzymu.

ligand CAs skére (kﬁ;‘:‘:” ICso (uM)

baikalein 491-67-8 6.8 -71.0 0.4 @
kurkumin 458-37-7 6.8 -35.0 11.90
hesperetin 520-33-2 -6.1 -27.0 8.3
myricetin 529-44-2 -6.3 3.1 3.706
naringenin 67604-48-2 -6.9 -42.2 0.1
kvercetin 117-39-5 -6.1 5.9 23.40)
resveratrol 501-36-0 -5.3 -47.0 16.9 G
rutin 153-18-4 8.0 151.0 32.0 )

5 Qz/ =

| f ()

Obr. 1. Porovnanie interakénej mapy myricetinu (vlavo) a naringeninu (vpravo) vo vdzbovom

mieste MP enzymu. Ciarkované &iary predstavuju vodikové vizby.
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Uvod

Inozitoly su najrozsirenejSie cyklitoly Vv eukaryotickych bunkach, s empirickym vzorcom
CeH1206 (1,2,3,4,5,6-cyklohexanol). Tieto chemické zluceniny existuju v deviatich moznych
stereoizoméroch. Pat’ z nich, myo-, scyllo-, muco-, neo- a D-chiro-inozitol sa vyskytuja v prirode,
kym ostatné Styri mozné izoméry (L-chiro-, allo-, epi- a cis-inozitol) sit odvodené z myo-inozitolu
[1]. Medzi vSetkymi znamymi inozitolmi sa v prirode najviac vyskytuje myo-inozitol. Je vo
vSetkych eukaryotickych bunkach, kde tvori Struktirny zaklad pre mnozstvo sekundarnych latok.
Je tiez dolezitou zlozkou stavebnych lipidov (fosfatidylinozitol) PI aich roznych fosfatov,
fosfatidylinozitol fosfatovych lipidov PIP. Niektoré inozitoly st bezne v prirode ako Cisté latky
alebo ako ich derivaty [2].

Niektoré z metyléter derivatov inozitolu su rastlinné sekundarne metabolity, zliceniny,
ktoré sa priamo nez(cCastiiuji normalneho rastu, ale hraji dolezita wlohu v obrane proti
nepriaznivym podmienkam prostredia. Medzi nimi rozliSujeme 5-O-metyl-myo-inozitol
(sequoyitol), 1-O-metyl-myo-inozitol (bornesitol), 4-O-metyl-myo-inozitol (ononitol), 5-O-metyl-
allo-inozitol (brahol), di-O-metyl-(+)-chiro-inozitol (pinpollitol) a 1L-2-O-metyl-chiro-inozitol
(L-quebrachitol). 3-O-metyl-D-chiro-inozitol (D-pinitol) je najrozsirenej$i inozitol éter
v rastlinach [3].

Protizépalové vlastnosti cyklitolov poméhaji redukovat’ rozvoj metabolickych poruch
(cukrovka, hypertenzia) a aterosklerdzy. Zname st aj inzulin-napodobujuce u¢inky D-pinitolu, D-
chiro-inozitolu a sequoyitolu. Myo-inozitol spolu s D-chiro-inozitolom dokaze zlepsit’ vyvoj kosti
a mineralnu hustotu kosti, ¢im potlacaju osteoklastogenézu. Myo-inozitol a ostatné cyklitoly maju
tiez antioxidacné, protizapalové a protirakovinové vlastnosti [4].

Hviezdica prostredna (Stellaria media), pre niekoho znama ako chutna burina, vyuzivana
na pripravu Saldtov, smoothies, pomazanok, do polievok alebo ako Caj, je bohatd na mnohé
prospesné fytochemikalie, ale nikde sa nespominaju inozitoly. Preto bolo cielom tejto prace
identifikovat’, ¢i Stellaria media obsahuje inozitoly a ktoré konkrétne druhy.

Material a metody

Listy hviezdice prostrednej (Stellaria media) boli lyofilizované, aby sa zachoval obsah
latok v nich. Nasledne boli podrvené a extrahované v metanole. Extrakt bol homogenizovany 30
min pri laboratérnej teplote ultrazvukovym homogenizatorom s pulzom 10 s x 1 s (Bandelin



Sonopuls HD 3100) pre lepsi vytazok. Po 5 min vortexovani (IKA Vortex Genius 3) a5 min
centrifugacii (Heraeus PICO 17 Cemtrifuge) sa odobraty 1 ml nechal odparit. VVzorka sa pred
analyzou GC-MS derivatizovala zasaditou acetylaciou pridanim 50 pl pyridinu a 50 pl
acetanhydridu v termobloku (Block heater SBH130D STUART) 1 hod pri 80°C. Po acetylacii sa
nechala vzorka odparit’ do sucha a rozpustila v ACN.

Vzorky boli analyzované plynovym chromatografom v spojeni s hmotnostnym detektorom
GC-MS (Trace GC Ultra Thermo Scientific - TSQ Quantum XLS) s pouzitim kremennej kapilarne;j
kolony SP-2330 (30m x 0.25mm x 0.2um) a teplotnym gradientom: 180 °C (4 min) — 20 °C/min —
230 °C — 2 °C/min — 250 °C (10 min). Tieto podmienky boli optimalizované a teplotny program
dosahuje najlepsSiu separéciu. Prietok hélia bol 0,6 ml/min, teplota ibnového zdroja a davkovaca
bola 200 °C a 240 °C. Pouzita bola elektronova ionizacia (70 eV) a kvadrupolovy analyzator
operoval vo full scan méde v hmotnostnom rozsahu 40-450 m/z.

Vysledky a diskusia

Separaciou extraktu Stellarie media plynovou chromatografiou sa ziskal chromatogram
eluovanych inozitolov, ktoré boli potvrdené hmotnostnymi spektrami a retené¢nymi ¢asmi rovnako
pripravenych nameranych Standardov. V Studovanej rastline bol identifikovany 1 inozitol a 2
metyléter inozitoly, ktoré sa pravdepodobne nachadzaju v rastline vo vol'nej forme.
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Obr.1: GC-MS chromatogram eluovanych inozitolov, metyl-éter derivatov z extraktu
listov Stellarie media na kolone SP-2330, identifikovanych hmotnostnym spektrometrom
s trojitym kvadrupolom v eluénom poradi: D-pinitol (15,11 min), ononitol (17,87 min), myo-
inozitol (18,43 min). V analyzovanom extrakte listov boli identifikované aj acetylované hexozy
(16,61 min a 16,83 min).



Tab.1: Relativne percenta [%] zastupenia jednotlivych inozitolov v listoch Stellarie media

RT [min] Plocha [%]
D-pinitol 15,11 98,69
ononitol 17,87 0,99
myo-inozitol 18,43 0,33
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Obr.2: MS spektrum acetylovaného inozitolu a metyléter inozitolu
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Vo hviezdici prostrednej bol identifikovany D-pinitol ako dominantny voc¢i d’alsim dvom
inozitolom, ononitolu a myo-inozitolu. MozZno skonstatovat, ze okrem uz znamych fytochemikalii
obsiahnutych v Stellarii media (saponiny, taniny, terpenoidy ai.) prispievaju k lieCivym
vlastnostiam tejto rastliny, pouZivanej v kuchyni, aj inozitoly, najméd D-pinitol so svojimi inzulin-
napodobujliicimi u¢inkami.
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Inozitoly identifikované v kvetoch Magnolia soulangeana hmotnostnou
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Uvod

Inozitoly sa podielaju na prenose niekolkych endokrinnych signalov, vratane inzulinu,
horménov S§titnej Zlazy, gonadotropinov, lipidov s aktivitou podobnou horménom (ako
prostaglandiny) a mnohych d’alSich endokrinnych systémov [1].

