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Introduction

Bacillussp. PDD3b-6, bacterium isolated in cloud water, was a subject of our studyaoy
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 ex@olymeric compounds (Matulova, 2014)eild we evaluate resultsiafsituandin vivo
incubations of this bacterium on low concentration ofZ1]-D-glucose and [43C]-D-glucose,
respectively.

Material and methods

In vivo 13C NMR: Bacterial suspension was diluted with Volvic water (with 10% g®to obtain

final volume 150ml. Suspension was placed into
Equipment foiin vivoNMR was set up (Fig. 1). Into 10 mm NMR sample tubeateskcapillary with

benzene (external standard for chemical shift calibration) was inserted. After a perfusion stabilisation
[1-13C]-Glucose (300 mg) was added into bacterial suspension and the first spectrum was registered.
Subsequently a series € NMR spectra were measured (each with 1 000 scans, overnight, 19.5h).
Samples of bacterial suspensteandt2s were taken after 3 h and 24 h of incubation and centrifuged

(3 min, 12 500 rpm). Supernatants and sediments containing cells were stete®l AtC unt i | t
detailed NMR analyses.

i

Fig. 1  Perfusion system for vivoNMR described b)ChoraoetaI. 2009.

Perchloric acid extract preparationPCA extracts were prepared according Chorao et al. 2009.
Briefly, cells (10 gwet 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 @ 0 g, 15 min, 4 AC) pdHowasradjusitedv e ma



to 5.0 using KHCG@ followed by centrifugation (100 0 0 g, 10 min, 44aiC) t o
resulting supernatant was frozen in liquid nitrogen and frdeee. Freezalried material, containing
nonvolatile compounds, was-aissolved in2.5 ml of water containing 10 % (v/v)D, neutralized

to pH 75 with 5 M KOH and buffered with 50 mM HEPES-(2hydroxyethyl}1-
piperazineethanesulfonic acid). Divalent cations (particularly Mn2+ and Mg2+) were chelated by
addition of enough amountsG@DTA 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 thns pratei
eliminated from the sample and thus it is less complicated to observe the intracellular metabolites of
sugar origin.

Results and Discussion

Fig. 2 Shows>C NMR spectra of th& vivo monitoring of f3C-1]-glucose consumption by
Bacillus sp. PDD3b-6. Detailed analyses darfi vivo *3C NMR spectra from kinetic of thé3C-1]-
glucose degradation and those of the supernatant samaiel24 have shown that succinate, lactate
and acetate were the most alant metabolites. In the sample taketine**C label was incorporated
only into lactate and acetate with an enrichment 29% and 16%, respectively. Succinate was not
enriched (spectra not shown). However, in#HeNMR spectra (Fig. 3A) of samples of cektracts
tsandtzapr epared from broken cells in sediments, t
ppm due to not labelled MBA is present. MBA was the dominant metabolite ign 88mple. In cells
MBA was found not*C enriched. This fact sggsts 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 comparisdid dIMR spectra of samples from incubation
media on }3C-1]-glucose (96h °C Glc t96 and 89h'C Glc t89), and not labelled’C-1]-glucose
(39h- 2C Glc t39 and 63k *2C Glc t63).In samples?C Glc t39 and?C Glc t63the presence of the
diagnostic MBA H1 singlet signal t 1 50167 ppm is evident, while in sampfé€ Glc t96 and>C
Glc t89 this signal is absent/disappearing in noise. It means thatlalbelled MBA was excreted
from cells. However, instead of the anomeric signahab.167a doublet signal, with chemicahift
corresponding tdi: 5.167 of MBA. Itwas split due to an interaction witbC1 (J41-3: 170.2 Hz)
due to[*3C-1]-glucoseconfirm the presence dfC labelled MBA. We can deduce thatthis case
MBA should be synthetized extracellularly.

Productionof MBA by this bacterium was later discovered in incubation media on other sugar
substrate$ on fructose, maltose, sucrose, turanose and trehalose. In all cases, the most important
quantity of MBA was produced in time interval 8338 hours, in the casef 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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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 istefddbbionic 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 aregpared 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,; elattemically, chemically, through
heterogeneus 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 metalstaarbm oxidation processes leading
to a mixture of oxidized products (Vedovato et al. 2020). Separation techniques, inevitable to obtain
pure products or a wetlefined mixture, increase products costs. Selective biocatalytic oxidation by
microorganisms aalead 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.

Bot h MBAlucgpyranosy( 1 Y-B-pluconic acid) a d  C B-B-glucdpyranosyl
( 1 Y-B-pluconic acid) have similar physiahemical properties as LBA. Due to its humectant
properties and dermajwotective effect, MBA has important applications in dermatology and
cosmetology, in the medical field due to #gong 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)earequired. Cheaper MBA production solutions by
bio-fermentation of lowcost substrates are also investigated, from high maltose corn syrup (Oh et al.
2020a, 2022a) or waste cooked rice (Oh e2@i22b).

Some bacterial strains, most frequently affiliateth Pseudomonascan 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. cepaciandicating dstinct functioning (Murakami et al. 2002).

Bacillus sp. PDD3b-6, a bacterial strain isolated from cloud water phase of tropospheric
clouds (Genbanlkaccession 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 propBambusfsp. 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 sugams pure water byBacillus sp. PDD3b-6 sugars
resulted in a revelation of its capacitybiotransform some of these sugars to AB¥ere we describe
MBA production by this bacterium in pure water on different sugar substrates, which were the only
carbon sarce.

Key words aldobionic acids, maltobionic aciBacillussp. PDD3b-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. PDi3b-6 to degrade a variety of saccharides was studied by ifHitu
NMR spectroscopy (Matulova et al. 2014). Diverse saccharides were examined, including pentoses
and hexoses, oligand polysaccharides as well as acycliatals. According degradation rates the
tested substrates could be divided into 3 groups: i) substrates completely degraded viithih 24
hours of incubation; ii) slowly degraded substrates: their concentration slowly decreased, and only
traces of substras were present at the end of the incubatiorr (2Bh); 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 metabolgereg@iii 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.

Tab|NMRilataof MBAand CBAInNBD at 25UC.
Position H/C 1 2 3 4 5 6 66
Un 5.167 3.586 3.768 3.46 3.93 3.85 3.80
Gl cU ( 3 (Hz) 4.1 10.3 9.9 9.9 2.2 4.8 12.0
MBA lElc 101.36 72.68 73.90 70.32 73.42 61.34
Un 4,137 4,156 3.92 4.013 3.83 3.697
GlcA 334 (Hz) 2.6 6.2 3.4 3.8 7.7 11.9
Uc 179.35 73.60 73.35 83.30 73.37 63.1
Gl cb ( l:JH 4.62 3.34 3.50 3.40 3.45 3.90 3.72
Uc 105.68 76.10 78.23 72.16 76.10 63.27
GIcA L:JH - 4.15 4.08 4.00 3.98 3.85 3.75
Uc 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 ddBAo(Fig. 1, spectra C and F, respectively). The
same spectral patterns were revealed in COSY and HSQC ofesamplo n  s-D-fructafisagosyUHD-
glucopyr anosi d®)glucapgranosyl ulrYaBrpdracwpyrandse) giving an evidence about
MBA formation also on these substrates. Screening of COSY and HSQC spectra of all samples, taken at



different time ntervals 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, showimgatlastic 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 Bacillussp. PDD3b-6 with: fructose after 46 h of incubation (Fru, A and D, respectiyedljcose after 39

h (Glc, B and D, respectivelynaltose after 39 h (Malt, C and F, respectively). Colours: Graegclic part

of the molecule (aglycon), violétcyclic part of the molecule (at the not reducing end).

Six other strains oBacillus spp. B. amyloliquefacien€IP 103256T*,B. cereusATCC
14579*,B. licheniformisATCC 21733,B. megateriunDSM32*, B. sphaericusATCC 10208*,B.
subtilis CIP 52.65*) andPseudomonas fluoresce@®P 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 d@acillussp. PDD3b-6 andP. fluorescen€IP 69.13.

Fig. 2 shows structures of carbohydratgbstrates (glucose, fructose, maltose, sucrose,
trehalose, and turanose) on whBacillus sp. PDD3b-6 has the capacity to produce MBA. These
sugars were directly transformed into MBA without any intermediate compound. On maltose,
trehalose, sucrose atuwtanosethenen educi ng g | u ccondiguratiom Ort cellobsose, a n
wi t deonfiguration of the nomeducing glucose unit, bacterium produced CBA as the only
metabolite present in the medium. Furthermore, biotransformation of lactose led amhpinre of

C ¢



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

The main difference between disaccharide structures in Fig. 2 resides in the reducing end
suga: 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 moledula o-glutbse units are GC1 E -i nt er
glycosidically linked. Here, anomeric centres are blocked for an oxidation.

Further studies are necesstargxplain the mechanism of MBA production or type of enzymes
involved in MBA production byBacillussp. PDD3b-6. Nevertheless, theigar metabolism study of
Bacillussp. PDD3b-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 inteist because of a simple process of MBA isolation and purification.
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Fig. 2. Sugars directhpiotransformed to MBA byBacillussp. PDD3b-6 in pure water.
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Cellobionic and Lactobionic acids produced byBacillus sp. PDD-3b-6,
bacterium isolated from cloud water

M8r i a Mavartine Banc®Infe Pierre Amatdand AnneMarie Delort

lnstitite of Chemisty S1 ovak Academy of Sciences, D¥bravsk8 ce
chemmatu@savba.skinstitut de Chimie de Clermot#terrand (ICCF), UMR6096 CNRBCA-Sigma, Clermont
Ferrand, France

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 simphlgsicechemical properties.

L B A -Dtghlactopyranosy{ 1 Y-B-pluconic acid) takes an important place in food,
medicine, cosmetics and chemical industries due to its metal chelating, moisturizing effect,
biocompatibility, biodegradability, antioxidarg,nt i mi cr obi al , and many ot |
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, 2002ab). 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.). $te bacterial strains, most frequently affiliated vilgeudomonagan 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 sourcertwdrcavas not
observed iB. cepaciandicating distinct functioning (Murakami et al. 2002).

Keywords aldobionic acidsBacillussp. PDD3b-6, sugar metabolism, NMR

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

Results and Discussion
Bacillussp. PDD3b-6, a bacterial strain was isolated from cloud water phase of tropospheric

clouds (Genbanlaccession 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 sutigbeconcentration
of glucose in pure water (Matulova et al. 2011 and Matulova et al. 2014). Study of sugar metabolism
revealed further surprising information. TH¢, COSY and HSQC NMR spectral patterns enabled
identification of MBA production in purgvater 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 Bacillussp. PDD3b-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 (cellobios@s totally consumedly bacterium), and its signal
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intensities in NMR spectra (Table 1) gradually decreaséey Tisappeared 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 amoumtreased 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
degradedThese observations indicate that during syntheses of these ABA no cleavage of the inter
glycosidic linkage takes place.

Tab|INMR@ataof CBAINDO at , TSREdL) SDOMHz.

Position H/C 1 2 3 4 5 6 66

Gl cb ( l:JH 4.62 3.34 3.50 3.40 3.45 3.90 3.72
CBA ljc 105.68 76.10 78.23 72.16 76.10 63.27

GlcA le - 4.15 4.08 4.00 3.98 3.85 3.75
Uc 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 transformattora gluconic acid to form MBA.

However, the situation is di fgluseseanisareiC®l E r-ierhtad ro
glycosidically linked. Here, anomeric centres are blocked for an oxidation. Free gluconic acid was not
identified inthe incubation mediNot r educi ng end sugar in both,

configuration and thus biotransformation led to LBA and CBA respectively.
The sugar metabolism study ddacillus sp. PDD3b-6 led to surprising information: the
capadiy 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 purificatiorRich enzymatic system of this badten is promising for a
development of new strategies in biosynthesis of ABA.
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Monitorovanie hladiny Glc4 u Pompe pacientov pomocotH NMR
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Visledky a diskusi a

Pre Pompe ochorenie sa na vyhodnotenie Kkor
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Pvod
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Influence of silver incorporation on chemical bonding in plasma polymerized
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Silvercontaining nanocomposite thfiims were deposited using the High Target Utilization
Sputtering technique ({AUS) 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 byray diffraction and transmission electron microscopy. Thesicontent 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 silanol groups (SiOH). The increase of silver content leads to more intensive
fragmentation of polymer chains and changes th®-Si backbone of polymer matrix from suboxide structure
typical for organosilicon polymers towards nanoporous inorganic ailioxide cage structure. Silver
i ncorporation changes the plasma polymerized HMDS(
plasma conditions.

INTRODUCTION

Silver nanopatrticles (AgNPs) exhibit significant bactericidal, bacteriostatic, antigivdlantifungal action on
various pathogenic microorganisms, yeast fungi, and viruses thanks to‘tienégeleased in the media from the large
specific surface area of nanopartic[a$. However, passivati on observecaimmauralr t i c | €
environments even in the case of AgQNPs because of the presenceasfdH&lide ions that create an insoluble sulfide
Ag>S and a silver halide shell, which limits further dissolution of silver through conventional2pui&]. 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 propergash 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 sedfistaining functional coating. On the othand, hard plasma polymers, including plasma polymerized
organosilicon compounds, have been recognized for several decades for their unique prbmetiepatibility and
widespread use in modebbiomedical applicationgl]. 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 relead he potential of RF plasma polymerized hexamethyldisiloxane (HMDSO) as a
barrier for adjusting the silver ion release from AgNPs was studied in detail by N. Alissawj5t &he first silver
containing plasma polymer composite films prepared inesstep continuous process were reported by H. Biederman et
al. [6]. N-hexane was used as a precursor for the amorph@ubl anatrix and an unbalanced DC magnetron with a
metallic silver target as an Ag sourceH. 2 de k et al . st ud ilms depasitednlpy ongand of anA g/ C:
unbalanced magnetron operated in a gas mixture of nitrogen-lagxhne and controlled the surface properties of the
resulting films by varying the nitrogen contdid. Fourier transform infrared spectroscopy (FTIR) was usediétail
study of chemical bonding and ageing effects in nitrogen doped amorphous carbon-+@atriX .aSaulou et al. prepared
composite thin films containing silver nanoclusters embedded in an organosilicon matrix by means oéplesmad
chemical vaor deposition (PECVD) onto stainless steel in order to prevent microbial adhesion by combining the anti
adhesive potential of the organic matrix with the brepdctrum antimicrobial properties of silver. This was assumed to
be related to Agprogressivaelease from the embedded nanoparticles into the surrounding medium and was confirmed
by ICRMS measuremeni8]. The authors presented a brief study of Ag incorporation influence on the chemical bonding
in organosilicon amorphous matrix by FTIR and reporsilver favored methyl incorporation in the film network. The
similar study of AgDLC nanocomposite films prepared by dtmigets HiPIMS was published recently by Wang et al.
[9].
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Grill and Neumayer presented a detailed study of structure and cheroiding in plasma polymerized
tetramethylcyclotetrasiloxane films with various content of organic carbon using [ET]RDakroub 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 (pgdMDSO). 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 pasma polymerized organosilicon nanocomposite films were deposited using novel sputter
deposition technique HiITUS (High Target Utilization Sputtering) @utcsapphire and single crystal Si wafer substrates
in PQL (Plasma Quest Limited) S500 laboratorytenaquipped with MKS RPGO0 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 withl f@rget poisoning and arcing while
depositing the nowonductive plasma polymerized coatings. HMDSO (hexamethyldisiloxane) monomer used as a
precursor for organosilicon amorphous matrix was introduced from preheated stainless steel flask throuBFelf&sated
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
pressur e “Pabeforetheddepbdtion. 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 18Qridg this step and was seifaintained 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 IN@BXEDS analyzer was used for measurement of
the deposited films chemical compositidrhe samples for TEM investigation were prepared by short deposition of the
thin films with thickness around 20 nm on the TE200CUCC continuous ultrathin carbon film coated copper grids.
No plasma etching weaapplied 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 «qrebted
FEl/Thermofisher Scientific Titan Themis 300r ans mi ssi on el ectron microscope in
accelerating voltage equipped with an EDS system (SXjpeFhe probe convergence angle was set to 17.5 mrad for
imaging applications. Scanning micrographs were acquired simultaneouSigétectors: DF2, DF4, HAADF. -Xay
diffraction measurements were performed using PANalytical X'Pert PRO difractometer with copper anode in symmetrical
BraggBrentano and in grazing incidence configurations. Faayreflectivity configuration we haveilited 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 ShimadztRcer100 FTIR single beam spectrophotometer in
transmission mode at room temperature in the range from 350 to 7900ithma 4 cm! resolution and 45 scans. Both
sample types deposited on sapphire and Si substrates were measured to cover the peaxialabage. 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. thatleadto-104 Om t hi ck f i | ms. The substrctmte backgr
during measurement in native spectrometer software. Collected spectra were processed in Fityl Ebfthere.
absorbance was corrected by the films sickness.

RESULTS AND DISCUSSION

The chemical composition of the films undevestigation was varied in a wide range by changing the HMDSO
monomer partial pressuredibso) in the deposition chamber while power applied to Ag target was fixed av50@-
free reference organosilicon polymer film was obtaineduabgp= 0.2 Pa andero 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 wititeA co
increasing. The similar but steeper increase of carbon content is observeétée Aigns 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, thedecrease 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 presentamf of metallic nanoclusters. Transmission electron microscopy
confirms the 2phase nanostructure of the deposited-ftiin nanocomposites based on Ag nanoclusters embedded into
amorphous plasma polymerized hexamethyldisiloxaneH#SO). The size of Agranoclusters 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,dansinetallic
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 densityfredeAgpHMDSO films obtained at the
same walues 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 oqgasina 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 flms on the silicon sulrsrates,
suppressed with increase of silver content especially in the-whoglength range of the spectrum, the increase of
absorption background caused by scattering increases with wavenumber increase until saturation level defined by the
limited dynamical ange of the spectrometer. Before deconvolution of peaks the interference fringes should be removed
from the analyzed spectra and baseline correction should be performed. Approach publj$Bgwvas used for this
purpose. As can be noticed, the ksitfeshaped measurement artifacts can be still observed in the featureless regions due
to possible deviations of refractive index (

Fig. 1). Assignment of peaks was done accordinglt®, [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 fiidm], [15].
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Fig.1. FTIR absorption spectra of-gMDSO (1), Agb6 (2), Agl (3) and Ag5 (4) films deposited onto :
crystal silicon substrates after interference fringes and baseline removed.

Wide absorption bandetween 3000 and 3700 @ris attributed to €H stretching in silanol groups (SiOH) as
well as absorbed molecular wafg6]. Its asymmetric shape needs fitting at least by 2 Gaussians. It is followed by weaker
absorption feature in the rangé15061750 cm' associated with bending in,8 usually observed at ~1650 2rfi6].