Je preukazané, ze myo-inozitol, ¢i uz samotny, alebo v kombinacii s jeho izomérom D-
chiro-inozitolom, ma rézny ucinok na zlepSenie symptémov u pacientiek s PCOS (Syndrom
polycystickych vajecnikov) [2]. Avsak spravny pomer - t. j. prislusné percento myo-inozitolu ku D-
chiro-inozitolu - je stale predmetom diskusie. V niekol’kych pripadoch nie je mozné ziskat
presvedcivé poznatky z klinickych sStudii zaloZzenych na nejasnom raciondlnom dizajne,
obmedzenom pocte prijatych pacientiek a variabilnom zloZeni receptiry a davkovani. Celkovo
udaje naznacuju, Ze pouzitie prislusnych koncentracii oboch izomérov by sa malo starostlivo zvazit’
a nemalo by sa ponechat’ na improvizaciu. Preto je dolezité poznat zastipenie jednotlivych
izomérov inozitolu v rastlinnom materiali. V budtcich stadiach bude treba okrem toho zistit’
molekularny zaklad aktivity inozitolov na ovaridlnych bunkéach a preskiimat’ priaznivé ucinky
vhodného pomeru myo-inozitolu a D-chiro-inozitolu [1].

Magnolia Soulangeova (Magnolia soulangeana) je asi najviac pestovanym druhom ako
okrasna drevina spomedzi mnohych druhov magnélii. Napriek tomu, Zze najznamejsia Magnolia
officinalis je vyuzivana v tradi¢nej ¢inskej medicine pre svoje bioaktivne neolignany, nasim cielom
bolo identifikovat’ iné prospesné fytochemikalie, inozitoly, vo viac dostupnom druhu, Magnolia
soulangeana, ¢im by sa mohla stat’ eSte zaujimavejSim druhom.

Material a metody

Kvety magndlie Soulangeova (Magnolia soulangeana) boli lyofilizované, aby sa zachoval
obsah latok vnich. Nasledne boli podrvené a extrahované v metanole. Extrakt bol
homogenizovany 30 min pri laboratornej teplote ultrazvukovym homogenizatorom s pulzom 10
s X 1s (Bandelin Sonopuls HD 3100) pre lepsi vytazok. Po 5 min vortexovani (IKA Vortex Genius
3) a 5 min centrifugacii (Heraeus PICO 17 Cemtrifuge) sa odobraty 1 ml nechal odparit’. VVzorka
sa pred analyzou GC-MS derivatizovala zasaditou acetylaciou pridanim 50 pl pyridinu a 50 pl
acetanhydridu v termobloku (Block heater SBH130D STUART) 1 hod pri 80°C. Po acetylacii sa
nechala vzorka odparit’ do sucha a rozpustila v ACN.

Vzorky boli analyzované plynovym chromatografom v spojeni s hmotnostnym detektorom



GC-MS (Trace GC Ultra Thermo Scientific - TSQ Quantum XLS) s pouzitim kremennej kapilarne;j
kolony SP-2330 (30m x 0.25mm x 0.2um) a teplotnym gradientom: 180 °C (4 min) — 20 °C/min —
230 °C — 2 °C/min — 250 °C (10 min). Tieto podmienky boli optimalizované a teplotny program
dosahuje najlepsiu separaciu. Prietok hélia bol 0,6 ml/min, teplota ionového zdroja a davkovaca
bola 200 °C a 240 °C. Pouzita bola elektronova ionizacia (70 eV) a kvadrupolovy analyzator
operoval vo full scan méde v hmotnostnom rozsahu 40-450 m/z.

Vysledky a diskusia

Separaciou extraktu Magnolia soulangeana plynovou chromatografiou sa ziskal
chromatogram eluovanych inozitolov, ktoré boli potvrdené hmotnostnymi spektrami a reten¢nymi
Casmi rovnako pripravenych nameranych Standardov. V Studovanej rastline boli identifikované 2
inozitoly a 2 metyléter inozitoly, ktoré sa pravdepodobne nachadzaju v rastline vo vol'nej forme.

Obr.1: GC-MS chromatogram eluovanych inozitolov, metyl-éter derivatov z extraktu
kvetov Magnolia soulangeana na kolone SP-2330, identifikovanych hmotnostnym spektrometrom
s trojitym kvadrupolom v eluénom poradi: D-pinitol (15,21 min), chiro-inozitol (16,36 min),
ononitol (18,01 min), myo-inozitol (18,57 min). V analyzovanom extrakte kvetov boli
identifikované aj acetylované hexdzy (16,73 min a 16,97 min).



Tab.1: Relativne percenta [%] zastupenia jednotlivych inozitolov v extraktoch listoch
Magnolia soulangeana

RT [min] Plocha [%]
D-pinitol 15,21 84,33
chiro-inozitol 16,36 0,71
ononitol 18,01 2,73
myo-inozitol 18,57 12,22
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Obr.2: MS spektrum acetylovaného inozitolu a metyléter inozitolu

V magnolii Soulangeova bol identifikovany D-pinitol ako dominantny voéi d’al§im trom
inozitolom, ononitolu, chiro- a myo-inozitolu. Ako druhy je najviac zastipeny myo-inozitol (12,22
%), ktory sa v prirode najviac vyskytuje. Potom ononitol s 2,73 % a chiro-inozitol s 0,71 %-nym
zastipenim v extrakte. Tak ako je vyuzivana Magnolia officinalis s obsahom neolignanov
v tradi¢nej ¢inskej medicine na zlepSenie gastrointestinalnej aktivity, regulacie respiracnej aktivity
pri astme, kasli, ale aj pri lieCeni ochorenia COVID-19, mozno predpokladat, ze Magnolia
soulangeana by mohla mat’ tiez potencionalne lie¢ivé G¢inky vd’aka inozitolom, ktoré maju
antioxidacné, protizapalové a protirakovinové vlastnosti.
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Uvod

Deficit prolindehydrogenazy (OMIM 170100) je vel'mi zriedkava autozomalne recesivna
porucha metabolizmu kolagénu zapri¢inend mutaciou PEPD (613230) génu na chromozdme
19q13. Kolagén je Strukturalny protein, ktory sa na konci svojho zZivotného cyklu rozklada na
imidodipeptidy. Enzym prolindehydrogendza sa podiela na degradacii imidodipeptidov
obsahujucich ako koncovii aminokyselinu prolin alebo hydroxyprolin. Stiepenim vizby dochadza
k uvolneniu aminokyselin, ktoré mézu byt opédtovne vyuzité v bunkach. Nedostatok enzymu sa
prejavuje zvySenym vylucovanim imidodipeptidov v moci. Charakteristickym klinickym prejavom
tohto ochorenia byvaju chronické, pomaly sa hojace vredy a iné dermatologické prejavy; tvarovy
dysmorfizmus; mierna aZ tazkd mentéalna retardacia. Casté su aj opakujuce sa infekcie dychacich
ciest. Diagnostika je zalozena predovsetkym na pritomnosti a polohe vredov na kozi, identifikacii
konkrétnych proteinovych markerov v moci alebo merani aktivity prolidazy.

NMR spektroskopia je vysoko reprodukovatelnd, nedeStruktivna analytickd metoda
nevyzadujica upravu vzorky. Na naSom pracovisku ju vyuZivame pri cielenej diagnostike roznych
zriedkavych dedi¢nych metabolickych ochoreni na identifikaciu / kvantifikaciu charakteristickych
biomarkerov v telovych tekutinach, pre ktoré nema diagnostické centrum vhodni metodiku.
Cielom tejto prace bolo vypracovat’ jednoduchy a rychly metodicky postup uplatnenim *H NMR
spektroskopie na identifikdciu pritomnosti signidlov imidodipeptidov v moci, ktoré st
charakteristickymi biomarkermi deficitu prolindehydrogenazy.

Material a metody

Vzorka mocu anonymného detského pacienta s deficitom prolidazy bola poskytnuta
Centrom dedi¢nych metabolickych ochoreni, Narodného tstavu detskych chordb v Bratislave. Po
odbere bola skladovana pri teplote -20 °C. Moc¢ bol rozmrazeny tesne pred analyzou a
centrifugovany pri 13000 g po dobu 5 minut. 100 pl supernatantu mocu bolo zmieSanych s 200 pl
fosfatového pufru (pH 2.5) a 20 pul 10mM roztoku TSP-d4 (sodna sol’ 3-(trimetylsilyl)-propionove;j
kyseliny-da).

'H NMR spektrum bolo merané pri teplote 25 °C v 3-mm kyvete na 600MHz spektrometri
Varian VNMRS vybaveného kryo sondou HCN 3C so zvysenou toleranciou na pritomnost’ soli,
chladenou kvapalnym héliom. Signdl vody bol potladeny presaturaciou sekvenciou presat.
Chemické posuny metabolitov boli kalibrované na interny Standard TSP (0 ppm).



Vysledky a diskusia

V H-NMR spektre vzorky mocu su viditelné charakteristické chemické posuny
imidodipeptidov v oblastiach on 1.9-2.4, on 3.4-3.8 a o1 4.4-4.55 ppm. V spektre st pritomné aj
d’alsie signaly dipeptidov, charakteristické pre deficit prolindehydrogenazy: singlet glycin-prolin
(Gly-Pro) (6w 3.99 ppm), dublet alanin-prolin (Ala-Pro) (6+ 1.53 ppm) a valin-prolin (Val-Pro) (dn
1.12 a 1.02 ppm). Analyza *H-NMR spektra vzorky mo¢u potvrdila, Ze mo¢ obsahuje metabolity
charakteristické pre deficit prolidazy a potvrdzuje toto ochorenie.
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Obr.1: Vybrana oblast’ *H NMR spektra analyzovanej vzorky moé&u. Ala: alanin, Gly: glycin, Pro:
prolin, Val: valin
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Introduction

Pistacia atlantica Desf. is a pistachio tree, whose subspecies naturally grow in parts of the
Middle-East and in North Africa. In contrast to Pistacia vera, which is widely known for its edible
fruits (nuts), the importance of Pistacia atlantica lies in its resin and essential oil, and in the
application of its parts in traditional medicine. Extracts and chemical compounds isolated from
different parts of the plant were reported to possess anti-bacterial, anti-fungal, anti-inflammatory,
anti-diabetic, wound healing, and other activities.[1,2] The leaves of Pistacia atlantica are known
have a very high content of tannins and depsides, with several of them being derivatives of gallic
acid. In this work the isolation of a mixture of meta-digallic acid methyl ester (1) and para-digallic
acid methyl ester (2) from Pistacia atlantica is briefly described, together with details about the
identification process and its spontaneous decomposition.

Materials and Methods

Dried and ground P. atlantica leaves were extracted with 100% methanol for 24 hours using a
mechanical mixer. This process was repeated five times. The extract filtered through filter paper
was concentrated to dryness in a rotary evaporator at a temperature not exceeding 45 °C. The
crude extract was suspended in 90% methanol and then fractionated with solvents of increasing
polarity with n-hexane, chloroform (CHCIs), ethyl acetate (EtOAc), and n-butanol/saturated with
water (n-BuOH). An a-amylase and a-glucosidase inhibitory activity-directed fractionation study
was performed on the P. atlantica sub-extracts with the EtOAc sub-extract being the most potent
amongst them. The EtOAc sub-extract was repeatedly subjected to column chromatography
(polyamide, RP-18, Sephadex LH-20) whilst targeting compounds with the inhibitory activity. As
a result, a mixture of meta-digallic acid methyl ester (1) and para-digallic acid methyl ester (2)
was isolated. The complete details about of the purification of 1 and 2 will be additionally
published with the isolation data of co-isolated compounds from P. atlantica. The data are
available from the first author on request.



All presented NMR spectra were recorded on an Avance Il HD NMR spectrometer
(Bruker) operating at frequencies of 400 MHz for *H nuclei and 101 MHz for 3C nuclei. The
spectrometer was equipped by a nitrogen-cooled Prodigy cryoprobe. The NMR sample of the
mixture of 1 and 2 was prepared by dissolving approximately 15 mg of the mixture in 0.6 ml of
CD30D with 0.03 % TMS (Eurisotop).

Results and Discussion

The *H NMR spectrum of the sample contained two sets of resolved signals with the integral
intensity ratio between the two sets being approximately 5:2; the first set of signals contained two
doublets (Jun = 2.0 Hz) with 6w = 7.389 and 7.264 ppm, one double-intensity singlet with on =
7.222 ppm, and a triple-intensity singlet with on = 3.843 ppm. From the coupling constant value
and from the observed HMBC correlations it was determined that the two doublets belong to two
protons bonded on a phenyl ring in a mutual meta-position. The elevated dc values of 3C nuclei
interacting with the abovementioned protons suggested the presence of a carbonyl moiety (dc =
168.28 ppm) and three oxygen-containing substituents bonded to this aromatic ring. The carbonyl
moiety was identified as a methyl ester thanks to the strong 3Jcn interaction observed between the
protons with o4 = 3.843 ppm and the carbon with dc = 168.28 ppm. The identified methyl gallate
fragment had to be asymetrically substituted (i. e. not in the para-position relative to its carbonyl
group) for its protons not to be identical.