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, drastic increase of ® stretching band is observed during increase of Ag concentration with
maximum at 4®oa: It doesndét correlate with intensity of absor!l
assumption about formation of hydroxyl terminatigroups, 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 3086 is attributed to stretching vibiahs in CH groups and can be deconvoluted into 4
modes corresponding to symmetric and antisymmetric stretching 4m@HCH [10], [13]. In films under investigation
this peak is located on the tail of-KD stretching absorption band and its shape carsdwerely affected by this
superposition. Thus, the precision of its deconvolution is poor except antisymetric stretching modeuial Ghly total
area under this peak is analyzed in current study. The contributiantismmetric stretching mode in @lh CHy
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 fi
ratio.
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Fig.2. Peak area of @ stretching band (1) anc® Fig.3. Contribution of antisymmetric stretching mode
bending band (2) vs. Ag concetnration. CHin CHabrosption band vs. Ag concetnration.

Absarption band observed between 2100 and 2306 isnattributed to the SH symmetric stretching in various
Si environmentsH-SiO;, H-Si0,Si, H-SiOS) [10]. Addition of silver leads to rearrangement of observed modes and their
peak intensities. Whilen pure ppHMDSO reference filnH-Si0O,Si mode is dominant and accompanied with 2 times
weakerH-SiOSimode, the addition of silver leads to increase 8iBSimode contribution and disappearing-bBiO,Si
at 40%at. of Ag. But Ag5 film deposited aiypso = 1 Pa demonstrate appearancdHe8i0,Si mode and evehl-SiO;
additionally. Peak at1455 cm'® indicates on presence of gigroups isolated from Si atoms but without any essential
changes due to Ag incorporation. Absorption banreld06 cmt' corresponds to antisymmertric bending efigin methyl
terminated SiMg Peak at-1362 cmt' is attributed to bending of-E12 in Si-CH,-Si crosslinks. A slight increase of its
intensity is observed with addition of silver. A shift to higher wavenumbematsed 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 averapped with increase
of Ag content. Peak corresponding to the symmetric bendingtdf i€ SiMe, groups observed at1263 cm' [10], [13]
exhibits a slight shift to higher wavenumbers with increase of Ag concentration. Together with appearararptiarabs
peak at ~848m* related to antisymmetric rocking of Ghh SiMe; and decrease of absorption peak at ~866
attributed to antisymmetric rocking of GHh SiMe; it can indicate on decrease of SiMand increase of SiMe
simultaneously with increase of silver content in the studied films. A wide region of strong absorption observed between
1240 and 52@m? is composed from 8D-Si peak (10001200cn?), H-Si-O bond bending at ~886n!, antisymmetric
rocking of CH in SiMes at ~843cm? and antisymmetric rocking of GHn SiMe, at ~806cmt, symmetric stretching
vibrations in SiO-Si groups of the SiO network at ~700-€fi4], [15]. Its intensity increases with addition of silver but
decreases with monomer vagoessure decrease. In addition, an intense absorption band observed at -19ir0Agh
film is attributed to symmetric stretching 8FO-C bond§13]. It shifts to higher wavenumbers and increases its intensity
with increase of Ag concentration or deceeas o f monomer vapor pressure alternat
observed in spectra of films with lower Ag concentration and irfrag film, it becomes impossible to distinguish the
effect of silver incorporation and monomer vapor pressure cham&eO-C bonds The major contribution to peak at
~886¢cmt in the studied films can be attributed only teSHO bond bending in which each silicon atom has three oxygen
neighborg10].

Si-O-Si band can be fitted using 3 main peaks that are attribotadtisymmetric stretching &i-O-Si bond at
different bonding angles. Peak at 11B060 cm! is attributedto larger angle $iOi Si bonds in a cage structure with a
bond angl e of §H0.dtagpears madyedngentratdroofsilver and dneases with its increase. Peak
between 1100 and 1050éms assigned to network structure of silicon
high-temperature stoichiometric silicon oxide it is observed at 108bard shifts to lower stretchirfgequencies in low
temperature silicon oxide7] and organosilicon plasma polymeg0]. Peak located in range 160040 cm' is
attributed to antisymmetric stretching ofGiSi bonds in silicon suboxi H&[18]t ructur
Shift of SiO-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 @mntent 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 effecisodiplmetion
and HMDSO vapor pressure decrease can be easily distinguished on the concentration curves of suboxide and network



components as reference -fge film is obtained at the same monomer vapor pressure as film with dD&tlver. The
influenceof monomer vapor pressure has more significant effect than addition of silver but changes are similar. Thus,
addition of silver changes the-SiSi skeleton from suboxide towards silicon oxide cage structure the same way as
transition f roonplfassorfat oc otnadifth armd . The transition from s
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 Sé\peaks to total area under@iSi 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 speciaa ibe an evidence of unbonded amorphous carbon present in
the polymer with decreasing HMDSO pressure as a result of hydrogen loss apé&tits in plasma and graphitization.
At the same time contribution @iMe; termination groups increases with incread 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 caaskeltion of
metal silver during films growth. Thus, addition of silver changes the organosilicon polymer matrix from softliRBMS
pl asma polymer to fAhardero plasma pol ymer gtoithibomesic r uct ur
SiO films.

3 1.0f —n—cage in SiOSi 045
© A C i
<t '\ --e--network in SiOSi 5 110
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S & 040r >
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Fig.4. Contribution of cage (1), network (2) and Fig.5. Ratio of SiMe to SiOSi area (1) emtribution of
suboxide (3) components intoGiSi absorption band SiMe in total SiMe environments (2) vs. Ag concentrati
vs. Ag concentration.

The small peak at the longavelength edge of the FTIR spectrometer range between 440 and 4668spuiated
with bending of GSi-O structural units and ring opening vibratida€] 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 formationSHO-Si-O- rings in the structure of orgasiicon polymer matrix.
Additionally, observed peak demonstrates red shift with Ag concentration increase that is the evidence of vibration
frequency decrease caused by decrease®f@angle in ring structures due to decrease of rings average lengie At
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
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-Zdecame pandemic. Diseaseokedthe
need fordevelopmenbf protectivemeasuresgainst theapid spreadamongthe peopleand preventionof
infection in the mosseriouscasesleadingto death.

One of the possible solution is the use of PVD technology to coat the surface with antimicrobial element
(Ag, Cu, Ti , ée) , special ly i n dmetomsurfacé ratio,aompgres tot i ¢ | ¢
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-8-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, nanopatrticles, 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 miliofection cases arenkbwn with 6.6 milion of
confirmed deaths. Due to such sorrowful statistics, demand for developement of effective protective measures
against spread and infection arj$e?2].

Main dsadvantage of current protective measures is-limiéed 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 nanostrticture
preparation of nanoparticles (NPs) bated film. As aresult, 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 conveitfdms. 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 relialftesretly, 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) méthddh Target
Utilization Sputtering (HiITUS). Here, we prepare Ag NPs embeddedgamnosilicon 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 oexcellent antimicrobial activity and hydrophobic behaviour with sufficient adhesion. However,
in this work, main focus is dedicated to the investigatioaroinfluence of amount of HMDSO on physical
properties- the chemical composition, morphology, sture, 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 organosilicammound HMDSO into polymer matrix. The substrates
were mirror polished, ultrasonically and chemically (3 x 5 minutes in acetone, isopropyl alcohol and distilled
water) cleaned-cut sapphire (0001) and silicon (001) wafers (8 x 8nplaced opposite tté center of the
target, in the distance of approximately 25 cm. The base vacuum pressure was belowPaxXdiOeach 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 cetant 6.37 W/crh(500 W). HDMSO partial pressure was changed from 0 Pa to 0.5 Pa. All
depositions were conducted at room temperature.

Chemical composition characterization was performed by scanning electron microscopy (SEM,
Thermofisher Scientific Apre@) in combination with energy dispersiver&y spectroscopy (EDS, INCA
Oxford Instruments). Detailed investigation of nanostructure of the selected samples was conducted by
scanning transmission electron microscdSyEM, FEI Titan) operated at 200 kV. Reaanalysis of the
samples was carried out viaray diffraction (XRD) method in BragBrentano geometry, using PANalytical
XEPert di ffractometer with Cu KU radiation. Har dn
nanoindenter Anton Paar NA&quipped 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 emethiodl racratch test using
Bruker equipped with Rockwell diamond tip, with increadwap 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 loadcatatifich
delaminatioroccurs.

RESULTS

Elemental EDS analysis of the samples (TABLE |.) 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, @nd Si, by increasing partial pressure of HMDSO.

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

Chemical composition (at. %)
P/Starg) = 6.37 W/cn?
SAMPLE
No p(HMDSO) (Pa) Ag ©) 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 diffractipattern of the sample with highest amount of Ag, we identified
reflexions belonging to cubic Ag (Bm) phase. Amorphous backround from polymer matrix is not possible

to identify without sufficient standard calibration. However, as was expected, increasidlyIDSO partial
pressure results in decrease of Ag amount (table 1) 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 haiiness from FfYPLE= 0.7 GPa to MMPLEY v dn Dt | I | 2 dAVES516 GPaRdzZ A F
ESAMPLEE: 28 GPa and critical load for delaminatighft"-5= 8.1 GPa tot VFLE:= 21.9 GPa. In pure HMDSO

matrix, no crack propagation was obseruselow load of 50 N.
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Fig. 2. ST™® planar view of sample 1, , with EDS elemental composmon maps

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. MoreoveengleEDS analysis
clearly confirmed chemical separation between Ag NPs and polymer matrix.



CONCLUSION

We verified the usage of the technology of HiTUS for preparation of gieoparticles based thin
films embedded in polymer matrix based orCBC-H. We showed that the HMDSO partial pressure has
asignificant 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-Zfh 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 believeere 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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Introduction

Met abolic syndrome (MetS) is a cluster of
conveying high risk of both cardiovascular disease [1] and type 2 diabetes mellitus (T2DM). The
underlying aetiology of this clustering has been theeatlgf 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 ofdegisity lipoproteins (HDL) cholesterol
[3]. Several stdies, based on the clinical, patophysiological, genetic, translational or proteomic
background of MetS were publishedgfi however, the effect of posttranslational modifications
and their role in MetS still raises many questions.

Thus, the basic experimel rat models might offer r@liable alternatives for studying
MetS pathologies. Up to this date, little is known regarding the changeglycahs during MetS
in rodents, but observed similarities between the glycomic profile of rat and human setadgrov
important selection criteria for choosing an appropriate animal model for pathological and further
pharmacological studies [7YVistar rats (W) aran albino strain widely used in biological and
medical research for their common attributes providiatisfactory scaleip outcomes for pre
clinical predictiong8]. Spontaneously hypertensive rats (SHR) have been developed as animal
models for human essential (idiopathic or primary) hyperten$&h8)].

The main goals of our pilot study wergto descibe 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 E@ocamittee 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 3635/1£221) and they conformed to Butive 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 accesswater 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 fropiexus chorioideusELISA diagnostics kitsErba Lachema,
CR) kits were used to determine the lipid profile from the blood serum. We measured levels of
total cholesterol (CHOL)Jow-density lipoprotein(LDL), HDL, triacylglycerols (TAG) and
glucose (Glu). The absorbances of the resulting colored pcond 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 measurednbginvasive taitcuff pletysmografic

approach11].
The aalyses of serum Nglycoprofile by MALDI-TOF/MS equipmentwere done as
follows:1 0 ¢ | of serum was premixed with 40 ¢l 10

with dithiothreitol (DTT) and iodoacetamide (IAA) according to standard protein reduction and
alkylationprotocols [12]. To release thedlycans, serum was incubated with 1 enzyme unibfU)
PNGase F (peptidd-gl ycosi dase F, Roche) at-glyGadsAN@s over r
performed by PGC SPE (100 mg Supelclean ER¥ib, Supelco) as described prealy [13] by
60% ACN + 0.1% TFA. To increase the signal intensities and stabilize the sialic eglighdxis
were subjected to permethylation [14]. Permethylategiyldans were analyzed by UltrafleXtreme
MALDI TOF/TOF mass spectrometer (Bruker Daltoniasyéflectron 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] softwabDdtained MS and
representative MS/MS spectra of free and mehylated Nglycans were compared and evaluated
with a special focus on their-§lycan type

The data were statistically evaluated using GraphPad Prism 6 Software (La Jolla, USA).
Data were expr ess e dwayaanalysiseofvasancBNOYA Mas ud ®
evaluate the difference among all experimental groups (using the Bonferroni multiple comparison
test). The level o < 0.05 was considered as statistically significant difference. The asterisks were
used to mark significancy as folls: “p < 0.05;” p< 0.01;™ p < 0.001 when comparing SHR
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. ¢beesponding datareregistered inrab. 1.
The glucose level did not differ among the experimental animals 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) (mmolll) (mmol/l) (mmol/l) (mmHg)
W 6.86N1.00NO01.56N01.02N00.52N0119.
SHR 6. 78N0. 47R0 1. 19RK00.87RKR00.41R0191.

1

3 N
5"N




parameters of lipid profile as well as BP level, there were obseaigedicant 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) bulso genetic predispositions. Thuse tuse 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 glydegrofi
[16,17]

Second, the acquisition and characterization of glycomic profiles derived from blood sera
of two different rats strains from healthy individuaisre doneN-glycoprofiling of serum samples
from two different rcatioricof mosetthanalDOARyEGan strietdrest Qut t h e |
of them, accurately 38 relevant and most abundagltyban structures were selectedgNcans
were distributed in to the following structural classes according to their glycan type (values
expressed as mthat represents mass-charge ratio [M + Nd): High mannosylated (High
Man) - 1579.8 1783.8; 1988.1; 2192.2; 2396.4; ComplexaBtennary(Ci Bi) i 1865,9; 1981.9;
2070.1; 2227.1; 2431.2; 2792.4; ComplexaBtennary fucosylated (@i Fuc)i 1590.8; 1835.9;
2040.0; 2244.1; 2605.3; 2966.4; Complexdmiennary (CTri) T 2111.0; 2880.4; 3241.6; 3602.7;
Complex Triantennary fucosylated (Crii Fuc) i 3415.7; 3776.8; Hybrid 2186.1; 2390.2;
2472.2; 2635.3; 2676.3; Hybrid fucosylated (HyHrfdc) i 2081.1; 2285.1; 2489.3; 2663.3;
2807.4; 3837.4 and truncated sialylated (Higbial) N-glycansi 3153.6; 3327.7; 3514.7; 3963.9.

The relative interifesof Ng | ycans within different ratEs str
their glycan type are displayedTab. 2.

Tab. 2: The relative intensities of f§lycans in W and SHR rats according to their glycan type.

W SHR
High-Man 38. 832 K 17.01 "N
C-Bi 29.46 N 32.72 K
C-Bi-Fuc 17.08 KN 26.31 "N
C-Tri 0.22 N 2.48 N
C-Tri-Fuc ND 0.91 N
Hybrid 8. 3@50N 7.57 N
Hybrid -Fuc 6. 02 N 8.00 KN
High-Sial ND 5.00 N

The comparison of the relative quantitative intensities -gfifydans between W and SHR
strains, revealed the most significant changes in the contribution ofNthghand CTri-Fuc type
of N-glycans. The relativproportion of all HighMan 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 HighSial N-glycans in W experimental group, while observed in SHR grouplével



C-Bi-Fuc and HighkSial were noticeably higher in SHR compared to W. That implies towards the
respectable role of fucosylation and sialylation found in other studies as well [T)&%omplex
molecular bases of the glycomic changes are stikuimdensive researdi0,21]

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 foasit research to test therapeutic perspectives within various
civilization and metabolic diseases. Further impact on clinical studies tendencies might be
considered.
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The assessment gjlucometabolic hormones in blood serum
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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 phenomefi@]. 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 habit3]. Nutritional interventions been shown to provide health benefits,
including the life prolongig effect, in a range of experimental anim@( The results of recent
human studies show that e.g. mild caloric restrictions can have beneficial effects in fBjans
Since the nutrition is an important and readily modifiable risk factor for diseagerpion, many
studies have consistently proven steady relationship between diet and health including in older
adults [#9]. The regulatory hormones of glucagon and glucdiepeptide 1 (GLPL), both play
an important role in glucodemeostasis [10]The plasminogen activator inhibitor type 1 (PBI
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 alteratiamgylucosemetabolism regulation within
aging, the blood serum levels of glucometabolic hormones were assessed on offsppiragoé
Dawley(SD) rats.SD isan albino outbred rats strain widely used in biomedical research including
toxicology and pharmacology faisicommon attributes providing satisfactory sagleoutcomes
for preclinical predictiong12]. istarTo mimic the nutritional preferences of the wesgtyte diet
rich in highfat, first we fed parental generation either with control (C) standard dhgglifat
diet (H, 1% cholesterol and 7.5% IgrdThen, the type of diet continued within offspring
generation: male SD rats were continously with either control standard {C) or high fat diet
(H-H, 1% cholesterol and ®®6lard) until adulthood, almost two years.

The main goal of our study was to assess and evaluate the levels of glucometabolic
hormones glucagon, GEP and PAJ1 in agingoffspring SD rats in respect of the administered
nutritional differences with either standard or highdiets.

Material and Methods

All experimental procedures involving animals were approved by the Ethical Committee of
the Institute of Experimental Plmacology and Toxicology, Animal Health and Animal Welfare
Division of the State Veterinary afod Diet Administration of the Slovak Republic (the number
of the permit 3693/1:221/3) and they conformed to Directive 2010/63/EU on protection of



animals useé for scientific purposes. SD rats were from the certified Breeding Aniaalitly

(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 cagemals were divided into experental 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 posyecitntinuedn the typeofo ar ent Es di et so it
either control standard (C) or high fat diet (FH, 1% cholesterol and 7.5% lard) until adulthood,

up to 28 month.

The blood was collected fropiexus chorioideusat the indicated timpoints ofoffspring
life span (%, 15" and 2% month). The serum levels of glucagon, GLRand PAI1 were
thoroughly assessed by Multiplex magnetic héaded immunoassags Bio-Plex 200 systems
(Bio-Rad, U.S.).

The data were statistically evaluatedngsGraphPad Prism 6 Software (La Jolla, USA).
Data were expr ess e dwayaanalysiseoh varsancél (ANSOFA) .was @see to
evaluate the difference among all experimental groups (using the Bonferroni multiple comparison
test). The level ofp < 0.6 was considered as statistically significant difference. When comparing
C-C vsH-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 compans the other
types of symbols were used as listed héreH: 15" vs1tresp. GC: 158"vs1st  &H: 2F'vs1s
resp. GC: 2 vs1st; » HH: 21'vs 15" resp. GC: 28 vs 15",

Results and Discussion

The assessment gilucometabolic hormones levels in blood serum of aging offsi8idg
rats were evaluated at specified time points such resembled the life span of rodents as fbllows: 1
month represented for pups, thei' TBonth constituted for adults animals and fin&ly' 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 figgldiet. The corresponding values
arelisted inTab. 1.