From the matching integral intensities it was suggested that the protons with oy = 7.222
ppm mentioned at the start of this paragraph belonged to the same compound and possibly belonged
to a symmetric aromatic fragment (explaining the double-intensity). This was later proven by the
acquisition of an HMBC spectrum with a prolonged time interval for the evolution of small "Jch
interactions (the sequence was optimized for Jcn = 3 Hz) — a weak heteronuclear interaction could
be easily spotted between protons with on = 7.389 and 7.264 ppm, and a carbony! with dc = 166.65
ppm. According to the observed HMBC interaction, the latter atom belonged to an aromatic ring
containing the protons with on = 7.222 ppm. The same 2D spectrum, together with the 2D HSQC
spectrum clearly proved the symmetry of this aromatic ring as the latter protons showed both a
single-bond and a multiple-bond correlation with a carbon with dc = 110.84 ppm. The singlet-
shaped signal with o = 7.222 ppm was resolved as a doublet of a doublet in the *C-satellite
spectrum (1Jcn = 162 Hz, “Jun = 1.8 Hz). It was suggested that the aromatic cycle is another galloy!l
moiety, thus the compound being identified as meta-digallic acid methyl ester (1).

The minor signal set contained two singlet-shaped with o = 7.104 and 7.238 ppm, and a
non-integer intensity singlet with oy = 3.865 ppm. Thanks to the knowledge of the structure of the
major compound it was suggested that the two singlet-shaped proton signals belong to two pairs of
protons from two symmetric galloyl moieties, thus the signal é4 = 3.865 ppm actually being a
standard triple-intensity -O-CHs group. With the same procedure the compound was identified as
para-digallic acid methyl ester (2).



A set of signals that did not correspond with the *H and *3C spectra was observed in the 2D
NMR spectra measured afterwards (especially in the HMBC spectrum optimized for very small
couplings that was measured a week after the sample preparation). A careful examination of a
re-measured *H spectrum revealed the presence of an aromatic singlet shaped proton with én =
7.048 ppm and a methoxy-group with on = 3.815 ppm with non-corresponding integral intensities.
Expectedly, the HMBC spectrum revealed that these signals belong to a symmetric galloyl moiety
with dc = 52.32, 110.12 (2C), 121.51, 139.82, 146.55 (2C), and 169.09 ppm. No other correlation
signals were obtained that would suggest a substitution of the aromatic ring; therefore, the
compound was identified as methyl gallate (3a). The only discrepancy was found in the non-
corresponding integral intensities of the two proton signals of the compound — the integral intensity
ratio 4:3 was observed instead of 2:3 as would be expected for methyl gallate. It was revealed that
the meta- and para-digallic acid methyl esters gradually decompose and form the additionally
observed methyl gallate (see Figure 1).
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Fig. 1: The gradual decomposition of o- and p-digallic acid methyl ester as observed by *H NMR
spectroscopy. The individual spectra have been measured a) immediately after sample preparation,
b) after 4 days, c) after 7 days, and d) after 35 days of sample storage in varied temperatures (4 °C
-25°0).



The reason of the abovementioned integral ratio could be explained by the analysis of the
mechanism of the formation of the new compound. It was suggested that the digallic acid methyl
esters 1 and 2 undergo an alcoholysis (transesterification) by the NMR solvent (MeOH-da), see
Figure 2. If a standard transesterification mechanism is assumed, statistically, half of the methy!l
groups of the formed methyl gallate molecules must be fully deuterated — this is in complete
accordance with the integral intensity ratio mentioned in the previous paragraph. Also, the tH NMR
spectra suggest that the originally present methyl ester groups do not undergo transesterification
by MeOH-ds as the methyl group’s *H signal would have statistically had to disappear, and a large
quantity of CHzOD would be detected — both phenomena were not observed. This implies that the
initial ionization of 1 and 2 at the depside bond is extremely favored over the ionization of the
methyl ester bond of 1, 2 or 3a. The reason of such behavior remains unclear; such data suggest
that the deuteron could be obtained by an intramolecular transfer from the hydroxy-group bonded
to the ortho-position relative to the depside linking group via a 7-membered cycle. The presence
of 3b was later confirmed by the observation of several *3C signals shifted by isotope effects and
the 1Jcp interaction within its trideuteromethyl group.
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Fig. 2: The decomposition of 1 and 2 in CD30D with the formation of methyl gallate (3a) and
trideuteromethyl gallate (3b). The source of the proton (or deuteron) needed in the initial ionization
step was omitted on purpose, because of the existence of ambiguous explanations of this reaction
step. P. T. = Proton Transfer.



To our knowledge, the compounds 1 and 2 were only characterized by NMR in a 7:3
mixture isolated from Panamian plants by Guldbrandsen et al.[3] Pierson et al. claims to have
detected the both compounds in mango fruit using HPLC-MS.[4] The depside bond cleavage is
commonly used to obtain gallic acid from gallotannins, but depsidases (tannases) are employed for
the catalysis of the ester hydrolysis. The possibility of a spontaneous hydrolysis/alcoholysis can
play a negative role in any application of compounds 1 and 2 as drugs. Despite this finding, the
mixture of compounds was found to have inhibitory activity against a-amylase and a-glucosidase
during the extract fractionation, and the mixture is undergoing pharmaceutical profiling.
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Pritomnost’ glukézy a inulinu v infuazii a vyluhu z rastliny Siraitia grosvenori
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Chemicky ustav Slovenskej akadémie vied, v. V. i., Dubravska cesta 9, 845 38 Bratislava

Uvod

Siraitia grosvenorii, znama ako monkfruit alebo luohan guo, je bylinna trvalka z Celade tekvicovité,
Cucurbitaceae. Pochadza z juznej Ciny. Rastlina sa pestuje pre svoj ovocny extrakt, obsahujiici mogrozidy,
zluCeniny, ktoré st 250-krat sladSie ako sacharéza. Preto sa mogrozidovy extrakt pouziva ako
nizkokalorické sladidlo do napojov a v tradicnej ¢inskej medicine. Ich chemické zlozenie v extrakte plodov
Siraitia grosvenorii sa Studuje Castejsie ako v jej kvetoch, alebo bylinkovom ¢aji vyrobeného z tejto rastliny.
Tie sa vyuZivaju vo forme nalevov alebo odvarov v ramci bylinnej mediciny s potencialne zdraviu
prospesnym vplyvom. Mogrozidy maji byt zodpovedné za biologické aktivity S. grosvenori; je vsak dobre
zname, ze polysacharidy mézu tiez vykazovat zaujimavé biologické aktivity. ZloZenie purifikovanych
polysacharidovych komplexnych matric, izolovany z kvetov S. grosvenori a bylinného ¢aju vo forme infuzie
aodvaru, bolo cielom nasej nedavne;j $tadiel. V tejto praci predstavujeme zavery analyzy *C NMR spektier,
ktoré¢ boli merané zo surovych vzoriek pred purifikaciou dialyzou.

Material a metody

Kvety Siraitia grosvenori (SGF) boli zakupené od spolo¢nosti Shanghai Herbary Biotechnology Co., Ltd.
s vyhlasenim, Ze kvety boli zozbierané a voI'ne susené na vzduchu v provincii Guangxi v 9/2015 v Cine.
Bylinny ¢aj (SGHT) z Siraitia grosvenori, zozbierany 10/2015 v Yongfu, bol zakiupeny od dodavatel'a
Guilin Yongfu Linzhongxian Momordica Grosvenori Co., Ltd.

Vzorky na analyzu boli pripravené z kvetov S. grosvenori (SGF) a bylinkového ¢aju (SGT) jednoduchou
infaziou (300ml destilovanej vody, 95-100 °C, 20 g substratu, 15 min; SGF1-c a SGT1-c) a ako odvar (300
ml destilovanej vody 100 °C/ 2h, 20 g; vzorky SGF2-c a SGT2-c) podl'a postupov tradi¢nej Ginskej
mediciny®3. Pevné casti sa odfiltrovali a ziskané surové extrakty sa dialyzovali (MWCO 6-8 000;
Spectra/Por, USA) pocas 48 hodin. Ziskané vzorky boli lyofilizované.

NMR spektra boli merané v D20 pri 25 °C na 600MHz NMR spektrometri Bruker Avance 111 HD s H,C,N
triple resonance kryo sondou.

Vysledky a diskusia

V naSej predchadzajicej praci sme sa venovali detailnej analyze chemického zloZenia vzoriek
ziskanych infziou a vo forme odvaru po ich purifikacii dialyzou. Dialyzou boli z nich odstranené
nizkomolekulové zlozky, soli a ne&istoty®. Cenné informacie viak poskytla aj analyza surovych
nepurifikovanych vzoriek pred dialyzou (SGT1-c a SGT2-c — z ¢aju; SGF1-c a SGF2-c z kvetov).
Detailna analyza SGF1-c a SGF2-c ukazala, ze v spektrach obidvoch vzoriek ziskanych z kvetov
je dominantnou zlozkou glukéza. NMR spektra vzoriek z bylinkového ¢aju (SGT1-c a SGT2-c)
potvrdzuji pritomnost’ bohatSej zmesi latok, v ktorych je tiez pritomna glukéza ale aj inulin.
Identifikacia inych latok bude mozna az po ich separacii zo zmesi. Obr. 1 ukazuje porovnanie *C
NMR spektier analyzovanych vzoriek so spektrami §tandardov: glukdzy a inulinu. Pritomnost’



mogrozidov nebola jednoznac¢ne potvrdena, aj ked” bolo mozné v HSQC spektrach identifikovat’
niektoré charakteristické signaly glykozidicky viazanych glukézovych jednotiek.
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Obr.1 3C NMR spektra analyzovanych surovych vzoriek pred dialyzou ziskanych z kvetov
a bylinkového ¢aju S. grosvenori: SGT1-ca SGT2-c -z ¢aju, SGF1-c a SGF2-c — zkvetov. Spektra

st porovnané so spektrami Standardov, inulinu a glukozy.

Ziskané vysledky mézu mat’ vyznam pre pacientov s diabetom, u ktorych pitie infuzie alebo vyluhu
z S. grosvenori potencialne moze ovplyvnit’ hladinu glukézy v krvi. Pritomny inulin vo vzorkach
Z bylinkového ¢aju pdsobi ako prebiotikum.
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Stanovenie vybranych pyrolizidinovych alkaloidov v suchych rastlinnych

extraktoch pomocou HPLC-MS
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Chemicky ustav SAV, v. v. i., Dubravska cesta 9, SK-84538 Bratislava, Slovensko

Uvod

Pyrolizidinové alkaloidy (PA) su heterocyklické dusik obsahujuce organické zluceniny (Obr. 1). V
prirode sa vyskytuju vo viac ako 6 000 rastlinach (velké zastipenie druhov z ¢el'adi Boraginaceae,
Asteraceae a Fabaceae). Mnohé z tychto rastlin si bezné buriny, ktoré moézu pri zbere
kontaminovat’ suroviny rastlinného pévodu pouzivané na vyrobu ¢ajov, extraktov, tinktur alebo
lieciv (Prakash et al., 1999). PA su syntetizované v korenoch rastlin ako N-oxidy a transportované
do zvysku rastliny, kde sa hromadia v kvetoch, stonkach a listoch. Pdsobia ako vel'mi G¢inné
prostriedky na odpudzovanie hmyzu, ale na ¢loveka maji niektoré z nich karcinogénny a
hepatotoxicky t€inok najmé 1,2-nenasytené necinové bazy, ale aj ich N-oxidové formy (Seremet
et al., 2018). Vacsina rastlin produkuje zmesi PA v réznych koncentraciach v rozmedzi od menej
ako 0,001 % do 5 % (az do 19 % suchej hmotnosti) (EFSA 2011). Z dovodu toxicity PA a
zvyseného rizika ohrozenia zdravia obyvatel'ov boli vypracované rizikové stidie a na zaklade nich
vydali eurdpske liekové a potravinové autority nariadenia na kontrolu obsahu PA v rastlinnych
produktoch (EFSA 2016; EFSA 2017a; EFSA 2017b). Zaroven boli stanovené¢ odporacané
maximalne hodnoty denného prijmu a tieZ obsahu tychto alkaloidov v rastlinnych a Zivo¢iSnych
produktoch (EMA 2021). Vznikla tak potreba presného a citlivého stanovenia obsahu PA v roznych
komplexnych matriciach. Na tento ucel sa javi ako vel'mi vhodnd metéda hmotnostnej detekcie
meranim vybranych i6nov a ich charakteristickych i6novych fragmentov v kombinacii s
vysokoucinnou kvapalinovou chromatografiou.
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Obrazok 1 Chemicka Struktara 1,2-nenasytenych pyrolizidinovych alkaloidov (vI'avo) a ich N-oxidov (vpravo)

Material a metody

Suché extrakty rastlin rumancek, pupava, fenikel, ruza Sipova a ibiStek boli dodané firmou
Calendula, Slovensko. Vybrané Standardy pyrolizidinovych alkaloidov boli zakiipené od firmy
PhytoLab, Nemecko. Kvapalinova chromatografia sa merala na pristroji Dionex UltiMate 3000
UHPLC system (ThermoFisher Scientific, Nemecko) s degaserom, kvartérnou pumpou,
autosamplerom a vyhrievanym kolénovym priestorom. Detekcia sa vykonavala pomocou
hmotnostného detektora AB Sciex Qtrap 4500 (Sciex, USA) s trojitym kvadrupolom a



elektrosprejovou ioniza¢nou hlavicou. Alkaloidy sa zo suchého extraktu extrahovali pomocou
0,5% kyseliny mravéej za staleho miesania (1500 rpm) a ohrevu (80°C) dva krat po 10 minut.
Nasledne bol roztok ochladeny na laboratérnu teplotu a prefiltrovany cez 25 mm striekackovy filter
HPTFE s velkostou poérov 0,22 um. Vzorka bola nastrekovand v objeme 10 pl a separacia
prebiehala na kolone Phenomenex Luna Omega 3 um PS C18 100 A, 150 x 4,6 mm s predkolonou
Security Guard PS C18 4 x 3,0 mm. Teplota kolénového priestoru bola nastavend na 35°C a
konStantny prietok na 1 ml/min. Elicia sa dosahovala gradientom dvoch faz: 0,5% kyseliny
mravcej a metanolu. Ich vzajomny percentudlny pomer je popisany v tabulke ¢. 1. Detektor meral
v pozitivnom mode a parametre idnového zdroja boli nastavene nasledovne CUR: 25.00, IS:
5500.00, TEM: 600.00, GS1: 60.00, GS2: 60.00, CAD: Medium, EP: 10.00.