Tab. 1.: Thelevels of glucometabolic hormonesthin the offspring of aging Skats.

GLP-1 Glucagon PAI-1
(pg/ml) _ (pg/ml) _ (pg/ml) _
C-C-1st 235.5 N ! 3780. 9 N 61.3 N
H-H-1st 359.4 "N 2 7137. ; 534, ***N
3 N

4
7 "N 5"
C-C-15h 247 . . 8975.1 *ﬁr‘ 258 . R 1 ¢
H-H-150 952 . 3™ 9€25375. 9"RH 1449 #RF 4 .
5éﬁ|5' 76
7N 23

C-C-21st 193.7"N 514402. 921. N

H-H-21st 1953. 4 "™Néd®i3 23782. $§3796.5"'N" &

&




When comparing FH vs C-C experimental goups, at all selected time poirts 13" and
215 months of age) there were remarkable shifts upwards within all of the measuagdeters,
namely glucagon, GL2 and PAI1. Moreover, there was also obvious certain dynamics of glucose
metabolims correlated with the age progression of W offspring rats) ég.level of GLPL in
H-H group was progressively increasing, corretatwith the duration of the experiment, while in
C-C group stays stabl@) similarly the level of PAIlL in both GC and HH group were gradually
increasing, correlating with the duration of the experimi@htthe level of glucagon dramatically
increasd when comparing HH:15" vs1tmonth of the experiment, then stays rigidwevemwhile
consideringC-C groupcorrelated along ith the proceeding age of the animals.

By monitoring nutrierinduced GLP1 secretion over time during digtduced obesity
development in rats, Hiret al.,showedthat GLR1 secretion was enhanced in dieduced obese
rats compared with control raf$3]. Thus, the postprandial GLPresponse is likely to play a
protective role against glucose intoleraitg).

PAI-1 is clcsely related to the development of metabolic syndrome, glucose homeostasis
impairment and lipid metabolism disbalandd®]. Recent studies showed that PAImight
contribute to the development of glucose intolerance, and haxaghgmgenic propertig46].

Our findings are in good agreement with studies supported the importance of the evaluation
of glucometabolichormones levels within pathophysiology of aging [17], especially when
combined and potentiated witresterntype diet rich in fat [18]. Thesdata from longermin 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 lodarified with perspective towardbe research of various civilization and
metabolic diseases. Additional impact on clinical studies tendencies might be also considered.
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Hexahydropyridoindoles aspotential inducers of cellular antioxidant
and anti-inflammatory response
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Introduction

Among the various synthesized hexahypyoidoindoled e r i vati ves, -cishe corm
8-methoxy2,3,4,4a,5,9%hexahydrelH-pyrido[4,3b]indole 2-carboxylic acid ethyl ester
(SMelEC2]1] has been subjectedgeverapreclinical studies. In particular, it showed significant
neuroprotective and antioxidamffects in the murine model of acute head tray@ija rat
hippocampal slices exposed to reversible hypoxia/low glu@s$3, brain cortex homogenates of
young rats treated with Féascorbic acid proxidative system4] and HT22 hippocampal
neuronal cdt subjected to high glucosfs]. Moreover, in ourin vivo study, 8week
supplementation with SMelEC2 showednoderatelyenhancing effect on cognitive function in
aged ratg6]. 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 aninflammatory mediators and pioflammatory markers in actived murine
BV-2 microglial cells.

Materials and Methods

Cells were plated in a-@ell plate at the density of 60,000 cellsfcrgrown for 24 h followed by

16h incubation in DMEM wi tSKelECR 00(n@k. Neéximhe) wi t h
cells were lysed in Cell Lysis Buffer (1XGell Signalling Technologies, Ifcwith 1mM PMSF
andhomogenizedby passing 15 times througl28G-needle followed by 20 min incubation on ice

and centrifugation (12 00 r p m, 4 At@en, eqlah amouinta 80y ) of protein:
denatured and separated by Spflyacrylamide gel electrophoresis. Next, proteins were
transferred by Western blottinp the nitrocellulose membrane. Membranes were afterward
blocked with 3 % BSA or 5 % nefat milk in PBST (PBS with 0.1 % (v/v) Tweef0) for 2h and

incubated with primary antibodies against inducible NO synthase (INOS), cyclooxygenase
(COX-2), heme oyxgenasel (HOX-1 )  aactoh (Cell Signalling Technologies, Inc.) overnight

at 4AC. Aft er -6 membnares weer sncubaied wahsdtd@h&ary antabbit

horseradish peroxidasmnjugated antibody and detectesing a westerhlotting luminol reagent.
Densitometric analyses were performed by using ImageJ software. The leveldeoii/12,14
prostaglandin J2 (:8-PGJ2) in the culture medium were analyzed using the commercial kit (Enzo



Life Sciences) following the manufacturé& s pr ot ocol . Experi ments wer

times. Al | the values were exprteensan @.EM3Formelipe N st
comparisonsp values were calculated usirsggoneway analysis of variances (ANOVA) with

T u k eppsd IBC analysis where homogeneity of variances was met. Otherwise, Galoesl

post hocanalysiswas used.

Results and Discussion

In our study, SMelEC2 downregulated L-Bliited proinflammatoryiNOS expression
(Fig. 1A, E) along withasignificant increase it5d-PGJ2 productiofFig. 1B) andmild
enhancement of the levels of HOQan Nrf2-regulatedphase Il detoxifyingenzymewith
antioxidant and aninflammatory rolegFig. 1A, C). Unpredictably, SMelECalso enhanced
the COX2 levelsinduced by LPS treatmerfify. 1A, D).
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Figure 1. The effect of SMelEC2 ote expression levels of antioxidant and -amlammatory
mediators and pronflammatory markers irLPSactivated murine BM2 microglial cells A:
Representative Western blots of proteiH©-1, COX-2, and iNOS; B: 15-deoxyD'?14
prostaglandin 3 (15-d-PGJ2) levels measured by ELISA in culture mediu@). D, E:
Densitometric analysis of proteif®r ot ei n | ev el s -aatia & <0.@%, *pxl | z e d
0.01, *p < 0.05vs control cells,*p < 0.01,"p < 0.05vs LPSstimulata&l cells; LPSi

lipopolysaccharideCONT control.

In a paradox, COX is also a welaccepted mediator of astiflammatory processes
since it also plays a role in the resolution of inflammation and establishment of the acute
inflammatory responsi8]. COX-2 has been recognized as a-pritammatory enzyme
promoting the synthesis of prostaglandin E2 (PGE2gssentiatomponent of the inflammatory
cascad¢9]. Nevertheless, CO2 was found to mediate the intracellular accumulation of 15d
PGJ2, a cyclogntenone PG, which employs its aimflammatory activity through activation of

-

C



peroxisome proliferateactivated recepteg (PPAR(Q) [10, 11]or by directly inhibiting NKkB
activation by binding covalently to theB kinase[12]. Furthermore, COX was sbwn to
activate Nrf2, which in turn regulates the expression of antioxidant enzymes in activated
inflammatory macrophagg¢$3, 14] Moreover, the results of Luo et al., 2015 pointed to a novel
role of Nrf2 in inducing COX2 expression through binding toopnoter ARE in the absence of
increased ROS in rat preglomerular vascular smooth musclgldglls

15d-PGJ2exertsprotective properties in diverse cell systdd. It was reported to
suppresshe p22phox expression to protect against apoptosis ofmsinra PPARJ-dependent
mannel{17]. Also, 15d-PGJ2induced negative regulator of ROSRROS expression mediated
through a PI3K/Akidependent FoxO1 and Spl phosphorylation and Nrf2 casoageessing
ROS generatiom astrocytes [18].

Thus, theenhancing effect of SMelEC2 and potentially of other pyridoindole congeners
on 15d-PGJ2release canontribue to restoring intracellular redox homeostasis and suppressing
inflammatory processes mediateddmntivated microglian the CNS

Acknowledgments

This publication was created with the support of the Operational Program Integrated Infrastructure
for the projecStudy of structural changes of complex glycoconjugates in the process of inherited
metabolic and civilizatiomlisease§ ITMS: 313021Y920, cdinanced by the European Regional
Development Fund.

Literature

omMB8 ~iG2f0 {dZ t 20 OlySO Coxr .| dzSNJ +d3 at 285120t ad
a®X DI &L} NBR Ot %ds DI 2 &2 (p0p)2SBat. 287508, PatehtAppt. B3JA003,5 ¢ | f |
Int.Cl. (2010): CO7D 471/00, A61K 31/4353, A61P 39/00. = Pyridoindole derivatives with antioxidative
properties, their preparation and use in therapeutic practice.

OHB {G2f 0z { &3 3{ DA NDE NR@DI sa bpS| DECeE REedpengdf = | ©3 |
the new group of indolalerived neuroprotective drugs affecting oxidative stress. Cell. Mol. Neurobiol.

26(7-8), 1495504.https//doi.org/10.1007/s10574006-9037-9

w08 Dt aAL* NRPGDt I %o {YAND:E o3 {0G2f 0 { DX HAMM
intervention in hypoxia/hypoglycemiaduced impairment of longterm potentiation in rat

hippocampus. Interdiscip. Toxico|1}} 5661. https://doi.org/10.2478/v10102011-0011-0

[4]Dt AL* NP Dt = %dE hyRNB2AG6120t 3 hods DIFI2R2O0ON] 2 Ot
Oxidative stress induced by the Bstorbic acid system or model ischemia in vitro: effect of

carvedilol and pyridoindole antioxidant SMelEC2 in young and adult rat brain tissue. Interdiscip.
Toxicol. 3(4), 12226.https://doi.org/10.2478/v10102010-0051-x

[5] Rackova, L., Snirc, V., Jung, T., Stefek, M., Karasu, C., Grune, T., 2009. Métaluaisim

oxidative stress is a mediator of glucose toxicity in HT22 neuronal cells. Free Radic. Res. 43(9),
876-886.https://doi.org/10.1080/10715760903104374


https://doi.org/10.1007/s10571-006-9037-9
https://doi.org/10.2478/v10102-011-0011-0
https://doi.org/10.2478/v10102-010-0051-x
https://doi.org/10.1080/10715760903104374

wc® aNB2@t s bodr ~1FYyRN]Z adr . ST S13x ~o2
tF RS2 L®I wld120t3 [P HAMT O t & NARIZedY R 2
cognitive decline. Interdiscip. Toxicol. 10(1);1BL https://doi.org/10.1515/intox2017-0002
T8 .STS1Z ~dx . NYy2fAl 120t %oy {2GyN1 20t wo.
2017. Monotherapy of experimental metabolic syndrome: |. Efficacy and safety. Interdiscip.
Toxicol. 2017, 10(3), &b5. https://doi.org/10.1515/intox2017-0013

[8] Gilroy, D.W., ColvilBlash, P.RWillis, D., Chivers, J., R&lark, M.J., Willoughby, D.A.,

1999. Inducible cyclooxygenase may have-eritammatory properties. Nat Med. 5(6), 698
701.https://doi.org/10.1038/9550

[9] Di Rosa, M., Giroud,P., Willoughby, D.A., 1971. Studies on the mediators of the acute
inflammatory response induced in rats in different sites by carrageenan and turpentine. J.

Pathol. 104(1), 129. https://doi.org/10.1002/path.1711040103

[10]Jiang, C., Ting, A.T., Seed, B., 1998. gBRa agonists inhibit production of monocyte
inflammatory cytokines. Nature. 391(6662),-8@. https://doi.org/10.1038/34184

[11] Ricote M., Li, A.C., Willson, T.M., Kelly, C.J., Glass, C.K., 1998. The peroxisome proliferator
activated receptorgamma is a negative regulator of macrophage activation. Nature. 391(6662),
79-82. https://doi.org/101038/34178

[12] Rossi, A., Kapahi, P., Natoli, G., Takahashi, T., Chen, Y., Karin, M., Santoro, M.G.,-2000. Anti
inflammatory cyclopentenone prostaglandins are direct inhibitors of IkappaB kinase. Nature.
403(6765), 10408.https://doi.org/10.1038/47520

[13] Itoh, K., Mochizuki, M., Ishii, Y., Ishii, T., Shibata, T., Kawamoto, Y., Kelly, V., Sekizawa, K.,
Uchida, K., Yamamoto, M., 2004. Transcription factor Nrf2 regulates inflammation by mediating
the effect d 15-deoxyDelta(12,14¥rostaglandin j(2). Mol. Cell Biol. 24(1)8%.
https://doi.org/10.1128/mch.24.1.385.2004

[14] Itoh, K., Yamamoto, M., 2005. Regulatory Role of theZRathway in tb Nrf2Mediated
Anti-Inflammatory Response. 37;18. https://doi.org/10.3164/jcbn.37.9

[15] Luo, Y., Welch, W.J., Wilcox, Ch.S., 2015. Abstract 122: Activation of Nuclear Factor
Erythroid 2related Facto? (Nrf2) Enhances Cyclooxygenase 2 Expression via Promoter
Antioxidant Response Element in Preglomerular Vascular Smooth Muscle Cells (PGVSMCs).
Hypertension. 66, A122itps://www.ahajournals.org/doi/10.1161/hyp.66.suppl_1.122

oMcB8 ! 0R2X | & al KSI -Ngcheudks NeuBidJMA YaR&INB.y2812.t &>
The omegéb fatty acid derivative 16leoxyn U ypdsiagiandin J2 is involved in

neuroprotection by enteric gliadells against oxidative stress. J Physiol. 590, -B039
https://doi.org/10.1113/jphysiol.2011.222935

[17] Wu, J.S., Tsai, H.D., Cheung, W.M., Hsu, C.Y., Lin, T.N., 2026. PPARS f A 2roal 1 S&4 b S«
Apoptosis and Ischemic Brain Injury via SuppressiAg Niven p22phox Transcription. Mol
Neurobiol. 53(6), 3628645.https://doi.org/10.1007/s12039159294z

[18] Wang, CY, Yang, CCabl4iD, Yang, CM, 2022. Involvement of FoxO1, Sp1, and Nrf2 in
Upregulation of Negative Regulator of ROS by-R&d?2 Attenuates H2602duced IL6

Expression in Rat Brain Astrocytes. Neurotox Res. 40(1),1%4
https://doi.org/10.1007/s1264@20-003186

—
(0p))
P


https://doi.org/10.1515/intox-2017-0002
https://doi.org/10.1515/intox-2017-0013
https://doi.org/10.1038/9550
https://doi.org/10.1002/path.1711040103
https://doi.org/10.1038/34184
https://doi.org/10.1038/34178
https://doi.org/10.1038/47520
https://doi.org/10.1128/mcb.24.1.36-45.2004
https://doi.org/10.3164/jcbn.37.9
https://www.ahajournals.org/doi/10.1161/hyp.66.suppl_1.122
https://doi.org/10.1113/jphysiol.2011.222935
https://doi.org/10.1007/s12035-015-9294-z
https://doi.org/10.1007/s12640-020-00318-6

Vplyv mol ek stri &lkalia na rastov'

Miroslav Rajnineé?, M8&rih G&atf M8 cha

IChemickT YVas t :DWab 5 &cWesskt8a . 5807 /i 9.; 845 38 Bratisl ava

2Centrum biol - -gie rastIbsn aawv libdddit\ww&krmniatly gSAV ,r aw.t |V
Akademi ck8 2,SI9y@n@k8Nirepabl ika

bvod

Antimi krobi 8l ny ef ekt wacako 2000 rokopWedlay,200Q)e dobr
Vs¥l asnost.i sa ako v éOni perodg pekmizkvrnoao r gent & |
rezistenciou proti anti bi ot i ko8bns auhkoanz usjter i perb8rvae

striebro bolo zakomponovan® vo Vil predokioehh zdr
(Percival et al., 2005; Sievert et al., 2013) Ve O mi aktus8l nou =maviast al a
popul 8cie proti v 2CoMi2s,u  kCeodryo nmvv ® us 1 SIARBk Yy naz
striebra na ochrann® pom! c KBalagnaetall2020)i aApl i alah G
met -dy striebra na zdravotn2cky materi 81, pr
verejnlch priestoroch, so sebou pringgaj ¥ ot §
do prostredia,enwi bynmbhg ®dum.msMekzi najnebezp
zaradi S ug pop?2sani ef ekt z \(drayesetalj2015pcziiesQoemnm c i €
objasni S antimi krobi 8l ny efsdketd osvtarS g berhan “da§ vrkaus
pre zachytenie i nghti¥bdiil2n @hkoo enfoedketl uo vsimed g\ata’nyv iz unu

b a k tERahdrichiacol(E.col) . Materi 81, na ktorom boli apl i/l
me t -Higly Target Utilization SputteringHiTUS) (Mwema et al., 202])bolk ok ul t i vov an
sbakt G.cohmipri |l om sa stedbwval chrhedivkBghvspt!so
striebra, | o n8sledne umognilo kvantitat2zvne \

Materi 81 a met . - dy

Vpr 8ci bola ako model omwdg atr2gvanichénehis to® ryiuay i t |
DHS5UFE/ g9 meoADrelAl(emiAl thil hsdR17 @emk+ ) g | n V 4ldcZYdhe o R op(
argF) U1ld®&2M1b)8badgotketal.,1989B a kt ®r i e b o ltekutommuB t i vov
me®d[i u% (w/v) pept-n; 0,5% (w/v) pkvasStiAd@nds 2anut c
pri 180 rpm polasngBo&iul tMEal edo&dubohvang8oldo no
akul ti vovea0@i @,01 OD( 0,5 MFU). Takto pripravens§
do96j amkovej mp k & © nti et sktyol veaenjT m mat eri 8l om ( kr e m2
snanesenim strilkdmtomdl, nlom2mpatderi $I om (krem2kov
finglnej kon%benek/m&din2glin,o5m *objeme 300 Ol . Mera
(ODeoo) prebidn al o k a gdi® hhooddi2nnu) ,( Iv. mi ni m8l ne 3 bi ol og
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VT s | ediskugia a

Vpr 8ci S me s a zamer al i n a potvrdenie ant
aplikovanich na krem2kov¥% platnilku metedou |
kriviek E. coli, prilom t&8to met-da bola pougit8 na s

viacer 1l ch publ (Bdoetalg 2015¢ Rriesierregat, 2ahethalakshma Sarada
2013) Koncentr 8 eikat mank tL BgnP®du lua (M@dDni t orovansg pr
hod2n kultiv8@r® kagd¥% hodinu (

2
h wy T
1,6
1,4
12
F 1 .
© 0,8 R
0,6
04 e .
02 1 e
..................... °
O @:azaassaisisiiasiill@iiiiiiienneeeeeene
2la OK2RS8 e E. coli + Ag
E. coli

Obrl:Rast ov S8E.&olivipykda omnosti kr @ouakonostriebra (rpll calt ni | ky
+ Ag) abez striebra (raé&. coli).