Tabul’ka 1 Casovy rozpis eluéného gradientu

Cas (min) | 0,5% Kyselina mravéia Metanol
0 91% 9%
5 91% 9%
15 50% 50%
18 0% 100%
20 0% 100%
22 91% 9%
25 91% 9%
Vysledky a diskusia

Vybrané Standardy pyrolizidinovych alkaloidov sa presne navazili a rozpustili v metanole.
Nésledne sa pripravil zmesny 10-zlozkovy Standard, ktory sa d’alej podla potreby riedil.
Optimalizédciou chromatografickych podmienok, hlavne elu¢ného gradientu, sa dosiahla
dostato¢na separécia jednotlivych pikov ako je vidiet na obrazku €. 2.
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Obrazok 2 Chromatograficky zdznam zmesného 10-zlozkového Standardu pyrolizidinovych alkaloidov



Kvoli komplexnosti matrice rastlinnych extraktov a jej moznému negativnemu vplyvu na
kvantitativne stanovenie PA bola pouzitd metdéda pridavku Standardu v dvoch rdéznych
koncentraciach. Pomocou linearnej regresie sa potom vypocitala koncentracia jednotlivych
pyrolizidinovych alkaloidov v suchych rastlinnych extraktoch. Hodnoty st uvedené v tabul’ke ¢. 2.

Tabulka 2 Hodnoty jednotlivych pyrolizidinovych alkaloidov v suchych rastlinnych extraktoch

Suchy extrakt, koncentracia PA v pg/kg (ppb)
Nazov PA Rumancek | Pupava Fenikel Ruza Sipova | Ibistek
Intermedine 2,77 172,55 0,8 0,91 3,07
Lycopsamine 4,56 68,75 1,99 0,69 0,74
Retrorsine 40,99 >0,6 >1,38 0 >1,35
Seneciphylline >0,5 2,5 0,75 0,81 0
Senecionine >0,4 >0,3 0 0 0
Intermedine N-oxide >0,2 0 0 0 0
Lycopsamine N-oxide >0,2 0 0 0 0,48
Retrorsine N-oxide 69,93 14,72 >1,14 11,39 >1,11
Seneciphylline N-oxide | >0,3 >0,3 0 >0,68 6,34
Senecionine N-oxide 14,17 >0,3 5,91 >0,70 11,77
Spolu >134,0 >260,0 >12,0 >15,2 >25,0

evve

naopak najvys$siu koncentraciu (260,0 pg/kg) obsahoval extrakt pupavy. Podl'a vykonavacieho
nariadenia Eur6pskej komisie z 11. decembra 2020 sa stanovila maximalna hodnota sumy 21
pyrolizidinovych alkaloidov obsiahnutych v bylinnych nalevoch (suSeny produkt) na 200 ng/kg
(Komisia EU, 2020). Aj ked’ analyza neobsahuje hodnoty ostatnych PA, v pripade ptpavového
extraktu stanovena koncentracia 10 vybranych alkaloidov uz prekrauje maximalnu povolenu
hodnotu.
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Experimental and theoretical study of inhomogeneous lyophilization
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Lyophilization is a standard and key unit operation in the production of aseptic powdered drugs. In
the pharmaceutical industry, lyophilization is used to dry and stabilize a large group of drugs that must be
administered intravenously, such as vaccines or antibiotics. The freeze-drying cycle involves three main
steps: the freezing step, during which the product is completely solidified; primary drying (sublimation
phase) during which the solvent (usually water) is removed by sublimation and secondary drying (desorption
phase), where the aim is to achieve acceptable residual moisture content in the product. There are several
possible reasons that affect the drying rate in the vials, such as the heat transfer through the walls of the
Iyophilizer, the different design of the heating shelves in the lyophilization equipment, and finally, the
packing density of the vials.

The aim of the work was an experimental and theoretical study of inhomogeneous lyophilization.
The experimental part was performed at the Department of Chemical and Biochemical Engineering of the
Faculty of Chemical and Food Technology, (UChEI FChPT). The theoretical part was focused on theoretical
calculations of the impact of solid-phase content on inhomogeneity during primary drying of lyophilization
using LyoCalculator and an explanation of experimental observations and comparison with the theoretical
simulation.

Lyophilizer used in experimental studies

Edwards lyophilizer — The Edward lyophilizer is a high-
performance lyophilizer that consists of a drying chamber, a condenser, |
and a vacuum pump. There are three shelves with diameters of 300 x 500
mm in the chamber. This type of lyophilization equipment uses a stainless
steel product frame, on which it will fit of 136 vials, so that a total of 408
vials of product can be lyophilized at one time. The Edwards lyophilizer
has adjustable and controlled shelf temperature in the range from
-40°Cto +55 °C, while the pressure is not controlled only monitored
and during drying is typically in the range from 0.1 Torr to 0.8 Torr. One
of the biggest advantages of the Edwards lyophilizer is that the vials filled
with the solution do not have to be frozen in a freezer before being placed
in the lyophilizer, but freezing is part of the cycle inside the dryer.

Sublimation studies

In sublimation tests, the drying rate in individual vials is
determined experimentally at different locations in the lyophilizer. The
drying rate is evaluated gravimetrically, by weighing the weight loss of
the sublimed water in the individual vials.

Experimental studies of inhomogeneous lyophilization, focused
on sublimation tests, were performed with different concentrations of ;
sucrose solution. Subsequently, inhomogeneity was evaluated using |
the inhomogeneity ratio. Figure 6 Edwards lyophilizer.




Inhomogeneity ratio

One of the good indicators of inhomogeneity of the freeze-drying process is the mass of sublimed
water. To calculate the inhomogeneity of the batches, equation (1) is used, which is defined as the ratio of
the maximum and minimum amount of the water sublimed from vials:

R= ATnmax (1)
ATnmin

Where,
R — inhomogeneity ratio [-]
Amy,, 4, — maximum amount of sublimed water [g]
Am,,;,, — minimum amount of sublimed water [g]

Equation (1) shows that as the result approaches 1, the batch becomes more homogeneous, so the greater R,
the larger the difference between the maximum and minimum amount of sublimed water, and the batch
becomes less homogeneous (Matejéikova and Rajniak, 2020).

Theoretical calculations of inhomogeneous lyophilization using LyoModelling Calculator

A simple "LyoModelling Calculator" model for practical and theoretical calculations is available on
the Internet: https://www.spscientific.com/LyoCalc/Lyocalculator.html. LyoModelling Calculator is based
on the steady-state model of the heat and mass transfer during primary drying.

In the experimental part, we worked with different concentrations of sucrose solution. Empirical
parameters for the lyophilized cake resistance of the 5 % solution of sucrose at different nucleation
temperatures were found in the Material database of the LyoCalculator. As a testing example, we performed
calculations with the LyoCalculator for both limiting heat transfer coefficients, i.e. for the central and corner
vials. The results indicate, that the presence of the dissolved solid in the formulation and subsequent
formation of a porous cake during drying will decrease the differences between the drying rates in corners
Versus centre.

To understand better the interplay between heat and mass transfer and their impact on the
inhomogeneity ratio, we performed more detailed theoretical simulations using the LyoCalculator. In these
simulations, we compared the inhomogeneity ratio R for two heat transfer coefficients and for increasing
resistance of the porous cake R,. The results are summarized graphically in Figure 2 and show that
increasing cake resistance, which increases with the solids-phase concentration, decreases inhomogeneity.
In this case, as the concentration of the solution increases, it is more controlled by mass transfer and less
dependent on the differences in the heat transfer coefficient. This phenomenon was also investigated
experimentally.
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Figure 7 Graphical dependence of theoretical calculations of the effect of cake
resistance on the inhomogeneity ratio.


https://www.spscientific.com/LyoCalc/Lyocalculator.html

Evaluation of sublimation tests
Study of the impact of solid-phase resistance

Experimentally we performed four experiments, in which we compared the effect of different
concentrations of the sucrose solution on the resistance of the cake and subsequently on the inhomogeneity
ratio.

Before starting the process and placing the vials in the lyophilizer, the empty glass vials were
weighed (m,) without a rubber stopper and then filled with 5 ml of concentrated sucrose solution and
weighed individually without the rubber stopper (m,). After placing the vials on the heating shelf, a
lyophilization cycle was started. At the end of the process, the vials were placed back on the aluminium tray
and weighed again without a rubber stopper (m,). The difference between m; and m, corresponds to the
amount of sublimed water from the sample (Am).

Figure 3 depicted the drying rates in colour in four different concentrated solutions of sucrose. The
colour representation is evaluated according to the colour scale, Table 1, where each colour represents the
range of the amount of sublimed water - the highest amount of sublimed water is the burgundy colour and,
conversely, the lowest amount of sublimed water is the dark green colour.

After evaluating the amount of sublimed water in the individual vials, the maximum and minimum
amount of sublimed water from one batch (normalized to Am,,,,) were selected and the inhomogeneity
ratio was calculated using equation (1). The resulting values of the mass of sublimated water, as well as the
inhomogeneity ratio for all experiments, are summarized in Table 2.

Table 1 Colour representation of drying rate for Figure 1.

Mass sublimed [g]

0.651 —0.700
0.701-0.750
0.751-0.800
0.801 —0.850

0 NOoO Ol WwN -

Table 2 Comparison of maximal and minimal amount sublimed of water and inhomogeneity ratio at different
concentration solution of sucrose.

Am,,q, [0] Am,,;, [0] Inhomogeneity ratio
A) 10 % solution of sucrose 1 0.8618 1.16
B) 7.5 % solution of sucrose 1 0.7212 1.39
C) 5 % solution of sucrose 1 0.6621 151
D) 2.5 % solution of sucrose 1 0.6405 1.56

In contrast to the experiments with distilled water, which were controlled only by heat transfer, in
this case, a cake was formed which generated resistance during the primary drying. The greater the
resistance of the cake, the more the process was controlled also by mass transfer.

In terms of lyophilization inhomogeneity, we have confirmed that the more concentrated the
solution, the lower the inhomogeneity ratio. At the lowest concentration (2.5 %) of the sucrose solution, we
obtained the inhomogeneity ratio of 1.56, while at the highest concentration (10 %) of the sucrose solution
the inhomogeneity ratio decreased to 1.16.
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Figure 3 The colour representation of drying rate of the frozen solutions of sucrose with different
concentration. Figure A) shows 10 % solution of sucrose, B) depicted 7.5 % solution of sucrose

represents 5 % solution of sucrose and D) shows 2.5 % solution of sucrose.
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Lyophilization of natural entities

In the second experimental part, in addition to sublimation tests, we also designed optimal
conditions for drying and stabilization of selected natural entities such as extract of rhubarb root (Figure 4)
and extract of white willow bark (Figure 5). The figures show the extracts of both natural entities after the
freeze-drying process, stored in the refrigerator. Comparison of chemical analyses (LC-MS, IR) for the
rhubarb root shows the equivalent chemical composition of both, the original extract solution, tested in
October 2021, and the reconstituted solution of the lyophilized product, tested in April 2022. Subsequently,
these lyophilizates will be continuously examined also for other activities (antiviral, antibacterial, and anti-
inflammatory) after certain periods of time.

Figure 4 Extract of rhubarb root after the lyophilization. Figure 5 Extract of white willow bark after
the lyophilization.
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Lyophilization is a multi-step process and is one of the most energy-disadvantageous and time-
consuming methods. Nevertheless, various pharmaceutical companies use freeze-drying to extend the shelf life
of products, such as injectables or vaccines. In addition, lyophilization is now becoming increasingly important
due to the rapid development of biotechnology and the associated production of modern drugs such as
therapeutic proteins or monoclonal antibodies. The freeze-drying cycle consists of freezing the substance and
then removing the solvent (water) by sublimation, which passes directly from the solid to the gas phase. There
are several possible reasons that affect the drying rate in the vials, such as the heat transfer through the walls of
the lyophilizer, the different design of the heating shelves in the lyophilization equipment, and finally, the
packing density of the vials.

The aim of the work was an experimental study of inhomogeneous lyophilization in lyophilizers of
various sizes and the construction and development of methods of using lyophilization for the stabilization of
samples from human biological fluids, as well as to compare the suitability of using different vials and
Eppendorf tubes for drying and stabilizing samples. The experimental part was performed at the Institute of
Chemistry of the Slovak Academy of Sciences (ChU SAV).

Lyophilizers used in experimental studies

Christ lyophilizer — The Christ Alpha 1-2 LDplus lyophilizer is a compact and high-performance model
for efficient lyophilization. The weight of the lyophilizer is approx. 28 kg and consists of two unheated teflon-
coated stainless steel shelves with a diameter of 200 mm. The capacity of the ice condenser is 2.5 kg, and the
condenser temperature is approx. -55 °C, which allows drying of aqueous solutions. The diameter of the acrylic
drying chamber is 240 mm with a weight of 3.6 kg. The pressure in the lyophilizer during drying is around
0.063 - 0.075 mBar.

Labconco lyophilizer — The Labconco lyophilizer is designed for drying smaller as well as larger
amounts of aqueous solutions. This type of lyophilization equipment is very easy to operate. Compared to the
Christ lyophilizer, it is much larger. It consists of a drying chamber, a vacuum pump and a cooling coil made
of stainless steel. The LCD displays system operating parameters, setting parameters and alarm messages. The
condenser temperature is approx. -48 °C, which allows the drying of aqueous solutions. The diameter of the
drying chamber is approximately 270 mm, on which the vent valve is located. The typical pressure in the
lyophilizer during drying is about 0.027 mBar.