Il nhibilnlT efekt bolo mogn® prdewlk &z ahtoeddnne§
inkub8ci e, kedy sa vplyv pr2tomnost iprstbrliigmrea
60%. Mogno powmeodab@ingeshe daghBaevbugpkbu®Phkedy e
nedoch&dzazk®mu del eni(Betrahdy 2018 k Vigalotb@rcin uzn
charakteristikdagf § zy bunkov®hepogkkn2 hadaptalbnlch mec
vhovom prtoisdtgoenl2 g@ bakt ®B8izg et pobbRdfecetaglgakt 2yv
2012) Publi kovan® gt ¥%di e popi suj Y, ge vplyvom
bunky bakt®ri 2 | astoaddsatc§vajesbdid thown.c UABNC agdt
absencia schopnosti pr e [Jun§ et dl @008 x pPornie nnee r8a m2e j o
hustoty po 3 a 4 hodin8ch i mpkuwb&cieed 2madogenzo spazo
prech8dzaj ¥ do exponempciPPlpuejt oimhoywtr asttu, ebyv
biomasy qpr i bl i gneKc7e5 % onvi®mu2 .prechodu do ABNC f 8§zy



buniek si zachovg§va schopnosS deli prastmommPast i
striebra zal2naj % veitaamepgie depréclduado doch
exponency 8daetfu.f 8znhi b2 ci a pr 2r ps bk uobshhlibd ma sy
stiebracdoez neho sa znigujerprib Bodod&uoBchana?25%5 %
postupne dost8vaj % nad 1, takge sa bl2gia ku |

Na z8klade tlchto zisten2 mogno npaosztoarvoevnal Sc, h
podmienkach prostrediatagf 8 za bunk &wxwdipoedyglbpe, prilom sa
samotn8§ maxi m8lna ¢gpecifick8 rlemhleo 9%9E ok utgu pv |
publ i KHaguaeti @, 2017) T%¥%t o hypot®zavduid®e Ploede@ban2z m \
vprostred? s obsahom striebra.

PoNakovani e

T8t o publik8cia vznikla vNaka podpore v r 8mci Op
projekt: VIivoj nanogtrukt @ onaomchapovrakgvasbiaka
flexibilnTch materi 81 ov, | TMS: 313011AUHA4, spol
region8l neho rozvoj a.
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Ot §zka =zvygovania rezistencie vlI&gknitlch
komer| ne dostupnim fumsdgi asdhmymi prsa §nGafeduen®d® ms a ¢
2008 . Preto j e hOadani e novlch aknhneghatdhenye

perspekt2vnou cemabarvibaumuMadeino® techniky
materi 8l ov so zvIl genou oshrttoi fhulagdsilsnkoau saCkutbinviint ol
vdane|j obl asti. Jedineln® vlIiastnost.i nanomat €
kcel kove@mupobpvaan?t mskrobi 8l ny mi agensmi vo f
| ast okirazk®mu zvigeni u a(Kkanhed et algZD4n e Neanpd asn ¢
striebra (AgNP) sa vyznal bjofaivwsalkku 8¢ hemiugk d
obl astiach pri emys | ay(Neculaetah, QQBemarkiaMazhriegoktmle a gen
2019 Antifung8lny efekt AgNP je z8visll od mn
| as expoz2cie, veOkosSgramel|]j avi ZB&nimejf mi kgios
vysoklch d8vkach striebra, ktor® by sa mohl o

knegat 2vnemu ovpl yvneni VeraReyes ®tp al.g 2032. nZinkz rgoefnli -e
koncentr8cie striebra mtge byS efekt2agnmou ce.
zdravi @poOu &Rad @t al( 2001. Ci eOom gt %die bola char
pripravenlch nantozlnaosut 2icn tsetnrziietborua esxpoz2ci e st
gtrukt %r u SO0 Zzameran2m na popl2iseamda es g-crhy iwmlhi
mikroskopickej hubyfrichoderma harzianum in vitro podmienkach.

Mat e rmeS8tl - day

VI 8knit 8§ mi k r orhHodepna bakzi@numhCCM a~340 (L e s k § sb2rk
mi kr oor,gaBi son)] b ol azekiakbvedievxatvranz8 vman pevnom al
m®di u (potato dextrose agar/ brot h; PDA/ PDB) |
pr2pade P DMacEadinal®86r ]JPo( dvoch tT JgdRocBAKubbDI V §c
izolovan® sp-ry, ktor® bolistbmaklUmoman®r dgl &t
koncent¥&gpi#/ mlQ Kul tivgfiamkopweebi enh&klr @t ivtr @b
stestovani m materi 8l om (haeend &oV®) 9l wir d iplad @
skontrolnTm materi 8l om (krem2kboe§tplvanhin| mat &°¢
prebiehal A3@rip@5A€| as 18 hod2n. Po 18 hodin§
biomasy ORo) . Test inhib2ciebiralsdagi dlllch eradplziok&tnd
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VI s | e didkysia a

CieOom pr8&8§ce alid umhgdd meetheonipeotaenci 81 u pri p
mat er iobls@ahosn striebra ukotvenlch na krem2kove
hubeTrichoderma harzianum.

AgNP Dboli pripraven® pomocou klastrovaci eh:
vo vikonovom nastavemastgveert|alke®nu A Wi ggnc
mogn® pozorovaS inhibilnl ef ekt na pr2rastoao
Trichoderma harzianumrig&r ovni pri bl i gne 55%. Zvigen2m vik
Ag dep 20) 200 W (vzorkaAgdef 1) sa preuk§8zateOne zvIigila aj
vporovkantrel nou vzorkou zaznamenan8 inhib?2zci
21) (Obr. 1). Mognoskhkésopbat pvaPr age kigkRh? &loy
preak 8®ODne ovplyvRuj % antifung8lne vlIastnost.
sug publikovanT mi ¢t %di ami vMahdizaderetadd,@NHZhaoa f yt o
et al, 202) . Pri vzorkBghddg dAekp%uROveaR inhibilnej
snastaven2m vikonu na Ag terli. Divodom tohto
dostupnich AgNP, kowoaB®l a!igac ipirichecemma haseiaign
(P an et &, R00Y.

100 {= == == m e e e e e e mm———————————

80

60

44,4

Rast [%]

Ag dep 20 Ag dep 21 Ag dep 22

Obr.l: Rast vli 8knitej mi Krichoderlkna pharzidowr vp mhautbgymno st i
krem2kovT chpopvllaatknoimi isetkr isebra pripravenlch tron
207 Ag dep 22) w o r o v koatmlhou gzorkou (100% rast).

Zi sten® eafoektiiediyt ev i nhi b2ci e pr2rastku bio
Trichoderma harzianumo § no j ednoznal nepmpapmpadsvaSvrotzdy eA®
kongtatovaS, ¢ge pri znaacnheosveanni2mik oMAggN Pa nstan ezj v ypgl uoj
so zvygovan2m vikonu klastrovaciiehbi lz2daiog amamg
sledovaS pri 100 W nastaven2 Ag terla. Zvigen:
| oveOkou pravdepodobnosSou sptsobilo zn2genie
S p - rTaamaderma harzianur(Bocateet al., 2019.



Na z8klade zieskiamillcmonm §¢f eckte pripravenl c|
platnil k8ch mt:geme odporuliS vyouigebOom pespowa
inhi b2cie Nalg2ch viznamnlich patog®nnych vl §ki

PoNakovani e

T8t o publik8cia vznikla vNaka podpore v r 8mci Op
projekt: VIivoj nanogtrukturovanlch povlakov s ina
flexibilnTch materi 8l ov, lamMS: z®1%WUY bAWHAL, Eugp @ls
region8l neho rozvoj a.
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Vdt sl edku zvygovania rezistencie patog®nn:
antibiotickim prepar8tom je podOa Svetovej zdr
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zn8mym anti mi krobi §lknoymb i andfeesitSwmsn T mir i m@dne rvn T mi
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DH5S5UFE/ gyr A96 ( Nal fihsdR1g(AK + ¥ ed IALV &4 ddsehBb)R hd( | a
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aMolaei, 2017.
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TabuOka 1

V2rus Las vystavenia v2rusov
30 min 60 min 90 min

Pol i ov? - - -

Pol i ov? - - -

Coxsack - - -
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vprvej pas8gi: + (tvorba-CP&Ez GBRE, inhhbbi h®ho%li nokuAdy
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V2rus Las vystavenia v2rusoyv
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Coxsack + - -
Hodnotenie antiv2rusov®ho %l inku stri9@bmimiilovepvieakhor:
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Introduction

Vulvovaginal candidiasis is one of the most commonly reported female genital tract infections,
affecting approximately 105% of childbearing age women at least once during their lifefiime fungal
cell wall represents the important hastader interfae. Cellwall polysaccharides represent biological
response modifiers and the pathogesociated molecular patterns and virulence factors. The most
dominant celwall antigenic structures @@andidas p e ¢ i @ $ u a sam@madihans, glucomannan
and oher immunogenic polysaccharides are of particular relevancy for sgaciftco diagnosis and long
term follow-up of theCandidainfection. The vaginal mycobiome represents the part of human mycobiome
and covers approx. 0.1% of all fungal constituentsotdl human microbiomeApproximately 75% of
women suffer at least one episode of vulvovaginal candidiasis in their life and approxima%&9o40
experienced a recurrence. In general, the factors associated with cajomédation andleveloping of
vulvovaginal candidiasi@re multifactorial i.e. changes in the physiological mucosal fldyabiosis,



pregnancyactive sexual life, systemic or intravaginal antibiotics therapy, oral contraceptive usage, estrogen
therapy, hormone replacement therapgabetes mellitus type 2, cystic fibrosis, HIV, systemic
immunosuppression, deteriorated local cell immumsiggondary and primary immunodeficiency, decrease

of mannose binding lectin, allergy/atopgSobel,2007De nni ng et al ., 20;F8ia- Hr ubi ¢
Go n - al2020859 ,n - a2016Kgger et al., 2019; Hall and Noverr, 2017, Lines et al.2820izzoni

et al.) Recently, the studies of genetic predispositiomulyovaginal candidiasisevealedpolymorphism

in the SIGLEC15 gene that wassociated with RVVC (Jaeger et al.,2019). The relationsiyween
polymorphism in the NLRP3 gene, higher production oflll , -lRawevelsland persistent
hyperinflammatory state in RVVC patients has been studied (Rosati et al. R@20)the asociation
between Dectirl deficiency (Ferwerda et al.,2009), mannbswling lectin codon 54 gene polymorphism
(Wojitani et al., 2012; Nedovic et al., 2014), and interletkireceptor antagonist gene polymorphism
(Wojitani et al., 2012) and RVVC has bementionedThe relationship between atopy/allergy didvC

has been suggested by Bernst@arfistein et al., 20)%nd Dondores (Dondores et al., 2018), based on
the hypothesis that vulvovaginal candidiasis is an allergic reaction to the ability ofi&€apdcific IgE and
prostaglandin E2 to inhibit vaginal cetiediated immune response (Bernstein et al., 2015).

In this study we assessed the immunobiological activity of facultative pati@aystida
utilis cell glucomannan and its effectivity amsvitro serological marker for antibody testing. The
novel serologic assay has been developed and optimized.fartilis serodiagnosis. The
comparison assays were performed to establish relationship between antibodieCagdilnst
C. albicansandS. e@revisiaemain celtwall antigens in patient sera.

Material and methods

The serological assays were performed in a patien
years) with atopy and a history of recurrent vaginal mycosis (DepartmerinafaClmmunology and
Allergy, Oncology Institute of St. Elisabeth, Bratislava, Slovakia

Yeast strain€. glabrataCCY 26-20-1, C. albicansCCY 29-3-32,S. cerevisia€CY 21-4-13 and
C. utilis CCY 2938-18 (all from Culture Collection of Yeastsstitute of ChemistryCenter for
Glycomics SlovakC. glabrataCCY 26-20-1, C. albicansCCY 293-32,S. cerevisia€CY 21-4-
13 cellular mannans were prepared and analysed as previously pubisia¢et(d., 1967, C.
utilis CCY 2938-18 glucomannahas been isolated and characterisgdogan et al. (Kogan et
al.,1993).C. albicangglucan was also obtained from Dr. Kogan.

ELISA assay andatermination of specific anr€. utilisCCY 29-38-18 glucomanan,anti-C. albican<CCY
29-3-32 mannan and glucamanti-C. glabrataCCY 2620-1 mannan an@ntiS. cerevisia€CCY 21-4-13
mannargG, IgM and IgA antibodiewere modified based on diagnostic kits Biogema a.s. Kosice

Results and discussion

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



the cohort of atopic female subjects with recurf@andida vulvovginitis. Statistically significant
sera values of specific arglycan IgM and IgA class antibodies were revealed. The results are
suggestive for efficient serological application@iitilis glucomannan as in vitro disease marker
and prospectively for followup of the specific longerm antimycotic therapyGenerally, the
highest values within the concentration rarigeve been determined for agtycan specific
isotypesigM and IgA, followed by specific IgG (TablB. Specific IgM antC. albicansmannan

a n dgluanand antiC. glabratamannanexerted high degree of statistical significance (P <
0.001), whilesera values of specific IgM a#fii. cerevisiaenannan and ant. utilisglucomannan
were lower, althougistatistically significan{P < 0.01). Next most profound reactive isotype has
been IgA antiC. albicansmannana n dglufan (P < 0.001), IgA an€. glabratawhile anttS.
cerevisiaemannan andC. utilis glucomannan were produced to a lesser extent (@X.0The
specific IgG antC. albicananannara n dglu@an sera levels have been lower in comparison with
IgM and IgA isotypes (P < 0.01). The determination of specific IgG@ngjlabrataand antS.
cerevisiaemannan andC. utilis glucomannan demonsteat the lowest levels of arglycan
antibodies (P < 0.05[valuation of distribution of positive results revealeel majority of positive
results over normal reference interval with IgM isotype antibodies adgairsbicansb-glucan
and mannar(;. glabratamannan, to lesser degree in the cas®. @akrevisiaenannan an€. utilis
glucomannarfFigurel and 2).

[ c. albicans mannan el
1 |[C_]c. albicans glucan
1000 4 |EEHI €. utilis glucomannan
S. cerevisiae mannan
| [_]c. glabrata mannan

*
800

600

*% kk

400 i

g *% *%k k%
. *%
- N ﬁjr‘
0_
1gG IgA IgM
Antiglycan class antibodies

Concentration [UmL™]

Fig.1. Serological profile of antiglycans I1gG, IgA and IgM class antibodies. All data are presented as
Me an RNSel§gRal tests were assayed in duplicate. Statistical significance of diffefeneasay
ANOVA,posh o ¢ Bonf e isexprasseH as: *tP& 8.00}, ** 0.001 <P < 0.01, *0.01 P <

0.05.
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Fig.2. Distribution of positive results of glycaspecific IgG, IgM and IgA class antibodies in study
population The cutoff values for diagnostic tests were calculated according to blood dénois g G/ | g M/ | g £
ant(g | ycan ant i(baovceireasgfe \N3aSIDy e s

Tab.1. Concentration range (min and max val{igmL™)) of specific antiC. albicans, C. glabrata , S.
cerevisiae, and C. utilis anglycan IgG, IgM and IgA antibodies in patient cohort.

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

mannan _ glucomannan  mannan mannan
i -glucan

19G 48.08 930.2 ©64.3 720.3 35.2 210.3 418 288.2 31.7 418.2

IgA 53.54 12115 38.2 1851 25.8 268.1 34.7 332 32.6 559.3

lgM 47.63 3652.3 40.7 3177.6 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 fungiediated local or systemic inflammation. As mentioned before, the main
etiological agent of fungal vulvovaginal mycos€s albicansaccounts for 8095% of all episodes of
vulvovaginal candidiasisThe increase of nealbicans spp(Mushi et al., 2019)and participation of the



other yeastas S. cerevisiakas been demonstratésobelet al.,1993, Holland et al., 2003}enerally, the
specific antibodies against critical fungal cell virulence factors might play important protective or
therapeutic role. Several mechanisms of effective antibody protection as direct neutralizatiomn aridung
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 andipgoate in antibodydependent cytotoxicityMoreover, antifungal
antibodies have an important role in immunomodulation and in preventing inflammegdiated tissue
damage (Casadevall and Pirofski, 2003 and 2012; Lionakis et al., 2017).

Theserologic analysis of antjlycan antibodies in a cohort of atopic females with episodes of mycotic
colpitis revealed, that the highest concentrations ofgiptian antibodies are of IgM isotype, followed by
IgA class antibodiegFigure 1, Table 1). Higtst values resulted principally fd. albicansb-glucan,
followed by mannan, this order could be presumably associated vatharegement db-glucan masking
in the cell wall ofC. albicansfollowing morphoforms switch from yeast to filamentous growtpamted
wi t h i nf egludan exposu@oddridge et al., 2009). As concerned seropositivity (Figuthe?)
majority of positive results over normal reference interval is observed with IgM isotype antibodies against
C. albicansb-glucan and mannaigllowed by C. glabrata to lesser extent in the case $f cerevisiae
mannan andC. utilis glucomannanTable 1) The seropositivity of IgA isotype antiglycan antibodies
reflected IgM trend. Detection of serum specific IgA antibodigS.talbicansn parallel with specific IgG
in women with recurrent genital candidiasis has been evaluated (Tasic et al., 2003). -Tanditkhb-
glucan and mannaand Saccharomycesmannan specific IgMbrevalence 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 IgMraamnan isotype antibodies over lg@ti mannan
isotype antibodies were recorded in candidemia patients (Meihg 2020).
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Pr2prava a antimikrobi 8l ne vlIastnost.
mi krobi 8l neho ptvodu

Romana VrzoRov§, JAIn@b &Med Sroy&vy 8§ S| avom?2r

Chemi c kSAV, Muv.ti@RWMbr avsk§8 cesta 9, 845 38 Brati sl &

bvod

PrudklT ngrast rezistentnlch patog®nnych mikro
antibiot2k predstavucee zvderCakv® tan ®c erliozsi vkeot o[vlo, 2r]a.
sY%|l asn% vedu je prevencia vol. mi krobi 8l nym i
bakt ®r i ami , ktor® s%h spol ol neEnteracotau$ taeciam ® a k ¢
Saphylococcus aureusKlebsiella pneumonige Acinetobacter baumannii Pseudomonas
aeruginosa adruhy rodu Enterobacte) [ 3] . Hl avnou pr2linou vV Z
multirezistentnich nozokomi 8l nych patog®nov |
poug2vanik magriibélotcel Tm syst®mom zdravotnej s
V. poslednich rokoch sa ako potenci 8lne antim
pol ysacharidy [ 5] . I ch “wWlinnosS z§8vis? od r
mikroorganizmu, hustota 8 b o j a, rozpustnosS vo vode a ich v
m-l ovou hmotnosSou migu prenikn%S do bakteri
hmotnosSou pravdepodobne vytvs8raj¥% film na po
Viacero gt %d i 2 potvrdilo antimikrobi 8l nu aktivit
polysacharidov rastlinn®ho alebo mikrobi 8l neh

CieOom tejto pr&§8§ce bolo pripravi S kvgatrutdeorvnais o
ich antitwbhkbheki §lohy met i enielg?an 2 v & Stpphylmsokdtas®e ji i g1
aureus(MRSA).

Mat e rmeS8tl - day

Dextr8ny D10 a D500 (Pharmacia Fine Chemicals
(Biosynth Carbosynth, UK) sor ovhnat e Onvetmenias(®85%p &t nymi m- 1 ov I
hmot nos Sami s me chemicky m @3athlofoi2-kydroxgplopyl) kv ar t
tri metylcahd -oriiudom (CHPTAC; 72.0% vodnlT- rozto
alkalickTch podmienok (NaOH: CHPTAC 1:1; 6 h;
kvarternpzBisema ((sD&Rnovi l n a z8kl ade percentu
el ement §rnou oan amlalsd e uy danedh o vzSahu:

DSo= (162 I %N) / ((14 T 100) T (152 1T %N))



PspegnosS kvarterniz8cie bol a Ma(l®g. 1% dd)v amr8i
pomocou Bruker AVANCE IlIl HD 400 MHz (Bruker BioSpin, Nemecko) NMR spektrometra so

g i rpog8ksomo v qHiF)-B@BZ Pr odi gy sondou chl adenou teku
nastaven® na sign8l intern®ho acet-nov®ho gt a

Metic i Ir2erz i s S.eauteusZ PM 2 4 ( N8r odn ®umriedbeireernk an ® k wletr
patog®nnych m$ZU, 03Ilgamwne resnoo)p rk?dlo nknwlsttii v kwaamn it ew
dextr &8niorv. 801 1000y0d mL) . Gt andar di z o8 saostanovila kr o d i
antibakteri 8l na aktivita kvarternizovanlch de
bakteai Eddcent rmBomiiang(IMBC)koasncentr 8ci a inhib?2ci

VT s | ediskugia a

Dextr8n je extracelul 8 ny neutr8lny vetvenl
Leuconostoc mesenteroides e k omer | nre! doyd u pmI | ov [Rohz chsmtod vnao s
zhl avn®h tl,6veReep-gh ukr 2y ny m pelds eliBtao-tPvl azan'l ch
bolnTch gluk-z®%wilslhosteiti e konkr ® neho kmeRa
voDaiOH skup2n s CHPTAC (Obr. 1) smpopiri pvayml
n8boj om.

@/ o aq. NaOH ( D,
dextran —OH + CI/Y\/NQ q_» dextrén—oe + Cl/k\g\/N/Qe

OH o)
CHPTAC

® o @ o
dextran —O NGI HO NGI YN ®/ o
/\cg\/ < /\oq\/ S s \\W/\/NQ
neutralizacia o

EPTAC

Obr.1:Reak| nT mechanizmus kvarterni z8cH e kdugpxtnr § n
dextra8lnkualvi ckom mp§ olsd d reid ? reegpaockxayilpur osp y(12),t3r i met y | &
chl oridom ( EPTA QnsiturekktciauICHPTAGNa@H[10) § r a

Pr2tomnosS kvart ®r nej am-niovej Sskupiny pot
spektroskopi a. V. spektr8ch kvarternizovanlch
dextr8nu obj avi 1323, 850, 3/83 & ®42 pppariace |deviatim q@it - n o m
kvart ®r nej a m-(iNf @CH)j , sktuypri onny T Ci2irNO ta- irOoQH:I

met yl ®n o v Tjcehd ns@&nuuwp PGHOMdatskuping No v T asniogm@¥Iineyj obl as
5.14 ppm tieg indikuje ¥spegnosSapshpaal eckela ni z §c
0,50 (Tab. 1).



Tab.1:VT sl edky kvarterniz8cie dextr 8adkadizhkycth
podmi enok (NaOH: CHPTAQ lannit;i mdi ki obd B |1 MRBRSAd i nno
vyjadrmingi mglona inhibilng8 (MIC), minim8lna bal

ami ni m8l na koncentr8cia inhib2cie tvorby biofi
Mw CHPTAC/AU? RUP MIC MBC MBIC

vzorka  ypa)  (molimol) PR (%) (eg/ (egl/ (&gl

D10Q 10 8 0,50 6,3 >1000 >1000 >1000

D70Q 76 7 052 74 125 125 125

D500Q 410 7 0,50 7,2 31,25 31,25 31,25

D2000Q 2000 8 0,49 6,2 31,25 31,25 31,25

aAUTanhydrosacharidovg8 jednotka
PReak|l n§ %l i no/®SST (RU), qjkeD& tDuSp e R snabrlles t i t Yci e
teoretickl stupeR substpirt2¥pcaides,, kjteo rvig ebtyo kb odH PdT

Pripraven® kvarternizovan®z &veixstlrogsntyi iondni rbh-olvauv
(Tab. 1, Obr. 2A). \pr 2 padgt dwelahigygou m-l ovou hmotnos

koncentralnom rozsahu nezaznamenal.i mi ni m8I nu
deriv8tov s vyggou m- | ovboauk therroitcnzodsnSyo u¥lsian cak ep ri
pri konleengt/rnBlci(iD70Q) resp. 31, 2BocagbmlL t(rD&OD (
pozorovali aj wr 2 pade i nhi b2ci e tvorby bi of il mu ( O
nevykazovali ¢giadnu antibakteri 8l nu % innosS |
A B
120 - D10Q 160 - S # D10Q
B — 5700 140{ . I szesa D70Q
< 804 . B D500Q & D000
gso- ——D2000Q g
2 =
8 40 A T 8
> >
20 -
0 ! : ; ————,
O » QD P .9 O O O
N /\?)\Qbébrb\‘)ﬁ) & N rf?Q bQQNQQQ Al \Q;:o (b\r.l’ 2 NS "1?‘) S \QQ
Koncentracia (pg/mL) Koncentracia (pg/mL)

Obr.2:VT sl edky st anovienhiiab 2vciiaeb itlviotryb y(p Ay toad i ansut i( |
kvarternizovanlch dextr8&8nov rtznych m-lovich |
troch stanoven2 N smerodajng§ odchT%)kavzIGdadadrms:
k neopracovanim bunk8&m (100%) s%¥% naznalen® pr:
(D10Q:"p < 0,05,"p <0,01,” p < 0,001; D70Q% < 0,05/ < 0,01 < 0,001; D500QFp

<0,05%p <0,01%&p < 0,001; D2000Q% < 0,05 %% <0,01,*% < 0,001).



Vplyv m-1ovej hmot nosti na antimikrobi 8l nu ak
gtudovanl [hp ®hibtlox®vean® pr 8§ce s¥% vgak rozpor
je potrebn§ wurl|lit§ minliom§kbha) m-dlow &b dlmot kvoaSt
antimi krobi 8l ne Y% inn® vol. MRSA. ©Dlinal so z
kTm nedosiahol ~4V0®) &« Danaxi maimgi(e zvygovani e n
neprejavilo vyggtviou KpodobhRImrz8veookh2spel.
vpr2pade.chitoz8&8nu

Prezentovan® visledky s% Aodrazovim most?2Kkol

kvarternizovanlTichh padtyismickhraob id®lvhne@aho %l i nku. F
cielen¥s pr 2pravu “ul i nnlch bi omateri 8l ov na b8z
aeradi k8ciu nozokomi 8l nych infekci 2.

PoNakovani e
T8t o pr8ca vznikla vNaka podpore Vedeckej gr al

[ proj ekt | . 2/ Oro87mpikrl 4 | ra® hpoo dproa ger avmu  lpret egr oV
projekt I T MS: 313021Y920, spolufinancov@indn§8dmehd:r
rozvoja.
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Porovnanie model ov glykozidtransgl ykoc

programov Modeller a AlphaFold
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Homol - gne model ovani e pred t @anovyujgé vawmigp olntao
trojdi menzion8l neho ( 3Dde nwmdeellaust pr ojteel?P o u p rnian
aexperiment 8l nemnesjtagbvekedsr y ehomé8l - gneho prot
najl astejgie poug2vanl softv®r mMaemomoPR vagin& me
pr2stupu npprRldphabvalje [ 3], ktorT | epredikuet3S®mom u
gt rukt %r u icp raminhoky3efinove] sekvencie. Ve j t o pr 8ci por ovns§

glykozidtransglykozyl 8z vytvorenlch tTmito dv.

Materi 81 a met - -dy
Ako vzor ova®n sgd lyykkoozziydlt&zy bol i pougit® dve for)

(XET), ktor® s¥% v datab8ze Uni ProtKB [4] ul og
figuruj¥% enzimy pod skAkhokammpHSE§XEPBeahomXETE
bol at@oy@idi n8 zn8ma krygtalografick8 gtrukt Yr
Na vytvorenie homol -gnych model ov sa pougil a
v2 (DeepMind) [3].

Visledky a diskusi a )
Porovnani e prim8rnyldhwETHt ra k tfdr entb3vnXiEIT Wdyrzonfad bei

aminokysel2n wukgzal o, ge najviraznaedzdethomr ozdi e
polte aminokysel2n tvoriacich ich gtrukt ¥ru (¢
aminokysel 2n.

HVXET3 = 39

HVXET4 40

HVXET3 79

HVXET4 80

HYXET3 119
HVXET4 120
HVXET3 159
HVXET4 160
HVXET3 199
HvXET4 200
HVXET3 ARET 239
HvXET4 -ARRGEAGEES. - - - - - - 233
HVXET3 - 271
HYXET4 . 266

Obrl:Zarovnanie pri m8r n¥WeBT4 gutirzuka |Yirz 8Hvi XoEUT 3hyadr of ob i
aminokysel2n. Hydrofobicita aminakys®%l po wdéersB. od



Prekrytie modelov terci 8l nych gtrykty®er tweynt wo mre
by nemal ovplyvRovaS gtrukt¥%ru akt2pwerdHfo®r mie¢
obl asti, ktor8 Je od neho dostato]l ndistowzdi al
VHVXET3vmi est e, kde je HVXET4r skt 8f e m§ stablitg ps aj a\
mol ek%l vystavenlch rtznym podmienkam.

Obr2: Prekryv homol - ¢

HvXET3aHv XET4 vytvoren

\ Y Modeller. Vi 8§ m| eku j e vi z
snaj val g2z mi gtrukt
Nl | Akt2vne mi ee ttov celistami,G
4 @ FXETS ktorTch usporiadani

e @ HvXET4 donor owKaceptaor ovich

VNal gom kroku bol i v yHvXEN4@mogramomdlghalold. RMSDXreot 3 a
means square deviation) medzi t dmodod programwid e | mi
Model l er (Obr. 3) bolo pribligne rovnak® pre
n2zka hodnota reprezentuje vysok¥% podobnosS ol

hlavnl rozdiel op2S v oblasitiazsnenlzmyma pObit om
Hv XET 3, kde Modell er naznal i | -listov, heehaltAlphaloll | a s t i
gtrukt%ru v tejto oblasti neusporiadan¥%, pokT

t 8t o oblasS neaWap drlipshdaaFrdghkedsiak B mai Iga r uk t Y%r a
skr §htte@lli x sa -toebrjnaivni8ll owef Qgtrukt %re napri ek
usporiadanie neobjavilo.

Experiment 8§l na char aklt7dr iwlk&z al at,T cthea on aemrzil arko \
gtrukt®%r (Obr. 1) a biochemicklch vliastnost?
porovnan?2 s HVXET4 menej odol n8 vol i n8hlym z
Toto by mohl oprb§\Se zzamer d in emeBu s p ohrhieal di akn§el jn ul, a sktt
navrhol AlphaFold pre HYXETANa dr uhej strane bola HVXET3 o0 n
tepl,bb8my sa dalo sk'r prip2saS |ej mi erne Vy.
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Obr. 3 Prekryte homo!l - gnych model ov Hv XET izoforiem vyt
aModeller.
Z8ver

Program AlphaFold vytvoriilpyr 2 pade i zoftbeiny QBY KET 4r u, Kktor §
prispievaS k vyggejnShhpml imen8mhtepkehul mmukvp
v porovnan?2 s HvVXET3. Tieto visledky m!ggu naz
AlphaFoldom ako Modellerom. Rozdiely vmod och sa prejavili vilulr
oblastiach gtrukt¥%r, oblasS akt?2vnehdstoma est a
ukonl|-e®Bi Yom bola dan§ krygtalografickou ¢gtru
algoritmy oboch pvgramov.
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Liastol n8 biochemick8 char KK®ri z8ci a

Bar bor a ,StSreatgieljovG&® st §k, Krist2na Vadino

Chemi ckT Vasit.a,v [3Ab/r, a ws8K588 Braistataa 9, SK

bvod

PrudkT rotdowv] agmwkleemov] ch ddtvaolj ®zan svd pjod nlo v & j
viedolkv T znamnT m merne-ndSarc vegm8aeag ms bi el kovinami, k
viiastolnom nahraden2 ich kompl i kovanTccihe Gounm i f

stmovi S ich komglhatrm¥%t @t i s kialttrab S@mampyr §pu2 grav
g®noevxpa esiu cieOovich prote2nov na z§8klade i
otestovanie splsobildastab8Szagk &jht wgymeBdy ps me e 2
ktorT by mal na z8kl ade gtrukt Yodpy28[@lpr ezent ov .

Materi 81 a met - -dy

Na z8klade bioinformatickej anallzy [3] sme p
pr2tomnosS amd in®lkryyseh 2pyeésel hzanisebatr §tov ty
rodiny GH 28. Vdat ab&8zach sme vyhOadal iENA 8KC87799,uk | e o
komer| nou cestou dali pri pr)awranSornovalinho@®ichiak T g @
pastorisGS115 [4]. CieOovl prote2n bol z2skanl rov
a rovnako bol n8sl ednExpi asta|l peocbdanak@Qes XZT0
m®di u potvrden§g letmoutOnbiraptEliteo u T ee ko Boment i fi c)
s asne stanoven® kont amk.pagtprisuc e pr ot e2ny poch

Visledky a diskusi a
Bioinformatick8 anal kpat arki8rzwjlci che pgioddeémo
zpr oduk | rR&h pastdtisne neobsahuje aminokyseliny, kto

aktivitu rodiny GH 28, t.j. nemtge ovplyvRova
aktivity Q75XTQ0 Pr ot e2novl profil prezr §8§amolekubvejpr ot e
hmot nost. ( Mh)Yobrjle Nepwvgpggnh BaAazImov§ aktivita

ktor§8 korM@QyexXdw) eypl T vaj Ycej z jeho gtrukt Yr

:
[anas [ e | aran | anvams | aneans | anewm | amas | assass [a) o

o I
@i

Obr.1.Prote2novi prkdlitli walee®Baq am@&hioa na kol -ne Supe
NGC (Bio-Rad).



Stanovenie aktivity na polysacharid a jeho pen
2,7 X vyggia abkoonadoponAALBIZIKUS boVtentp o mer r 8dovo |
keNge v pr2pade AO0OALlVPIDKYPE&E cholp ¢ig8akd®@0xup o me r

hal g2 rozdi el medzi t Tmito dvomi f or mami sa z
Q75XTO0 pribligne 4,3 na roqzkitelr ® b op(@br.@fioil ma p!
Teplotn® opti mum m&([Obr.2B)o,v nlakk oj e/ ylsmdkm®qgt & Ot ypi ¢c k
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Obr.2.Char ak tQ/sXirTA-pH aptimum,Bit epl ot n® opti mum

Z8ver

ProQ@5IXTO je rovnako alMWldt ppiodlkedwn AQAIOVWVWKGZAIZKHNITr o
do GH rodiny 28. M8 pr ef er enc iADALGLIZKES8 svay sl 02kgoi mod |
opti mom, nk& nopttepriuott majpga videlnitastk®. ndehaor akter
na Yrovni jeho experiment8lne stanovenej aktiywv
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Elektrostatickl potenci §l povrchov e

Bar bor a ,StSreatgieljovG& st §k, Stanislav Kozmon, K

Chemi ckT Vasit.a,v [3Ab/r, a ws8K588 Braistataa 9, SK

Pvod

Vpr2pade enzl movhydktodrT®& uk aptod lyyszakjpar T dbv j et o gt
m: ge zohr 8vaS vdmeainfnivci #leohtul csht o enzl mov el

povrchu. TakTmito enzl mami m! Ju (éxgGH)rodiay®8 . i z o
[1] . Pr2tomnosS viacerlch izoforiem sa zist:
charakterizg8ciou tlchto enzlmov na %Y%rovni S
prote2novich extraktoch [ 2, 3]. Gt r usketn¥riy§ |ennyzclh
aminokysel2n nevyhnutnlich pre katalytick® vl a
prote2novs8d 4UnivPrdoattkaBb [ 5] . Z desiatich vybrar

predpokl adan® gl ykozi dhyd,rABALEZKY¥[G a@WXTD.vi ty pr

Materi 81 a met - -dy

Prote2nov® ¢ttt ol yned edhiaataikateri zovanich a po
boli vybran® na z&e&l|] ae ByldogensStraki |l osvepmabc
MEGA v7.0.26 [7]a Clustal Omega [8]. Akomodel i c hhrny @lr c@t8r ukt Yar bol i p
3D modely dat ab8zy [#! pEhEkt dostatickl potenci 8§l [
v programe PyMo[10].

Visledky a diskusi a

Fylogenetickl strom vytoworareinopr ekdvei gouuleix:
rodiny GH 28(A0A161ZKU8 a Q75XT) a Nal g2 ch osem gtr ukt Yar
aktivity na z8klade vIisledku biointhooiade@at i cke
fylogenet iGbkX® skupiny (

— AOA165Y5R2
,(':1

Q)ﬂrofo?sn ¢ OWE,W\ N
Tl AT Obr. 1. Fyl ogenet i ckil
N L charakter i A0ALGZKUS |

o5 e "W rerrag, Q75XT0 a pot e n dzof§iem

exoGH28v yt vorenl pro
'A%% [7].

L3OASLIVOY
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Obr.2.El ektrostatickl potenci 8§l HADAIBIZKUBaQ75XTRast ol ne ¢
potenci 8l nych izoforiem exoGH 28



Zobrazenie elektrostatick®hphpé&bedcid@ltabgayr @
virazn® rozdiely potukh®eitS8lro® zjaehdrnRootviailvil cehj gak
(Obr. 2).