Sublimation studies

We evaluated the experimental testing of the drying speed using gravimetric sublimation tests in
different lyophilizers, by weighing the weight loss of the sublimed water in the individual vials. In sublimation
tests, the drying rate in individual vials is determined experimentally at different locations in the lyophilizer.
Subsequently, inhomogeneity was evaluated using the inhomogeneity ratio. The calculated inhomogeneity of
the batches is defined as the ratio of the maximum and minimum amount of water sublimed from vials.



We performed several experiments with different types of vials, also comparing different protections
(outflow barriers) such as parafilm with different numbers of holes, filter paper, and gauze.
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Fiaure 8 Christ Ivophilizer. Figure 2 Labconco lyophilizer.

Evaluation of sublimation tests

Different types of vials or Eppendorf tubes and different uses of their protection were compared for
example parafilm, filter paper, and gauze.

Before placing the vials/Eppendorf tubes in the lyophilization equipment, the vials were filled with
deionized water, 3.5 % whole milk, or 3 % solution of salt and weighed without stopper and protection (m,).
Then, if necessary, they were covered with the used protection and placed in a freezer at -80 °C. After the sample
solidified, the vials or Eppendorf tubes were then placed in a lyophilizer. At the end of the process, all vials
were weighed again without stopper and protection (m,). In the last step, the amount of sublimed water (Am)
was calculated as a difference of values m; am,.

Figure 3 shows colour drying rates in all comparative experiments. The colour representation is
evaluated according to the colour scale, Table 1, where each colour represents the range of the amount of
sublimed water - the highest amount of sublimed water is burgundy and, conversely, the lowest amount of
sublimed water is dark green.

Table 3 Colour representation of drying rate for Figure 3.
Mass sublimed [g]

i

1.122 - 1.241
1.242 - 1.361
1.362 — 1.481
1.482 — 1.601

Boovouorw



The resulting amounts of sublimed water, as well as the inhomogeneity ratio for all experiments, are
summarized in Table 2 and Table 3, where f shows the placement of the rack with tubes on the top shelf and ¢
shows the placement of the rack with tubes on the bottom shelf.

Table 4 Comparison of maximal and minimal amount sublimed of water and inhomogeneity ratio for experiments A) - F).

Experiment Amy,,, [0] Am,,;,, [g] Inhomogeneity ratio
A) 4 1.9822 1.9277 1.03
v 1.9151 1.8022 1.06
B) 4 1.9838 1.7908 1.11
v 0.9906 0.8812 1.12
c 4 1.2960 1.1849 1.09
v 1.2220 1.1282 1.08
D) 4 1.2563 1.0087 1.25
v 1.2183 0.9665 1.26
E) 4 1.4967 1.2782 117
v 1.3956 1.2346 1.13
n 4 1.3367 1.1326 1.18
v 1.4705 1.2357 1.19

First, we performed several experiments comparing the drying rate in glass vials and plastic vials with
different protection applications Figure 3. The highest amount of sublimed water was from glass vials and plastic
vials without stopper and protection. In experiments, where we used a rubber band to fasten the vials so that all
vials remained in their original arrangement during lyophilization, the results confirmed that the drying rate is
slowest in the central vials, which are surrounded by another six vials. All results are shown in the Table 2.

Table 5 Comparison of maximal and minimal amount sublimed of water and inhomogeneity
ratio for experiments G) - J).

Experiment Am,,,, [0] Am,,;, [g] Inhomogeneity ratio
G) deionized water ? 0.4359 0.2364 1.84
¢ 0.3602 0.1970 1.83
H) deionized water ? 0.7190 0.3389 2.12
* 0.6528 0.3878 1.68
1) 3.5 % whole milk ? 0.9067 0.8961 1.01
¢ 0.9152 0.9011 1.02
J) 3 % solution of salt ? 1.0017 0.9662 1.04
¢ 0.9912 0.9558 1.04

In other sublimation tests, unlike glass and plastic vials, we used polypropylene Eppendorf tubes.
In these experiments, the drying rate in the used Eppendorf tubes with a parafilm with different numbers of
holes or without a parafilm was also compared. In the first two experiments, we worked with deionized
water, where the results of experiments showed high inhomogeneity even when using Eppendorf tubes, with
factors from 1.68 - 2.12. In the last two experiments, our goal was to monitor whether solid-phase escape



occurred during the lyophilization process. The results showed that with a 3 % solution of salt it is necessary
to use protection (most often parafilm is used) against solid-phase escape. This is due to the fact that the 3%
solution of salt formed much finer and lighter particles that could not be retained at the bottom of the
Eppendorf tubes. All results are summarized in the Table 3.

A) B) o
glass vials plastic vials with parafilm [20 holes]
plastic vials without stopper plastic vials with parafilm [§ holes] plastic vials with parafilm [30 holes]
D) E) F)

plastic vials with parafilm [20 holes] plastic vials with filter paper plastic vials with gauze

0%
(e )-
0,0

plastic vials with parafilm [30 holes] plastic vials with gauze plastic vials with filter paper

Figure 3 Colour representation of drying rate in vials with different types of their protection.

Figure 4 Final products from the experiment with Figure 5 Final products from the experiment with
3.5 % whole milk. 3 % solution of salt.



To eliminate the problem (solid-phase escape), we found and purchased commercially available vials with
sterile-venting membrane screw caps. These vials are special in that they contain permeable membranes,
thus being able to prevent contamination and solid-phase escape while allowing the product to dry. The
aim was to compare the drying rate in standard glass and plastic vials, Figure 6 and glass vials
with/without membrane screw caps, Figure 7.

Figure 6 Standard plastic and glass vials. Figure 7 Vials with sterile-venting membrane
screw caps.

Table 6 Comparison of the drying rate in three different types of vials.
Type of vials Am [g]

2.4393
Glass vials with rubber stoppers 2.2108
1.7496
Glass vials with membrane screw caps 1.8776
3.2511
Glass vials without membrane screw caps 3.2053
2.0914
Plastic vials 21117

The results, Table 4 showed that the drying rate is 1.28-fold slower in glass vials with membrane
screw caps compared to glass vials with a rubber stopper and 1.16-fold slower than in plastic vials. It follows
that if we did not want to risk solid-phase escape during freeze-drying and we would like to use this type of
vials, the drying time would have to be extended, which is associated with higher investment and operating
costs for the lyophilization process.



Lyophilization of biological material

Finally, we proposed optimal conditions for the drying and stabilization of human serum for analysis
of N-glycoprofile. Reference serum samples (obtained from Sigma-Aldrich, MA, USA) were stored for the
period of 10 days at room temperature with and without lyophilization and then the N-glycoprofile of serum
proteins was analyzed as described before (Ziburova et al., 2021). Samples of lyophilized human serum are
shown in Figure 8.

Figure 8 Human serum after the lyophilization.

Analysis of serum N-glycoprofile by mass spectrometry revealed significant effect of lyophilization
on obtained relative intensities of single glycan structures. Relative intensity of the most abundant disialo
diantennary N-glycan in human (m/z 2792) was maintained in lyophilized sample, even when stored at
room temperature, and its level was similar to the one in sample stored at -80 °C (data not shown). These
results suggest lyophilization as a suitable option for storage of biological samples, when deep freezing
equipment is not available.
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