Porovnan2m el ektrostaticklch potenci 8l ov povr
stromu vytvoren®ho programom MEGA sme nezisti/l
smevytvorili aj fylogenetc k T st rom programom Clust al Ome g a,
povrchmi podstatne Igpi (@br. 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.Fyl ogenetickl strom |(ACAKIZEWSQFSXTOhaa rpaoktteenrciiz8ol vnaync
izoforiemexoGH2 8 vyt vorenl prog[8lamom Clust al Oomi

Z8ver

Exoglykozidhydrol §zy rpodiorbye GH ax&rd & hv y gloy tou ji
viznamn® eloegldtiredyt aati ckTch potenci 8§l och svoji
dap#zoroa&aS2anyeh miestach enzlimov. hyprpVvTitzluc
nabitlch polysacharidov bude predmetom Nal gi el
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Teoretick8 stabidiuba tekxgpepriiiermeun te§nlznem st

~

enzl movej aktivity

Barbora Stratil ov§, Stani sl av Kozmon, Kr i
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bvod

Gl ykozidtransglykozyl zkxkapatdyaedj by gGHepénicé ¢
sacharidov®ho substr8tu, prilom n8sledne prent
(donorovl $ulpstlne®Hto) olda giosmacharid (akceptorovl
rtznou donorovou a akceptorovou gpecificitou,
stanoven8 girok8 akceptorov§ ¢gplemi piei tear pkeu
naj |l epgi e c¢har a kejtoeskipiny PtXETIL6A[eN]z,] mba@l a st anove.
gpeci ficita aj pre donor aj p r e -danorakegptord4] . Sim
ukg8zali, gegTwkXBET&oIphbelki st abinmimst@biita BtXETGEAt k T mi
vygadoval a -glgheldv # zblkméd3i vilulne gluk-zovI mi
sme testoval i, | i takto z2skan® teoretick® vl
vzg8§cnej skupiny enzdkrmoept ckrtooorhf so pre§hugjeomaj[ 5a.

Materi 81 a met - -dy

Homol - gne modely TmXET®mXET6.3]WIHH/YAIDR HVXET®olb mut at
zostrojen® na z8klade koordin8§tov z2sk&nlch z
[3]. Homol g ne mo d e | 1y o vhaoM@ilellergvé h & | . Ako donor sl Yagi
heptaoligosacharid (X®S7), ktof bol dokovanl podOa koordin§t
po odstr8nen? dvoch terminl8l npkbh ghtaktorowl
oligosacharidy [4v. tejto pr 8ci Konkr ®¥ne JXghot gtnragadé
pripravens8 p o fmwebcserveru (B aruprAvgipre dokovanie v LigPrep tog9].

Prote2nov® gtrukt¥ry boli pripraven® Pamotdm®o
dokovani e Dbprograme iGhdg[elnl® va redokovan® pomocou |
Protocol [12] Pre simul 8cie molekul ovoav dgmabimk ou s

akceptor pripravili wleap, ktorlT je s¥% asSou p[i3) gplikevabsa®ho b
parametre slo®ho poOa Amber f pa@atn&rB GLYGAMQ6r poet sachamidy, a
solvatovalo sa molekulami vody TIP3P1 4 ] . Pot omy bekvi lgitbrukt &n ® a

simul 8ci e molekul ovou dynami kou [ 4] .



Visledky a diskusi a

Glykozidtransgl y kKTonXgTh.83 ¥WySH/YIHOR Eefi 8 X BT 3 sa Vvyzna
nezvyklo girokou akceptorovou ¢gpecifi cietl ®u, t
spektrum gtruktur 81 n ealebadigospahdrido [2,5].e VKETS $aroy ¢ h  p
TMXET6.3 [2¢gi schokneptSonu ajyugabaS®akbi qqos ach
mut §ci a TImXEHGH WBH/Y1I0R viedlak 2 sk ani u astcahloypmnowa S  kr

na nabit® substr §t yprr2opvandaek os k uagkion yt oemmuz Thnool vo  gut
SHVXET3[5].

Pokusas i mul §ci u pomocou mol ek ul-XG/QSyXyldg/Sda, mikktyo rklo ng
osvedlrizlpawd e PiAETHGAY],vedol napriek experiment 81l
na tento akceptor post upn®mu uvoORv¥Y¥aobo®mKcmpledsa, zp
ukonlenia simul 8cie sa akceptor (Obrak.h §Ri@ward a kdi n
visledok uk8&8adwdijai si mumEtcamt em TmXET6. 3 _W75H/ Y1
akceptor aktz2vny.

| |
y
( /

1/
|
{

' 1000 ns

|

Obr.l: Si mul 8ci a mol ekul ovej dyndgdmimXyETSESt 8hi Isiitvyg8 lkad el
mo d i §ohor XGOS 7, t yirdkoemooWBOS4, JugavPpoliatku simul §ci
konci (1000 ns).



Z8ver

Zvisledkov wypglpladae, eqel Gdvi®od0 odknygr ® s¥% sct
okrem @i rsopke®&h r a neutr 8l nych glajgosnadbira ® dpo
aol igosacharidy, nie je medzi véspedkmenmt gl i $
k o mp | e x o-donoeakceptonzhoda, ako tomu bolpw 2 pade ¢gpeci fickT ch
enzl mov oper uj Yc i-atligosaharidoehPtr re8llproykd ta dfarley, ¢ge ¢ h)
vpozmenenej 3D gtrukt Yar emua k8tc?i vame h o kmioe SRt ai nme nuzl
vakt2vnom miesmnmn&baj pmrubwpagyiysism templt Emom a.
s¥visiacim doklokhtnd mmbodu byS potom vdomhodzi e
akceptor pre t¥%to sktpi povagaj @eme chybo®n®Pus Kk
gt %di e apjodernozdiimmoyv GH 16 20, ktor® vykazuj % sch
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Umiestnenieap o | et | yaw?ymjdGeivertvmi n§1 ovej sekvenc

gl ykozidtransdl wikhoypln®s Sa vi azaS nabi

Barbora Stratil ov§, Stani sl av Kozmon, Kr i

Chemi ck1 Vasit.a,v [BAb/r, a ws8K5388 Bratiskataa 9, SK

bvod

Transglykozyl 8zy reprezentuj ¥% zvl 8grtonzugts kymeinr
polysacharidu neprpensdgdanT¥n jneetr ce dfurkaug mecnitm sk onc o
poly- alebo oligosacharid [1]. Yhi nul ost i bol i peagBkdm® e zaksk
transfers8z [2], aktu8lne sa preferuje klasifi
patria medzi |l hkdeodgegnésglykewszyl 8zy podskupin
al alebo akceptorovowi mpwecsdicienpaoa, ari Vviomy vel
sacharidov [5]. Niektor® enzIimy vgak dok8&8gu ka
na nabit® akceptory. Boli identifikovan® ami nc
vadzobn®ha Mmi6é, prilom bol pougCt ér rainrz§ Imo vienX Ed
rovnako ako HVXET b§8zitcekj®& oa mi lmlo&ksytsie l n empyq s k yatkal
Vtejto pr8ci kemelpSckiYusi gner uwokt ur 8l nych ¥daj ov
termingl oviaktisektvemazidama® akceptory.

Materi 81 a met - -dy

Zarovnani e pr i w@protki §7hsa gpbilo prégtaiom ClustalOmega [8], 3D
gtrukt Yary enzl mov bol i model ovan® na z8kl ad
progranom Modeller 9v6 [10]@ obr apeo®r a me Py Mol [ 11] . Akti vi
neutr 8l ny donorovl pol ysaléamird d/boodgat 83vapovreas
fluorescen|lne znal emTwdhd m®ad ukrn alve m@hak ca lec eap t
site zapojenom do HPLCfsl uor escen| nTm detektorom [5]. Pr
z8kl ade narastaj %cefVvpsobchpdpdB®gkpredankmavej |

Visledky a diskusi a

Zarovnanie@ er mi n8l ovich sekvenci2 vybranTch gl yko.
zobraz®o® nTi et o velnnzilnmkyou sTMXET6. 3, boli vybr
schopnosti Ikatalmedav a8 emuemmadlinyl mmi daockncoerpmiorami [
tak%t o schopnosS W725sHk aa aY 1plo0 Rmu(t T8neX E8Tcéh. 3 W7 5 H/
enzl my, kt or ® pat rremaldo etdejnteq pedkvlewnginy la z 2 n
aktivitu nemé.



Umi estnenie a polohy konzervovan®ho argin2nov
model och enzTQbo Ndlert&kzyujte et o zvygky s¥ aj b
nakl onen® smerom k miestu jeho potenci 8l neho

V5ZEF7_TmXET6.3  WVRDNYMKDHRESQGLPRECSVIZ50
P93671_HVXET3  WVQSNYMIYNKRTARSVPAECSM- 272
P93672_HVXET4  WVQRKFMIYNKRIAPGVPAECKLR266
B1P1S7_HVXET6  WVQKNYMIYNYGHDAPPECASK259

*ke + kkekk ok Kk

Obr.1: Zarovhanie@ er mi n§1 ovich sekvenci?2 vybranlch glykozi

Obr.2: Umiestnenie @ ol ohy argin2nov®hdoctarmynd8hovegphsekzedal
glykozidtransglylo z y | 8z p od s k UTmKET§.3_W7HH/?1Q0RB iAHVXET3, Ci HVXET4,
Di HvXETS.



Polet a poz2cie lyz2znovlich zvygkov v tejto ob]
SY zhr Tab.tl® Maj akt2vnejg? balvomiut & yiz 2zWopgikra 6ni 3
umi estnémebmiej vbl 2zkost.i pred konzervovanlm

HvXET3, ktor8&8 m§ identicky umiestdeohl jpdmer
bl2zko gpat mmmHvAET4, ktor§&8 m§8§ | envlimyzHwXEIT 62z w
l en jeden lyz2novinavygyigogi zaaktrigvntaovim a

Tab.1: VI skyt Db&8zicklTch aminokyselindcdlealmi n8y pv@ey (skk
gl ykozidtransgl ykozylh8zakpadsikuapinmy nlatb i20® aakceptor

gyl ey YHOIYHOTWHO)YHMNJYHMN! Aktivita na

YIEOAGS |
TmXET6.3_W75H/Y110R K234 K237 R238 - - +++
HVXET3 (P93671) - K260 R261 - K264  ++(+)
HVXET4 (P93672) - K253 R254 - - +(+)
HVXET6 (B1P1S7) - - R247 K249 - +
A |2slovanie aminokyselinovich zvygkov v TmXET®6. 3
Z8ver
Viskyt b8zickT ch olkyZ22n okvd nczhe rrveozv2achu®?h ov ar gi n2 n
nach~§dtzear i rC§,Iovejv o?lasti glxkozidtransglvykoz
ktorl cev pslcyhvoRounjos S tl chto enzl mov pren8§ga$S fr:

kysl ® akceptorov® substrsgty.
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Elektrostati-tkf mpongkeocieBl s€kvencie gly
podrodiny 16 20

Barbora Stratil ov§, Stani sl av Kozmon, Kr i

Chemi c k3AV,Vasit .a,v D¥br av s8k538 Bratiskataa 9, SK

bvod

Glykozidtransglykozyl 8zy podrodiny GH 16 _20 |
ale na rozdiel od glykozidhydrol 8z nepren8gaj
vodu, alena i nfalpecbloy ol i gosacharid (akceptor). Et
akceptorovou gpecificitou. KIm pr etejptskupingt ur 81 r
Ptt XET16A [ 2], bola stanoven§ strirkte®zgmeaeift
i stej fylogenetickej skupiny, Hv XETS5, bolii p o
akceptory [3]. Enzimy druhej fylogenetickej
ohOadom najm2 akceptorojv¥%cmedzuibsnir@it opgozal ev @ §
napr. TmXET6.3 mala s2ce experiment8lne stano
oligosacharidy [5], ale nebola schopn8 kataly
ako napr. HYXET3,HvXET4albo HV XET6 [6]. Tento rozdiel sa
anallzy aminokysel2n v2zobn®ho miesta [6], al
mognej Yal asti b&8zicklch argiCnekyns el§il movweljcls ekwye
jetypickou | rtou podrodiny 20,tepdaovipaB8am? shknes|
elektrostatickl potenci 8l povrchu -pepfmisadl cwv
sekvenciu.

Materi 81 a met . - dy

Ako vzgolryokvo& i dtransglykozyl 8zy podrodiny 16_20
for my xongIuk§nendotransg|ykozyl§zy (XET)

gpeci ficitou [2,3,5,6]. V tejto -gaAmMXET63aY% enz
PitXETI6A.Ak o t empl 8t ©pr e ho mol - gne model ovani e bo
gtrukt vara XET, 1UN1. pdbNa[] 2v]y,t vkotreern§ ep atornfo | P tgtnX
pougil programEIMektl 6 ®er &tvicc 18] pot enw®ib§lazepbvr

v programe PyMol [9].

Visledky a diskusi a )
El ektrostaticklglppkenicd@&d awvydlryakndzyhl 8z podr odi

naObr.1. KT m -t earsBi rC§1 ov e | sekvencie (v r8m|leku),
akceptor je ypr 2epHvMETS5 aPt t XET16 A kysl 8 (|l erven§), t. ]
Hv XET 3, Hv XET 4, HvXET6 a TmXET6.3 b8zick8 (n
zvygky, ktor® s¥% schopn® interagovaS s kysl T m



Obrl: El ekr o ptod teinak 18 | povrchov glykozi dttreammign §lkow§g
sekvencia ¢gtrukt¥%r je or8movangtg.



Vs ¥l atdiemtso elvKETS@mRt t XET16A nevykazugikadhmu kylst i®v
na rozdiel od HYXET3 &lv XET4 [ 6] . He KE®D6 omE asti ni gg2z p
HVXET3 aHVXET4aj eho aktivita je na damr? m&kde pEmnXE Tz
ktorej usporiadanieal ekt r ost at itekimiegn@t eaghb Pt 2 gede v HV XET
aHvXET4, bola pr2lina absencdmi mdkkysvdltiyn anval ckhy s
vpoz2ci 8clh0.75Mua §ci a t1 c NIIER viedlaykggtk DvmuwW7 BEHX BT 6. C
W75H/ Y110R schopn®mu voligospéharidy®koakeaptary.2 vne nabi t

Z8ver

Zobrazenie elektrostatiyklozé¢htpamnemgdiykloaw ! Bav p
uk8zalo, ge existuje kor elt8crina nn3d dozvie j hichdansat ti a m
schopnosSou katel yopovadSvprben§§gamgmentprv2 pnaad ek y s
ge je splneng8 aj podmienka pr2tomnost:i esenc

vpoz2cokaeh?2 vkatal ytick®ho miesta enzl mov.

PoNakovani e
Tento pr2spevok vzni kOpeviHbah®hpodpogeawmur §mt e

pre projekt: Gt udium gtrukt¥%rnych zmien komp!
met abolicklich a civilizalnlTch ochoren?2, | TMS
Eur - pskeho fondoaregion8lneho roz
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Vplyv polohy1,3g1 ykozi di ckej v&2zby na stabil
(PttXET16A) i donori a k ¢ e p-(1,8;1,4)M-glukotetrasacharid)

Barbora Stratil ov§, Stani sl av Kozmon, Kr i

Chemi ck1 Vasit.a,v [BAW/r, a 8k8K538 Bratiskataa 9 ,

bvod

PttXET16A jej edi n § glykozidtransglykozyl §8§za podr o
krygtalografick¥% gtrukt %r u [ 1] . Napri ek t o mu
heterotransglykozylaln® reakai ettréotkt meemgplemu f
gt wdi e stability jeho komplexov s donorovIim
akceptormi naznalili, ¢ge by mohol ma$S potenci &

z8kladnl reSazecl mie jtedmeinkamil ukk zor ®&1,3)% Vvi az
al e Hlpdyvb? z b a mi [ 2] . Teoretick® visledky podporu
do i dentickej fylogeneticke]j skupiny ako Ptt X
Viejto pr 8ci sa venujeme gt¥diu stabilitpr 2kamdel e
ktorTch sa akceptory, glukotetr-a3abhamedy, 11
vazbamDS4] Ml ¢

Materi 81 a met . - dy

Mlg-OSAC (akceptory) sadickepl@Bv azpy zimred owa @il F kpr i |l o
il13va@zba sa nac hn8dzead unkaujjb%ciegmyui ek oknvieho stredet @ a s a c h ¢

naj bl rgdué&uik¥%c eArhwo kdoomoou. s | %gi | xylogluk8n he
dokovanl piond8Qa pkroeorxdy |l ogl uk8&8n nonasacharid p
gal akt-zovich rez2du?2 [4]. Gtrukt Yrwgbsarkemie pt or

[ 5] a upraven® pre dokovanie v LigPrep tool
dokovaniew Pr ot ein Preparation Wi zar drodgrampGlide8 mot n®
a redokovan® pomocou Induced Fit Docking Prot
sa §trukt Yr y -domoiagceptoxpoipravikevieap] mk t or To uj e rso¥glraasn® v ®
bal 2ka Amber 16 [10], aplikovali sa pparanzimeet r e S
GLYCAMO6 pre sacharidy, solvatoval o sa mol eku
ekvilibrovan® a pougit® koul[Bl si mul 8ci e mol ekul

Visledky a diskusi a

Lasov® z8vislosti vzdi al e nOdsakceptor@ L mideosntonr eonvi®chh
vakt2vnom mieste PttXET16A gtudovan® pomocou



ge vzniknut ® -komprd esyb etnrz§tm ©BL I)pomke Nge smadz i
donora @4 akceptorov sapr i ebehu katal Tl zyvavzybtav,§rmalgil yky z
vzdialenosti umogRovaS enzlImu katalyzovaS tra

31
2% PHtXET16A; Mig-OSA
FAVG: 5,15 A; Min: 2,79 A; Max: 10,21

21
16 |
11

R

1 1
PUXET16A; Mig-OSB
26 | AVG: 3,57 A; Min: 2,75 A; Max: 5,62

21
16
11
6 |
1

Vzdialenost [A]

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

21
16
11

*13 NWWM

0 200 400 600 800 1000
Cas [ns]

Obrl:Lasovs§ z8visl osS Dzakiepdros Me3S)via k€2 vih@mo ma east e Pt
vpriebehu simul 8ci 2. mol ekul ovou dynami kou

~

Vi zualiz8cianpdonikoivanidohaktk2cerpdamrmivesst e enzlm
si mul 8§ cpodOOVBQba2) tento predpokl ad podporuj e, [
negpecificke]j TMXET6. 3 [ 2]prejavavaliag® SAaj ke v ®o dnma
gl ykoz i3y wkkZb ub umi estnen%¥% najbliggie ku katal:
vykazovala na tento substr 8t aj najniggiu exp
vazbovej energi e k pakcpptoex UMIgOBSt4t XET $§ K An ® na Z
MM( PB/ GB) SA vipoltov a pol2tan® z posledn®ho
dynamikou (806 000 ns) wuk8zali, ¢ge voQ@r® pwdsSEdM g ene
vpr2pade substr §tak %kIvorrzibumsn ag vy lkaecz ivdzidi al en ¥
miesta Tam®)l. miTe(nt o substr8§t bol tieg favorizov



Tab.l:Hodnoty voOnej vazbove]| akcepormiMig®OSKo mpils&xm ®PtntaX B
MM( PB/ GB) SA vipoltu. Hodnoty-180@nspol 2tan® z | asov®

Akceptor PB GB

Eint [kcal/mol] N @ Eint [kcal/mol] [\
Mlg-OSA -30,66 9,1 -30,1 9,7
Mlg-OSB -29,45 5,51 -30,52 5,27
Mlg-OSC -43,33 9,72 -51,5 9,46

Yy \
1000|ns

Obr.2:Vi zuali z8§sadokowmwanhch -@Q%4 empa oz alvi avtl lgo1080insnu | §ci ¢



Z8ver

Zvisledkov gt wudi a st aibdonbri MigrO %4 mpy pelxTowa ,Pt ¢ eX EaTj6 .
ktorT je oznalovanl ako striktnet@ggackatakiyzo
transfer nielen na polyaol i gogl uk- zku®rt ebla sev®lvr ez2 du §

gl ykozi 1,3 &1 smmHIg4pvb? z b a mi [ 2] , al e aj na akcept
zmi egan®. V takomto pr2pade by ma-(18vBydyalat it wi
t ak, ge | 2m by bol&sumievt kd 8§ odalpegjebodhm r ea
enzlmu vyggia rovnako, ako to bolo v pr2pade |
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Vplyv mut8cie Q108R na stabiTdotou- kompl

akceptor
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Chemi ck1 Vasit.a,v [BAb/r, a ws8K5388 Bratiskataa 9, SK

bvod

Na z8bkiadeformaticke,j neagpeeifigpkicdiif i gkVkbzia
podrodiny 16_20 boli navrhnut® aminokyselinov(
akceptorovy¥% gpecificitu jednotl i v cladowbola T mov .

experiment 8l ne potvrden8§ pomomey prewti d&lirc&jl m real
TmXET6.3, vkt orom sa ako najviznamnej gie pre gpeci
z vy g kglohevo4 d 0 8. Po mut 8ci i Ql108R,uj @r izlaomj eRilkeQ
charakteristickTIch ami nokyselinovl @a@108zzay gk ov
charakteristick zvygok negpecificke] skupi n)
gpecificita zT mu v s ¥l adpgtorGello®iSe bpd lal @ d/d ng,e nt§
Xyl-OS kl esl a [1]. Tieto dva akcept-O3 yslbdiil ivyd
akceptory pre enzlmy aj -&Xubpoilniy ¢ peaci fsikcukp® npyr e
V tejto pr 8ci Iickoa stabibiau lkampléxovenutan€(o X E£Tt6 . 3 ) 1Q@DIOB R

i akceptor (CelleOS alebo Xyl0S) . Vi sl edky boli porovnan® s t°
enzlm TmXET6.3 [3, 4].

~

Materi 81 a met . - dy

Ako donor sl Yagi | Xyl ogl uk 8onk olveamil a opl oi dglvas ak dhar
Xyl ogluk8n nonasacharid po odstr8nen? dvoch t
akceptorov boli pripwabes®rpemac¢Bb] GlayY QWM av e
LigPrep tool [ 7] . Protead3Inpv® gokoktavi @& WwWolPa op!
[ 8] . Samotn® dokpwvagramdoGbi debp@P & redokove
Docking Protocol [10] . Pre simul 8§cie molekul o
donoii akceptor pripravili \tleap ktorl j e s¥%| asSou progr amovVv @G
aplikovaldi sa parametre si | opar@hette GLYCAMO6 pfrenb er  f
sacharidy, solvatoval o sa mol ekul ami vody TI I

pougi t ® p maekuovomdyhafikou (MD) [4].

Visledky a diskusi a
Simul 8§ci eOMXyYDSAb Wt 2vnom mieste TmXET6. 3_Q108
substr8ty bol i(Obprg.me-@Bl talabpbn®vnat aPhevisombi
mieste TmMXEP62padel iy h&dda@l2on ki kyvoos tvio Ovlz d
dono®&A akceptora [ 4].



18.5 - Q108R; Cello-0S84 t Q108R; Xyl-084

16.5 | AVG: 5,52 A; Min: 3,42 A; Max: 11,76 AVG: 4,84 A; Min: 3,01 A; Max: 19,69

14.5 | T
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105 - i

85 | \ f
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Obrl:Lasovg§ z8vislosS vzdi adS4XoeEdtSi4 @Kk od @aiaakre 8 tvan o ¢
mieste TmXETHBr B3eQd®B Rsivmul §ci 2 MD.

Vzdialenost [A]

|l nterakcie medzir ezmidruakny s @lhXERGi@®4Tab), Dbol i
porovnateOn® s TMmMXET6.3 [4],i npreirlacknei hl aswnlz ar
ami nokyselinovl mdrzwhyogukeo®o uR190Da8¢c hsari dovou | ednoc
neredukuj “ceho BEohpade Pald@®®4nto RA 0 8y itnrteeSoaug o v
Xyl -zovou jednotkou od n eprre2dpuakdug YT M E E6k.adociki,
sGI n108 nedoch8dzalo [3, 4].

Tab.l:Rez2 du8§ TmXET6. 3_Ql08Rcepgt or-@mkan@Cerdhlghhgiad 0 %s
| asu simul 8cie MD do vzdialenosti 4

11 O0S L 2 LYdSNI 3dz2agO0OS NBT NRdz 06 LINZ

/S tht{ & Il AdadnX ! aydcs DfdmncX ! NAmnyz ¢

- abf{ n laLllrp I AdadpnX !'ayZdcX ! NAmny

Stabilns§ pol o®S4 ,aXylkQ Sodr Yaz aCuej lall o pol as si mul 8c
v TmXET6.3[3,4] (Obr. 2).

Hodnota voOnej Tab22zpe @HegS4 womplexg sTreXET6.3_Q108R bola

ni ggi a a¥0&4pr ¢Nydedepesr i ment 8l ym stanoven2m a
mut 8ci ou Ql08RO8HKt vv nBgHOS desl&[&]l | o

TabHo@8noty voOnej vazbovleq. 3 n@hx@E& Bp ko m@pde xad e XTynmX E
OS4 z2skan® na z8kl ade MM( PB/ GBa)sSoAs &hl op-dAsDedk. un $800d0n o |

aat . {! aabD. {!
11 OS L2 Hyal OF f kY 5 Gyl OF f kY b
/S it & TOHZIN g yIpc TOHZIHO cCXgT
- ahf{ n THO2XCnN cC>XMC THC>XHPp pXZTM™




Cello-OS4

Obr.2:Vi zual i z8cia donor a, n(a$l4)xk)§ﬂ)\6a4nTacrs akacemptt or @vm C
interaguj %cich aminokyselinovlich rez2paw?2l10mMXET6. 3
ns.



Z8ver

Si mul 8ci e mol ekul ovou dynanTinkXoEUT 6s.t3a bQ 110i8tRy ukkoS8m
mut §cia nNéviaedPamukzn2genO8 atabd6| Hkp sakCepl o
transglykozylalnej r©8kpoeovKkhmeOgekmbmbeé $ €@ |
mut ant anaako nej TprX2ERr &6 dasS, Xdyol ¢ h §vdyzgagi2om kv T ky v om
vzdi alCandoestddr akaeptora, | o sa pravdepodobne p
akcepoONng vazbov§ energia keaOBplpe xow | mo Vilkiaedid ¢vg |
sexperiment 8lym stanoven2m aktiv2t, -QSd4bolaa kt ol
vy ggina XyakS4 . Vo vgeobecnosti sa d8 kongtatova
amut 8§cia Q10 Rtprail emii elvydkedtzeyrl catl rndmcshg aktivat ty
skupiny |11, aj keN nie ag do takej miery, ako
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Vplyv mut8cie H94Q na stabiliidenor- kompl e

akceptor

Bar bor a ,StSreatgieljovG&® st §k, Krist2zna Vadino
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bvod
Na z8klade bioinformanegpre¢i anakTecly ghbekotidki
16 20 bol i navr R®utz& ygmiynokkytsoerl @ niloy mo h | i Z «

akceptorov¥% gpeailfiskuumi ngynztlenotvo Ipodrodiny [
visledkoyv bola experiment§8lne potvrdens§ p O M
snegpecificklim enpvkitrmommTm@XAETa&.o3 esenci §l ne ami
akceptorov¥ promiskuitu i depotohefod dd®Bal iPot imeu,t 8k

H94Q, prilom Q94 sa nesk!r zalal povagova$S za
zvygkowk@pesikfuipiayHe@4 zZamowharakteristickIl zvy
[ 1], bola |iastolne pozmenen8 substr8tov§g gpec
na akceptor Cell®S bol a zvIi-@2nkl esina [XytaoVWeré&meotpoge
stabilitou komplexov mutanti donor i akceptor, pril om ako a
tetracelooligosacharidy (CeH0S) a xylooligosacharidy (Xy0S) . Ako sa zistiloc
experi ment 81 nyOsSh shméugand 2, aGel |lajgskugnyt ap skypinypllr e en z
kTm -8l bol i gpecifick® pre skupinu 11 [ 3, 4].

Materi 81 a met - -dy

Ako donor sl Yagi | Xyl ogluk8&8n heptaoligosachar
Xyl ogluk8n nonasacharid po odsh rri8emz2nduadvijox]h. t!
akceptorov boli pripwabes®@rpemacb] GlayY QWM av e
LigPrep tool [ 7] . Prote2nov8 gtrukt¥ a bola pt
[ 8] . Samotn® dokpregeaemé @ dbol[ ® ] r abere®@okovan® pol
Docking Protocol [10] . Pre simul 8cie mol ekul ¢
e n z-Homoii akceptor pripravili wleap, ktorlT je sww asSou programoyv
aplikoval: sa parametre si | opar@nhete GLYCAMO6 frenb er  f
sacharidy, solvatoval o sa mol ekul ami vody TI I

pougit® prk[4lsi mul 8ci e M

V1 s | ediskugia a

Lasovs§ z8vislosS vzdi adSéaxy-©84iako@Kcepmrovakrit & va o @4
mieste mutanta TmMXET6.3 H94Qpvr i ebehu 600 ns si muObg & a ? MD
vizuali z8cia poz2ci? donora a alkbbreptorov na z.
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Obrl:Lasovs§ z8vislosS vzdi ad4XoaDtSi4 @k od @radkre 38 tva 0@ ¢
mi este TmXETGa&.iE bHNh4Q sv mul §ci 2 MD.

Obr.2:Vi zual i z8ci onora a {08dX O 4ankitczhv naoknt enpit eosrtoev
mutanta TmXET6.3_ _H94Q nmo z@dd artsk.u si mul 8ci e MD a



Vpr2pad@S4eddopoliatolng vzdialenosS mrdzi Cl1
hodnot §chvgpdiaéemaens$ 5,84 ), ktor® umogRuUuj Y
tT mito aprmpa®&4Xgh s2ce tiedg po pribligne 13
relat2vne usts8lili, ale at-my ostal@brbd seba
Vi zual i z8ci a akcepmfovcwa let dvwmomamia@bs 2)e nnau tzaan tiaa t(k u .
konci simul §cie | asHe prseuwk §z anlaav,i agea nk® m Qekicle
mieste, Xy){OS sa z neho uvoOnili a $s$wabizidiokaljivez,)

neumogRoval a.

Z8ver

Mut 8ci a HIprQ? wa- @& kdag vt abi | i z8ci i poaktohwndmht o
mieste a@nslimdkuv t@ak®mdoglzailkl eni u C1 donora a
transglykozylalng8ligeakaSs Yd mtdee jB@h ked szreen@ m, ¢
skupiny | ,polahe H4GR (QnXy0B wwako akceptor vyug2va$sS n
mutanti donori CellocOS4 bol stabilnprpebd®huokakgyasi amul &
Visl edky napzrnthgaujak sy akceptiordmi alkiogagd aikh aroi
rez2dm8kl adnom reSazci, mut §ci ai dbBod @kcapterst abi |
viac, ako mut8cia Ql108R, ktorej vplyv na het e]
z8kl admerixPlemé stanovenl ch jeacknmutanto¥2]. nat 2 vneho e
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Dokovanie oligosacharidov do akt2vneho
podOa templ 8tu 2uvf.pdb

Barbora Stratil ov§g,a SMaadniinsol va8v, KovzamoSt,r akKirii

Chemi ck1 Vasit.a,v [BAb/r, a ws8K588 Bratiskataa 9, SK

bvod

Pr otAeD?2Anl 75 YMX0 bol vybranl na z8klade datab§z
bi oinformatickej anallzy zameranej na esenci §
(GH) rodiny 28 [2] bol identifikovaptiakavpaoal e

jeho syntetickl g ®nPichif pastorisGSAd 5i sk dugp d r §rcai ip r dc
prote2nu do metanolov®ho kultival n®ho m®di a,
charakterizovanl [ 4] . V tomdlocimamis pjeelkka essae
aminokysel 2n s at - mamhym!| pgbymbst zr8toVmsstuj
umogRuj % viazanie substr8tov do akt2vneho mi
reakcie.

Materi 81 a met - -dy

Bola pougi t"®ABDS YMXUkz Yd at ab8zy Afd @lhyarferl idz 15A7T.
stupRbmb@li dokovan® podOa kr y Yyarsmih erderolytica c k e j
2uvf.pdb [6]. Interak|ln® domgm@my Maedtmuo s[o7]s.

Visledky a diskusi a

3D model AOrAdLt7 & ¥ MX O z dat ab8zy Al phaFol d s \

aminokyselinovimi zvyg®bami GH 28 je zobrazenl na
PRV

Tyr290

/,

‘/ { 525;_ L\ T d8

H|s180‘ | ‘,/‘
| / ff ;?255 7 Aspjgx | 7/
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Obr.l: Model 3D gt r uROAVZBYWMXO p(AlphdFeld nsuy znal enT mi esenci

ami nokyselinami ,vikatzearS® kayilsd tRmoo@ B lgjoKachar i dy a kat a



Obr.2zobrazuje i ntllrralklonY®MXO asgraalmygogal aktur - nov
(A),3B)a4d(C. Na dokovanie substr8tov sa pougil e
di m®rom, 2uvf.pdb, ktor§&8 podOa nBe[6wbymaazl mu

zodpovedaS AOA175YMXO0. pwzzhpGaaddeo nt onhat ot oe,n z§ enus &
z8kd ageho Pp¥edbu a%linku gtiepeni e pol ym®r ne
zneredukuj “scehoidkonjca it eéjgm®acar di agramy s

keNgget ikekpeni u evidentne doch8dza od redukuj %ce

255 Il
% ASH* =

199 GLY

LEU = 579
SER -~ 228

B 227

ASP J"‘ ﬁ‘ (0] Q (0]
4"
287 [ o w
/ & ASN
Az LYs
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TR / T oH™ \ ‘%30
259 = GLY
/ As =
177 LEU
257 228

PHE
150

Obr2:Int er akl| n® WAla@gsYaMy0 so substr8tmi s ritdzinny®r ,pol vy
Bitri m®regt rCa m®r .



Z8ver

VzhOadom na orieamkt8ZvVvmonsumise st8¢ oeinwi enua kvlynpllcl
di agramov sa domni evame 2uvijppagbn & p 3 gt 2 E@ X1 c &k §
ktorT hydrolyzuje gtiepenie substuk8tdicedvoj kadm
ako je uveden® [6], ale enzimu s EC 3.2.1.82
vkrygtal ografRiuvKejpdft pakhBdiz ampirve d s i bdsttsrd 8etduk,u v
|l oho sa ned§8 pougi S ako moyYeh2 mrBP,dokeMgai &
aminokyselinov® reguyky] Yocowaguj édnot kou ol i gos
neredukuj Ycou, v d!sledku |loho sa katallza nei
vhodnej g2 templ 8t k rmavkdioszppaczi2icipir enitee njteo, tjyep
krygtalografick¥% gtrukt % u pre EC 3.2.1.67.
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Gt WdinsiiocovybranTch polyfenolicklch | 8to
V2rusuCol¥2RS

Jana Vi $RargnelRez B§F i Koauwe§ a ¥o vRdti ddrrav@iaagnked | ®n a
M&8j ekov s

'bstav experiment 8l nej farmakol -gie a toxikol
akad®mi e vied, D¥%bravsk8 cesta 9, Bratisl ava,
2Katedr a or gahri2crkoed o veehd®ntike§, f akul t a, Uni verzit

Bratislava, SR

Abstrakt

V. pr8ci pringgameinsitfopbégkenoggbal ghudi8aok a i

MPPk or onav?2 r-Gog-2. SWRISr al i sme setptsmodhl ol ly§
bai kal e2 n, Kkur Kkum2 n, hesperet2n, r my 2istlicscamd 2 n n
mognost.i predi kci e i nhibil nej zanetniyvikonfmaomad
energie. Pre cel kov Yremfinterakcietua i &t wyki ¢ b hmig vamash o

His41 aCys145 aj interakciaGl u166, ktor &8 je kOW ov§ pri tvor

bvod
Koronav?2i€Cavs2 JARSangl . severe acute respirator
z8§vagn® O©QVibdre nize angl . Cor onavi rwyss odkios eparseen 02sl

respiraln® ochoreni e, kt or ® negattzoomteo odvipv oydvun
nutn® hOadaS YW inn® antiv2rusov® stray ®g¥e n:

zalogen® na blokovan?2 replik8cie betakoronav?
po samotn¥% replik8ciu. ¥ apaSr Pprmees8zanegoht ok
SARSCoV-2 v Z2r usu. Bola zaraden8 medzi perspekt 2\
repl i k 8CoV-2 ayshkejiere zachovaniasekvencie§ mci r 1 znycf]. kor once
Doteraz bolo identif k ovanT ch mnogstvo zl| %l en2®, sl emhp®i |
nich vgak vstw%pilo do klinickTch gt ¥%di?2. KeN
predi kovaS inhibiln% aktivithYy IW§tbolkl 50 smeg§me
praddnTch | 8t[2,k: k tbra@lkmzhre 3 4k r emy? rni5]c @at i2 mg [€]n 2 n

kver (3gtedvaratro[3] ar utf73apor ovnal i Ssme pexpgekiomamt®s larf

hodnotami.



Met - dy

I n silico gt¥dium bolo uroben® pomocdGwuppr ogr a
UL C, 2022) . Pougi |l i smepdb rkhkd d@mub pwyZeotrzdnojyree
databanky [{ttps://www.rcsb.org/structure/6Y JE. Gtruktw%ra prote2nu bol
protokolu Structure Preparati on prevktejageometrii mo § Ru
an8sl|l edn®ho protonal n®ho protokol u Protonat e
zoptimalizovan?2 geometorOae Apnbreapctddut BsFiH edowvw@ ib r va n @
na doking pomocou funkcie Site Finder.

Gtruktwury polyfenolickprcérd olp§ti anleptograme vSpanzio s r o j
( SPARTANOO8 (Wavefunction Inc., | r vdov) boJla CA9 2 ¢
n8sl edne puporgarvaeme8 MOE met - dou Quick Preparatioc
protokolu Triangle Matcher ay hodnot en® pomocou funkci e Lon:
Najlepg2ch 30 umiestnen?2 |igandulbgle Vogdeyepd
abodovacej funkciecGBVI / WSA dG, ktor 8 pmoasjklyad@? nb swkmirees.
hodnoty sk-re sme pbosfudzmalahédg aktnhe@mBinumagni |l a
vihodnosS resp. nevihodnos&trzPbskaeejakan®bo mEi

V1 s | ediskugia a

Vt abuOke 1 s¥% wuveden® hodnoktoynf o o knaV a i e heon e s
aexperi ment §lsqpyrceh ihnoffebd2zcifmuC. M Zo z2 skadech hoc
Zrej mo, ge zmena konfor mal nej energie do veOl
enzT MY Mo ukazuj Y% kvwinhfoodnn® |znneefnyenieagi hgenzanbhak
vpr2pade rut 2 nuvIinttajzenmeej hkoovnofrarSmaol n e | penal te.

Anal zou interak|nlTch diagramov sme zistildi, ¢
vod2kov® va@azby so zvygkamiGIlHi 1s646l., PPohreolvdnla | iS esrn
di agramy dvoch nhhaivskahexnggeh2hgt O®bky Lyt veb
vod2 kov®&avwadlyy ickTm zvygkom Cys145, ale narir
sGlul66, zodpovedfi%u za dimeriz8ciu M

Z§verom mogno povedaS, ¢ge vypracovanl protokol
mo gnosadu oidnhhi bi | nej aktivity tlchto | 8tok vo
zohr 8va zmena konfor mal nej enprgte2homandu pr


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

TabuOKadhoty dokovacikeohno osrkmar| enrfie repneeyrigmei n tE§ | n |
hodrChpr & i nhRiem2zdimu .M

ligand CAS {1sN (k'ii?féfn G0 > a
baikale 491-67-8 6.8 -71.0 0.4@
1 dzNJ dzY| 458377 -6.8 -35.0 11.9G)
KSaLISN] 520332 -6.1 -27.0 8.34
Y& NR OS| 529442 -6.3 3.1 3.70
Y NRA Yy 3| 67604482 6.9 -42.2 0.1©®
1 9SNOS 117395 -6.1 5.9 23.40)
resveratrol 501-36-0 5.3 -47.0 16.9G)
NXzi Ny | 153184 -8.0 151.0 32.00

(e
&

Obr. 1. Porovnanie i nt ermakr|linnege pnfaspwo )mywa cwedt 2
mieste M®e n z T mu . Liarkovan® | iary predstavu)j
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l dent i f i k § ciadlinel Stel@rzaimedmhmotmostrou spektrometriou

M&ri a KX p&Jloavdsi m2r Patoprstl

IChemi ckT ,vasit,2WbrSaAWs k§ cBesahi 9| a845 SBovensk§g |
2UniverzitaK o mens B®hoi gl av e, Pr2rodovedeck8 fakulta,
Ml ynsk8 dolina, Il kovil]lova 6, 842 15 Bratisl a:
Pvod

I nozitoly s¥% najveaxk@zryeornaedjckikanpd ywhkilniktBalhw z s r
CeH1206 (1,2,3456cy k|l ohexanol ) . Tieto chewmi &aki®c hz | #hd @
stereoi z o m®h myoscylloPrAue, ree aD-chiroi nozi t ol spa 2wydkey t L
kTm ostabdg®®gi y-ohimo@aly, e &cisi nozi t ol ) msydnoagitdly o d e n ®
[ 1]. Medzi vgetkImi pzr§mymi niag o imtzdodvidgykyd ujy e
vget kT ch eukaryoticklich bunk&ch, kde L §boRk. gt
Je tieg dilegitou zlogkou stavebniréiznychi dos
fosfatidylinozitol fosf8tovichplimpodevalkao PLi N
alebo ako ich derivs8ty [2].

Ni ektmoat®y | z®@tteov diemaai8t ol u s% rastlinn® sek:
ktor® sa pri amo nezw% ast Ruj % nor médna @rbtio ras:
nepriaznivim podmi enkam pr ost-O-eetylmyo-inozitbe d z i r

(sequoyita), 1-O-metytmyo-inozitol (bornesito), 4-O-metylmyo-inozitol (ononitol), 5-O-metyl
allo-inozitol (brahol), di-O-metyk(+)-chiro-inozitol (pinpollitol) al1L-2-O-metykchiro-inozitol
(L-quebrachitg). 3-O-metytD-chiro-inozitol  (D-pinitol) ] e najgroz gthmoemé ol
viastl3.n8ch

Protiz8palov® vlIastnost.i cyklitol ov pom§he
(cukrovka, hypertenzia)at er oskl er - zy . -nZp®ohe b s ¥ Yapigetoluy/ z mlk 3y n L
chirc-inozitolu asequoyitolu Myo-inozitol spolu D-chiro-i nozi t ol om dok8&8ge zl e
ami ner 81 nu ,h updnolt @&$ keodskil2a st -ongrioha® 3 t at MPocy k|l i t o
tiedg antioxivd@dmd®t, i rpalodviizifpwa® ovl ast nosti [ 4

Hvi ezdi ca Steellarasnedide d p& e( ni ekoho zn8ma ako ch
na pr2pravu gal 8tov, smoot hi es, pomaz8nok, d
prospegn® fytochemi k81 i e, ale nikde sa nespo
i dent i fStdtlasavneed@aobsdhije inozitoly&at or ® konkr ®t ne druhy.

Mat e rmestl - day

Listy hviezdice prostrednefSfellaria mediag b ol i l yofilizovan®, ab
| 8t akch. N8sl ednexthrod h mpwal®@ohean.® BXxt rakt bol h
mnpr i | aborat - -rnej tepl ot e puldoh Alax ¢ g(Randelilnm h o m



Sonopuls HD 3100) pre | epglKA\Voite® &eniask3) & Mo 5 mi
centrifugg ¢ (Héraeus PICO 17 Cemtrifuge) sa oddbia ml nechworkasadpedr i S.
anal T z-M8 deéizovah z§adit ou acetyl 8ciou prildanzm
acetanhydridu v termoblokB8(l oc k heater SBH130D STUART) 1 ho
nechahvzorkao d p ar i S rdzpusthwACN.a a

Vzorky bolianalgovan ® pl ynovIim clpomemégsasoml m det el
GC-MS (Trace GC Ultra Thermo ScientiidSQ Quantum XLS)pou gi t 2 m kr emenne|j
kol - m2830(S0P x 0.25mmx0.2umg t epl ot nim gradiiedt dd/ mi&o
230TACACi25® AC (10 min). Tieto pegpmioemRky pbolg
dosahuje najlepgiu semla/rmBicn ,u.t Ppli ctaeb&y khoRd & [@d d
bola2 0 C aR4 . A Pou gelt &k tbro-1nao (78 eV) akrnviazdd§ auipasn h by §t or
operoval v o vimotndsthosncoasahu Mb0dnéz.
V1 s | ediskugia a

Separ 8ci oStellaeexnedisa k ynovou chromatografiou sa

eluovanlch ilmwlzii tpdtowr, d &n ® r®mod nroestt exd Imn T mip elkd g
pripravmerd aml cnha §/tga udlarvdaonwmjo! r a dtelnitnd i k@vanl
metyl ®t er inozitoly, ktara®tda npr awd esppodtheely n & orr

RT-508-22.49
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Obr.l: GCMS chr omat o gr a ninozioloy onet@@tl ecrh d eextrakt§t ov z
listov Stellarie mediana kol-2880,SPi dentifikovanlTch hmotn
strojitTm kehdl opml @iutol §8,21: min)D ononitol (17,87 min), myo
inozitol (18,43min). V analyzovanm extraktel i st ov bol i i denti fi kovandt
(16,61 min 46,83 min)



Tab.l:Rel at 2 vnlew]p ez axetnts@Be ni a | elistotloStelaiievmediah i n o z

RT [min] Plocha[%)]
D-pinitol 1511 98,69
ononitol 17,87 0,99
myo-inozitol 18,43 0,33

Obr.22MS spektrum acetyetwad ®®lRro i mozi t @l w a

Vo hviezdici prostr-pdniejoboakoddami hakomhn
inozitolom, ononitolu anyo-inozitoluu. Mo gno sken@tkatonv ag, zn&8mych f
obsi ahn Stellari medi@( sapon2ny, t aai2.n)y , p rtiebrppeebnivosd | dby
vliastnostiam tejtkachygqtil,i my, i-mionzigttaoeold ryg ¢ -nsavjom?i 1
napodobuj %%ci mi %l i nkami
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RT [min] Plocha[%]
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Introduction

Pistacia atlanticaDesf. is a pistachio tree, whose subspecies naturally grow in parts of the
Middle-East and in North Africa. In contrastRistacia verawhich is widely known for its edible
fruits (nuts), the importance ®istacia atlanticalies in its resin and essential oil, and in the
application of its parts in traditional medicine. Extsaand chemical compounds isolated from
different parts of the plant were reported to possesshanterial, antfungal, antiinflammatory,
antidiabetic, wound healing, and other activities.[1,2] The leav&ssbhcia atlanticaare known

have a very fgh content of tannins and depsides, with several of them being derivatives of gallic
acid. In this work the isolation of a mixtureroktadigallic acid methyl ested} andpara-digallic

acid methyl ester2) from Pistacia atlanticais briefly describediogether with details about the
identification procesandits spontaneous decompositio

Materials and Methods

Dried and groundP. atlanticaleaves 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 rotarydeevapor
extract was suspended in 90% methanolthed fractionated with solvents of increasing polarity
with n-hexane, chloroform (CH@), ethyl acetate (EtOAc), amdbutanol/saturated with watarm-(
BuOH). An U-amylase andJglucosidaseinhibitory activity-directed fractionation study was
performed on thd>. atlanticasubextracts with theEtOAc subextractbeing the most potent
amongst themThe EtOAc sulextract was repeatedly subjected to column chromatography
(polyamide, RP18, Sephadex L¥20) whilst targeting compounds with the inhibitory activifys

a result, a mixture ahetadigallic acid methyl estgd) andpara-digallic acid methyl estep) was
isolated The complete details about of the purificationlaind 2 will be additionally pubkhed

with the isolation data of esolated compounds frof. 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 frequencie$ 400 MHz for'H nuclei and 101 MHz fot3C nuclei. The
spectrometer was equipped by a nitregenled Prodigy cryoprobe. The NMR sample of the
mixture of 1 and2 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 = 2.0HZz) with Un = 7.389 and 7.264 ppm, one doubléensity singlet withliy =
7.222ppm, and a triplentensity singlet withiy = 3.843 ppm. From the coupling constant value
and from the observed HMBC correlations it was determined that théduwlgets belong to two
protons bonded on a phenyl ring in a mutmataposition. The elevatetc values of'*C nuclei
interacting with the abovementioned protons suggested the presence of a carbonylimeiety (
168.28 ppm) and three oxygeontaining subtituents bonded to this aromatic ring. The carbonyl
moiety was identified as a methyl ester thanks to the sfidgagnteraction observed between the
protons withii = 3.843ppmand the carbon witlic = 168.28 ppm. The identified methyl gallate
fragment had to be asymetrically substituted (i. e. not inpma-position relative to its carbonyl
group) for its protons not to be identical.

From the matching integral intensities it was suggested that the protong witf.222
ppm mentioned at the staxf this paragraph belonged to the same compound and possibly belonged
to asymmetric aromatic fragment (explaining the dotibtensity). This was later proven by the
acquisition of an HMBC spectrum with a prolonged time interval for the evolution df $ipa
interactions (the sequence was optimizedlépr= 3 Hz)i aweak heteronuclear interaction could
be easily spotted between protons viih= 7.389 and 7.264 ppm, and a carbonyl wigh 166.65
ppm. According to the observed HMBReraction, the latter atom belonged to an aromatic ring
containing the protons witliy = 7222ppm. 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
singlebord and a multipldoond correlation with a carbon witic = 110.84 ppm. The singlet
shaped signal witliiy = 7222 ppm was resolved as a doublet of a doublet in'{@esatellite
spectrum{Jcn = 162 Hz,*Jun = 1.8 Hz). It was suggested that the arom@tade is another galloyl
moiety, thus the compound being identifiechastadigallic acid methyl esterf.

The minor signal set contained two singdaped withiy = 7.104 and 7.238 ppm, and a
norrinteger intensity singlet witth = 3.865 ppmThanks to the knowledge of the structure of the
major compound it was suggested that the two shsflaped proton signals belong to two pairs of
protons from two symmetric galloyl moieties, thus the sighat 3.865 ppm actually being a
standard triplentensity-O-CHs group. With the same procedure the compound was identified as
para-digallic acid methyl estej.



A set of signals that did not correspond with tHeand'*C spectra was observed in the 2D
NMR spectra measured afterwards (especiallhenHHMBC spectrum optimized for very small
couplings that was measured a week after the sample preparation). A careful examination of a
r e - me dk$ gpecteuch revealed the presence of an aromatic singlet shaped protdi with
7.048 ppm and methoxygrow with Uy = 3.815 ppm with noworresponding integral intensities.
Expectedly, the HMBC spectrum revealed that these signals belorsyitanaetric galloyl moiety
with Uc = 52.32, 110.12 (2C), 121.51, 139.82, 146.55 (2C), and 169.09 ppm. No other correlatio
signals were obtained that would suggest a substitution of the aromatic ring; thettedore
compound was identified as methyl gallaBa)( The only discrepancy was found in the fion
corresponding integral intensities of the two proton signals afdhmound the integral intensity
ratio 4:3 was observed instead of 2:3 as would be expected for methyl ¢bliste revealed that
the meta and para-digallic acid methyl esters gradually decompose and form the additionally

observed methyl gallate (sEgure 1).
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Fig. 1: The gradual decomposition of andp-digallic acid methyl ester as observedsyNMR
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The reason of #thabovementioned integral ratio could éxglainedby the analysis of the
mechanism of the formation ofemewcompound It was suggested that the digallic aniethyl
estersl and2 undergo an alcoholysi@ransesterificationpy the NMR solvent (MeOHls), see
Figure 2.1f a standard transesterification mechanism is assustatistically, half of the methyl
groups of the formed methyl gallate molecules mustutly tleuterated this is in complete
accordance with the integral intensity ratio mentioned in the previous paragraph. AlsONM&
spectra suggest that the originally present methyl ester groups do not undergo transesterification
by MeOHdsastheme t hy | Hsigoabwmddshave statistically had to disappear, and a large
qguantity of CHOD would be detectedboth phenomena were not observed. This implies that the
initial ionization of1 and2 at the depside bond is extremely favored overidheation of the
methyl ester bond df, 2 or 3a. The reason of such behavior remains unclmarhdata suggest
that the deuteron could be obtained by an intramolecular transfer from the kgdooyybonded
to theortho-position relative to theepsiddinking groupvia a 7-membered cycleThe presence
of 3b was later confirmed by the observation of sevEXalsignals shifted by isotope effects and
thelJep interaction within its trideuteromethyl group.

2
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Fig. 2: The decomposition ofi and2 in CD:OD with the formation of methyl gallat&g) and
trideuteromethyl gallate8p). The source of theroton (ordeuterof neededn the initial ionization
step was omitted on purpose, because of the existermrelafuous explanations of this reaction
step. P. T. = Proton Transfer



To our knowledge, the compoundsand 2 were only characterized by NMR in7&3
mixture isolated from Panamian plants by Guldbrandsen et &i¢3$on et al. claims to have
detectedhe both compounds mango fruitusing HPLGMS.[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 ygysialtoholysis can
play a negative role in any application of compouhdsd2 as drugs. Despite this finding, the
mixture of compounds was found to have inhibitory activity agalrmnylase andl-glucosidase
during the extract fractionation, and the&tuare is undergoing pharmaceutical profiling.
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NMR spektier analyzovanlch vzoriirkl 2snou.s pPerk2ttro:



mogrozidov nebola jednoznal h@Q® od e kdtern&c¢ h aij d eki
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Obr.l1 ¥®C NMR spektr8&8 analyzovanlch sur okvdioeh vzo
aby !l i nk o %$.®svendriaGThcaSGT2ci z| aj u,-caSGRdiz kvetov. Spe
SsY% porovnan® so spekglrwkmizyyt andar dov, i nul 2 nu

Z2skan® visledky mtgu maS kiIpnamhppetpaci entiay
zS.grosvenorpot enci 8l ne mtge ovplyvni S hvadvnor g ak
zbyl inkov®ho | aju ptsob?2 ako prebioti kum.
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Pyrolial#dahov@y (PA) s¥% heterocyklick® dus?zKk
pr2rode sa vyskytuj¥% vo viac akoCeéBv@dnaceagast | i r
Asteraceaea Fabaceag . Mnoh® z tlTchto rastl 2pizieid begn
kontaminovaS suroviny rastlinn®ho pltvodu poug
lieliv (Prakash et al., 1999).o0RAdyY“%asyntaespb:
do zvygku rastliny, kdeh sa hiromadha KF! kokeita c:
prostriedky na odpudzovanie hmyzu, ale na ||
hepatotOX|ckI -nBiniasd k em®j] mec2 ndDx®AdbERYyfoamg &ap
et al ., 2018). ¥alzgnesa MPaAstvl an zpyecdukwjncentr §
ako 0,001 % do 5 % (ag do 19 % suchej hmot n¢
zvigen®ho rizika ohrozenia zdravia obyvateOov
vydal i ekrov®s kae ploitravi nov® autority nariadeni
produktoch (EFSA 2016; EFSA 2017 a; EFSA 2017
maxi m8Il ne hodnoty denn®ho pr2jmu a tieg obsah
prodkt och (EMA 2021). Vznikla tak potreba presn:t
kompl exnlch matriciach. Na tento Y| el sa jav?
meran2m vybranTch i - nov a i ch charahkg8eri stsi
vysoko% i nnou kvapalinovou chromatografiou.
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Such® extrakty rastl?2n ruman| ek, pYap av a, f en
Calendul a, Sl ovensko. Vybran® gtandardy pyrol
PhytolLab, Nemecko. Kvapalinov§ chkUuovateaB800@ r af i a
UHPLC system (Ther moFisher Scientific, Neme
autosamplerom a vyhrievanTm kol -novim priest
hmot nost n®ho detektora AB Sci ex Qt rrlamp a 4500






























